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Design Guidelines



Rule #1: Use the Best Uisual
Channel Flvailable

for the Most Important
Aspect of your Data



Rule #2: The visualization
should show all of the data,
and only the data



Book Recommendation

Great book with simple
design guidelines ,

| cole nussbaumer knaflic

Not a “Visualization” book,

but a “charting” book storytelling

a data
visualization



Tufte’s Integrity Principles

Show data variation, not design variation

Clear, detailed, and thorough labeling and appropriate
scales

Size of the graphic effect should be directly proportional
to the numerical quantities (“lie factor”)



Scales



The Lie Factor

Size of effect shown in graphic

Size of effect in data



Lie Factor - Graphical Integrity

IF BUSH TAX CUTS EXPIRE

Magnitude In data
must correspond to
magnitude of mark

Effect in Data: factor 1.14
Effect in Graphic: factor 5
Lie Factor: 5/1.14 = 4.38
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http://flowingdata.com/2012/08/06/fox-news-continues-charting-excellence/

Scale Distortions

If Bush tax cuts expire...
Top tax rate
40% 39.6%

Now Jan. 1, 2013

Flowing Data



What’s wrong?

Mindesisicherunghezieher in Wien nach Land

Viele Bezieher mit "ungeklarter Staatsbiirgerschaft”
Die grolite Gruppe in der Liste der Mindestsicherungsbezieher ist aber jene der

'ungeklarten Staatsburgerschaft”. Dass es sich bei den 16.7 12 Personen um



What’s wrong?

Mindestsicherungbezieher in Wien nach Land
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What's wrong?

Grafik der
Kronen-
zeitung

Zusatzlich geht die Mindestsicherung in Wien auch an 1314 Deutsche, 369 Italiener,

66 Schweden, 59 Schweizer, zehn Kanadier, dazu an einen Liechtensteiner, einen

Islander sowie an einen Burger von Andorra

Mindestsicherungbetzieher in Wien nach Land

Viele Bezieher mit "ungeklarter Staatsbiirgerschaft"
Die gréBte Gruppe in der Liste der Mindestsicherungsbezieher ist aber jene der

"ungeklarten Staatsburgerschaft”. Dass es sich bei den 16.7 12 Personen um

Grafik
In echt

Viele Bezieher mit "ungeklarter Staatsbiirgerschaft"
Die groBte Gruppe in der Liste der Mindestsicherungsbezieher ist aber jene der
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CORONAVIRUS CASES WOR”WIDE

81,782

-

80,837

U.s.

SOURCE: CNN; JOHNS HOPKINS UNIVERSITY

BREAKING NEWS

https://twitter.com/StatsbyLopez/status/1243564270970904581



https://twitter.com/StatsbyLopez/status/1243564270970904581
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Start Scales at 0?

Median household income in 2010 inflation adjusted dollars
560,000 - - $54,000
$50,000 - - $53,000

- $52,000

540,000 -
- $51,000

$30,000 -
- $50,000

$20,000 -
- 549,000
$10,000 - - 548,000
SO | | | | | | | | | | 547,m0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Zero-Based Non-Zero Based

A. Kriebel,VizWiz


http://vizwiz.blogspot.com/2011/12/using-non-zero-based-axis-i-dont.html

Use a baseline that shows
the data, not the zero-point.

Think about: what is a meaningful baseline?

E. Tufte



Scales atO



https://www.youtube.com/watch?v=14VYnFhBKcY

Framing

VIS can be used to lie

just as language or statistics

When showing something, make sure that you’re faithful to
the data



Global Warming?
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The Daily Mail, UK, Jan 2012


http://www.dailymail.co.uk/sciencetech/article-2093264/Forget-global-warming--Cycle-25-need-worry-NASA-scientists-right-Thames-freezing-again.html

Global Warming?

Temperature Anomaly -- Annual Mean (°C)
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Mother Jones


http://motherjones.com/kevin-drum/2012/01/lying-charts-global-warming-edition

Global Warming - Frame the Data

Temperature Anomaly -- Annual Mean (°C)
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http://motherjones.com/kevin-drum/2012/01/lying-charts-global-warming-edition
https://tamino.wordpress.com/2018/08/08/usa-temperature-can-i-sucker-you/

What’s wrong?

How 2012 STACKS UP

THE VWWARMEST YEARS ON RECORD
CONTIGUOUS U.S.

543 5432
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Source: NOAA's National Climatic Data Center - State of the Climate National Overview




Scale Distortions in Temporal Data

JOB LOSS BY QUARTER
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Log Scales

Use log scales if the underlying data warrants it
Typical use case: exponential growth curves
In practice: an expert tool



COVID-19 Cases by US States/Territories
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What are some interpretations?

COVID-19 Cases by US States/Territories

50,000 —

45,000 —

40,000 —

35,000 —

30,000 —

25,000 —

20,000 —

15,000 —

10,000 —

5,000 —

https://twitter.com/nothingelseis/status/1243203992848457733

Confirmed Cases

Days since 20 cases
|



https://twitter.com/nothingelseis/status/1243203992848457733

[Nlormalization



Comparing Apples to Apples

When we compare things that are different, we need to
account for that difference. Normalize your data!



Cumulative Cases

Cumulative confirmed COVID-19 cases

The number of confirmed cases is lower than the number of actual cases; the main reason for that is limited testing.
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https://ourworldindata.org/coronavirus

Cumulative Cases Per Million

Cumulative confirmed COVID-19 cases per million people

The number of confirmed cases is lower than the number of actual cases; the main reason for that is limited testing.

( UNEAR | LOG

20,000

15,000

10,000

5,000

Cumulative confirmed COVID-19 cases per million people

Zoom to selection

Hide countries < 1 million people

;——4 //

I

Mexico

Indonesia
»New-Zealand

100 150

Days since the total confirmed cases per million people reached 1

200

Our World
in Data

Positive rate
M <0.1% of tests
W 0.1%-1%
W 1%-2%
2% - 3%
3% - 5%
5% - 10%
W 10%-20%
M more than 20%
| no testing data

Jan Sep
26 e o o » 24
2020 2020



Different Perspectives

To get the full picture, you might look at more than one
chart: https://ourworldindata.org/coronavirus

visualization
HOME TEAM PUBLICATIONS BLOG CULTURE POSITIONS d eSi g n I a b

The Case Against Dashboards (when Visualizing a Pandemic)

...........

tidr: Using dashboards comes with risks: they leave out critical context by over-simplifying and
hence give false certainty. A more nuanced approach including interpreation by experts, and
showing multiple perspectives is needed when visualizing data for something as complex as
the COVID-19 pandemic.

'he COVID-19 pandemic of 2020 has negatively impacted our lives in many ways. The
anxiety felt by many is amplified by the obsessive consultation of the latest numbers and


https://ourworldindata.org/coronavirus
https://vdl.sci.utah.edu/blog/2020/07/06/dashboards/

Distributions



Height of the Bar encodes .

mean of a distribution
Which value is more likely to ¢ oA
belong to the distribution?
A or B? )
6 B

http://www.tandfonline.com/doi/full/10.1080/00031305.2016.1141706



Biases

We can plot the data faithfully, but still perceive it wrongly!



What about now?
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Within the Bar Bias
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Results

Christopher S. Pentoney & Dale E. Berger (2016) Confidence Intervals and the Within-the-Bar Bias, The American Statistician, 70:2, 215-220



Careful when designing aggregated
charts
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What'’s the Trendline?




Scatterplot- ——

Linegraph - ——

Chart Type

Regression by eye

Area: =l

~0.020 -0.015 -0.010 -0.005  0.000 0.005

Signed Error

We’re good at spotting trends But the wrong vis technigue can deceive us

http://idl.cs.washington.edu/files/2017-RegressionByEye-CHI.pdf
[Corell & Heer, 2017]



Pie Charts



Why Pie Charts?

Show Part-of-Whole Relationships

0.64% Browser market share 2018

i O R 39
3.85% ).53%

Al a "\.“.
‘l-l' s '\-l‘ 4 _ o

https://blog.uptrends.com/uptrends-research/browser-market-share-2018/

m Chrome
m Safari

B Frefox

B [nternet Explorer

Samsung
Edge

m Other

s Android

m Opera

m UCBroswer

How can we make this better?

e | abel the wedges directly, get
rid of color scale

® Fewer segments: put more into
“other”

o Make sure labels have contrast



AMERICANS WHO HAVE
TRIED MARIJUANA

CBS NEWS POLL
| 43%

21% LAST YEAR

34%
1997

al H SUPP‘ORT FOR LEGALIZING MARIJUANA
MOE THAN HALF OF AMERICANS SAY THEY'VE TRIED POT @ C BSN



https://twitter.com/K_Graves/status/1118927857214873600

BIGGEST COVID-19 WORRIES

b GETTING IT

S FAMILY
“S GETTING IT

Posted in r/funny by u/veganator @ reddit



Death to Pie Charts

Networks/Hosting Investor 1% _PR 1% Cleantech 1%

1%
News 2%

No Category 3% 4

Video 3%

Advertising 3%

Share of coverage
on TechCrunch

Entertain

“l hate pie charts.
| mean, really hate them.”

www.storytellingwithdata.com/201 1/07/death-to-pie-charts.html Cole Nussbaumer



http://www.storytellingwithdata.com/2011/07/death-to-pie-charts.html

Redesign

TechCrunch Coverage: 2005 - 2011

Bars are best!
TechCrunch Coverage: 2005 - 2011

A slightly better pie? General Consumer Web
Network/Hosting, 1% lnvestwmeantech. 1% Social Networks

News. 2% Music, 1%} | Search

Enterprise, 2% Other, 2% —— Mobile
Softward

No Category, 3% —
Video, 3% —

Entertainment
Hardware

Advertising, 3% General Consumer
Web, 23% E-Commerce

Advertising

E-Commerce, 5% Video
Hardware, 6% Social Networks, 12% No Category
Enterprise

Other

News

Entertainment, 6% Search. 10% & el
Softward, Mu.s.c
8% Network/Hosting

Mobile, 9% Investor

PR
Cleantech



Can you spot the differences?

A B C
2 4
4 2
4 ¢
3 3 3




Can you spot the differences?

111111111111111




My favorite pie chart

B Sky

Sunny side of pyramid

~ Shady side of pyramid




My second favorite pie chart

! Pie | have eaten

| Pie I have not

yel eaten




So, what to use instead?

PRE: How do you feel about doing POST: How do you feel about doing
science? science?

BBored WNotgreat BmOK BKindof interested W Excited BBored WNotgreat mOK W®BKindof interested W Excited

imagine you just completed a pilot summer learning program on science aimed at improving perceptions of the field among 2nd and 3rd grade elementary children

http://www.storytellingwithdata.com/blog/2014/06/alternatives-to-pies



http://www.storytellingwithdata.com/blog/2014/06/alternatives-to-pies

Alternative #1: Show the
Number(s) Directly

After the pilot program,

8%

of kids expressed interest towards science,
compared to 44% going into the program.




Alternative #2: Simple Bar Graph

How do you feel about science?

BEFORE program, the majority of children felt just
OK about science

40% 389% AFTER
program,
30% more
— children
were Kind of
19% interested &
| Excited
L about
0% science.

Bored Not great OK Kind of Excited
interested




Alternative #3: 100% Stacked
Horizontal Bar Graph

How do you feel about science?

Bored Not great Kind of interested Excited

0% 10% 20% 30% 40

% D0% ©60% 70% 80% 90% 100%
o ||||||\||| |||||||||||||||\‘|||||||||||
o “““‘I“‘\ ““““““““““\‘“““““““““““‘l




Alternative #4: Slopegraph

How do you feel about science?

295%

19%

38%

30%

11()/0 .——_——___-_‘ 120/0
50/0 ..—__—_-—_-‘ 60/0

Before

After

Excited

Kind of
interested

Bored

Not great



Most important issues

adal

yyment/Jobs

Sunday Star Times, 2012



B Crime/Violence
- Race relations

10%

119%

% - 3%
2005 2006 2007

.

9%

119%
i 3% Qi [ o BT
{ 2010 201

Q ntly encoded by diameter, not area!
Fixing that:

2007
2010 2

R. Cunliffe, Stats Chat


http://www.statschat.org.nz/2012/02/13/more-bubble-charts-your-feedback-please/

But is this visual encoding appropriate in the first place?

30%

25%

20%

15%

10%

O% ' ' ; ' ' Y Y Y Y r ' ' .
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 - Cunife, Stats Chat


http://www.statschat.org.nz/2012/02/13/more-bubble-charts-your-feedback-please/

Clean vs Embellished



Maximize Data-Ink Ratio




Maximize Data-lnk Ratio




Avoid Chart Junk

Extraneous visual elements that distract from the
message

15%

10% [

5%

|

Jan Feb Mar Apr May Jun Jul Aug Sep



http://www.tbray.org/ongoing/data-ink/di1

Avoid Chart Junk

15%

10% [

5% —

Jan Feb Mar Apr May Jun Jul Aug Sep

ongoing, Tim Brey


http://www.tbray.org/ongoing/data-ink/di1

Avoid Chart Junk

15%

10% [

5% |—

Jan Feb Mar Apr May Jun Jul Aug Sep

ongoing, Tim Brey


http://www.tbray.org/ongoing/data-ink/di1

Avoid Chart Junk

15%

10% —
5% |- I

Jan Feb Mar Apr May Jun Jul Aug Sep

ongoing, Tim Brey


http://www.tbray.org/ongoing/data-ink/di1

Avoid Chart Junk

1 5ﬂfu e

10% —

5% —

Jan Feb Mar Apr May Jun Jul Aug Sep

ongoing, Tim Brey


http://www.tbray.org/ongoing/data-ink/di1

Avoid Chart Junk

15%

10%

5%

Jan Feb Mar Apr May Jun Jul Aug Sep

ongoing, Tim Brey


http://www.tbray.org/ongoing/data-ink/di1

Which is better?

DIAMONDS WERE A GIRL'S BEST FRIEND DIAMONDS WERE A GIRL'S BEST FRIEND

Average price of a one-carat D-flawless .y, Avetage price of a one-carat D-flawless

560,000
$60,000
$50,000
$50,000
540,000
$40,000
$30,000

\ $20,000
$20,000

N

1979 1980 1981 1982

A S | | . )
1978 1979 1980 1981 1982

[Bateman et al. 2010]


http://infosthetics.com/archives/2010/04/why_chart_junk_is_useful.html

Which is better?

MONSTROUS COSTS

Total House and Senate
campaign expenditures,
in millions

MONSTROUS COSTS
Total House and Senate campaign expenditures, in millions

115300

250
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100

50

1972 74 76 ‘78 ‘80 ‘82 est.

[Bateman et al. 201 O] https://eagereyes.org/criticism/chart-junk-considered-useful-after-all



Useful Junk? The Effects of Visual Embellishment on
Comprehension and Memorability of Charts

Scott Bateman, Regan L. Mandryk, Carl Gutwin,
Aaron Genest, David McDine, Christopher Brooks
Department of Computer Science, University of Saskatchewan, Saskatoon, Saskatchewan, Canada
scott.bateman(@usask.ca, regan@cs.usask.ca, gutwin(@cs.usask.ca,
aaron.genest(@usask.ca, dam085@mail.usask.ca, cab938(@mail.usask.ca

ABSTRACT
Guidelines for designing information charts often state that
the presentation should reduce ‘chart junk’ — visual

embellishments that are not essential to understanding the
data. In contrast, some popular chart designers wrap the
presented data in detailed and elaborate imagery, raising the
questions of whether this imagery is really as detrimental to
understanding as has been proposed, and whether the visual
embellishment may have other benefits. To investigate
these 1ssues, we conducted an experiment that compared
embellished charts with plain ones, and measured both
interpretation accuracy and long-term recall. We found that
people’s accuracy in describing the embellished charts was
no worse than for plain charts, and that their recall afier a
two-to-three-week gap was significantly better. Although
we are cautious about recommending that all charts be
produced in this style, our results question some of the
premises of the minimalist approach to chart design.

Author Keywords
Charts, information visualization, imagery, memorability.

ACM Classification Keywords
HS.m. Information interfaces and presentation (e.g., HCI):

Miscellaneous.

General Terms
Design, Human Factors

INTRODUCTION

Many experts in the arca of chart design, such as Edward
Tufte, criticize the inclusion of visual embellishment in
charts and graphs; their guidelines for good chart design
often suggest that the addition of chart junk, decorations
and other kinds of non-essential imagery, to a chart can
make interpretation more difficult and can distract readers
from the data [22). This minimalist perspective advocates

data-ink — or the ink in the chart used to represent data.

Despite these minimalist guidelines, many designers
include a wide variety of visual embellishments in their
charts, from small decorations to large images and visual
backgrounds. One well-known proponent of visual
embellishment in charts 1s the graphic artist Nigel Holmes,
whose work regularly incorporates strong visual imagery
into the fabric of the chart [7] (e.g., Figure 1).

MONSTROUS COSTS

Total Mouse and Senate
CAMPAign axpenditures,
in milkons

MONSTROUS COSTS
Total Howse and Senate Campagn eapendtwes in mdlans

+5300

+ 250

T 20

+ 1%

4»‘(‘3




EXPERIMENTAL RESULTS

1. No difference for interpretation accuracy
2. No difference in recall accuracy after a five-minute gap

3. Significantly better recall for Holmes charts of both the chart topic
and the details (categories and trend) after long-term gap (2-3
weeks).

4. Participants saw value messages in the Holmes charts significantly
more often than in the plain charts.

5. Participants found the Holmes charts more attractive, most enjoyed
them, and found that they were easiest and fastest to remember.



Use Chart Junk? It depends!

PROS CONS
persuasion biased analysis
memorabillity trustworthiness
engagement Interpretabllity

space efficiency
effort



Alighment Matters

Trump
Bachmann
Cruz
Gingrich
Palin
Santorum
Walker
Perry
Ryan
McCain
Rubio
Romney
Rand Paul
Christie
Biden
Kasich
Sanders

J Bush

H Clinton

Obama

Who Lies More: A Comparison

PolitiFact, an independent fact-checking website, has graded

more than 50 statements since 2007 from each of these
candidates. Here is how they rank.
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3D



No Unjustified 3D

Depth judgment is bad
N = 0.67 Sensation=Intensity”N

Steven'’s Psychophysical Power Law: 5= IR

Occlusion
Perspective Distortion

Color: Lighting / Shadows /
Shading

Tilted Text illegible

Perceived Sensation

Physical Intensity



Don’t
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Don'’t

Convictions in England and Wales for class A drug supply.

® White: 6584
Black: 2356
Asian: 1161

@ Mixed Race: 508

© NS (Not Stated): 1046
Other: 124

https://www.vice.com/en_uk/read/foi-uk-drug-conviction-ethnicity-282



3D Design Alternatives

Prediction Accuracy Prediction Accuracy
100%
75% / -
80%

70% + +
60%
70% .
40%
30%
20%
10%

65% . 0% .
Our Method Their Method Our Method Their Method

Misleading

http://interactions.acm.org/archive/view/july-august-2018/the-good-the-bad-and-the-biased



3D Design Alternatives
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Misleading

http://interactions.acm.org/archive/view/july-august-2018/the-good-the-bad-and-the-biased
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e: Hierarchy Visualization
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[F. van Ham ; J.J. van Wijk, 2002]




More data than fits one
chart:
Animation, Multiple Uiews



Eyes Beat Memory

Don’t make people memorize: Show them

USA and Japan Fertility Over Time
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Creator: Stephen Holzman Age

http://www.randalolson.com/2015/08/23/small-multiples-vs-animated-gifs-for-showing-changes-in-fertility-rates-over-time/

Source: Human Fertiity Database



What can we do
differently?



Eyes Beat Memory: Small Multiples

Fertility in USA and Japan,1947 - 2010

Births per woman
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Data source: Human Fertiity Database (humanfertility.org)
Author: Randy Oson (randalotson.com / @@randal_olson)
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A lot of charts
Do we need all of them?



Eyes Beat Memory: Small Multiples

Fertility in USA and Japan,1947 - 2010
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Data source: Human Fertility Database (humanfertility.org)
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Simplify!

Total fertility rate in USA and Japan, 1947 - 2010 Average age when giving birth in USA and Japan, 1947 - 2010
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Small Multiple D

esign Alternatives
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Superposition

Explicit Encoding

http://interactions.acm.org/archive/view/july-august-2018/the-good-the-bad-and-the-biased



Design and insights



Designh choices shape insights

Chart being faithful to data is necessary but not sufficient

| show you a chart:
You tell me what you see
You are allowed to speculate and guess

You are allowed to “look outside the visualization” (i.e. use world
knowledge)



CDC report

FIGURE 1. SARS-CoV-2 infections (N = 469) associated with large public gatherings, by date of specimen collection and vaccination status* —
Barnstable County, Massachusetts, July 2021
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Specimen collection date, July
https://www.cdc.gov/mmwr/volumes/70/wr/mm7031e2.htm



CDC report

https://www.cdc.gov/mmwr/volumes/70/wr/mm7031e2.htm

According to official data, the vaccinated are the
super-spreaders.
https://cdc.gov/mmwr/volumes/7...
https://t.me/EARTH20GENESIS...

FIGURE 1. SARS5-CoV-2 infections (N = 469) associated with large public gatherings, by date of specimen collection and vaccination status* —
Barnstable County, Massachusetts, July 2021
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Government dashboard (Mexico)

@ coronavirus.gob.mx/exceso-de-mortalidad-en-mexico/

Inicio COVID-19 v Publico general v Personas con discapacidad v Personal de salud v Vacuna COVID-19 Contacto Histérico v
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https://coronavirus.gob.mx/exceso-de-mortalidad-en-mexico/



Government dashboard (Mexico)

The effect of #ivermectin in #\Mexico needs
no explanation.

#ivermectinworks
COVID-19 in MEXICO W%D IVERMECTIN DAY

=/ MEXICO

All-cause excess mortality in Mexico 2020-2021

+180% =

Test and treat program
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0urWorIdInData
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/-day rolling average. Due to limited testing, the number of confirmed cases is lower than the > number of infections.
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0urWorIdInData

Daily new confirmed COVID- 1()
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Uruguay launched their vaccination on 1st March 2021
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What shapes our insights?

Major salient features: data, encoding
Framing: text, annotations

Context: world knowledge, expert knowledge
Personal biases

Neutral vs directive, narrative vs exploration



There’s no one “best” way to visualize

data...

Expenses vs. Budget, 2020

Region Expenses Budget
East $534,942 $497 496
Central $377,123 $343,182
South $363,122 $374,016
North $161,994 $158,754
West $133,800 $115,068

Deviation From Budget in %, 2020
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https://www.practicalreporting.com/blog/2021/11/14/the-biggest-misconception-in-data-visualization

Expenses vs. Budget, 2020
Graph A

Expenses ‘J

— Budget

East Central South North West

Deviation From Budget in $, 2020
Graph C

J
II - B
-

West

East Central South North

“Charts never
‘'show the data’,
they always just
say a few
specific things
about the data.”



...we really wish there was

Expenses vs. Budget, Deviation from Budget
($), Deviation from Budget (%), 2020
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https://www.practicalreporting.com/blog/2021/11/14/the-biggest-misconception-in-data-visualization
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Thread on design con5|derat|ons
Tt

| posted this graph yesterday as part of the
#30DayChartChallenge and a few people have asked

some reasonable questions about why | chose to
present this data in this way.

So | thought I'd write a thread to explain my thought " peOple Wi ” always
Eha find their own

St o g et ot messages In graphS,
so why not help them
find the 'right' one?”

https://twitter.com/VictimOfMaths/status/1514220648524046340



Help find the ‘right’ message,
steer away from the ‘wrong’ one
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https://www.cdc.gov/mmwr/volumes/70/wr/mm7031e2.htm https://www.mass.gov/info-details/archive-of-covid-19-vaccination-reports-2020-2021



