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

Human-tool interaction and the
role of the tool-maker
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https://www.htpaa.org.au/resources/woodworking-tools-1600-1900

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.
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People with disabilities deserve to:


https://www.cnn.com/election/2020/results/president

People with disabilities deserve to:
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Make informed decisions

DO YOUR PART TO STOP CORONAVIRUS

NUMBER OF CASES

FLATTEN THE CURVE

>

HEALTH CARE SYSTEM CAPACITY
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PROTECTIVE ~
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PROTECTIVE
MEASURES

TIME SINCE FIRST CASE

STAY THE HELL HOME!

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

Credit: Reddit


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
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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

Tools serve the
Intentions of their
creators

-
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Share of adults who...

Have a negative opinion of government’s
economic policy
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Can better tools reduce .7
inaccessibility?
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Data, Accessibility, and Tools

Tools for explanation
Tools for exploration
Tools for scale

Tools for thinking

Tools for complexity

Tools for possibility



Tools for explanation:

Empower people to
communicate, teach,

and captivate
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New Astrophysics

8:November-2017 Image credit: LIGO
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TalaT~) .Q rize-org

Source

Barish, B. C. (2018). Nobel Lecture: LIGO and gravitational waves Ill. Reviews of Modern Physics, 90(4). doi:10.1103/revmodphys.90.040502
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https://www.youtube.com/watch?v=yanao9UvpGc
http://doi.org/10.1103/revmodphys.90.040502
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Tools for exploration:
Provide people with
methods for discovery

T Il '!EH”%':
: L1 11 i~ i L 5
8 2L o L S

12



Arbitrary (and data-
driven) surface wave
model visualization for
seismologists

Rosler, B., and S. van der Lee (2020). Using Seismic Source Parameters to Model
Frequency-Dependent Surface-Wave Radiation Patterns. Seismol. Res. Lett. 91,
992-1002, doi:10.1785/0220190128.
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Earthquakes
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Tools for scale
Drive people to build
better and faster
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Visa Chart Components and “out
of the box” accessibility

Customer growth global and regional trends = @

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 i)

Out of 220 requests submitted in the last quarter, 74% have been resolved. Monthly payment volume for this year compared to last year.

+28%

United States

+24% % Canada
Target 80% $6.3m
g $9.8m $8.7m $4i.m $8.4m $8.6m $9.1m $9.5m $7.2m
. 11 seam A A $7.9m
Worldwide
$5.8m A
HEN ey
+16% Japan . . . $7.4m $9.2m
$5.4m
| $8.1m $5.5m $5.8m
AN 0 !
+12%
HEN 74% s = o
Mexico Requests resolved $3.5m $3.7m $4.0m
HEN
HEN
. . . Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

+0%

QlFY21

Q1FY22

Q1FY23

QlFY24

Visa Chart Components, Visa Design System
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https://design.visa.com/data-visualization/

Automatic accessibility validation

> bar-chart-1 has strong accessibility recommendations bar—chart.entry.js:49478
v bar-chart-2 has accessibility warnings and other messages bar-chart.entry.js:49497
- bar-chart.entry.js:49499
longDescription: Either accessibility. longDescription or accessibility.contextExplanation is
required
b bar-chart.entry.js:49499
executiveSummary: Either accessibility.purpose or accessibility.executiveSummary is required
B bar-chart.entry.js:49499
elementsAreInterface: elementsAreInterface must be a "boolean type, but the final value was:
AL .

If "null" is intended as an empty value be sure to mark the schema as ".nullable()"
bar-chart.entry.js:49481
longDescription: Either accessibility. longDescription or accessibility.contextExplanation
should have minimum 40 characters and a combined length between 40 and 500 characters
bar-chart.entry.js:49481
executiveSummary: Either accessibility.purpose or accessibility.executiveSummary should have
minimum 40 characters and a combined length between 40 and 250 characters

bar-chart.entry.js:49481
statisticalNotes: accessibility.statisticalNotes should have length between 40 and 250

characters

bar-chart.entry.js:49481
structureNotes: accessibility.structureNotes should have length between 40 and 250 characters

16



“If life’s hassles
disappeared, you'd'
want them back”
- Alyao Miyazaki

e

Iffsas\slke | |app)@'raire'd

yourdiwantthem backe

Art credit: Sam Yang
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https://bsky.app/profile/samdoesarts.bsky.social/post/3lnzzxs2gw22o
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Tools for thinking
Help people to
evaluate critically
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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.

306 BipEn® 270to Win TRUMP 232

51.3% 81,284,666

@ What is this? 74,224,319 46.9%

CNN Projection M7 Biden W Trump

Win Flip Win Flip
Updated 10:44 a.m. ET, May. 5
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Flippéd Seats

STATE RESULTS

President: Alabama Trump & President: Alaska Trump & President: Arizona & Biden @
9 Electoral Votes PROVECTED WINRER 3 Electoral Votes PROJECTED WINNER BATTLEGROUND PRO\;lvElﬁ;Eg
11 Electoral Votes

Candidate % Votes Candidate % Votes .
Candidate % Votes

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

Incumbgnt O Incumbgnt O ® Biden O 49.4% - 1,672,143
® Biden 36.6% = 849,624 ® Biden 428% mm 153,778 ® Trump 49.0% = 1,661,686

Incumbent

=oterill Full Details e Full Details =aterll 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

<Show More States)

How do you find and
evaluate access
barriers in interactive
visualizations?
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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.

306 sipEn® 270 to Win TRUMP 232

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

CNN Projection %% Biden WHZZ Trump

Win Flip Win Flip
Updated 10:44 a.m. ET, May. 5
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7
_

)

STATE RESULTS

President: Alabama Trump & President: Alaska Trump & President: Arizona & Biden &
9 Electoral Votes PROJECTED WINNER 3 Electoral Votes PROJECTED WINNER SATTLEGROUND PRo‘.’ﬁﬁ;EE
(+ ForLow) (s routow) 11 Electoral Votes (+Fouow)

Candidate % Votes Candidate % Votes )
Candidate % Votes

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

Incumbgnt O Incumbgnt O ® Biden 0 49.4% - 1572,143
® Biden 36.6% m 849,624 ® Biden 428% mm 153,778 ® Trump 49.0% mm 1,661,686

Incumbent

9 . . .
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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Chartability is used in:

15+ Policy orgs and 150+ Tech, news, and 24+ Undergraduate and
governments worldwide  nhon-profit companies/orgs graduate courses
World Health . M |C rOSOft Carnegie Mellon University
&84 Organization
= . B Bl Massachusetts
0 GitHub . A Azure I I I I I Institute of
o o’ \ Technology
Jupyter o> HICHCHARTJ. w
Eg;ﬁﬁqeg:ion ’ UNIVERSITY Of WASHINGTON
"‘ Adobe Northwestern
Che New Nork Cimes o University
e I/ COLUMBIA UNIVERSITY
" REUTERS E E IN THE CITY OF NEW YORK

F. Elavsky, C. Bennett, and D. Moritz, “How accessible is my visualization? Evaluating visualization accessibility with Chartability,”
Computer Graphics Forum (EuroVis), 2022.
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Tools for complexity:-
Give people building
blocks for assembly
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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 navigation face more barriers
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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

Rich navigation (a short history)
2015: “beyond the table”

. _ @ core  Line charts
Highcharts Demos (B

nighcharts

2 NEW

U.S Solar Employment Growth Monthly Average Temperature Monthly Average Temperature Atmosphere Temperature by Altitude
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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=: : ' '.,t
.|I|I|I|| /f/ =" EL

Data visualization principles EELE

BAR CHART LINE CHART HEAT MAP SCATTER PLOT

Selecting a chart
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2018 (visa charts

WithPoazid lsbe B

2022: not library s

m CHART ROOT
ENCODINGS

INTERVALS /
CATEGORIES

+— to select
interval /
category

DATA POINTS

«— to select
data point

SUMMARY ’ “A scatterplot with X on the x-axis and Y on the y-axis; Categories O and X ...”

_____________

____________________________

*» Y-AXIS «— LEGEND «— X-YGRID

Rich navigation (a short history)
2015 (highcharts

ecific

SUMMARY

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

EFMNIFE TSRO ¢ Aoy

2023 (data navigator)

aaaaaaaaaaaaaaaaaaa

Manchester Umted 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)

! EFMNIFE TSRO ¢ Aoy

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.




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,” IEEE Transactions on
Visualization and Computer Graphics, 2023.




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

o«»o«»o«»&

Diagrams

i

R

N/

Maps




Data Navigator: Empowering practitioners

Bokeh, a python visualization library
(Acquired $200k USD CZI EOSS Grant with Quansight+Anaconda)

Enter navigation area

{ o apple O banana
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Data Navigator: Empowering practitioners

React Spectrum Charts, Adobe’s visualization design system
(Acquired $40k prototype funding + $200k research gift)
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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:

i Life Expectancy v

] Y axis:

10k

GDP Per Capita v

avigation +

| el

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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Tools for possibiiity:
Enable people with
new materials

Mitnesses:
c.leﬂ:¢;--1_
Xl ot v £
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So what about cross-filtering?

T count
80,000 -

60,000 —
40,000 -
20,000 - I
| | I
0 50

-50

I
100 150
delay -

T count

3,000 -

2,000 -
o IIII
N - | | , m
5 10 15 2

|
0

time =
T count

10,000 —

8,000 —
6,000 —
4,000 -
2,000 —

0- |

1,000 1,500 2,000

500

distance =
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Interaction In one space...

T count
80,000 -

60,000 —

40,000 -

20,000 -

| | I
0 50

-50

I
100 150
delay -

T count

3,000 -

2,000 -
o IIII
N - | | , m
5 10 15 2

|
0

time =
T count

10,000 —

8,000 —
6,000 —
4,000 -
2,000 —

0- |

1,000 1,500 2,000

500

distance =
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Produces simultaneous, coordinated change in another.

50 100
T count
3,000 -
2,000 -
01_ | -lI
2,000

distance -

ddddd

time -




Cross-feeltering! A tactile, dual-task paradigm.

s
T
80,000
60,000
40,000
20,000 I
0

[ |
100
ddddd

t|me
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How might we use cross-feeltering for new experiences?

Using pre-rendered embossed graphics when a
refreshable braille display is not available.
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How might we use cross-feeltering for new experiences?

§ :
E §? egé‘ éﬁ w2 d 7
kA 3
S ﬁé’f iy
. 4 =1 /1 22 ¢

N/ [

\

Using knobs, joysticks, and other tactile
input that suit different data types.
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Data, Accessibility, and Tools

Tools for explanation
Tools for exploration
Tools for scale

Tools for thinking

oSt

e

Tools for complexity

Tools for possibility

et

New Astrophysics

45

Earthquakes

Earthquakes with Mw (GCMT) = 8.0

Rayleigh Waves

Random

Source

Vv Generate Source

Love Waves

A b

WA Frequency [Hz]

O
0.01 0.02 0.03 0.04 0.05 0.06
1T Life Expectancy (yr)

854
80+
754

Norway
704 .

" 10k 20k 30k 40k 50k 60k

Norway 1952: GDP Per Capita is 10,100, Life
Expectancy (yr) is 72.7, Population is 3,330,000. In 5
years, GDP Per Capita increases by 15.4% and Life
Expectancy (yr) increases by 1.1%. left/right arrow to
change country, up/down arrow to change year, space|

to summarize trend, backspace to return.

GDP Per Capita —

Play/Pause

QO
5
—_
©
a1
N

X axis:

Life Expectancy v

Y axis:

_GDP Per Capita v

Radius:

Population 4

Reset Zoom

Source: Free Data from
World Bank via
gapminder.org, CC-BY

license

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.

+28% ~_® +27.9% United States
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UW - 2026 frank.computer

Data, Accessibility,
and lools

Human-

Computer

Interaction ~
Institute ] o*
. _ v
Frank Elavsky hcii.cmu.edu, axle-lab.com, dig.cmu.edu



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

Tools for agency:
Freedom to go beyond
the bounds of the tool




What about this visualization might be a barrier?

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

4
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7,

Coal

Electricity & Heat

Rejected Energy

Commercial

Industrial

Y\
\Dlomass

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?

Font size too small

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory
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sNuclear
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7,
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Commercial
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\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

Vlﬁcear u

"Efd'o Black text on light
“Hydr ctrici ea I

a~ 77270770 background is hard

‘Geothermal

%tural Gas Residential
7,

Coal

Rejected Energy

Commercial

- Industrial
B
vBiomass

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

Vlﬁcear =

e Black text on light
“Hydr ctrici ea .

a~ 77270770 background is hard

‘Geothermal

%tural Gas Residential
7,

Coal

Rejected Energy

Commercial

- Industrial
@B
vBiomass

Textures + colors are TVV TN
overwhelming

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

Vlﬁcear =

e Black text on light
“Hydr ctrici ea .

a~ 77270770 background is hard

‘Geothermal

%tural Gas Residential
7,

Coal

Rejected Energy

Commercial

- Industrial
@B
vBiomass

Textures + colors are TVV TN
overwhelming

Petroleum Transportation

*

Explanation doesn't have a
Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes. *

summary, it isn't enough
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Can we fix this?

L S 8
A

/.
,}‘j’tjclear

SHydro
NN\
‘Geothermal

/// atural Gas
7

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

Electricity & Heat

Residential

Commercial

Industrial

Transportation
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Maybe we can bump up the text size

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory

%ﬁluclear M
~ ~ Electricity & Heat

WS

, Rejected Energy
Natural Gas Z ~~Residential

Coal .
QN . e Industrial

AN

/

N

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.
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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
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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
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sNuclear
r /7.
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\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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Industrial
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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

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory Source: Lawrence Livermore National Laboratory
7 —
yNuclear
/77, ' A
‘Hydro Electricity & Heat N UCIea r 11
o~ - Electricity & Heat
‘Geothermal -—
% Rejected Energy Rejected Energy
7 =
’Natural Gas Residential () °
7 Natural Gas Residential
// Commercial
Coal
- Industrial Coal ~
\Biomass () 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 T‘l
N Nuclear
N Electricity & Heat = Electricity & Heat
7 . . Rejected Energy _ Rejected Energy
2 atural' Gas Residential Natural Gas Residential
Coal .
N Industrial - Industrial
I 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

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

Wallet & Apple Pay
‘, ‘: | Apple TV Remote

@ Passwords |;| Keyboards

M Mail

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/

