08 Visual Encoding




Visualization helps humans
solve analytical problems
quickly and accurately
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28 day summary with change over previous period

Tweets Tweet impressions Profile visits Mentions Followers

66 1.4M 21.9K 447 56.8K

October 2015 - 3 days so far...
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A graph is an
of the data
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Good visualizations optimize
for the human visual system
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Estimates of relative survival rates, by cancer site

Prostate

Thyroid

Testis

Melanomas

Breast

Hodgkin's disease
Corpus uteri, uterus
Urinary, bladder
Cervix, uteri
Larynx

Rectum

Kidney, renal pelvis
Colon
Non-Hodgkin's
Oral cavity, pharynx
Ovary

Leukemia

Brain, nervous system
Multiple myeloma
Stomach

Lung and bronchus
Esophagus
Liver, bile duct

Pancreas

% survival rates and their standard errors

5 year

98.8
96.0
94.7
89.0
86.4
85.1
843
82.1
70.5
68.8
62.6
61.8
61.7
57.8
56.7
55.0
425
32.0
295
238
15.0
14.2

7.5

4.0

0.4
0.8
1.1
08
0.4
1.7
1.0
1.0
l.6
2.1

1.2
1.3
08

10 year

95.2 09
958 12
94.0 1.3
86.7 1.1
78.3 06
79.8 20
832 1.3
76.2 1.4
64.1 1.8
56.7 25
552 14
544 16
554 1.0
46.3 1.2
442 1.4
493 16
324 13
292 1.5
12.7 1.5
19.4 1.4
10.6 0.4
79 13
5.8 1.2
3.0 15

15 year

87.1
94.0
al.l
83.5
71.3
738
80.8
70.3
62.8
45.8
51.8
498
539
383
37.5
49.9
29.7
27.6

7.0
19.0

8.1

7.7

6.3

2.7

1.7
I.6
1.8
1.5
0.7
2.4
1.7
1.9
2.1
28
1.8
20
1.2
1.4
l.6
1.9
1.5
l.6
1.3
1.7
0.4
l.6
1.5
0.6

20 year

8l.1
95.4
88.2
828
65.0
67.1
79.2
67.9
60.0
378
49.2
47.3
523
343
33.0
49.6
26.2
26.1

4.8
14.9

6.5

5.4

7.6

2.7

3.0
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1.9
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28
2.0
24
2.4
3.1
23
26
1.6
1.7
1.8
2.4
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1.9
1.5
1.9
04
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2.0
08




Estimates of relative survival rates, by cancer site
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% survival rates and their standard errors
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How do the human
visual & cognitive
systems work?



How do humans decode a
graph?
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Cleveland’s three visual
operations of pattern perception:

1. Detection
2. Assembly
3. Estimation



1. Detection



* Detection is the operation of recognizing that a geometric object encodes a physical value

39



e Detection is the operation of recognizing that a geometric object encodes a physical value

e marks & channels
—marks: represent items or links

—channels: change appearance of marks based on attributes

40



Marks for items

e basic geometric elements

@ Points

0D

e 3D mark: volume, rarely used

1D

(® Interlocking Areas

sy,

2D



Marks for links

(® Connection

(® Containment
e o o o




Containment can be nested

Abigail

[Somanha

Alexander

Christopher

2 )
\Michael

A\ 7
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Channels
® Position ® Color

® COI’]tI"Ol appea rance Of > Horizontal 2 Vertical 2 Both

marks e ] il ///

— proportional to or
based on attributes

® Shape @ Tilt

* many names A ¥ / | /o

—visual channels

—visual variables > Size

—retinal channels 2 Length > Area > Volume
—visual dimensions - s O [] LI .




Definitions: Marks and channels

e marks

—geometric primitives

Points

@ Lines @ Areas

AN



Definitions: Marks and channels

@ Points @ Lines
e marks . %0ete
—geometric primitives 3 Position
- Horizontal = Vertical 2 Both
e channels
—control appearance of marks ® Shape
A ¥ /
® Size
2 Length > Area
- o O D |:|

(® Interlocking Areas

&
ad

@ Tilt

|/

> Volume

....
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Definitions: Marks and channels

e marks

—geometric primitives

e channels

—control appearance of marks

e channel properties differ

e type & amount of information that
can be conveyed to human
perceptual system

@ Points @ Lines
) [ ]
° o o ° /
® Position
= Horizontal = Vertical 2 Both
—
® Shape
A ¥ /
3 Size
2 Length > Area
-—— o0

(® Interlocking Areas

&

® Color

ad

@ Tilt

|/

> Volume

....
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Visual encoding

e analyze idiom structure as combination of marks and channels

48



Visual encoding

1
vertical position

mark: line

49



Visual encoding

1
vertical position

mark: line

2:
vertical position
horizontal position

mark: line
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Visual encoding

1.
vertical position

mark: line

2:
vertical position
horizontal position

mark: line

3:

vertical position
horizontal position
colour hue

mark: line
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Visual encoding

1:
vertical position

mark: line

2:
vertical position
horizontal position

mark: line

3:

vertical position
horizontal position
colour hue

mark: line

4.

vertical position
horizontal position
colour hue

size (area)

mark: line

52



Redundant encoding

e multiple channels
—sends stronger message
—but uses up channels

53



o 70% of body's sense receptors reside in our eyes

o The eye and the visual cortex of the brain form a

massively parallel processor that provides the highest-
bandwidth channel into human cognitive centers.”
— Colin Ware, Information Visualization, 2004

o Important to understand how visual perception works
in order to effectively design visualizations



o The eye is not a cameral!

o Better metaphor for vision: “dynamic and ongoing

construction project”
— Healey, 1995

o Attention is selective (Filtering)



o Cameras
— Good optics
— Single focus, white balance, exposure
— “Full image capture”

o Eyes
— Relatively poor optics
— Constantly scanning (saccades)
— Constantly adjusting focus
— Constantly adapting
— Mental reconstruction of image



How the eye detects information

o Our visual system sees differences, not absolute values,
and is attracted to edges.

o Maximize the contrast with the background if the
outlines of shapes are important.

o Our visual system constructs surface colour based
largely on edge contrast information.

o We have higher contrast sensitivity in the luminance
than in the chrominance channel.

o Our visual system corrects (misreads) information
based on perceived visual properties



The Eye — Edge detection

luminance L

dl
alx




The Eye — Edge detection

Activity increased

Activity decreased

luminance L

dl
alx










Actual luminance distribution

Perceived luminance distribution




Relative luminance judgements

e perception of luminance is contextual based on contrast with surroundings

Edward H. Adelson

http://persci.mit.edu/gallery/checkershadow
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Relative luminance judgements

e perception of luminance is contextual based on contrast with surroundings

Edward H. Adelson

http://persci.mit.edu/gallery/checkershadow
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Relative color judgements

http:

e color constancy across broad range of illumination conditions

T e

FF3E3E333 3333353555 %

?ié?é?sgé i

3
;gfgs RS
Q »%

; 4 Q

-
s
16004 PO H4
[0S0 04 > D & $
9994 eeee

www.purveslab.net/seeforyoursel,
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Relative color judgements

e color constancy across broad range of illumination conditions
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Cleveland’s three visual operations
of pattern perception:

1. Detection

3. Estimation



2. Assembly



Gestalt psychology of perceptual organisation

* Based on the work of Kurt Koffka, Max Wertheimer, and
Wolfgang Kéhler

* Law of Pragnanz (pithiness, goodness)

* Things are organized spontaneously and assumed to be in the
simplest configuration

* Perception as organized and structured wholes rather than the
sum of their constituent parts

* Emergent, holistic, interdependent, and in context



The gestalt laws of perceptual organization

1. Emergence: The mind sees the whole and then the parts. It often sees more than

what is specifically stated by its individual parts.

MOSLEEPR




The gestalt laws of perceptual organization

2. Invariance: The mind recognizes simple objects independent of rotation,
translation, scale, deformations and lighting

’ 3



The gestalt laws of perceptual organization

3. Proximity: Elements that are closer together are perceived to be more related
than elements that are farther apart




The gestalt laws of perceptual organization

3. Proximity: Elements that are closer together are perceived to be more related
than elements that are farther apart
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The gestalt laws of perceptual organization

4. Similarity: Elements that are similar are perceived to be more related than
elements that are dissimilar

V‘ A 41'
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The gestalt laws of perceptual organization

5. Enclosure: Elements that are enclosed by anything are perceived as belonging

together
Bryan
oORORON A .
N Gunn
oONOERON m
oOEOEOR
omonmon

RJ Mit|Te




The gestalt laws of perceptual organization

5. Enclosure: Elements that are enclosed by anything are perceived as belonging

together




The gestalt laws of perceptual organization

6. Continuity: The mind continues visual, auditory, and kinetic patterns




The gestalt laws of perceptual organization




The gestalt laws of perceptual organization

7. Closure: The mind perceives a set of individual elements as a single,
recognizable pattern

o

Norway




The gestalt laws of perceptual organization

7. Symmetry: The mind perceives objects as symmetrical shapes that form around
their center



The gestalt laws of perceptual organization

8. Figure-ground: Elements are perceived as either figures (objects of focus) or
ground (the rest of the perceptual field)

Hope for African
Children Initiative

Formolo Z



The gestalt laws of perceptual organization

Q. Connection: Elements that are connected (e.g. by a line) are perceived as

belonging together




The gestalt laws of perceptual organization

Q. Connection: Elements that are connected (e.g. by a line) are perceived as

belonging together
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The gestalt laws of perceptual organization

Q. Connection: Elements that are connected (e.g. by a line) are perceived as
belonging together
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The gestalt laws of perceptual organization

10. Common-fate: Elements that share a common fate (e.g., moving in the same
direction) as belonging together
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Edward Weston, 1886-1958
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The Creation of Adam by Michelangelo, fresco Sistine chapel, 1512



Marc Riboud, 1923-



Portrait of Adele
Bloch-Bauer.
1907

by Guastav Klimt







Marc Riboud, 1923- " &
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Law Of Continuity
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CONSTITUENCY-WISE EFFECT OF THE NOTA B AADMK#
The chart shows the number of votes that the NOTA votes polled in each constituency in descending order of magnitude. The points above the curve indicate the constituencies where the victory B DMK+
margins are more than the NOTA votes polled, while the points below the curve, vice-versa. The length of the lines indicate the quantum of the difference. Votes along the Y-axis are shown on a

logarithmic scale to allow for comparison. Hover mouse cursor over the chart to explore constituency details.
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Observation: Good plots
leverage the
to assist with assembly.
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Law of Similarity
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Cleveland’s three visual operations
of pattern perception:

1. Detection
2. Assembly



3. Estimation



Three levels of estimation

a. discrimination X=Y X!I=Y
b. ranking X>Y X<Y
c. ratioing X/Y=7



At the heart of quantitative
reasoning is a single question:
Compared to what?

- Tufte, Envisioning Information



Three levels of estimation

a. discrimination X=Y X!=Y
b. ranking X>Y X<Y
c. ratioing X/Y=7



Graphical Perception and Graphical
Methods for Analyzing Scientific Data

William S. Cleveland and Robert McGill

Graphs provide powerful tools both
for analyzing scientific data and for com-
municating quantitative information.
The computer graphics revolution,
which began in the 1960’s and has inten-
sified during the past several years, stim-
ulated the invention of graphical meth-

mation from graphs; theory and experi-
mental data are then used to order the
tasks on the basis of accuracy. The or-
dering has an important application: data
should be encoded so that the visual
decoding involves tasks as high in the
ordering as possible, that is, tasks per-

Summary. Graphical perception is the visual decoding of the quantitative and
qualitative information encoded on graphs. Recent investigations have uncovered
basic principles of human graphical perception that have important implications for
the display of data. The computer graphics revolution has stimulated the invention of
many graphical methods for analyzing and presenting scientific data, such as box
plots, two-tiered error bars, scatterplot smoothing, dot charts, and graphing on a log

base 2 scale.

al field that comes without apparent
mental effort. We also perform cognitive
tasks such as reading scale information,
but much of the power of graphs—and
what distinguishes them from tables—
comes from the ability of our preatten-
tive visual system to detect geometric
patterns and assess magnitudes. We
have examined preattentive processes
rather than cognition.

We have studied the elementary
graphical-perception tasks theoretically,
borrowing ideas from the more general
field of visual perception (7, 8), and
experimentally by having subjects judge
graphical elements (I, 5). The next two
sections illustrate the methodology with
a few examples.

Study of Graphical Perception: Theory

Figure 2 provides an illustration of
theoretical reasoning that borrows some
ideas from the field of computational
vision (8). Suppose that the goal is to
judge the ratio, r, of the slope of line
segment BC to the slope of line segment
AB in each of the three panels. Our
visual system tells us that r is greater

than 1 in each panel, which is correct.

1+ srhc11m] cxrctmens aleomn $#4alle 3760 $#hhmd w S




Table 1. Ordering elementary tasks by accura-
cy, according to theoretical arguments and
experimental results. Graphs should exploit
tasks as high in the ordering as possible, The
lasl\s are ordercd trom most accurate to least.

Aspea,t Judged

P051t.10n along a common scale

Position on identical but
nonaligned scales

Length

Angle

Slope (with 6 not too close to
0, m/2, or w radians)

Area

Volume

Density

Color saturation

Colm hue




The most important measurement should
exploit the highest ranked encoding possible.

* Position along a common scale

« Position on identical but nonaligned scales
* Length

* Angle or Slope

* Area

* Volume or Density or Color saturation

* Color hue



Accuracy: Vis experiments

Positions -

Angles -

Circular
areas |

Rectangular

areas
(alignedorina
treemap)

Cleveland & McGill’s Results

Y T es
gGE - —e—
Lk - ——
jE 12 QE T4 —e—
:Lj]][ll " Qg i | | | | |_._|I
QE ™ m 1Zrowds;:il:iz: Resultsz5 3.0
Il = | —e—
0 =] [L)—r
@ T6 loll = T
QE T4 —e—
%23 T7 Og = —eo—
W] o AN
o =0 = —oc—o
E% 19 —e—i

after Michael McGuffin course slides, http://profs.etsmtl.ca/mmcguffin/ Log Error

[Crowdsourcing Graphical
Perception: Using Mechanical
Turk to Assess Visualization
Design. Heer and Bostock. Proc
ACM Conf. Human Factors in
Computing Systems (CHI) 2010,
p. 203-212.]

126


http://profs.etsmtl.ca/mmcguffin/

Channel effectiveness

e accuracy: how precisely can we tell the difference between encoded
items?

e discriminability: how many unique steps can we perceive?

e separability: is our ability to use this channel affected by another one?

e popout: can things jump out using this channel?

e Semantics: can data attributes be meaningfully mapped to channels?
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Accuracy: Fundamental theory

e length is accurate: linear °tevens Psychophysical Power Law: S= I

e others magnified or
compressed

—exponent characterizes
S = sensation

| = intensity

Perceived Sensation

0 1 2 3 Z 5
Physical Intensity



Factors affecting accuracy

e alignment
e distractors
e distance

e common scale / alignment

|I|||‘“’S||‘*’S|I s |
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Relative vs. absolute judgements

e perceptual system mostly operates with relative judgements, not absolute
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Relative vs. absolute judgements

e perceptual system mostly operates with relative judgements, not absolute

—that’s why accuracy increases with common frame/scale and alignment

I B i B
A A

A B
length position along position along
after [Graphical Perception: Theory, Experimentation, and Application to una]-igned a-]-igned Sca]-e

the Development of Graphical Methods. Cleveland and McGill. Journ.

American Statistical Association 79:387 (1984), 531-554.] common scale
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Relative vs. absolute judgements

e perceptual system mostly operates with relative judgements, not absolute
—that’s why accuracy increases with common frame/scale and alignment
—Weber’s Law: ratio of increment to background is constant

I B i B
A A

A B
length position along position along
after [Graphical Perception: Theory, Experimentation, and Application to una-]-igned a-]-igned Sca]-e

the Development of Graphical Methods. Cleveland and McGill. Journ.

American Statistical Association 79:387 (1984), 531-554.] common scale
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Relative vs. absolute judgements

e perceptual system mostly operates with relative judgements, not absolute
—that’s why accuracy increases with common frame/scale and alignment

—Weber’s Law: ratio of increment to background is constant
e filled rectangles differ in length by 1:9, difficult judgement
e white rectangles differ in length by 1:2, easy judgement

I B i B
A A

A B
length position along position along
after [Graphical Perception: Theory, Experimentation, and Application to una-]-igned a-]-igned Sca]-e

the Development of Graphical Methods. Cleveland and McGill. Journ.

American Statistical Association 79:387 (1984), 531-554.] common scale
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Discriminability: How many usable steps?

e must be sufficient for number of
attribute levels to show

—linewidth: few bins

CountryTotal  Route Total
50 R —e

@‘I.Uﬂﬂ 500 250 100
5,000 Millions of Minutes

mappa.mundi.net/maps/maps 014/telegeography.htm
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Separability vs. Integrality

Position
+ Hue (Color)
° o
Y o ®
0
® @)
o

Fully separable

2 groups each
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Separability vs. Integrality

Size
+ Hue (Color)

Position
+ Hue (Color)
° o
° o ®
0
® @)
o

Fully separable

2 groups each

Some interference

2 groups each
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Separability vs. Integrality
Position Size Width
+ Hue (Color) + Hue (Color) + Height
° . ® o . . o
° o® O . -
o ° O ’
° : 4
o o . .

Fully separable

2 groups each

Some interference

2 groups each

Some/significant
interference
3 groups total:
integral area

137



Separability vs. Integrality

Position Size Width Red

+ Hue (Color) + Hue (Color) + Height + Green

PY o . ® o . . o '. ®
¢ o® -
o o o . ¢ o o %0
° - ® |

¢ o . . o %

Fully separable

2 groups each

Some interference

2 groups each

Some/significant
interference
3 groups total:
integral area

Major interference

4 groups total:
integral hue
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Popout
e find the red dot

—how long does it take?
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Popout
e find the red dot °

—how long does it take? « o
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Popout

e find the red dot S I
—how long does it take? L. RIEY
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Popout

e find the red dot S I
—how long does it take? L. :.’:‘...‘.. 23
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Popout

e find the red dot L

—how long does it take? ‘..
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Popout

e find the red dot S I
—how long does it take? L. ‘
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Popout

e find the red dot S I
—how long does it take? L. ‘
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Popout

e find the red dot W %
—how long does it take? oL .'.':..:-'.-..2:-

* parallel processing on many individual o .
channels L AT
—speed independent of distractor count . .| ot
—speed depends on channel and amount of : - _ - _ : ..".
difference from distractors . I T
e serial search for (almost all) combinations L ": )

—speed depends on number of distractors ne o e ". "2 m
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Popout

o
—— || = ° e many channels
: : T : — o N — o 2 — tilt, size, shape,
— o — — — e — — ¢ proximity, shadow
— o — — — e — — + direction, ...
] [r— ~

T * = .
— *% = N — ~
— _ — -
_— = ~

— ° e -
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Popout

e many channels

—tilt, size, shape,
proximity, shadow
direction, ...

e but not all!

— parallel line pairs do

not pop out from
tilted pairs
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o  We can easily see objects that are different in colour
and shape, or that are in motion

o Use colour and shape sparingly to make the salient

information pop out

Penicillin

Brucella anthracis + [IERIN
Streptoccus hemolyticus + [T
Diplococcus preumoniae + TN
Streptococcus viridans + TSN
Staphylococcus albus +
staphylococcus aureus +
Streptococcus fecalis + TN

Brucella abortus -

Salmonella (Eberthella) typhosa -
Proteus vulgaris -

Salmaonella schottmuelleri -
Escherichia coff - FR0

Mycobacterium tuberculosis -
Klebsiella preumoniae -
Pseudomonas aeruginosa -
Aerobacter gerogenes -

- oo floo oo == w
wlnls =
=1 5 B

[ ¥ t ¥ [
Minimurm Inhibitory Concentration (MIC)

0.0

0.03

o

0.8

NEE = EEEEE £

o —_jep- -

) o kS n =i
2 3
g g
-~

_'..' (2]
o =1

Neomycin

Mike Bostock, 2009



@ The larger the chromatic
difference between the target

symbol and the other symbols,

the easier the search.

& When thereisonly a
small color difference
from non-target symbols,
the search is difficult.

£» When there are many
non-target symbol colors,
the search is the most
difficult.




@ !f non-target symbols are
similar to the background,
they are easy to exclude
from the visual search.

@ A luminance difference
plus a chromatic difference
from other symbols and the
background leads to the
easiest search.

@ A darktarget ona light
background with light
non-target symbols can be
as effective as the reverse.




Semantically Resonant Colour Assignments

100 -

N apple W appie

B BafAna W Banans
W buebeTy W blugbary
W chary W chey

W grape H gape

W pach poacn

B WAgetne N rangenne

Default color assignment Semantically resonant color assignment

Semantically-resonant colours improve speed on chart reading tasks compared
to a standard palette



Stroop Effect: interference in the reaction time of a task

Green Red Blue Purple Blue Purple



Stroop Effect

Stroop Effect: interference in the reaction time of a task

Green Red Blue Purple Blue Purple

Blue Purple Red Green Purple Green



Stroop Effect

o brain's ability to recognize the colour of the word
since the brain reads words faster than it recognizes
colours

o colour recognition as opposed to reading a word,
requires more attention

o recognizing colours is not an "automatic process"
there is hesitancy to respond; whereas, the brain
automatically understands the meaning of words as a
result of habitual reading



Encoding semantics

Visual Thinking for Design, Colin Ware

Graphical Code

Semantics

Small shapes defined
by closed contour, texture,
color, shaded solid.

Object, idea, entity,
node.

Spatially ordered

Related information or a sequence.

In a sequence the left-to-right

color.

graphical objects. oW * ordering convention barrows
from the western convention
for written language.
Graphical objects ee .o Similar concepts,
|_in proximity. ee ® related information.
L
Graphical objects « EER°®* §Bm, Similar concepts,
having the same +« f'. . iy .. : -. related information.
shape, color, or texture, *
5 . . Magnitude, quantity,
Size of graphical object M , Tk
Height of graphical object. * l I l I |e e importance.
Shapes connected H Related entities,
by contour. path between entities.
Thickness of connecting — Strength of relationship.
contour.
&
Color and texture of . Type of relationship.
connecting contour. ’..
Shapes enclosed by a (-
contour,or 2 common PR . . it
° . Contained entities.
- oracommon ( '/f‘\) e Related entities.

Nested regions, Hierarchical concepts.
partitioned regions. . O }
Attached shapes. Parts of a conceptual




When to use which channel?

Expressiveness
match channel type to data type

Effectiveness
some channels are better than others
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Channels: Rankings

Position on common scale

Position on unaligned scale

Length (1D size)
Tilt/angle

Area (2D size)

Depth (3D position)

Color luminance

Color saturation

Curvature

Volume (3D size)

—e —e

OeEE
OrEm
1)) D
v v

Same

1

Same

Spatial region
Color hue
Motion

Shape
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Channels: Rankings

(® Magnitude Channels: Ordered Attributes

Position on common scale '—'_'.I
Position on unaligned scale H_'I o1
Length (1D size) e —
Tilt/angle | S

Area (2D size)  m i
Depth (3D position) —e ——e
Color luminance 1 |
Color saturation [ |

) ) D

Volume (3D size) N

Curvature |

Same |

Same

3 Identity Channels: Categorical Attributes

Spatial region

Color hue HEENR

. t') e o
Motion ® G
Shape + O N A

e expressiveness
— match channel and data characteristics
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Channels: Rankings

(® Magnitude Channels: Ordered Attributes

Position on common scale
Position on unaligned scale
Length (1D size)

Tilt/angle

Area (2D size)

Depth (3D position)

Color luminance

Color saturation

Curvature

Volume (3D size)

— e

—e ——e

Ommn
OrmEn
1)) D
PPN

Same |

Same

» Identity Channels: Categorical Attributes

Spatial region

Color hue EEBE
. o . Attribute Types
Motion Ve * ® :
G =>» Categorical
+ O N A
Shape + O H A
=>» Ordered

= Ordinal < Quantitative

—

- —

—_—

e expressiveness
— match channel and data characteristics
— magnitude for ordered
— how much? which rank?
— identity for categorical
— what?
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Channels: Rankings

(® Magnitude Channels: Ordered Attributes

Position on common scale
Position on unaligned scale
Length (1D size)

Tilt/angle

Area (2D size)

Depth (3D position)

Color luminance

Color saturation

Curvature

Volume (3D size)

— e

—e ——e

Ommn
OrmEn
1)) D
PPN

Same |

Same

Best b

Effectiveness

« Least

3 Identity Channels: Categorical Attributes

Spatial region

Color hue HEENR

. @ e o
Motion o ® G
Shape + O H A

e expressiveness

— match channel and data characteristics

o effectiveness

— channels differ in accuracy of perception
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Channels: Rankings

Position on common scale

e,

| ngt ( D sze). .
Tilt/angle

Area (2D size)
Depth (3D position)
Color luminance
Color saturation
Curvature

Volume (3D size)

Position on unaligned scale

—e ——e

Ommn
OrEn
1)) D
PPN

Same |

Same

Effectiveness

« Least

3 Identity Channels: Categorical Attributes

Spatial region - [ .

Motion

Shape + O H A

e expressiveness
— match channel and data characteristics

e effectiveness
— channels differ in accuracy of perception
— spatial position ranks high for both
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Grouping

e containment
e connection

e proximity
—same spatial region
e similarity

—same values as other
categorical channels

Marks as Links
(® Containment

(® Connection

3 Identity Channels: Categorical Attributes

Spatial region
Color hue
Motion

Shape

@ e

¢ Ce
+ O N A
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Properties and Best Uses of Visual Encodings

Encodin
position, placement

text labels

length
size, area

angle

pattern density
weight, boldness
saturation, brightness
color

shape, icon

pattern texture

enclosure, connection

line pattern

line endings

line weight

Ordered
yes

optional
(alphabetical
of humbered)
yes

yes

yes

yes
yes
yes
no
no
no

no

no

no

yes

Useful values

infinite

infinite

many
many

medium/few

few
few
few
few (< 20)

medium

medium

infinite
few

few

few

Quantitative

Good

Good

Good
Good

Good

Good

Moah [linsky « ComplexDiagrams com/properties = 2012-06
BEY =R

Ordinal

Good

Good

Good
Good

Good

Good
Good
Good

Good

Categarical
Good

Good

Good
Good
Good

Good

Relational

Good

Good

Good

Good

Good



Questions?
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