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Tufte's design principles for graphical excellence

1. Maximize the data-ink ratio, within reason

2. Mobilize every graphical element, perhaps several times over, to show the data
3. Maximize data density and the size of the data matrix, within reason

4. Establish context

5. Show cause and effect, where possible

6. Compare and contrast, utilize layering & separation

7. Escape flatland, use small multiples, parallel sequencing (reality is multivariate)
8. Show multiple dimensions

9. Utilize narratives of space and time

10. Integrate image, number and text



1. Maximize the data-ink ratio, within reason

« Data-ink is the non-erasable core of a graphic, the non-redundant ink
arranged in response to variation in the numbers represented

 Itis also the proportion of graphic’s ink devoted to the non-
redundant display of data-information.

Data ink

Data-Ink Ratio =
Total ink used in graphic
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1. Maximize the data-ink ratio, within reason

e This rule states that a visualization should contain as much data as
possible while also using as little pixels as possible

« Through a comprehensive editing and testing process, any
visualization can continually be improved upon

Data ink

Data-Ink Ratio =
Total ink used in graphic
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Unjustified 3D all too common, in the news and elsewhere

Most innovative carmakers for communications
systems (index score”)
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Most innovative carmakers for driver assistance l A l l l

systems (index score”) 69.7 654 380 3L0 271 262 219

http://viz.wtf/post/137826497077/eye-popping-3d-triangles
http://viz.wtf/post/139002022202/designer-drugs-ht-ducqn

Convictions in London for class A drug supply.
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Depth vs power of the plane

e high-ranked spatial position channels: planar spatial position
—not depth!

(® Magnitude Channels: Ordered Attributes
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Depth vs power of the plane
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Depth vs power of the plane

e high-ranked spatial position channels: planar spatial position
—not depth!
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Depth vs power of the plane

e high-ranked spatial position channels: planar spatial position

—not depthl Steven's Psychophysical Power Law: S= ¥
(® Magnitude Channels: Ordered Attributes
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No unjustified 3D: Danger of depth

e we don’t really live in 3D: we see in 2.05D
—acquire more info on image plane quickly from eye movements
—acquire more info for depth slower, from head/body motion

»
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We can only see the outside shell of the world
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Occlusion hides information

e occlusion

e interaction can resolve, but at cost of time and cognitive load

[Distortion Viewing Techniques for 3D Data. Carpendale et al. InfoVis1996.]
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Perspective distortion loses information

e perspective distortion
—interferes with all size channel encodings
—power of the plane is lost!
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[Visualizing the Results of Multimedia Web Search
Engines. Mukherjea, Hirata, and Hara. InfoVis 96]
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3D vs 2D bar charts

e 3D bars:
very difficult to justify!
— perspective distortion

—occlusion

e faceting into 2D almost
always better choice

Graph Design 1.Q. Test

Question 7: Which graph makes it easier to determine R&D’s travel expense?

2006 Expenses by Department
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[http://perceptualedge.com/files/GraphDesignlQ.html]




Tilted text isn’t legible

e text legibility

—far worse when tilted from image plane

e further reading

Exploring and Reducing the Effects of Orientation
on Text Readability in Volumetric Displays.
Grossman et al. CHI 2007

[Visualizing the World-Wide Web with the Navigational View Builder.
Mukherjea and Foley. Computer Networks and ISDN Systems, 1995.]
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No unjustified 3D example: Time-series data

e extruded curves: detailed comparisons impossible

Total KW-consumption ECN

[Cluster and Calendar based Visualization of Time Series Data. van Wijk and van Selow, Proc. InfoVis 99.]
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No unjustified 3D example: Transform for new data abstraction

e derived data: cluster hierarchy

e juxtapose multiple views: calendar, superimposed 2D curves

1997 employees Cluster viewer

(c) ECN 1998
Graphs

— 5M12/1997
— 31121997
—— Cluster 710
— Cluster 718
~—— Cluster 719
— Cluster 721
— Cluster 722

[Cluster and Calendar based Visualization of Time Series Data. van Wijk and van Selow, Proc. InfoVis 99.]



Justified 3D: shape perception

e benefits outweigh costs
when task is shape
perception for 3D spatial
data

—interactive navigation supports
synthesis across many
viewpoints

[Image-Based Streamline Generation and Rendering. Li and Shen.
IEEE Trans. Visualization and Computer Graphics (TVCG) 13:3 (2007), 630-640.]

= Targets

® Spatial Data
2 Shape
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Justified 3D: Economic growth curve

A3-D View_of a Chart That'Predicts
e constrained navigation T S
steps through carefully o =
designed viewpoints

Yield curve 101 |

The yield curve shows how much it costs the federal
government to borrow money for a given amount of time,

a forecast for what the economy holds in the
futur uch inflaticn there will be, for example, and
how healthy growth will be over the years ahead — all
embodied in the price of money today, tomorrow and many
years from now.

http://www.nytimes.com/interactive/2015/03/19/upshot/3d-yield-curve-economic-growth.html|

revealing the relationship between long- and short-term 8% yield
interest rates. per year
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1. Maximize the data-ink ratio, within reason
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Relationship of Actual Rates of Registration to Predicted Rates
(104 cities 1960).
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1. Maximize the data-ink ratio, within reason
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1. Maximize the data-ink ratio, within reason
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2. Mobilize every graphical element to show the data

« The danger of multifunctioning elements is that they tend to
generate graphical puzzles, with encodings that can only be broken
by their designer.

« Thus design techniques for enhancing graphical clarity in the face of
complexity must be developed along with multifunctioning elements.

* In other words, we should try to make all present graphical elements
data encoding elements. We must make every graphical element
effective.




2. Mobilize every graphical element to show the data

« Invented by applied mathematician, statistician and physicist Herman
Chernoff in 1973, display multivariate data in the shape of a human
face.

« The individual parts, such as eyes, ears, mouth and nose represent
values of the variables by their shape, size, placement and
orientation.

« The key idea is that humans are well trained to recognize faces and
discern small changes without difficulty. They allow for easy outlier
detection and pattern recognition despite multiple dimensions of the
data.

« Faces are also emotionally expressive, and thus could be used to
semantically resonant encode data.



2. Mobilize every graphical element to show the data

Chart showing
Chernoff faces for data
selected from a
dataset, which
contains ratings of
AARONSON,L.H. ALEXANDER,J.M. ARMENTANO,A.J. BERDON,R.I. state judges in the US
_ Superior Court by
O O lawyers who have had
o O contact with them.

BRACKEN,J.J. BURNS,E.B. CALLAHAN,R.J. COHEN,S.S.

DALY, J.J. DANNEHY J.F. DEAN,H.H. DEVITAH.J.



Chernoff Faces
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Urban story:
Lisbon is on a par
with Honolulu

Among 25 of the world's most important cities are
visualised here. Each metropolis has been grouped
vertically by 5 main temperature zones according to
their latitude; and ordered horizontally according to
their longitude. Each city identity is visually represented
in a multiform polygon correlating to its size in sq m,
number of inhabitants, number of tourists per year,
height of the tallest building, and the average price of
property according to real estate parameters (square
metres). Further information is provided for each city
"id-card": age of the city, average temperature and rainfall.
We discover that latitude and longitude parameters not
only determine environmental factors but also several
urban characteristics. Surprisingly on and Honolulu
have a lot in common!

Sources:

city-data.com, currentresults.com,
euromonitor.com, globalpropertyguide.com,
skyscrapercenter.com, weatherbase.com,
wikipedia.org.

How to read it?

City name
Joundation ye

height of tallest building (m.)

(thousands
number of Tite

visitors and
tourists (min)

number of
inhabitants
(in millions)

average annual

temperature (°C)

mp y average annual

n central urban zone precipitation (mm)

The visualization has been designed

and produced by Accurat (www.accurat.it),
and was originally published in italian

on La ‘{,er!uru the sunday cultural
supplement of Corriere della Sera.

4. Moscow

1100
S 3. St Petersburg .
1. Reykjavik 2.Dublin 1703
874 140 =
)
‘- &
temperate . d
| .
11,5
13.156
5. London
100
8.Rome
753 a.C.
15,1 103
13
zone 5
6398
14. Dubai
19316 182
.
15. Beijin
828 5 723]B 5
12. New York -
11. Los Angeles 1613
1781 - -
. 381 13. Lisbo! .
- . 71 ' 16,8
41
1C
13
temperate
Zome e
68¢
0.01¢
18. Mexico City
17. Honolulu 15 19. Nairosbl
225 1699
2,8 A
15
i -
8.8 =
25. Sydney
178§
244
5 24. Johannesbu:
536 i 12,1
:-3 223
.| 273,
: - |
= ; o,zk ‘ o5 1
zone i 28 A; .
2354 932

46

35, 3
SALJB 15
18] 16.
14
20.
19. 21
22.

24.

16. Shanghai
1075

492

63




How to read it?

City name

foundation year
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height of tallest building (m.)

surface area
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From first
published
to masterpieces

Visualized are the authors of the 100 best
english novels of 1900 according to the
Modern Library ranking.

Authors are represented through circles
showing their life span where their debut
novel, their masterpiece(s) according to the
raking are positioned.

Authors’ order points out the time-gap
between the debut novel and the first
published novel selected from the Modern
y ranking (masterpiece).

Debut novel and first masterpiece correspond
for the first 22 authors.

Information about authors’ hometown and
novels' ranking are reported as well.

Sources:
biography.com, britannica.com, modernlibrary.com

How to read it?

Authors are ordered from
the earliest success to the last one.

Author name
5 - Hometown
1h

ot

ageat fourth mas

« - first masterpiece
coincide with debut

zation has been designed
and produced by Accurat (www.accurat.it),
and was originally published in italian

on La Lettura the sunday cultural

supplement of Corriere della Sera.
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3. Maximize data density and the size of the data matrix, within reason

« High preformation graphics should be designed with special care. As
the volume of data increases, data measures must shrink (smaller
dots for scatters, thinner lines for busy time-series).
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3. Maximize data density and the size of the data matrix, within reason
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3. Maximize data density and the size of the data matrix, within reason
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4. Establish Context
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Overview first, zoom and filter, details on demand

¢ influential mantra from Shneiderman

[The Eyes Have It: A Task by Data Type Taxonomy for Information Visualizations.
Shneiderman. Proc. |IEEE Visual Languages, pp. 336—343, 1996.]

e overview = summary

—microcosm of full vis design problem

(® Query
= |dentify = Compare = Summarise

9 R

+ 14

N

N



5. Show cause and effect, where possible

Space Shuttle History ot lemperature and O-ring Damage

For All 24 Launches Prior to Challenger on January 28, 1986
Solid Rocket Motor (SRM) 15 and SRM 22 were the only prior launches discussed in relation to temperature on the eve of the
launch.

=
N

SRM 15 "cold"
weather launch

O-ring damage
index, each launch
[0e]
||
|
|

. SRM 22 "warm"
weather launch

~
-
[
|
|
°
o

26° - 29° range of
forecasted temperatures °

«—
0 -i.o' oo—9o8 oo o

25° 30° 35° 40° 45° 50° 55° 60° 65° 70° 75° 80° 85°

Temperature (°F) of field joints at time of launch

Sources: Presidential Commission on the Space Shuttle Challenger Accident (PCSSCA) and Post-Challenger Evaluation of Space Shuttle
Risk Assessment and Management as quoted in Visual and Statistical Thinking by Edward Tufte.
© Joe Bobcat




5. Show cause and effect, where possible




5. Show cause and effect, where possible

Magician Teller’s definition of magic:

“The theatrical linking of a cause with
an effect that has no basis in physical
reality, but that — in our hearts —
ought to.”




6. Compare and contrast, utilize layering & separation

Second variant of interest? ©

Sequences submitted from West Bengal show a large number of samples have the B.1.618 variant,
although it appears to have plateaued and out-competed by B.1.617
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9. RANK OF STATES AND TERRITORIES IN POPULATION AT EACH CENSUS:

BTH CENSUS.
1880

6. Compare and contrast, utilize layering & separation

1790—1890.

PLATE 2
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6. Compare and Contrast



https://www.vox.com/2015/4/17/8432733/space-maps

A NATION AT WAR: A

In Perspective:
America's Conflicts

The current conlictin

technslogical advances

changed the way
America foughtits

Cast of
the War

i 2002
alars

Precision-
ouided
Weapans

A3 perosntaga
o tctal

Humber of
Sorties Flown

WORLD WAR |

3577
ALLION.

Newinvenicns

25,000

£3,402

L o
1817 131

e
1841

3400 BILLION

2572 BaLLion

Ao camaigns prove sssental 1o America's miltary sfort
i s

PERSIAN GULF WAR  CURREMT CONFLICT
— —

480 BILUGH

The sir campain
with

over the course of e war, moluding ssarch-and <festroy
missians, caried cut by helicopters of fe A Cavalry. end
bormbing raxds called Arclights, Roan by 0-52 borrbars.

e fratmagr w5 of
staaith bghiees and
recisionuiced
“weapors, inroduces
anew land of high-

ground, Global

deces hep forces
navigate the desart

MCRE THAN
S208iLLION

soFaR

The bertefield
goss cigal winy

e sama fing at
16 zama s
Thamaprity of
he unons

used are.
grecizn quidect



7. Escape flatland, use small multiples, parallel sequencing

« Data is multivariate doesn’t necessarily mean 3D projection. How can
we enhance multivariate data on inherently 2D surfaces? We can use
small multiple graphs or parallel sequencing skill.
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2000 State-fevel support (orange) or opposbon (green) on school vouchess, relative 1o the national average of 45% support
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Separability vs. Integrality

READING KING COUNTY, WA
y SH-@
‘. k ':Im?. . 'HENNEPIN COUNTY, MN
' *:e- ¢ 2 NEW YORK COUNTY, KY
‘ W@

AND EARNING MONEY

(B) COLLEGE GRADUATES B 2 W 4t
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8. Show Multiple Dimensions

CARTE FIGURATIVE des pertes successives en hommes de lArmée Franqaise dans la campagne de Russie 18121313,

Dressee par M.Minud,!nsf'uctcur Genéral der Ponts et Chaussées en retraste.
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9. Utilize narratives of space and time

U.S. GUN DEATHS IN 2013

1 0

PEOPLE KILLED STOLEN YEARS

U.S. GUN DEATHS IN 2013 201«

1,040 36,955

PEOPLE KILLED STOLEN YEARS




Visualizing 500 Days of Summer

Created by @rasagy from NID Bangalore
More details about the process on my blog!
Share this on: Twitter Fa K

/ £

e - il WA Acquaintance

Ozg2

(Second IKEA visit)

“Ah, hon? Our sink is broken.
Man, all of our sinks are broken.”

‘/
e  Scene Length
P / @ 10sec
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/
/ Relationship
LAl Together
-~ (WA Not together




10. Integrate image, number and text




10. Integrate image, number and text

~«—(7) 1. Dendrites
2. Cell Body .~ _
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Tufte's design principles for graphical excellence

1. Maximize the data-ink ratio, within reason

2. Mobilize every graphical element, perhaps several times over, to show the data
3. Maximize data density and the size of the data matrix, within reason

4. Establish context

5. Show cause and effect, where possible

6. Compare and contrast, utilize layering & separation

7. Escape flatland, use small multiples, parallel sequencing (reality is multivariate)
8. Show multiple dimensions

9. Utilize narratives of space and time

10. Integrate image, number and text






Separability vs. Integrality

Below is a scatter plot where the height is mapped to one data variable and the
width to another. Can you spot all the rectangles with the same width?
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Separability vs. Integrality

Below is a scatter plot where the height is mapped to one data variable and the
width to another. Can you spot all the rectangles with the same height?




Separability vs. Integrality

On the contrary, you can more easily spot yellow or black dots. And you can also
spot circles or squares. Shape and colour are more separable than width and

height.




Separability vs. Integrality

Colin Ware ordered the dimensions from the most separable on the left, to the
most integral on the right

Separable < > Integral
® ®
®oq 0% ) > = 4
G g. ©® . Q». / ~. ..
® 7 Py = = o.o
S = — i
® oy -0~ oP®%, o V0
®s o ® /
color color  color size x-size red-green
location motion shape orientation y-size yellow-blue
Ware, “Information Visualization”



Separability vs. Integrality

o The choice of which visual features are used in conjunction to encode the
various data features greatly affects the way their are perceived

o All features influence each other to some extent but some more than others. For
instance, if you use colour and size to encode two data variables, the way colour
is perceived will be affected by the size of the object

o Two data variabes are integral when they are perceived holistically, that is, it's
hard to visually decode the value of one independently from the other
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