Design principles

Chen He



After this lecture, you will be able to

Name the ways to organize information;

Discuss/critique existing visualization designs based on the learned principles.
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Directors: Lana Wachowski (as The Wachowski Brothers
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Metascore Reviews Pop
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From millions of movies,
how do you find interesting movies to watch?

Genre
Time
Length
Country
Rating
Directors

Stars



The L.A.T.C.H principle -- Methods of organization

Information may be infinite, however... the organization of information is finite.
Location
Alphabet
Time

Category

Hierarchy
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The L.A.T.C.H principle -- Alphabet

Use when no other methods are appropriate.




The L.A.T.C.H principle
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The L.A.T.C.H principle -- Time




The L.A.T.C.H principle -- Category

Organize by similarity or relatedness.
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The L.A.T.C.H principle -- Hierarchy

v afoo

v [l cohort Today, 23:28

v main
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The L.A.T.C.H principle -- Benefits?

Maximize visual working memory: Fedrems four chunks;

Support information navigation and exploration;



Dork, M., Carpendale, S., Collins, C. and Williamson, C., 2008. Visgets: Coordinated visualizations for web-based information exploration and discovery. IEEE TVCG, 14(6).

The L.A.T.C.H principle -- VisGets
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https://docs.google.com/file/d/1QNVoyb9tE_h_JC1Ngj0716CFpy73wZl3/preview

Following contents are adapted from Edwarc

Tufte design principles

Principle of Graphical Integrity
Data-Ink
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Principle of Graphical Excellence |




OPERATING
REVENUES

EXPLORATION &
DEVELOPMENT
EXPENDITURES

$1,226,007

$85,149

Principle of Graphical Integrit
What are the problems of this visualization”?



Principle of Graphical Integrity

EXPLORATION &
DEVELOPMENT

Disguised negative income in 1970. OPERATING
EXPENDITURES

$1,226,007

Different baselines for three charts
make it incomparable between
charts.

Distracting backgrounds.

1970 | 1971



Principle of Graphical Integrity -- Labeling

Clear, detailed, and thorough labeling should be used to defeat graphical
distortion and ambiguity.



Principle of Graphical Integrity -- Visual vs. Numerical Scale

The representation of numbers, as physically measured on the surface of the
graphic itself, should be directly proportional to the numerical quantities

represented.



Steven'’s Psychophysical Power Law: S= IN

Counterpoint

Perceived Sensation

o 1 2 3 4 5 Absolute Scaling Apparent Scaling

(Flannery’s Compensation)

Physical Intensity

See slides of lecture 2 human perception



Lie factor

Lie factor = Effect size shown in graphic / Effect size in data.
Lie factor = 1: Truth

Lie factor > 1.05 or < 0.95:; Substantial distortion



rinciple of Graphical Integrity

This line, representing 18 miles per
gallon in 1978, is 0.6 inches long.

Fuel Economy Standards for Autos
Set by Congress and supplemented by the Transportation

PR
v L y .
e A e e

This line, representing 27.5 miles per
gallon in 1983, is 5.3 inches long. :



Principle of Graphical Integrity

This line, representing 18 miles per
gallon in 1978, is 0.6 inches long.

Years showing from future to past.
Fuel Economy Standards for Aptos

Set by Congress and bythe Ti
Department. In miles per gallon.

The width of the road is shrinking due to
e values change,
e perspectives, 27
no chance of separating the two.

This line, representing 27.5 miles per
gallon in 1983, is 5.3 inches long.



Principle of Graphical Integrity

This line, representing 18 miles per

Data (27.5-18.0)/ 18.0 =0.53 sﬂonimm-ho@ ong.

Fuel Economy Standards for Autos
Set by Congress and supplemented by the Transportation
Department. In miles per galion.

Graphic (56.3-0.6) /0.6 =7.83
Lie factor =7.83/0.53=14.8

This line, representing 27.5 miles per
gallon in 198, is 5.3 inches long.
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| 0ct 1,2
OPEC Oil Prices: After 18 A
Months of Stability, Prices Are  uy1.224%

. . . . . . increase ~_ _/
Principle of Graphical Integrity Due o Rise Again pinamey /A
Dollars per barrel Increase " ATpRi

Jan.1,5%
increase

Left: $10 for one year is 0.31 square inches.

Right: $10 for one year is 4.69 square inches.
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1979
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The New York Times/Dec. 19, 1978



Principle of Graphical Integrity

Variation: Show data variation, not design variation.



Principle of Graphical Integrity
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Principle of Graphical Integrity

Visual vs. data dimensions: The number of
information-carrying (variable) dimensions depicted
should not exceed the number of dimensions in the
data.



Principle of graphical integrity

Context: Graphics must not quote data out of context.
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Principle of Graphical Integrity

Visual vs. numerical scale: The representation of numbers, as physically
measured on the surface of the graphic itself, should be directly proportional to the
numerical quantities represented.

Labeling: Clear, detailed, and thorough labeling should be used to defeat
graphical distortion and ambiguity.

Variation: Show data variation, not design variation.

Visual vs. data dimensions: The number of information-carrying (variable)
dimensions depicted should not exceed the number of dimensions in the data.

Context: Graphics must not quote data out of context.



Principle of Graphical Integrity

500
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450 Did the stock market crash!?
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Principle of Graphical Integrity -- Scale

500
.___———-———"\n_—//—\

Did the stock market crash?

1998 1999 2000 2001 2002



Principle of Graphical Integrity -- Context

500
/S~
=
2 250
" Did the stock market crash?

1960 1970 1980 1990 2000



Data-Ink

Data-ink ratio = data-ink / total ink used to print the graphic

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



Data-Ink

Above all else show the data

Maximize the data-ink ratio, within reason
Erase non-data-ink, within reason

Erase redundant data-ink, within reason

Revise and edit
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< 100 -
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How to increase the data-ink ratio of this visualization?



Remove
o |mprove

(the data-ink ratio)

Darkhorse Analytics darkhorseanalytics
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Application of the data-ink princip
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Application of the data-ink principle

=

max Yj

min X;

max X;



Chartjunk -- Vibration
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Chartjunk -- The grid

The grid should be muted relative to the data.

Avoid doubled grid lines.

MULTIWINDOW PLOT OF PARTICLE PHYSICS MOMENTUM DATA
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Chartjunk -- The grid

A grid can help in reading and interpolating.
A gray grid can promote more accurate data reconstruction than a dark grid.
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Train schedule
What information do you get out of the chart?



Il ®™e 2 8 9 o 2w wmor 1 2 3 & s & 178 70 e Tu owmur v 2 3 s 3 UMM

Arrivals and departures from a station are located along the horizontal line.
Stations are separated in proportion to their actual distances.

Length of a stop at a station is indicated by the length of the horizontal line.
The slope of the line reflects the speed of the train.



Chartjunk -- The duck

Chart elements that added no value
whatsoever, other than to distract or
entertain the viewer.




Chartjunk -- The duck

How can the data-ink be made more
clear eliminating the need for the
legend?

Applied Irrigation Water




CHI 2010: Graphs April 10-15, 2010, Atlanta, GA, USA

Useful Junk? The Effects of Visual Embellishment Significanﬂy better

on Comprehension and Memorability of Charts :
Scott Bateman, Regan L. Mandryk, Carl Gutwin, reca" Of embeIIIShed

Aaron Genest, David McDine, Christopher Brooks

Department of Computer Science, University of Saskatchewan, Saskatoon, Saskatchewan, Canada C h a rtS th a n p | a I n C h a rtS

scott.bateman@usask.ca, regan@cs.usask.ca, gutwin@cs.usask.ca,

aaron.genest@usask.ca, dam085@mail.usask.ca, cab938@mail.usask.ca afte r a tWO _to_t h re e

DIAMONDS WERE A GIRL'S BEST FRIEND (|97 o . 0 Despite these minimalist guidelines, many designers
D-flawless Average price cf .o Fawless

Average price of 2 one-carat

include a wide variety of visual embellishments in their Wee k g a p .

charts, from small decorations to large images and visual
Hswo backgrounds. One well-known proponent of visual
Js0e  embellishment in charts is the graphic artist Nigel Holmes,
Juome Whose work regularly incorporates strong visual imagery
into the fabric of the chart [7] (e.g., Figure 1).

MONSTROUS COSTS

Total House and Senate

=] $30.000

=1 520000

campaign expenditures,
in millions

| Chartjunk -- Counterpoints



What Makes a Visualization Memorable?

Michelle A. Borkin, Student Member, IEEE, Azalea A. Vo, Zoya Bylinskii, Phillip Isola, Student Member, IEEE,
Shashank Sunkavalli, Aude Oliva, and Hanspeter Pfister, Senior Member, IEEE

less memorable than natural scenes, but similar to images of faces,
which may hint at generic, abstract, features of human memory. Not
surprisingly, attributes such as color and the inclusion of a human rec-
ognizable object enhance memorability. And similar to previous stud-
ies we found that visualizations with low data-to-ink ratios and high
visual densities (i.e., more chart junk and “clutter’”’) were more memo-
rable than minimal, “clean” visualizations. It appears that we are best
at remembering “natural” looking visualizations, as they are similar
to scenes, objects, and people, and that pictorial and rounded features
help memorability.

|

—

orability of visualizations. This would include expanding our visu-
alization database in order to gain an even more diverse real world
sample, annotating more of the images with all visualization types and
attributes of our taxonomy in order to better understand the memora-
bility subtleties of specific types or subtypes of visualizations, anno-
tating visualizations with more fine-grained definitions and measures
of visual density, and investigating how memorability is impacted by
multiple visualizations (e.g., small multiples or multi-panel visualiza-

tions). We pl investi e effec
visualizationsg héﬁtj«

ek GOURterpoints



Data density

Data density of a graphic = number of entries in data matrix / area of data graphic
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High Data Density (GOOD)

Low Data Density (BAD)



Data density

Maximize
the size of the data matrix;

data density,
within reason.

Graphics can be shrunk way down.



Data density -- Critiques

White space thought to contribute to good visual design.

Tufte's book itself has lots of white space.




Small multiples

Repeated application of the Shrink
principle.




O = Much better than average O = Better than average O = Average o = Worse than average . = Much worse than average
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Trouble Spots

Air-conditioning
Body exterior (paint)
Body exterior (rust)

Body hardware

Body integrity
Brakes
Clutch
Driveline
Electrical system (chassis)

Engine cooling
Engine mechanical

Exhaust system

~ Fuelsystem
Ignition system
Suspension
Transmission (manual)
Transmission (automatic)
Trouble Index

Cost Index

Small multiples

Ford Granada 6

76 77 78 79 80 81

Ford pickup truck 6(2WD)

76 77 78 79 80 81

Honda Accord

76 77 78 79 80 81
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Small multiples

Well designed small multiples are
Comparative;
Multivariate;
Shrunken, highly-dense graphics;
Usually based on a large data matrix;
Drawn almost entirely with data-ink;
Efficient in interpretation;
Often narrative in content, showing shifts in the relationship between variables
as the index variable changes.




Principle of Graphical Excellence

Communicate complex ideas with clarity, precision, and efficiency.

Give the viewer
the greatest number of ideas
in the shortest time
with the least ink
in the smallest space.

Tell the truth about the data.



Recap

The L.A.T.C.H principle -- Methods of organization.

Tufte design principles
Principle of Graphical Integrity
Data-Ink
Chartjunk
Data Density
Small Multiples
Principle of Graphical Excellence



