Guidelines for good
visualization



History time!



Florence Nightingale




1854-1856: The Crimean War




Tracking Mortality
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Tracking Causes
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Implementing Solutions

DIAGRANM REPRESENTING THE MORTALITY LN THE HOSPITALS,
AT SCUTARI AND KULALL, FROM OCT® I5T 1854. TO SEPT" 30™ 1855.
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Grammar of Graphics

Components of the grammar of graphics

Stretching the metaphor: The parts of speech for our visual language

e Data e Scales
e Aesthetic mappings e Coordinate systems
e Geometries e Faceting systems

e Transforms e Annotations



Large space of visualizations!
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Our framework for good
visualization



9 Criteria for good visualizations

* EXpressiveness *|mpact

*Insight
*Intuitiveness * Writing
* Honesty

* Accessibllity



9 Criteria for good visualizations

* EXpressiveness *|mpact
*Insight

*Intuitiveness * Writing

* Honesty *Engineering

* Accessibllity
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Can we automate choices?

To answer this question we first need to determine:

e How can we efficiently search the space of possible visualizations?
e What criteria do we use?

In the 1980s Jock MacKinlay was one of the first to tackle these
questions.




MacKinley’s Criteria

“Expressiveness criteria identify graphical languages that express the desired information.”

“Effectiveness criteria identify which of these graphical languages, in a given situation, is the most effective at
exploiting the capabilities of the output medium and the human visual system.”

What do these mean?



EXpressiveness




Our first criteria: expressiveness

MacKinley’s definition:

“A set of facts is expressible in a [visual] language if it contains a sentence [visualization] that.”

o “Fncodes all the facts in the set” A/\ .
EXxpressiveness

e “Encodes only the facts in the set”

Tell the whole truth and nothing but the truth

Our definition will only
be the first half



Express all the facts: Overplotting

Car price for 1979
apt

How many cars are in this dataset?



Miles_per_Gallon

Express all the facts:
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Express all the facts: Axes and legends
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Express all the facts: Axes and legends
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Express all the facts: Axes and legends
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What’s the issue here?



lifeExpectancy

80

/3

70

65

60

55

45

Express all the facts: scales
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Express all the facts: scales

45,000 —

Cas€S  Coronavirus cases in Italy and the U.S.
Plotted on a linear scale
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Effectiveness




mappings?

Effectiveness: How do we choose good aesthetic
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Figure 1. Elementary perceptual tasks.




Exercise: Survey



What did we find?
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Last semester’s results
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Proper studies

Cleveland & McGill's Results
T1 —o—
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A first principle for effectiveness

Importance ordering

“Encode more important information more effectively”

e Avisualization is more effective than another visualization if the information conveyed by one
visualization is more readily perceived than the information in the other visualization.



MacKinley’s Ranking
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Single variable example
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Single variable example
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A solution

Figure 22. Pie chart.
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Caveat: People don’t read by angle!

i Arc-Length
Angle

Figure 2: The three different encodings representing data in a pie

. .
or donut chart: central angle, wedge area, and arc length. Thus donut charts can be just as effective!



Nightingale’s Polar Area Charts
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William Playfair’'s plot

CHART of' EXPORTS and IMPORTS /o and from //e EAST INDIES
From the Year 1760 fo 1750 by W Fayfarr
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CHART of EXPORTS and IMPORTS /o and ffom //e EAST INDIES

From the Year 1700 fo 1780 by W Fayfarr
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Curve differences
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Back to the challenger disaster!

History of O-Ring Damage in Field Joints (Cont)
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Tufte’s Fix

Temperature is more important than date!

* No Erosion



Order isn’t enough!

Ordering alone doesn’t effectively convey differences!
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most O-ring damage occurs at cooler temperatures. Given this evidence,
how could the Challenger be launched at 29°? A
In the haplessly dequantified style typical of iconographic displays, £yl
temperature is merely ordered rather than measured; all the rockets are
adjacent to one another rather than being spaced apart in proportion
to their temperature. Along with proportional scaling—routinely done
in conventional statistical graphs—it is particularly revealing to include
a symbolic pair of rockets way over at 29°, the predicted temperature
for the Challenger launch. Another redrawing:
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Tufte’s favorite visualization
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relesciiieontet The Russian Campaign
s e of 1812-1813

A reimagined version of Charles Minard’s 1869
“Carte figurative des pertes successives en
hommes de [Armée Francaise dans la campagne
de Russie 1812-1813” map includes informational
text placed near the events they describe, new

2% Force Remaining  colors, and an updated temperature chart.
at end of Campaign

July 25
Battle of Ostrovno.
July 16 France loses 3,000
Napoleon leaves Vilnius troops and Russia
loses 2,500.
Approx. July 1 .
Cg::llry corpsyof Murat POlOtSk \lrltebSk
June 28 (32,000) advanced to
Napoleon reaches Vilna. Polotsk.

Lost 5000 horses so had
to leave artillery wagons

and guns behind

Vilna

».
L
“3;. 400,009

' 8,000
Kovno *

June 24 MINSK sides.

Campaign starts. Molodechno July 1

Weather is very 72,000 of Davout corps
hot. occupy Minsk.

*Chart does not reflect dates at regularly  Dec 7 e O~

spaced intervals, but rather aligned with O——u____ o 9e97»' " Nov 28

their geographic occurrence. — Dec1

map by Sarah Bell, 2023

Warm-up exercise

November 26-29
Studienska Battle of Berezina. Over

30,000 casualties in total

from Russiona and French

September 10

Napoleon’s army occupy

~ _woscow Translated version by Sarah
Bell

August 24
French depart Smolensk Giat

Mojaisk

August 16-18

Battle of Smolensk. Up to
24,000 casualties between
both sides.

Tarytino
127,000
August 4

Barclay and Bagration
corps unite in Smolensk

e What are the variables
shown?

Smolensk
g Maloyaroslavets

Viaxma

Dorog ®

\What are the aesthetic

mappings for these
variables?

Neither a graphic nor map will
ever capture the complex tragedy
of war that lasts generations.

* What do you like or dislike
about this visualization?
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Back to Playfair

CHART of EXPORTS and IMPORTS /o and from //e EAST INDIES CHART OF BALANCE AGAINST ENGLAND

From the Year 1700 fo 1780 by W Fayfarr
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Exercise:

How would you update the right chart to re-incorporate the missing information®?



9 Criteria for good visualizations

* EXpressiveness *|mpact

*Insight
*Intuitiveness * Writing
* Honesty

* Accessibllity



9 Criteria for good visualizations

* EXpressiveness *|mpact
e Effectiveness *Insight
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Intuitiveness (i.e. clarity)

How easy is it to understand what is (@nd is
not!) being shown in a visualization?



A basic example

MAKING TERRIBLE CHARTS GREAT AGAIN! #BESTWORSTVIZ

Each mark in this visualization represents a visualization from viz.wtf, a well-known guide to best practice in data visualization. These 100 visualizations
are carefully collected, i.e., scroll down and enter data into a spreadsheet until | reach the 100th. The variables are popularity (number of notes), position
of the visualization on the page, main color, visualization type and whether it uses 3D.

|
You can clearly see the emerging pattern from this carefully encoded visualization, that is nothing can be interpreted without blowing your mind first. I o O m a n e n cod I n S '
Let's see if you can figure out everything that is wrong with this chart. Raw data are also available (data.pdf). |
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Guidelines: Tufte’s Principles

Minimize distraction
e Above all else show the data

e Maximize the data-ink ratio

e Erase non-data-ink

e Erase redundant data-ink

e Revise and edit




Data-ink ratio

Heuristic for visual complexity

| data-ink
Data-ink ratio

total ink used to print the graphic

= proportion of a graphic’s ink devoted to the
non-redundant display of data-information

1.0 — proportion of a graphic that can be erased
without loss of data-information.



i nea Data-ink ratio

Exports and Imports to and from DENMARK S NORWAY from 100 to 1780
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Low ratio: more ink for the same High ratio: /ess ink for the same
amount of data amount of data



Maximal data-ink?
EEG Data

F-LM
RF-RM
LM-LC

JCULRO
T-LM
Y A

T-1L0

Can’t reduce ink /

without losing data!

RT-RO




ReVise and edlt! Remove unneeded

elements
Start )

>

Encode scale with

] l ]
whitespace! \ | ) I .




Data-Iink benefits

Improving data-ink can also improve
effectiveness

Example: range-frame scatterplot shows
extent of data

aaaaaaaaaaaa



Data-ink: deriving new forms

| Exercise: Can you simplify Tukey’s
classic box-and-whisker plot?

|
| | '
S A S

[ |
......



| |
......

An example

......
| |

I

- But is this really better? j



Intuitiveness: Respect established conventions!

Saving ink is counter-productive if users
need to spend more time understanding

“ == what the plot is showing!
- - H ?
ﬁa_ b C d e f Prof. Gabe’s take: Unless

you have good reason, just

Figure 1.7: Six kinds of summary boxplots. Type (c) is from go with a!
Tufte.



Respect established conventions

Example: Time on the x-axis!

y QDP
CONSUMPTION




Respect established conventions

Gun deaths in Florida

Number of murders committed using firearms
0

200

2005
Florida enacted

- its ‘Stand Your

Ground’ law

600

800

o
873

1,000 1990s | 20005 12010s

Source: Florida Department of Law Enforcement

C.Chan 16/02/2014 §. % REUTERS

EXEX]
How Trump-Vance and

Harris-Walz Made It to the
Presidential Ticket

College Private sector Federal government
Military Public service Candidate for
or politics federal office
Age 18
25
35
45 JD Vance
55
Kamala .
65 Harris Tim Walz
75
Donald
Trump

Higher numbers at the top/right!



3-d rotation inhibits “Chart junk”

effectiveness

The antithesis of Tufte’s minimalism principles

e Distracting patterns

- Unnecessary artistic
’  o embellishment

CONTINENT

Shadows and

\./ background are

useless distractions

ane ExPecta NCcy: ZOO7

T N e R P T X R " - : ——




Distracting patterns
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Unnecessary artistic embellishment
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But is Tufte always right?

Figure 11—Charts From University of Saskatchewan Study

MONSTROUS COSTS
Total House and Senate campaign expeditures, in millions

MONSTROUS COSTS

fotal House and Senate
Campasgn expenditures
in mihons

Source: Nigel Holmes, Reprinted with permission

Two versions of the same plot, which is more intuitive?
Which is more memorable?



9 Criteria for good visualizations
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e Effectiveness *Insight
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Impact

WIll readers internalize and remember the
information we present to them?



A perceptual study

Ell'ﬂwm‘ costs » EMPLOYMENT COSTS FOR A STEELWORKER PER HOUR
for a steelworker Average of first nine months, 1982

per hour, ’

average of firsi

nene manths

Bateman et. Al. tested artistic
visualizations by Nigel Holmes
against simplified versions

$11.08

$9.32

$2.39

US. W. Germany France Japan Britain S. Korea

THE RISE IN CIGARETTE PRICES
Average retail price per pack of cigarettes, in cents

- 81.9
81 63.0

'80 60.0

79 56.8

78 543




res

Sum of recall

20
g
‘s 10
£
2
subject categories trend
Figure 4. Means + SE for description scores.
o ® Holmes
I I Fain
12 I
10 - I
8
6
4 I | I
2 I
0
subject categories trend subject categories trend

long-termrecall immediaterecall

Figure S. Means 1S E for recall scores for long-term and
immediate recall.

® Holmes

= Hain
I I

description immediate  long-term
recall recall
Figure 6. Means + SE for sum of value message scores.

l

|

Sum of Scores
o N B~ O
|

A perceptual study

Results showed subject better
remembered the information
from plots with “Chart junk”!



More results

They also preferred them!

@ 20 - ® Holmes
% 15 - Flain
® 10 -
.
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Pictograms

Dogs Parrots Cats

Dogs Parrots Cats Dogs Parrots Cats

Haroz et. al. used a controlled study comparing pictographs to basic shapes.



1.2

Error

0.8

® Stretched
- Stacked
.............................................. .
Shape Pictograph '

Similar error (for stacked version)

Pictograms

- Stretched
-+ Stacked
.............................................................................. '.
©
¢
Shape Pictograph

Much better recall!



Caveat

1.5

1.4
1.3
. 1.2

Dogs Parrots Cats
1.1

| Stretched Shape Superfluous
Fig. 7. An otherwise simple bar chart with
a superfluous background image yields
. much higher error levels than an unem-

bellished simple bar chart.

Error

Superfluous pictograms increased error.



Takeaway: Often a trade-off
between clarity and impact
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