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(® Express Values (® Axis Orientation

| > Rectilinear > Parallel > Radial
A
11 A
(® Separate, Order, Align Regions . Y |
> Separate > Order
] . [ ] .
.I it _—— (® Layout Density
" 2> Dense > Space-Filling
> Align T
-._._._.._ 00000000 -
2 1 Key > 2 Keys 2> 3 Keys 2> Many Keys
List Matrix Volume Recursive Subdivision
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Keys and values

= Tables

Key
* INndependent attribute s
* Used as unigue index to look up items 'c@..comzngva.ue
e simple tables: 1 key

o | | 2> Multidimensional Table
* multidimensional tables: multiple keys gy

Key 2

Attributes (columns)
>

v .4— Value in cell

Attribm
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Keys and values

value
* dependent attribute, value of cell.

(® Express Values
——
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Keys and values

classify arrangements by key count

* 0, 1, 2, many...
> 1 Key 2> 2 Keys > 3 Keys > Many Keys
List Matrix Volume Recursive Subdivision
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Idiom: scatterplot

» express values

e quantitative attributes

carat carat

[A layered grammar of graphics. Wickham.
Journ. Computational and Graphical Statistics 19:1 (2010), 3—28.]
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Idiom: scatterplot

* express values R ¢
i S, 1
+ quantitative attributes ¢ ?
* no keys, only values ) EEEEEE W0 Rininiai|

e data: 2 quant attributes

e mark: po| NtS Journ. Computational and Graphical Statistics 19:1 (2010), 3—28.]

[A layered grammar of graphics. Wickham.

* channels: horizontal + vertical position
e tasks: find trends, outliers, distribution, correlation, clusters

» scalability: hundreds of items
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Some keys: Categorical regions
E Separate 2> Order > Align

* regions: contiguous bounded areas distinct from

each other

* USINg space to separate (proximity)
* following expressiveness principle for categorical attributes

* use ordered attribute to order and align regions
> 1 Key > 2 Keys > 3 Keys > Many Keys

List Matrix Volume Recursive Subdivision
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Bar Chart

100
1key,1value ‘—é 75 = 7
| S 50 S 50
data: % e I % e
» 1 categ. attribute; o &8 - < 0
* 1 quant. attribute @Q@ &
Animal Type Animal Type
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100

100

N
Un
N
Un

» 1key,1value
e mark: lines

25

Avg Weight (lbs)
Un
-
N)
Oy

Avg Weight (lbs)
Un
o

Animal Type Animal Type
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bar chart

100 100

» 1key,1value - =7
S 50 S 50
e channels %, 25 I % 25
< 0 o - < 0
foQ%Q’b

C
 |length to express quant valug Animaliype

e spatial regions: one per mark
* separated horizontally, aligned vertically
e ordered by quant attrib
* by label (alphabetical), by length attrib (data-driven)
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Animal Type
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Bar Chart

100
+ 1key,1value < =
5 50
e task = 25 I
=3 e

e compare, lookup values

Animal Type
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Bar Chart

- 1key,1value o0 _ 100

. = 75 = 75

* scalability 5 s0 5 s

= =

e dozens to hundredsg 25 I g 25

of levels for key 0 ? 0
attrib U o

Animal Type
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Animal Type
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Stacked Bar Chart
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Behavior of Computer Systems. Bosch. Ph.D.
thesis, Stanford Computer Science, 2001 .]
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Thor
38K
36K
34K

*ONe more Key

#################
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[Using Visualization to Understand the
Behavior of Computer Systems. Bosch. Ph.D.

¢ glyph COm pOSlte ObjeCt, thesis, Stanford Computer Science, 2001 .]
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Thor _ |_ O] %]
38K
36K
30K

*ONe more Key

e channels

° ‘ength and CO‘Or h ue E[Ez;smgVlsuallzatlon to Understand th;
BehaYlor of Computer System.s Bosch. Ph.D.
° Spatla‘ I’egIOﬂS one per g‘yph thesis, Stanford Computer Science, 2001 .]
e aligned: full glyph, lowest bar component

e unaligned: other bar component
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Thor
38K
36K
34K

*ONe more Key

e task
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* part-to-whole relationship g Vst o Undersond e

Behavior of Computer Systems. Bosch. Ph.D.
thesis, Stanford Computer Science, 2001 .]

e scalabillity

e several to one dozen levels for stacked attrib
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» generalized stacked graph

* emphnasizing norizontal continuity

* Vs vertical items

40 Winks R

Beirut

————

Simian Mobile Disco
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e

- —

[Stacked Graphs Geometry & Aesthetics. Byron and Wattenberg.
IEEE Trans.Visualization and Computer Graphics (Proc. InfoVis
2008) 14(6): 1245—-1252, (2008).]

/\ : R =
s E TR N The Arcade FIW« e Herb Pilhofer
Mo ot N A‘Gﬂ“?“"
NN = Part Teme Mork
/f
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pm— Mice Parade - : ,,,:::,:f', .
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e
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» generalized stacked graph

* emphnasizing norizontal continuity

e data
e 1 categ key attrib (artist)
* 1 ordered key attrib (time)

e 1 quant value attrib (counts)
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» generalized stacked graph

e derived data
 geometry: layers, where height encodes counts

* 1 quant attrib (layer ordering)
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* generalized stacked graph

- scalability
e hundreds of time keys
e dozens to hundreds of artist keys

® More than stacked pbars, since most layers
don’t extend across whole chart
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Line Chart

* ONe Key, one value

e data: 2 quant attrips
* mark: points

CS49000-VIZ Intro to Data Visualization / Fall 2020; Lecture 9: Tables

Avg Weight (Ibs

—
Un

—_
-

O U

/\

x 6 0 A D O
S PSS

L e R D
e ine connection marks between them ™

Q

\'\

,‘/Q

21



Line Chart
* ONe Key, one value

e channels

O U

* aligned lengths to
express guant value

* separated and ordered
oy Key attripb Iinto
norizontal regions
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Avg Weight (Ibs
S
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Line Chart

-one key, one value - "

S 10

e task: find trend i 5
e connection marks ’ &S

emphasize ordering of v
tems along key axis by

explicitly showing

relationship between one

tem and the next
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Bar vs Line Charts

» depends on type of key attrib

* par charts It categorica\

e [Ine charts It ordered :

Height (mches
S S

o O

dafter [Bars and Lines:A Study of Graphic Communication.

Zacks and Tversky. Memory and Cognition 27:6 (1999), g
1073-1079.] = 0

S 20

T 10

0
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Bar vs Line Charts

» do not use line charts for categorical key attribs

* vViolates expressiveness principle

" [he more male a person Is, 5
oy ’5 50 - 50 /
the taller he/she is g g
= 30 — 30
%:n 20 ; 20
:?:) 10 I 10
° Female Male Female Male
dafter [Bars and Lines:A Study of Graphic Communication. _ :2 s _—
Zacks and Tversky. Memory and Cognition 27:6 (1999), £ 40 £ 4
[073-1079.] Z Z
o 20 cn 20
:CII:) 10 I 10
0

10-year-olds  12-year-olds 10-year-olds  12-year-olds
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* two Keys, one value
e data: 2 cateq., 1 quant.

e marks: area
e separate and align In 2D matrix
* Indexed by 2 categorical attribute_ o

> 1 Key ¥ > 2Keys & > ManyKeys
List g G Recursive Subdivi
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*two keys, one
e data: 2 categ., 1
* marks: area

* separate and align
* INndexed by 2 cate
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* two Keys, one value
e data: 2 cateq., 1 quant.

e marks: area
e separate and align In 2D matrix
* Indexed by 2 categorical attribute_ o

> 1 Key ¥ > 2Keys & > ManyKeys
List g G Recursive Subdivi
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* two Keys, one value
e data: 2 categ.,1 quant.
* marks: area

e channels: color by quant attrib
* (ordered diverging colormap)
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* two Keys, one value
e data: 2 categ., 1 quant.
* Marks: area
e channels: color by quant attrib
o task: find clusters, outliers
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* two Keys, one value
e data: 2 categ., 1 quant.
* Marks: area
e channels: color by quant attrib
o task: find clusters, outliers

e scalability: 1M items, 100s of categ levels,
~10 quant attrib levels
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(@ Axis Orientation
2> Rectilinear

L
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2> Parallel

111

2> Radial
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Table

Math  Physics Dance Drama

85 95 /70 65
20 80 60 50
65 50 20 20

Scatterplot Matrix
- scatterplot matrix (SPLOM) - = = -

* rectilinear axes, pointmark 4 . 4 . 4. 4.

Math

 all possible pairs of axes RO
Physics

* scalabllity L L L
e one dozen attributes Dance
e dozens to hundreds of items foe, te b2

Drama

Math Physics Dance Drama

after [Visualization Course Figures. McGuffin, 201 4. http://lwww.michaelmcguffin.com/courses/vis/]
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http://www.michaelmcguffin.com/courses/vis/
http://www.michaelmcguffin.com/courses/vis/

Table

ath  Physics Dance Drama
85 95 70 65

20 80 60 50

65 50 20 20
50 40 95 80

» parallel coordinates Lonon
» parallel axes, jagged line representing item

Math  Physics Dance Drama

* rectilinear axes, item as point \ \

100+

* axis ordering Is major challenge %0- \/

80 -

e scalability o /'\
e dozens of attribs 07>

e hundreds of items

30-
20-
10-

0-

after [Visualization Course Figures. McGuffin, 201 4. http.//www.michaelmcguffin.com/courses/vis/]
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Binned Scatter Plot

L &7 < »
A

WELE

] . = ||||“||
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But Also...

httes:/ /www.youtube.com/watch?v=i
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CaCBIGT 8ks& fFeature=youtu.be
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Task: Correlation

» scatterplot matrix
* DOSItive correlation
* diagonal low-to-high ¢«
e negative correlation  #
* dlagonal high-to-low - " g P (f)]
* Uncorrelated
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Task: Correlation

- parallel coordinates i
* positive correlation P
* parallel line segments )
» Nnegative correlation -
-+ all segments cross at halfway point ™ ——%&
* Uuncorrelatea TR s bt g o
* scattered crossings

Wegman. Journ. American Statistical Association 85:411 (1990),
664—675.]

CS49000-VIZ Intro to Data Visualization / Fall 2020; Lecture 9: Tables 36



Radial Bar Chart / Star Plot

- radial bar chart
e radial axes meet at central ring, line mark

<

~
v

[Vismon: Facilitating Risk Assessment and Decision Making In Fisheries Management. Booshehrian, Maéller, Peterman, and Munzner. Technical Report TR 201 1-04, Simon Fraser University, School of Computing Science, 201 1.]
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Radial Bar Chart / Star Plot

 radial bar chart

- star plot
e radial axes, meet at central point, line mark

N P
¢I§

[Vismon: Facilitating Risk Assessment and Decision Making In Fisheries Management. Booshehrian, Maéller, Peterman, and Munzner. Technical Report TR 201 1-04, Simon Fraser University, School of Computing Science, 201 1.]
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Radial Bar Chart / Star Plot

» radial bar chart
» star plot

e bar chart

* rectilinear axes, aligned vertically
N\
¢I~

[Vismon: Facilitating Risk Assessment and Decision Making In Fisheries Management. Booshehrian, Maéller, Peterman, and Munzner. Technical Report TR 201 1-04, Simon Fraser University, School of Computing Science, 201 1.]
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Radial Bar Chart / Star Plot

 radial bar chart N P
» star plot T
* bar chart

\
*dccuracy \

 length unaligned with radial
* [ess accurate than aligned with rectilinear IIJ]LI
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Pie Charts

n
» Pie chart o =
30000 . 3

e area marks with angle channel

e accuracy: angle/area much less accurate than line length

[A layered grammar of graphics.Wickham. Journ. Computational and Graphical Statistics 19:1 (2010), 3—-28.]
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Pie Charts

- Pie chart - - [

E 1 clarity

» Polar area chart E :
» area marks with length channel I o
VVS2 <1 AL i VVS:

* more direct analog to bar charts o e WY

[A layered grammar of graphics.Wickham. Journ. Computational and Graphical Statistics 19:1 (2010), 3—28.]
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Pie Chart

* Ple chart - - -

 Polar area chart B "

4000 - SI1

- Data 19

1 categorical key attribute ot v e

12000 - clarity

e 1 quantitative value attribute :

10000 -

8000 -

6000 -

count

4000 -

2000 -

O_
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10000 SI2

* Ple chart -

30000

IF 11 clarity
12000 -
» Polar area chart .1
8000 -
6000 —-\/VS1 3|2 SI2
4000 - SI1
2000 -
®
a a - st
VVS2 SI1

» [ask -— - | My

12000 - clarity

¢ part'tO'WhO‘e JUdgementS 10000 -

8000 -

6000 -

count

4000 -

2000 -

O -
I I | | |
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Normalized Stacked Bar Chart

» task: part-to-whole judgements -
* normalized stacked bar chart N
e stacked bar chart, normalized to full vert height
* single stacked bar equivalent to full pie
 high information density: requires narrow rectangle

* pie chart

* information density: requires large circle

N

o o o o O
R R T B
g & B& & d K

eeeeeeeeee

http.://bl.ocks.org/mbostock/388723.: -
http.//bl.ocks.org/mbostock/388620 IIIIIIIIIII.....
: . e ——
CA TX NY FL IL PAOH Ml GANC NJ VAWA AZMA IN TN MOMD WI MN CO AL SC LA KY OROK CT IA MS AR KS UT NV NMWV NE ID ME NH HI RI MT DE SD AK ND VT DC WY

http://bl.ocks.org/mbostock/388639-
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http://bl.ocks.org/mbostock/3887235
http://bl.ocks.org/mbostock/3886208
http://bl.ocks.org/mbostock/3886394
http://bl.ocks.org/mbostock/3887235
http://bl.ocks.org/mbostock/3886208
http://bl.ocks.org/mbostock/3886394

CS49000-VIZ Intro tc

Charts

omparison
9 3.0 6.0 9.0

ltem 3
Category 1 @ N—_—
Category 2 @
ltem 2
Category 3 @ -
Category 4 © tem A
Category 5 © =
tem 5
Pie Chart Stacked bar chart
9 1.5 3.0 O 1.5 310 O 1l5' 3.0 0 1.5 3.0 O 115 3.0
ltem 1
Layered item 2
Bar ltem 3
Chart ltem 4
ltem 5
Small
Grouped ™ Multiples
Bal’ 154 /
Chart
0

ltem 1 ltem 2 ltem 3 ltem 4 ltem 5

Streit & Gehlenborg, PoV, Nature Methods, 2014
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Stacked Area Chart

300 =

‘39 40 '41 42 43 44 45 46 47 48 '49 '50 51 52 '53 54 '55 '56 57 58 59 60 61 62 63 64 65 66 '67 68 69 70 V1 T2 73

https://datavizcatalogue.com/methods/stacked area_graph.html
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Graph Horizon
Cubism.js

Time Series Visualization

09i1 6 09;1 7 09;1 8 09;1 9 09;20 09;21 09i22 09;23 09;24 09;25 09;26 09;27 09;28 09;29 09 i30 09:
foo 2.0
bar 3.3
foo + bar 5.3
foo - bar -1.2
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