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‘Computer-based visualization systems provide visual
representations of datasets designed to help people
carry out tasks more effectively.”

— 1. Munzner
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Definition
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REMOTE STATION FF v SEN/DIS  7-D AFAS UNL D AFAS/RMF | JOINT RRTKT  7-D UNL 30-D UNL

1 RO11 42ND STREET & 8TH AVENUE 00228985 00008471 00000441 00001455 00000134 00033341 00071255

2 R170 14TH STREET-UNION SQUARE 00224603 00011051 00000827 00003026 00000660 00089367 | 00199841

3 RO46 42ND STREET & GRAND CENTRAL 00207758 00007908 00000323 00001183 00003001 00040759 00096613

4 RO12 34TH STREET & 8TH AVENUE 00188311 00006490 00000498 00001279 00003622 00035527 | 00067483

5 R293 34TH STREET - PENN STATION 00168768 00006155 00000523 00001065 ' 000050]

6 RO33 42ND STREET/TIMES SQUARE 00159382 00005945 00000378 00001205 000006

7 RO22 34TH STREET & 6 TH AVENUE 00156008 00006276 00000487 00001543 000007

8 RO84 59TH STREET/COLUMBUS CIRCLE 00155262 | 00009484 00000589 00002071 ' 0000054 u b W ay
9 R0O20 47-50 STREETS/ROCKEFELLER 00143500 00006402 00000384 00001159 0000073

10 R179 86TH STREET-LEXINGTON AVE 00142169 00010367 00000470 00001839 | 000002

11 R023 34TH STREET & 6 TH AVENUE 00134052 | 00005005 00000348 00001112 0000064 a re D at a
12 R029 PARK PLACE 00121614 00004311 00000287 00000931 K 000007

13 R047 42ND STREET & GRAND CENTRAL 00100742 | 00004273 00000185 00000704 ' 0000124

14 RO31 34TH STREET & 7TH AVENUE 00095076 00003990 00000232 00000727 00001459 00024284 | 00038671

15 RO17 LEXINGTON AVENUE 00094655 | 00004688 00000190 A 00000833 ' 00000754 00020018 | 00055066

16 R175 8TH AVENUE-14TH STREET 00094313 00003907 | 00000286 00001144 00000256 00038272 00074661

17 ROS7 BARCLAYS CENTER 00093804 00004204 | 00000454 00001386 00001491 00039113 00068119

1R R13R WEST 4TH ST-WASHINCTON SO 00093562 | 00004677 | 00000251 | 00000365 | 00000127 | 00031628 | 00074458
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Definition
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Categorial, Ordinal, and Quantitative

D. Koop, CSCI 628, Fall 2021

A B
Order ID Order Date

3 10/14/06

6 2/21/08
32 7/16/07
32 7/16/07
32 7/16/07
32 7/16/07
35 10/23/07
35 10/23/07
36 11/3/07
65 3/18/07
66 1/20/05
69 6/4/05
69 6/4/05
70 12/18/06
70 12/18/06
96 4/17/05
97 1/29/06
129 11/19/08
130 5/8/08
130 5/8/08
130 5/8/08
132 6/11/06
132 6/11/06
134 5/1/08
135 10/21/07
166 9/12/07
193 8/8/06
194 4/5/08

S S 3§ U

Order Priority Product Container Product Base Margin Ship Date
S-Low Large Box 0.8 10/21/06
4-Not Specified Small Pack 0.55 2/22/08
2-High Small Pack 0.79 7/17/07
2-High Jumbo Box 0.72 7/17/07
2-High Medium Box 0.6 7/18/07
2-High Medium Box 0.65 7/18/07
4-Not Specified Wrap Bag 0.52 10/24/07
4-Not Specified Small Box 0.58 10/25/07
1-Urgent Small Box 0.55 11/3/07
1-Urgent Small Pack 0.49 3/19/07
S-Low Wrap Bag 0.56 1/20/05
4-Not Specijhac coall O 0.44 6/6/05

- - . 0.6 6/6/05
g-Egvtv S quantltatlve 0.59 12/23/06
5-Low - 0.82 12/23/06
2-High Ordlnal 0.55 4/19/05
3-Medium Y 0.38 1/30/06
5-Low Categorlcal 0.37 11/28/08
2-High Small Box 0.37 5/9/08
2-High Medium Box 0.38 5/10/08
2-High Small Box 0.6 5/11/08
3-Medium Medium Box 0.6 6/12/06
3-Medium Jumbo Box 0.69 6/14/06
4-Not Specified Large Box 0.82 5/3/08
4-Not Specified Small Pack 0.64 10/23/07
2-High Small Box 0.55 9/14/07
1-Urgent Medium Box 0.57 8/10/06
3-Medium Wrap Bag 0.42 4/7/08
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lasks

& Actions @ Targets

(® Analyze (®) AllData

= Consume 2 Trends = Qutliers = Features

=> Discover = Present = Enjoy ‘ ‘ ‘ V J\/
] N Ll .
) ..|: . D @

(®) Attributes

2 Produce
> Annotate = Record 2 Derive > One > Many
)V [j' = S = Distribution = Dependency = Correlation = Similarity
== 7 <
— Al °—eo ‘ -~ ‘\\,///
@ > Extremes )
Search
11Tt
Targetknown  Target unknown
Location . .
®e L k . B
— i ookup [ rowse @ Network Data
Location ®.> Locate '@-> Explore 2 Topology
unknown T ) :r I } D
@ Query > Paths
> Identify > Compare = Summarize ya

A . ~ SR
L v 1 @ Spatial Data
_/ 2 Shape

[Munzner (ill. Maguire), 2014]
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Definition
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Why Visual?

[F. J. Anscombe]
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Why Visual?

4 6 8 10 12 14 16 18
X3

10 12 14 16 18
X2

10 12 14 16 18
X4

Mean of x
Variance of x
Mean of y
Variance of y

Correlation

11
7.50
4.122
0.816

[F. J. Anscombe]
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Definition
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Design Example
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v \/ \/ N /\// D\ £
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&

D \ A A AN AN A )

—
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SpeCIQS aCtiVe in CarlinVi”e, I”., \l A nasonn IUdd \-’A. personata ) ‘|-A. pO emonii 'l k‘ A. pmn' l/' (\‘ mgosa -/ ‘A Mctana
in both the late 1800s and 2010 \‘ / \ / \ // \ o/ \ 4
' &% — = [
— = \//\.\//‘ \~\/(.\\/i‘.\ o’ -
8%~ Hatching represents a bee \\ 7 .‘ Y /'/ \ ‘/f . xs\ // k "\\‘\ & )/
¢7f  species active in the 1800s ( A. violae Anthophora A terminalis . |8 A. ursina ) |' Apis ‘.'| -Augochlora ®Augochlorella®) ="
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ut now locally extinct \‘ 4 \ % \\ ’/ \ O‘
@ & e
Th . ‘ . (¥ //-ﬁs o \‘.__!/of'?‘ - "’"?‘\"" & N o
e s.pot Y«hgre each block rests on / . \ ¢ N \ @ N \ '/‘ O\ / N\
the qrcle RMSCERES 1 OF 20 plant A“9°d”°"° '5‘ Bombus /B bimaculatUSI) ' B. griseocollis l) | ¥ B.impatiens % rﬁ pensylvanicuysi l/l B. vagans ;
species frequented by these bees uricomus” a4’ & e T \ 9 \ .) ’

metalhca fulgida A7)y \ o
\~ \
R ¢ v @
In the 1880s scientists \ \‘ S / \ / \ n? \

~_= ~_= B e -
” [ W' \
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pan |n em Ions a C ang * ,.‘U!J.'I_,ll_‘:.‘ill_:, ' ,:‘UhLuli.\ ‘ 4 ' g ‘ ,‘l__‘[—'l.'[".\ | M ll}i’.'..‘f_\',..“
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http://well-formed-data.net/archives/972/where-the-wild-bees-are

How do we do visualization”?

Encode Manipulate
® Arrange ® Map ® Change
> Express > Separate from categorical and ordered S .
attributes ‘ MY S
— > .....
m= > Color
: > Hue 2 Saturation = Luminance Select
> Align EEE &SEEE = =
Ll_l_l_l \@_
2 Size, Angle, Curvature, ... i
a2 1))O ® Navigate
- Shape <
+~+ O 0 A
-2 Motion
Direction, Rate, Frequency, ...
& 0
o ® G

Facet

Reduce

(® Juxtapose

(® Partition

P

® Superimpose

\ .

® Filter

-

[Munzner (ill. Maguire), 2014]
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Visual Encoding

e How do we encode data visually?
- Marks are the basic graphical elements In a visualization
- Channels are ways to control the appearance of the marks

o \Marks classified by dimensionality:
(® Points (® Lines (® Areas

o e e’ ///\/\ @

e AlSO can have surfaces, volumes
e [hink of marks as a mathematical definition, or Iif familiar with tools like Adobe

D. Koop, CSCI 628, Fall 2021 Northern Illinois University 11



Visual Channels

® Position ® Color

2> Horizontal = Vertical 2> Both

— ¢ [

2> Length > Area 2> Volume

-——— o0l ] -vwNy

[Munzner (ill. Maguire), 2014]
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Channels by Effectiveness

Channels: Expressiveness Types and Effectiveness Ranks

(® Magnitude Channels: Ordered Attributes ® lIdentity Channels: Categorical Attributes
A
Position on common scale o ° 5 Spatial region - ] .
=
Position on unaligned scale i Color hue HEN
: _ : @ o ©
Length (1D size) Motion o ® o
Tilt/angle Shape + O B A
Area (2D size) 4
g
Depth (3D position) e —e %
Color luminance m e w
3
Color saturation B
Curvature ) ) D )
S -
Volume (3D size) v 7 %

_ [Munzner (ill. Maguire), 2014]
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Topic Survey

e [hanks for completing

o \Will be finalizing the topics soon and releasing another survey to rank topics/
dates to present

D. Koop, CSCI 628, Fall 2021 Northern Illinois University 14



Next Unit

e Reading & Writing for InfoVis
o Critiquing InfoVis
e .. .but also in general

D. Koop, CSCI 628, Fall 2021 Northern Illinois University 15



Tools

D. Koop, CSCI 628, Fall 2021 Northern Illinois University 16



Tableau

Name
£ M Apple
B Banana
18 B Carrot

M Date
e — B Endive
Fig

B Grape

. V Honeydew
B iceberg

12 Juniper

Num

10

(o)

4
2
0
January February March April May
Month
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Vega-Lite

month
80 - o1
-
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~ B4
§ " u:
| =4
°
g 40-
3
7y
20-
o_
g g ® > & g & g
L B I
.
Produce Item
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Observable Plot

™ num

80 —
| I I

Apple Banana Carrot Date Endive Grape Honeydew Iceberg Juniper
name
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a3

® Nhitp://d3|s.org/
e Supports data as a core piece of Web elements
- Correspondence between data and DOM elements
- Dealing with changing data (joins, enter/update/exit)
- Data drives the marks and channels
e Selections (similar to CSS) that allow greater manipulation
® |ntegrated layout algorithms, axes calculations, etc.
® FOCUS On Interaction support
- Straightforward support for transitions
- BEvent handling support for user-initiated changes

D. Koop, CSCI 628, Fall 2021 Northern Illinois University 20


http://d3js.org/

Visualization Tools & [rageoffs

e Fast, turnkey approaches
e Control over all visual elements

e You can use multiple tools! Think albout purpose
- Exploration
- Explanation (custom design, handle interaction)

D. Koop, CSCI 628, Fall 2021 Northern Illinois University 21



Arrange lables

(® Express Values

——»
(® Separate, Order, Align Regions
> Separate > Order
O . [ ]
g™ .auiHE

>

(® Axis Orientation
2> Rectilinear 2> Parallel

‘ 11

> Align

miiil

> 1 Key > 2 Keys 2> 3 Keys 2 Many Keys
List Matrix Volume Recursive Subdivision

2> Radial
x 1t

G
0"

[Munzner (ill. Maguire), 2014]
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Proper Use of Line and Bar Charts

60 60
D

7 50 " —
< 40 S 40
- C
= 30 — 30
c c
2 20 o 20
0, )
T 10 L 10

0 ) 0 .

Lion Antelope Lion Antelope
60 60
D

2 50 ” —
< 40 S 40
- C
= 30 — 30
k= c
D 20 o 20
0, )
T 10 L 10

0 0

10-year-olds  12-year-olds 10-year-olds  12-year-olds

[Adapted from Zacks and Tversky, 1999, Munzner (ill. Maguire), 2014]
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Scatterplot Matrices and Parallel Coordinates

[Munzner (ill. Maguire), 2014]
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Scatterplot Matrices and Parallel Coordinates

Scatterplot Matrix Parallel Coordinates

. A . . . Math Physics Dance Drama
Math ’ ’ r :
0 >
Physics ‘ o ‘ o ‘ o ‘ :
>
Dance | ’ ‘ ’ ‘ ’ ‘ :
> >
30
.0 ’ ® o. ’ 2
Drama T T T T © 0
10
> > > >
0

Math Physics Dance Drama | |
[Munzner (ill. Maguire), 2014]
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Ple Chart

[Pie Chart, Bostock, 2017]
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https://bl.ocks.org/mbostock/3887235

Judging Pie Charts: Arcs, Angles, or Areas”

[R. Kosara and D. Skau, 2016]

D. Koop, CSCI 628, Fall 2021 Northern Illinois University 26



How do we judge pie charts?

15-

X
V-

Absolute Error (Precision)
(o)

(&)
I

PN

[R. Kosara and D. Skau, 2016]
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Categorical Map

Chinese |

Steakhouse |8

Breakfast/Brunch |

Diners [

Bakery |

Donuts [l
Hawaiian

Pub Food ¥
ltalian

Mexican Food [
Seafood

Barbecue 8

D. Koop, CSCI 628, Fall 2021 Northern Illinois University 28



Map with Two Variables

‘0
[ |
N
SN
: ]

i , : - By Population

: _ ) Density | \ !

sd WL ,.' = :
oS B T " ’
1 g . " : \ 4 '@ i s J‘.J
E . 5 o
T = 3 : 5 \ T (e
3y ® G -

‘111 _. 1 L] ] ' k L ~

L : 1’ ‘ TAVESOVEE 2 Y

1 . s ¥ - ¥ \

L . * . '
: ; # n -If"-li'.._
i ’ i1
F - . .l!.+ ¥ s
- : 4 ; ol
; ‘ - L ¥ I 4.' i ..'.-- "
{ . | : SRAW . . COUNTY KERRY
; . g s ] N R e "~ WONBY ... BUSH
| ' . # g 3 1 Urban .
‘ . : - \ Suburban
ax AR 3 p
J L] - _— s

/ A : e . Rural
L \ ' iI.' 1 Unpopulated”

Sy

i i ) b . *Areas with less
This map removes mostly uninhabited % i\ than three people
areas, revealing Mr. BushOs suburban

per square mile.
~% and rural support in the East and South.

[M. Ericson, New York Times]
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Rectangular Cartogram

1860 Presidential Election

ELECTORAL
CANDIDATE PARTY VOTES
] Abraham Lincoln Republican 180
. John C. Breckinridge Southem Democratic 72

John Bell Constitutional Union 39
. Stephen A. Douglas  Northern Democratic 12

*--1 DEL.

Each state is sized by
the number of electoral
votes it had in 1860.

[New York Times]

D. Koop, CSCI 628, Fall 2021 Northern Illinois University 30



http://www.apple.com

Arrange Networks and lrees

® Node-Link Diagrams

Connection Marks

« NETWORKS § « TREES

® Adjacency Matrix _

Derived Table H HE
H B

« NETWORKS « TREES .. .
B

® Enclosure
Containment Marks HEEEBE BEE BBR

[Munzner (ill. Maguire), 2014]

D. Koop, CSCI 628, Fall 2021 Northern Illinois University 31




Tree Visualizations
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Ireemaps

e Containment marks instead of
connection marks

® -Ncodes some attribute of the items
as the size of the rectangles

e Not as easy to see the intermediate
rectangles

e Scalability: millions of leaf nodes and
INks possible

e Need a layout algorithm!
- Slice-and-Dice vs. Squarify
- Viewing Hierarchy: Cushion Treemap

D. Koop, CSCI 628, Fall 2021

Northern Illinois University 33


https://observablehq.com/@dakoop/treemap

Set Visualizations

e How to show the intersection of sets?

British Isles Jayden

Christopher

g
o

British Islands

Abigail

United Kingdom

Ireland
(island)

Ireland
(state)

[Wikipedia]
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Human Color Perception

Input stimulus Cone response curves Product »- Response
Integrate

—
pa—

|

- 3\ =
5 s F
3 [ 2 [
v a L
.g a X ® a = |
S L 'y u
2 g i |
o- | | | | | | | O- | 0 A/‘; | [

400 700 400 700 400 700 SML

Metamerism: same three responses == same color

lvia M. Meyer]
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Avoid Rainbow Colormaps!

 —
llI of

[Borland & Taylor, 2007]
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