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ldentifying access barriers



Chartability to
evaluate
accessibility

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



Bokeh’s ~200 page open source, open

access, accessibility audit
Elavsky et al “Bokeh accessibility audit,” 2025.

Bokeh Accessibility Audit

Plot tools Plotting interface Annotations

Bokeh Accessibility Audit Summary

[Date of latest draft: February 2025]

# Introduction

Previously, no large-scale audits or evaluations of the accessibility of a data visualization library have been made publicly
available.

Thanks to CZ| Essential Open Source Software (EOSS) Cycle 6 grant “Accessible interactive data visualizations in Python

with Bokeh,” we have have conducted a thorough, ecosystem-wide audit of the accessibility capabilities of the Python data
visualization library, Bokeh.

We present our audit’s Findings and Suggestions in this summary document. There are a total of 76 documents that contain
evidence of different accessibility barriers in Bokeh's ecosystem.

Findings: To make sense of this volume of information, the first section of this summary (Findings) focuses on providing an
overview of problems and themes present in all of the evidence we gathered from Bokeh'’s plotting interface (+30 tests with

evidence of failure), plot tools (+20), and annotations (+26) artifacts.

Themes: The subsections of Findings below each represent higher level themes that emerged across the evidence we have
gathered. Each theme's subsection contains an explanation of that theme, evidence of that theme (with links), and an
example demonstration of what an accessibility barrier related to that theme looks like.

Evidence citations: Each of the evidence documents are cited using a prefix, A-, Pl-, or PT- referring each to the
abbreviations for "Annotations,” "Plotting Interface,” and “Plot Tools.” We conducted full, systematic audits for each of these
subsystems within Bokeh's ecosystem, as they are each responsible for different aspects of Bokeh's capabilities. A given
evidence document then also has a suffix, which is the number corresponding to the listed number of failures within that
subsystem. So in our audit of Bokeh's annotations subsystem, evidence "A-2" would correspond to the second test type
that contained an error.

Evidence documents: Each citation to evidence links to a document of that evidence. Each evidence document contains

Q Search * + k@

:= On this page

# Introduction

# Methodolody

# Credits

# Overview of findings:
problems and themes

# 1. Finding: Lacks
foundational accessibility

# 2. Finding: Perceivability
and understandability have
barriers

# 3. Finding: System is fragile

# Suggested directions for
remediation

Focus on text experiences:
explanations, descriptions,
and labels

Use better building materials
Build a flexible system

Help developers succeed

# Edit on GitHub
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Automatic accessibility validation
Source: Visa Chart Components, Frank Elavsky (2017-2019)

> 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
B 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
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JText Treatment



Source: Moritz et al?, Vega-label (2018-2020)
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Label collision detection

Source: Moritz et al?, Vega-label (2018-2020)
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Label Collision

VCC leverages Vega-Label's Occupancy Bitmap approach to handle label overlapping issues.

Client A
Client A3
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Client B
Client D
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Understanding contrast

Based on web standards and simple, deterministic algorithms
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Automatic contrast adjustment
Source: Visa Chart Components, Frank Elavsky (2017-2019)

w A O B ar C OD A E

$35k $36k //\

5

n
\/\/ /L/\)
%\J

Investment Gains

$15k T__/!g
$7k
- /\ . $6k | _ |

e,
W0
-$5Kk ol

0 2 2 6 8 10 12 14 16 18

Months from Account Open

16



Automatic contrast adjustment
Source: Visa Chart Components, Frank Elavsky (2017-2019)
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Automatic contrast adjustment
Source: Visa Chart Components, Frank Elavsky (2017-2019)
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Automatic text color
Source: Visa Chart Components, Frank Elavsky (2017-2019)
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Automatic text outlines
Source: Visa Chart Components, Frank Elavsky (2017-2019)
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Stroke interaction states

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




Stroke interaction states

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




Stroke interaction states

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




Stroke interaction states

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




Stroke interaction states

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




Stroke interaction states

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




Stroke interaction states

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




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

| spent weeks on

/ this border design!!



Textures, patterns, and fills: categorical
Source: Visa Chart Components, Frank Elavsky (2017-2019)
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Textures, patterns, and fills: categorical
Source: Visa Chart Components, Frank Elavsky (2017-2019)
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Textures, patterns, and fills: categorical
Source: Visa Chart Components, Frank Elavsky (2017-2019)

I A N - AB N . - B § . - C lllll CB
10 10 10 10 10 20 @
\‘ ...... X X X X X X
\ ........... X X X X X X 1
........... X % % X X X ¢ 400 386
........... X x X X X X A
........... X X X X X X 16
........... X X X X X X 350
X X X X X X 14 /0326C
........... X X X X X X 300 ;
----------- X X x X X X 0276 AB
------ X X X X X X g 12 /
':':’:':':' X X X X X X c 250
...... X X X X X X . 10
X X X X X X ﬁ‘) 200
........... X X X X X X U_) 8 165
------ X X X X X X O ""'O“—-.
........... X X X X X X 150 B "y
........... X X X X X X 6 . - .
........... X X X X X X 100 86 . : el 86
...... x x x X X X 4 -O . B
Lo LT X X X X X X R
L ey , 50 -39 vy
........... X X X X X X \O CB
...... X X X X X X 0 [‘O e
\ ........... X X X X X X 0 4 g 13 13 13 1/
OO et 6 1
0 100 200 300
A B C D E 00 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

oo Value, in USD eo

31



Textures, patterns, and fills: numerical?
Source: Visa Chart Components, Frank Elavsky (2020)
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Textures, patterns, and fills: numerical?
Source: Visa Chart Components, Frank Elavsky (2017-2019)

LA\ N\ N NN N N N N iy — SIS
(1.00)  (0.78) (0.56)  (0.33) (0.11) 0.11  0.33  0.56  0.78  1.00
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Textures, patterns, and fills: numerical?
Source: Visa Chart Components, Frank Elavsky (2017-2019)

(Probably not useful, but
was a fun experiment)

LA\ N\ N NN N N N N iy —_ SIS
(1.00)  (0.78) (0.56)  (0.33) (0.11) 0.11  0.33  0.56  0.78  1.00
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Selecting colors for CVD and contrast
Source: Chroma.js by Gregor Aisch, circa 2011-2013ish?

Chroma.js Color Palette Helper

This chroma.js-powered tool is here to help us mastering multi-hued, multi-stops color scales.

What kind of palette do you want to create?

Palette type: W[ Number of colors: = 9

Select and arrange input colors

96ffea ffffe0

Check and configure the resulting palette v This palette is colorblind-safe.
simulate: m deut. | prot. | trit.
correct lightness bezier interpolation

lightness saturation hue
100 — 80 300
90 _I_|_I_I_
60 ——
80 250
70 40
200
60
20
>0 150
40 0
30 — 100
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Selecting colors for CVD and contrast
Source: Chroma.js by Gregor Aisch, circa 2011-2013ish?

Chroma.js Color Palette Helper Chroma.js Color Palette Helper
This chroma.js-powered tool is here to help us mastering multi-hued, multi-stops color scales. This chroma.js-powered tool is here to help us mastering multi-hued, multi-stops color scales.
What kind of palette do you want to create? What kind of palette do you want to create?

Palette t\/pe: Sequential Number of colors: 9 Palette t\/pe: Sequentia| Number of colors: 4

Select and arrange input colors Select and arrange input colors

o6ffea  ffffe0 WOTRLER) o6ffea  ffffeO

Check and configure the resulting palette v This palette is colorblind-safe. Check and configure the resulting palette v This palette is colorblind-safe.

simulate: Mdeut. prot. | trit. simulate: Mdeut. prot. | trit.
correct lightness bezier interpolation correct lightness bezier interpolation

lightness saturation hue lightness saturation hue
100 — 80 300 100 I E— 300
90 _I_|_I_I_ a0 60 =/
60 ——
80 250 250
40
70 40 60
200 50 200
60 40
20
50 150 0 150
0 20
4 0
30 —— 100 0 — -20 100
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Source: Susie Lu + El

By: Elijah Meeks
& Susie Lu

VIZ PALETTE COLORS IN ACTION

PICK

Use Chroma.js zZ

Color Population:

Deuteranopia - 0.56% Greyscale

Use Colorgorical

Sample font

Use ColorBrewer

E D I'I' 1 #ffd700 2 x
2 (O #ffb1de £ %
7 Colors 3 () #a8775 £ x
4 @ #ea5f94 2 %
Add
5 @ #cd34bs £ %
@®
#hex Orgb 6 @ #9d02d7 2 x
Ohsl 7 @ #0000ff £ x

String quotes
(J Object with metadata

GET

["#ffd700",
"#ffble"
"#fa8775",
©thex Orgb "#ea5f94",
"#cd34b5",
Ohsl "'#9d02d7"
"#0000ff"i p I:\/\i_b =g o
o—a— °
M

No Color Deficiency - 96% Deuteranomaly - 2.7%

Randomize Data

electing colors for CVD

ijjah Meeks, circa 2017ish?

Background color:  #ffffff £

Font color: @ #000000 £

Charts made with Semiotic

VIZ PALETTE

Background color: #ffftt 2

. Font color: @ #000000 £
By: Elijah Meeks

& Susie Lu

COLORS IN ACTION

Charts made with Semiotic

Protanomaly - 0.66% Protanopia - 0.59%

PICK

Use Chroma.js

Color Population:
No Color Deficiency - 96% Deu

Deuteranopia - 0.56% RRCIGCYEEE

anomaly - 2.7% Protanomaly - 0.66% Protanopia - 0.59%

Stroke: m None Use Colorgorical .
Sample font Randomize Data
Use ColorBrewer
E D I-I- 10 #fd700 2 x
2 0 #ftb14e £ ®
4 @ #ea5f94 2 x
. e Add
. oo 5 @ #cd34bs 2 *
®
#hex  Orgo 6 @ #9d02d7 2 x
Ohsl 7 @ #0000ff £ x
G ET String quotes
(J Object with metadata
- ["#ffd700",
? "#ffblde",
oM "#fa8775",
T ex Orgb "#ea5f94" ,
2166 salita Y= "ited34b5" "
O "#9d02d7", _
. .:‘\?/. hsl " #0000 "] p 2lce  salita Y=
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Selecting colors for semantic distinguishability
Source: Susie Lu + Elijah Meeks, circa 2017ish?

VIZ PALETTE ==
PICK

Use Chroma.js |
Add Replace

“ " COLOR REPORT

2166 salita QYE

Use Colorgorical C e
e Minimize name

conflicts for
categorical palettes

Arcs link colors difficult #eabfo4 pink
to tell apart as:

Use ColorBrewer

light orangé

— Lines or small points

E D I-I- 1 #ffd700 2 x .
2 O #fiorde 2 % = \edium areas orange
7 Colors 3@ #a8775 £ » W | grge areas

4 @ #eas194 2

. COLOR REPORT gold

@ . .
#hex  Crgb 6 @ #9d02d7 2 * #0O0O0O0ff indigo
Ohsl 7 @ #0000ff £ * Arcs link colors difficult #eabfo4 pink e Minimize name
to tell apart as: oonﬂictg for
gt orange  casborcapates #cd34b5  magenta e

— Lines or small points

G ET String quotes : [Aedi“m areas orange
. , arge areas
(J Object with metadata gold #9d02d7 magenta P
["#ffd700",
“#ffblde", indi
® n#fa8775" #0000ff indigo
#hex Orgb "#ea5fo4",
"#cd34b5", #cd34b5  magenta e
O hsl "#9d02d7",
"#0000ff"] Y #9d02d7  magenta e
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Selecting textures for semantic distinguishability
Source: Visa Chart Components, Frank Elavsky (2017-2019)
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VIZ PALETTE

PICK

Use Chroma.js
Use Colorgorical

Use ColorBrewer

EDIT

7 Colors

Add

®4hex O rgb
Ohsl

GET

©® shex O rgb

O hsl

Add

1 #ffd700 2
2 #fibtde 2
3 O #8775 2

4 @ #eas194 2
5 @ #cd34bs 2
6 @ #9d02d7 £

7 @ #0000ff £

String quotes
(J Object with metadata

["#ffd700",

"#ffbl4e",
"#fa8775",
"#ea5f94",
"#cd34b5",
"#9d02d7",
"#0000ff"]

By: Elijah Meeks
& Susie Lu

COLOR REPORT

Arcs link colors difficult
to tell apart as:

— Lines or small points
= Medium areas
=== | orge areas

#eabfo4

#000O0ff
#cd34b5

#9d02d7

pink

light orange
orange
gold

indigo
magenta e

magenta e

216€  salita

e Minimize name
conflicts for
categorical palettes

o
Sl

Selecting colors for JND

Source: Susie Lu + Elijah Meeks, circa 2017ish?
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COLOR REPORT

Arcs link colors difficult

to tell apart as:

— Lines or small points
= \edium areas
W | grge areas

#eabf94

#0000ff
#cd34b5

#9d02d7

pink

light orange
orange
gold

iIndigo
magenta e

magenta e

e Minimize name
conflicts for
categorical palettes



What is JND? (+ why does this matter for
visualization accessibility in 20257)

Source: Connor Gramazio, circa 2016ish?



What is JND? (+ why does this matter for
visualization accessibility in 20257)

Source: Connor Gramazio, circa 2016ish?

Contrast Checker

Home > Resources > Contrast Checker

Foreground Background

Hex Value Hex Value
#374E90 #415AA4

These both have the same
contrast score! Yikes!

42



What is JND? (+ why does this matter for
visualization accessibility in 20257)

Source: Connor Gramazio, circa 2016ish?

Contrast Checker

Home > Resources > Contrast Checker

Foreground Background
Hex Value Hex Value
#374E90 #415AA4
olor Picker a olor Picker
i ightn

>

Seriously: these standards
affect accessibility policy 1.21:1
for ~55% of the world permalink
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Describing things



Chart descriptions with multi-layered semantics
Lundgard et al’s Semantic Levels (2021)

r

NUMBER OF CASES

Uncontrolled —
transmission \

IMMEDIATE :
INTERVENTIONS ¢

e — — —— — — — — — — — —

LOWER AND DELAY THE EPIDEMIC PEAK

__'a,‘___

-
L
.
-
‘e
..
fea.
-
......
-

Proactive measures slow the spread
of disease and reduce the burden on
hospitals

Healthcare system capacity:
Personnel, ICU beds, ERs,
Respirators, etc.

With control
measures /

TIME SINCE FIRST CASE

A multi-line chart entitled "Lower and Delay the n
Epidemic Peak" that plots the Number of Cases by
the Time Since First Case. The Number of Cases is
plotted on the vertical y-axis. The Time Since First
Case is plotted on the horizontal x-axis. The chart
shows two possible extremes of the rate of rise and
decline of COVID-19 cases. If the transmission is
uncontrolled, there are more simultaneous cases. If
the transmission is controlled, there are fewer
simultaneous cases. If the transmission is controlled,
the healthcare system can support all the cases.

r

R

The purpose of the chart is not to provide exact

numbers, but to communicate to the public that there
are multiple ways the current crisis can play out.
Without control measures the spread of the disease
increases exponentially, making it harder to slow
down and creating a big overload in the healthcare

LGN he number of cases is dramatically highe

without controls, and this will likely lead to many

deaths. In contrast, when controlled, the healthcare

system capacity can handle all of the cases over a
longer period of time, and this will save lives.
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HOT GAS GIANT EXOPLANET WASP-96 b

ATMOSPHERE COMPOSITION

NIRISS | Single-Object Slitless Spectroscopy
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Exoplanet WASP-96 b (NIRISS Transmission Spectrum)

Extended Description

Graphic titled “Hot Gas Giant Exoplanet WASP-36 b Atmosphere Composition, NIRISS Single-Object Slitless Spectroscopy.”

The graphic shows a transmission spectrum in the form of a graph of the Amount of Light Blocked by the planet's atmosphere in parts per million on the vertical y-

axis versus Wavelength of Light in microns on the horizontal x-axis.

Graph
Axes

The y-axis ranges from 13,500 parts per million (less light blocked) at the bottom to 14,800 parts per million (more light blocked) at the top, with labeled tick marks are
labeled every 200 parts per million, starting at 13,600.

The x-axis ranges from 0.6 microns on the left to 2.8 microns on the right, with labeled tick marks every 0.25 microns, starting at 0.75 microns.

Key

The graph includes a key showing that the solid white circles centered on gray vertical lines represent data points, and a blue solid line represents a best-fit model.

Data and Model

The graph consists of 141 data points, each with a gray error bar. The points range in value from 13,589 to 14,883 parts per million. The data points are not connected.
They follow a jagged trend from left to right, with a number of broad peaks and valleys. The lengths of the error bars vary from a minimum of plus or minus 43 to a
maximum of plus or minus 314. The error bars are smallest between about 1and 1.3 microns, generally increasing in length toward the left from 1to 0.6 microns, and
toward the right from about 1.3 to 2.8 microns.

A solid blue line with several prominent peaks and valleys represents the best-fit model. The model begins at the far left with a very slight downward slope toward the
right with a small peak around 0.95 microns, and another peak at about 1.15 microns. The line then becomes more sinuous, forming a taller, broader peak centered at
about 1.4 microns and a slightly shorter broad peak at 1.9 microns. Starting around 2.15 microns, the line trends back upward with a wavy slope of about 30 degrees.

The blue best-fit model line generally follows the trend of the data. It intersects some data points, but does not match the data perfectly. The match between the
model and data is clearest between about 0.9 and 1.65 microns.



“Structural” and “spatial” navigation

Zong et al’s Rich Screen Reader Experiences (2022)

m CHART ROOT

ENCODINGS

INTERVALS /
CATEGORIES

+«— to select
interval /
category

DATA POINTS

«— to select
data point

__________________________________

> Y-AXIS < > LEGEND <«
——— =
; O
: O
03 o° o 03 o
O
——
________ 0
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Rich navigation (a short history)
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Irregular time data in Highcharts JS
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2018: + Interactivity (visa charts

VISA Product Design System

About VPDS v
What's new v
L]
Selecting a chart
Designing b 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 t
Start by understanding the chart types available in our system. Once you're familiar, you can select a chart design from our neerstandihe chart ypes
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. o
Content “ Step 1: Choose a key insight
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

Development setup particular kinds of data analysis or insights. Charts help users understand and interpret data by leveraging simplified visual

representations that highlight patterns and relationships.
Design visualization P ghiightp P

guidelines

Overview " IIIE=: ' . -’I.‘
.”'Illn [/ =" 0

Data visualization principles EELE

BAR CHART LINE CHART HEAT MAP SCATTER PLOT

Selecting a chart
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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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ARIA semantics are standardized

Source: Visa Chart Components, Frank Elavsky (2017-2019)
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2018 (visa charts

WithPoazid lsbe B

2022: not library s
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Data Navigator: Empowering practitioners

Bokeh, a python visualization library, and
React Spectrum Charts, Adobe’s visualization design system

Enter navigation area

Fruit cost by store

_ O apple O banana
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| have yet to see
conversational

visualizations In
the wild, but the

research iIs there!

VoxLens, VizAbility, “Blind
question answering,” etc

60

Stock prices of 5 Tech Companies over Time.
800 -

symbol
h - AAPL
AMZN
600 — - GOOG
IBM
- MSFT
Q
2 400
o
200 -
I
TN . "W
O | | | | | |
2000 2002 2004 2006 2008 2010
date

Question: When the difference between the Apple and Google
stocks was the highest?

Answer: 2008

Figure 1: An example of a natural language question about a line
chart that shows stock prices of some tech companies over time.



Counterpoint: navigating animations

Sivaraman’s Counterpoint (2024)

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
()
T GDP Per Capita
_ ‘ Play/Pause ’
100k 5
] X axis:
] Life Expectancy v
Y axis:
10k 5 :
3 GDP Per Capita v
i Radius:
7 Population v
1k 5
- Reset Zoom
i O Source: Free Data from
- World Bank via
apminder.org, CC-BY
1004 g pminder.org
T I | T license

20 40 60 80
Life Expectancy (yr) —



Opt-out of visualization scrollytelling
Amaka, Thomas, + Elavsky (2021)

e PUC mg

As a siloed event, there is absolutely nothing wrong with describing the color of a
foundation shade as “nude” or “natural”. After all, a foundation is meant to mimic the
color of your skin. But problems can arise if these words aren’t used to name shades
consistently across the color spectrum.

The next graphics in this story will utilize scroll-driven animations. Animations are‘ m off ’ k

Use this toggle to disable this and view static graphics instead.

110 shades with "nude” in the name

We identified 110 shades from
73 products that contained the

gzﬁg:)/: . HOW THE word “nude” in the name.
pust oot R
March 2021 COMPLEXION
PRODUCTS A
CAN REVEAL
BIAS IN
BEAUTY

First Place. Lead Role. Number One. When things are arranged in a sequence, we
have a mild obsession with being the “first.” You want the blue ribbon. To be on the



Non-visual, non-text modalities




Sonification at scale

Highcharts (2018ish), Apple (WWDC 2021)

¥4 Highcharts Sonification Studio Help < Back

Play Stop Loop > @

n hude
» [ | = Playback Volume | 70%

Global settings Data series settings ] o

Visual settings: Global

Test chart
Basic A
Chart Title
100
{ Test chart JO
50 Chart Subtitle
k |0
1%
K 0
3 Chart Type
‘ Smoothed area v ‘o
-50
X-axis v
-100 Y-axis v
Advanced v
-150
T T T T T T T T T T
0 20 40 60 80 100 120 140 160 180

== Sensor Data (Y value)

> TextDescrption o
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Sonification for any web visualization library
Kim et al’s Erie (2024)

Data Insights for Apple's Stock Price Change from 2000 to 2010
This is a replication of the "interface" of Chart Reader by Thompson et al. (2023, CHI '23) (c.f., Figure 4)

(JPlay sound when selected (JAggregate data (mean) Play all Stop  Data Insights 0 1 2 3 4 5

220
200 -
180
160
140 -
120
100 -
80
60

40

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
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Embossing
visualizations on
paper
Still one of the best
technologies out there!
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Refreshable tactile
displays
Great work by Holloway,

also: Reinders, Butler,
Marriott, and crew
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Refreshable tactile
displays
Great work by Holloway,

also: Reinders, Butler,
Marriot, and crew
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Highway Mileage by Engine Displacement.

Micro-tactiles ;
(MAIDR,
SparkBraille, etc)

40 -

W
o
'

Highway Mileage

20 -

3 4 5 6
Engine Displacement

Engine Displacement 3.1038, Highway Mileage 23 .8055

(d) Scatter plot
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Highway Mileage by Engine Displacement.

Micro-tactiles B
(MAIDR,
SparkBraille, etc)
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Highway Mileage
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Engine Displacement

Engine Displacement 3.1038, Highway Mileage 23.8055

(d) Scatter plot
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Highway Mileage by Engine Displacement.

Micro-tactiles ;

(MAIDR,
SparkBraille, etc)

Highway Mileage

20 -

%T . ‘Q’ ‘ A M | | . |
° ) ) Enginfa DisplacementJ )

EEEEEEEEEEEEEEEEEE NN RN
Engine Displacement 3.1038, Highway Mileage 23.8055

(d) Scatter plot
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DIY, refreshable, low-
cost pin displays
Smiley et al, “MagnePins”
(2025)
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DIY, refreshable, low-
cost pin displays
Smiley et al, “MagnePins”
(2025)
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Personalization



Adjusting to system settings: font size, dark
mode, motion reduction

Source: Highcharts, 2016ish?, Visa Chart Components (2017-2019), Counterpoint (2024)

Estimated US Energy Consumption in 2017

Source: Lawrence Livermore National Laboratory
— o ® LA
@clear ) ®) ® 2 &
€Hydro Electricity & Heat ‘
- @ @
-Geothermal S &
Rejected Energy
I g B ® o
Natural Gas Residential
@ O
Commercial o
Coal .
(Eidmass Industrial I . .
o
Energy Services . . ‘
Retroleum Transportation . Py '
a
G
Sankey charts are used to visualize data flow and volume between nodes. The wider lines indicate larger volumes. @& o
®e O
O ') _
Estimated US Energy Consumption in 2017 ® O
. . @ d
Source: Lawrence Livermore National Laboratory °
— PY ®
Nuclear o ® @
- Electricity & Heat ° O
S i ] 8
Rejected Energy ® o ©
Natural Gas Residential e
- o
g
Coal . o @
= Industrial @ °
s @
Energy Services oo o
Petroleum Transportation
o "
@
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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Enabling user profiles

ource: Highcharts 2025+, Elavsky et al, Softerware, 2025
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2025 Slides here =P frank.computer

Visualization and accessibility:
The state of the art, 2025

Frank Elavsky, PhD Candidate hcii.cmu.edu, axle-lab.com, dig.cmu.edu
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