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Visualization pipeline

Data

Visual Form

Source
Data

#

Data
Table

q-

S Abstraction

Visual

—

Views

Cata

Transformations

l

Yisual
Mappings

I

W ey

Transformations

|

Task

flowingdata.com

prefuse.org



Working with data

* Data preprocessing

— last lecture

* Data mapping to visua

ization

Car Car
Accord Accord +
AMC Pacer AMC Pacer
Audi 5000 Audi 5000 4
BMW 320i BMW 320i +
Champ Champ +
Chev Nova Chev Nova +
Civic Civie -+
Datsun 210 Datsun 210 -+
Datsun 810 Datsun 810 -
Deville Devilie +
Le Car Le Car +
Linc Cont Linc Cont +
Horizon Horizon +
Mustang Mustang -+
Peugeot Peugeot +
Saab 900 Saab 900 +
Subaru Subaru 4=
Volvo 260 Volvo 260 +
VW Dasher VW Dasher +
USA Japan Germany France Sweden Nation USA Japan Germany France Sweden Nation
Car nationality for 1979 Car nationality for 1979
api ]

ap
Interactive Data Visualization - Foundations, Techniques and Applications. Matthew Ward



Working with data

* Transformation and rendering

opengl.or

myego.cz

BT

https://d3js.org/




Visualization metrics

* Metrics for measuring the success of
information transfer using the proposed
visualization

— Expressiveness
— Effectiveness



Expressiveness

Mex = displayed information/information to
be expressed

O < Mexp < 1
If Mexp = 1, expressiveness is ideal

If Mexp < 1, we display less information than we
want to

If Mexp > 1, we present more information than
we should



Effectiveness

* Visualization is effective:
— Correct and fast interpretation
— Fast rendering

Mest = 1/(1 + interpret + render)
O<Mef L1

* |f Mestis close to 1, time for interpretation and
rendering is short



Example

Price

13500y Psugeot

Volvo 260

W nc Goalille =
+ +

110004

AUdl.ioogaab go%wy*.a%'

8500+ Datsun 810

Dasher

6000- Accord

AMC Pacer ng 210
d;ev Mygieng o
+'§}? 9

HorizorCivic

t Cark
+

3500 T

Car

Accord
AMC Pacer
Audi 5000
BMW 320i
Champ
Chev Nova
Civic
Datsun 210
Datsun 810
Deville

Le Car

Linc Cont
Horizon
Mustang
Peugeot
Saab 900
Subaru
Volvo 260
VW Dasher

r T T 1

10 20 30

Car price for 1979
Car mileage for 1979

 Mileage 10 20 30 40
40 Mileage
Car mileage for 1979

3500 6000 8500 11000 13500

Car price for 1979

Price

ap

apt

Interactive Data Visualization - Foundations, Techniques and Applications. Matthew Ward



Graphical symbols

* Easily recognizable graphical symbols

Clear meaning Complex meaning

Interactive Data Visualization - Foundations, Techniques and Applications. Matthew Ward



Graphical symbols

* Without outer, cognitive identification any
graphical representation makes sense.
External identification has to be easily
readable and understandable.

e Similarity in data €= visual similarity of
corresponding graphical symbols

* Ordering in data € visual ordering in
corresponding graphical symbols



Dimensionality of 2D graphics




Analysis of graphics

1) Subconsciously we perceive grouping of

objects

Feature

Author

line (blob) orientation
length

width

size

curvature

number

terminators
mtersection

closure

colour [hue]

intensity

flicker

direction of motion
binocular lustre
stereoscopic depth
3-D depth cues
lighting direction

Julész & Bergen [1983); Wolfe [1992)

Triesman & Gormican [1988]
Julész [1985]

Triesman & Gelade [1980]
Trniesman & Gormican [1988]

Julész [1985]: Trick & Pylyshyn [1994]

Julész & Bergen [1983]
Julész & Bergen [1983]

Enns [1986]; Triesman & Souther [1985]

(@)

Triesman & Gormican [1988]; Nagy & Sanchez [1990];

D’Zmura [1991])

Beck et al. [1983]; Triesman & Gormican [1988]

Julész [1971)

Nakayama & Silverman [1986]; Driver & McLeod [1992]

Wolfe & Franzel [1988]
Nakayama & Silverman [1986]
Enns [1990]

Enns [1990]

(b)

http://www.infovis-wiki.net/index.php/Preattentive_processing



Analysis of graphics

2) Cognitively we characterize these groups




Eight visual variables

* Variables maximizing the effectiveness of a given

visualization:
- Position

- Shape

- Size

- Brightness

- Color

- Orientation

- Texture

- Motion

Bertin®s Original Visual Variables

Position
changes in the x, v location

Size change in kength, arca
oF repetiiion

Shape
infinile number of shapes

Value
changes from light w dark

Colour
changes in hoee al agiven
value

Orimiadion
<hanges in alignment

Texture
variaton in *grain’

Nl
i




Position

The most important variable
Positioning of graphical elements on screen

Best case — each graphical symbol has its
unique position, symbols do not overlap

Worst case — all graphical symbols are
positioned to a single spot



Position

Maximun Price
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Minimum Price

5 “ i
| N -
4.2- -
||| m | |
o n
O 3.4 -
> . . -
O RN N EN m m
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' | |
1 1.
A > © 0 o P
© : > 9 S o
g Vv &) be

Minimum Price

Interactive Data Visualization - Foundations, Techniques and Applications. Matthew Ward



Position

e Linear scale i

2.5 1 Y lomx

e Logarithmic scale

0.5

o8 ¥ 10 : :100 :
-1 ' | In logarithmic scale | |
1.5 | ‘ ! ‘

=25

-3.5

mathsisinteresting.blogspot.com

ki
70

EIII—‘/WN.S
* Additional graphics - axes

40—
30 orgin

AmRE
204
10—
]

T T T T T T 1 W
] 1m 20 30 40 50 B0 F0
cstl.syr.edu




Shape

* Points, lines, regions, volumes, and their
combination

 Symbols, letters, words, ...

OFARNVOV

* Except for size, orientation, etc. — these are
other visual variables



Highway MPG

50 —l. M Compact |
® Large
e A Midsize
. ¥ Small
44 » S
- & Van
41 w
38 t
35
5! * -
voe ¥
32 .

= 2
A A
26 AO AG_O0_0O *
2 3
4 A
23 +* + &
+ + A
20 t +
o 6 © & L0 % 6 &
D 2 R N A v a© r{?\ {i\‘O' o
Horsepower

Interactive Data Visualization - Foundations, Techniques and Applications. Matthew Ward



Size

e Usable for datasets of small cardinality (it is
hard to distinguish between symbols with
small difference in size)



Size

Depends on the symbol type selection

] u
" m
Points, lines, curves are
i =
appropriate in combinationy “ .
1 1 k= e
with size Ta
.dll t-
Inapproprlate for reglons | N Fl\leankC\::acitY # W

Interactive Data Visualization - Foundations, Techniques and Applications. Matthew Ward



Accuracy in perception

* posifion odonj common scale

1l il o
framed

a\i«am—é

no SCQ.\t

— fvowme nCreases a.ccura.uj [clevdand ?"f]

Tamara Munzner: Visualization Principles



Linewidth

* How many usable steps to distinguish
between values? :

— Only a few ...




Perspective projection kills size

* perspective distortion
—interferes with all size channel encodings

—power of the plane is lost!

ot 4 L & o
1 N.'"'-!"”.-*' r & } "‘.’ O iy,
. —C . .. L ‘ Q. s 3 o
TR AR |"|| i k ‘|,.|f "l!"l|| =
ﬁ;‘ gg . B
- ] j ) | i ) i ! I
g~ gt b oy
-~  # g 1 J ' v t ] [



Brightness

* Brightness scale for mapping values :

* Linear brightness scale



RPM

Brightness

6500- I 1
- [}
soso4 M = I EEEEE B
' E B
@ ' -
Bl "l ] = ! o
O .-
] i | [ [ B
4880 -
H B "EEe
= []
o [}
4340
o m L] L]
[] i
3800 ||
0 N v & N A
Fuel Tank Capacity

Interactive Data Visualization - Foundations, Techniques and Applications. Matthew Ward



Color

* Hue, saturation




Color

219

203.47

187.87

Length (in)

172.2

156.6 7

//9 1

* http://colorbrewer2.org/ & i & & ¢

Wheel Base (in)

Interactive Data Visualization - Foundations, Techniques and Applications. Matthew Ward



Color

Standard linear grayscale
Rainbow
,Heated”

Blue to cyan

Blue to yellow

Interactive Data Visualization - Foundations, Techniques and Applications. Matthew Ward



Problem with rainbow scale

* Can distort perceptions of data and alter
meaning by creating false boundaries between
values

TCO TCO




Problem with rainbow scale

e Why?

— Rainbow scales are not ‘perceptually uniform’ —
they create sharp artificial boundaries between
colors (particularly involving yellow) that are not
necessarily present in the underlying data.



Problem with rainbow scale

SANFORD AND SELNICK

-
7

B
l_-“’ »’
= ; ;:‘ " A M
i~ '.',' !
A 4~.l \
™ = - d
v 1‘:)j‘ L»».. ==y 3
\%F ARSI -
i1 . o0 &
:‘A. " .l o
L ) = o
v
ol i L — Wt
~ 1 i i
3, - acy T8 LS ey
Sy l;
. - - - - D ~
Estimated fraction of precipitation < 4G

lost to evapotranspiration 1971-2000 '

|0.0-0.00 I 05-050 I 10-1.09
P 0.1-0.19 [ 06-060 N 11119
B o2-020 N o.7-0.70 [ 12-120 )
I 03-030 | ] os-080
B o<-049 | |09-099
FIGURE 13, Estimated Mean Annual Ratio of Actual Evapotranspiration (ET) to Precipitation (P) for the Conterminous 1.8, for the Period
19712000, Estimates are based on the regression equation in Table 1 that includes land cover, Caleulations of ET/P were made first at the

800-m resolution of the PRISM climate data. The mean values for the counties (=hown) were then caleulated by aversging the S00-m values
within each county. Areas with fractions >1 are agricultural counties that either import surface water or mme deep groundwater.



Problem with rainbow scale

Luminance

0.0-009 | ] 05-059 1.0 - 1.09

B 0.1-0.19 [ 0.6-0.69 [ 1.1 -1.19
B 02-0.29 B 0.7-0.79 [ 12-129
B 0.3-0.39 10.8-0.89
B 0.4-0.49 0.9 - 0.99




Why rainbow?

It’s attractive
Using single hue is less interesting to look at

Rainbow can introduce a lot of artifacts

Use ColorBrewer!



Categorical color constraints

* Noncontiguous small regions of color: only 6-12 bins

Scale‘mb)
0 40 80
!’|'=
- \..i—
=ESSpn - i B
— B l! I
! = =1
=
I B --".=-I
! ’lill' 1
Een=2="HEn
1234567891011121234567891
i
= e -
l —g!!- l
I I =!=. I | I
4 '35 10 17 18 18 20 21 X ¥ 11 12 13 14 15 16 17 18 19
Human Mouse

Cinteny: flexible analysis and visualization of synteny and genome rearrangements in
multiple organisms. Sinha and Meller. Bioinformatics 2007



Orientation
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Interactive Data Visualization - Foundations, Techniques and Applications. Matthew Ward



Texture
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Interactive Data Visualization - Foundations, Techniques and Applications. Matthew Ward



Motion

Can be associated with any other visual
variable

Position — direction of movement
Size — increase/decrease
Brightness — lighter/darker
Orientation — bigger/smaller angle



Example — baseball

* Mapping of ball hits to space defined by x, y
position

nmnﬁ'n g oo
i
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2 g : nn ;ﬂnﬂi.g;: o
a i
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5 0 5 10

X position



Example — baseball

* Type of hit mapped to different types of
glyphS changeup 8

fastball +
sinker v

| | | | slider o
5 O B
O
d" o B 0o
g O EE:EFL"I Oy =]
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Example — baseball

Reducing the graph size by spreading the hits
to more graphs

-5 0 5 10 -5 0 5 10
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
changeup fastball sinker
L
= 0 i
= o
= _ o
E 5_ I:F nn %u %n o u]
(= [n] ]
= —104 : g Bbg o
ﬂ% o EH:I
—-15- I:I|:| 0 L] .
g O
] ] ] ] ] ] ] ] ] ] ] ] ] ] ] ]
=5 0 5 10 -5 0 5 10

X position



Example — baseball

* Adding color to express the hit speed

=5 0 5 10 -5 0 5

changeup fastball sinker

_E\_,—c:l'___ —
= i _ afaiecs ol
— -2y | — M=
= - I= = -
ek Eritel 0% — ~
2 103 U - o -
= 10 - = B - _*""__ e

X pﬂSItIUI‘I

speed mph]




Color perception

* Differences in color can be detected already in
200 millisecs — even earlier than we realize
that we focus on visualization (so called
preattentive concept)

e Color can be three-dimensional (e.g., RGB)

— In practice we use only 2D color coding
* Thanks to high number of color blind persons

» Different scales in perceivable hues for different colors
(yellow vs. blue)



* Using 2D color field adding the information

Example — baseball

about the density of hits on given spot

y position
|

-5 0 5 10 -5 0 5 10
1 1 1 1 1 1 1 1 1 1 1
changeup fasthall sinker slider
- o8~
LE g i =l
—:__ E:— — k. i'-|. 1
T it _:;L_
| 1 1 I 1 - - 1
-5 0 5 10 =5 0 10
X position

pitch density

71 78 85

speed (mph)




Formalization of visualization

e Jacques Bertin (1918 - 2010)




Bertin (1967) Semiology of Graphics

* First attempt to define graphics
* Creating so called marking system
e Graphical lexicon:

Marks Points, lines, and areas

Positional Two planar dimensions

Retinal Size, value, texture, color, orientation, and shape




Back to depth perceptionin 3D ...

http://www.perceptionsense.com/2013/10/forced-perspective-photography-cameras.html



Dangers of depth: difficulties in 3D

* occlusion
* interaction complexity

Distortion Viewing Techniques for 3D Data. Carpendale et al. InfoVis | 996.



Dangers of depth: difficulties in 3D

* text legibility
—far worse when tilted from
image plane

Usas

* further reading

Exploring and Reducing the Effects
of Orientation on Text Readability

in Volumetric Displays.
G l EH{ 2007 Visualizing the World-Wide Web with
rossman et a. the Navigational View Builder.

Mukherjea and Foley. Computer
Networks and ISDN Systems, 1995.



Example

» extruded curves: detailed comparisons impossible

Total KW-consumption ECN

25 Jun

{
|
21 may

days {
16 a4,

12 mar

= 1)

1 jan ; 'c'a (A

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



Possible solution

* derived data: clusters
* multiple views: calendar, superimposed 2D curves
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Cluster and Calendar based Visualization of Time Series Data.

van Wijk and van Selow, Proc InfoVis 99.

oo 24'00

Cluster viewor
(c) ECH 1998

Graphs
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Cluster 706
Cluster 714
Cluster 720
Cluster 722
Cluster 723



When to use depth?

* 3D legitimate for true 3D spatial data

* 3D needs very careful justification for abstract data
— enthusiasm in 1990s, but now skepticism
— be especially careful with 3D for point clouds or networks

WEBPATH-a three dimensional Web history. Frecon and Smith. InfoVis 1999
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