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Visualization: definition & motivation

Computer-basedzisualization systems provide visual representations offdatasets #
designed to helj ;peoplej arry out tasks more effectively. T

Visualization is 51table when there is a need to augment human capabilities
rather than replace people with computational decision-making methods.

* human in the loop needs the details & no trusted automatic solution exists
—doesn't know exactly what questions to ask in advance
—exploratory data analysis
* speed up through human-in-the-loop visual data analysis
—present known results to others
—stepping stone towards automation
—before model creation to provide understanding
—during algorithm creation to refine, debug, set parameters

—before or during deployment to build trust and monitor  more at:

Visualization Analysis and Design.
http://www.cs.ubc.ca/~tmm/talks.htmi#vad2 | biomedvis Munzner. CRC Press, 2014.
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[SpaceTree: Supporting Exploration in Large [TreeJuxtaposer: Scalable Tree Comparison Using

Node Link Tree, Design Evolution and Empirical Focus+Context With Guaranteed Visibility. ACM Trans. on

Evaluation. Grosjean, Plaisant, and Bederson. Graphics (Proc. SIGGRAPH) 22:453— 462, 2003.]
What? How? Proc. InfoVis 2002, p 57-64.]

® Tree ® Actions ® SpaceTree
Aj‘g\ > Present > Locate = Identify > Encode > Navigate = Select = Filter = Aggregate What?

* e © .. EEE | mme ===
N allh, @ ) ESEE N ¢ ‘ - === % ==S ===} :::

/\/ all..
(® Targets (® Treeluxtaposer

2 Path between two nodes > Encode = Navigate = Select = Arrange How?
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Analysis framework: Four levels, three questions

domain
* domain situation N
—who are the target users? idiom
. Igorith
e abstraction e

[A Nested Model of Visualization Design and Validation.

—translate from specifics of domain to vocabulary of vis
Munzner. IEEETVCG 15(6):921-928, 2009 (Proc. InfoVis 2009). |

e what is shown?!? data abstraction

] ] ] . domain
* why is the user looking at it! task abstraction T
| What?
* idiom
* how is it shown!? "
iaiom How?
* visual encoding idiom: how to draw
algorithm
* interaction idiom: how to manipulate >

* algorithm

[A Multi-Level Typology of Abstract Visualization Tasks
—efficient com putation Brehmer and Munzner. IEEETVCG 19(12):2376-2385,2013 (Proc. InfoVis 2013). ]

http://www.cs.ubc.ca/~tmm/talks.htmi#vad2 | biomedvis )
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Why is validation difficult?

» different ways to get it wrong at each level

L Domain situation
You misunderstood their needs

Q) Data/task abstraction
You're showing them the wrong thing

Visual encoding/interaction idiom
The way you show it doesn't work

] Algorithm
Your code is too slow

http://www.cs.ubc.ca/~tmm/talks.htmli#vad2 | biomedyvis



http://www.cs.ubc.ca/~tmm/talks.html#vad21biomedvis

Why is validation difficult?

e solution: use methods from different fields at each level

anthropology/

A Domain situation

problem-driven

Observe target users using existing tools i
. work

technique-driven
work

ethnography
Data/task abstraction

. Visual encoding/interaction idiom
design Justify design with respect to alternatives
Computer ,' Algorithm
science ' Measure system tlme/memory |

Analyze computational complexity

cognitive Analyze results qualitatively
psychology Measure human time with lab experiment (lab study)
anth ropology/ Observe target users after deployment (field study)

ethnography  Measure adoption

[A Nested Model of Visualization Design and Validation. Munzner. IEEETVCG [5(6):921-928, 2009 (Proc. InfoVis 2009). ]

http://www.cs.ubc.ca/~tmm/talks.htmli#vad2 | biomedyvis
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Datasets Attributes
@ Data Types @ Attribute Types
> ltems 2 Attributes > Links - Positions > Grids 2 Categorical

+ O H A

@ Data and Dataset Types

Tables Networks & Fields Geometry  Clusters, > Ordered
Trees Sets, Lists 2 Ordinal
[tems Items (nodes) Grids [tems Items N ' '
Attributes Links Positions Positions
Attributes Attributes = Quantitative
| o B

(3) Dataset Types (3 Ordering Direction

= Tables 2> Networks = Fields (Continuous) _
2 Sequential
i Grid of positions
Attributes (columns)= | \ \/
o e e > Diverai
Node T Sanl iverging
r(item)
Cell containing value Attributes (columns) <_I—>
Value in cell .
>
2 Multidimensional Table > Trees CyC|IC
o /IP\ O
Key 2
.4— Value in cell
Attribm
> Geometry (Spatial) @ Dataset Availability
2 Static 2 Dynamic
L [ ]

[ ] [ ] ° b [ ] L4
g? Position ° o*

http://www.cs.ubc.ca/~tmm/talks.htmi#vad2 | biomedvis
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Types: Datasets and data

@ Dataset Types

> Tables > Networks > Spatial
Attributes (columns) = Fields (Continuous) 2> Geometry (Spatial)
>
ltems Link Grid of positions
(rows) ?
Node
v I r(item) Cell & N
Cell containing value g Position
k‘Attr'butes(coumns) >
. T
@ Attribute Types Valuen cel
=>» Categorical =>» Ordered

+ ‘ . A > Ordinal > Quantitative
—
W

http://www.cs.ubc.ca/~tmm/talks.htmi#vad2 | biomedvis S
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& Actions @ Targets

@ Analyze @ All Data
2> Consume = Trends = Qutliers = Features

-> Discover = Present = Enjoy ‘ ‘ ‘ Y, I\l
1 N Ll .
) .||: I N = @

(®) Attributes

2 Produce
> Annotate = Record > Derive > One > Many
)V E' 1 S 2 Distribution > Dependency = Correlation = Similarity
== 7 </
’ Al o—e ‘ ‘\v/
@ h > Extremes )
Searc
il
. . Target known Taraet unknown
« {action, target} pairs _ =
. o . Il;ocatlon *.c*«  Lookup *le*y  Browse @ Network Data
—discover distribution nown S
Location . = lopology
.> Locate @®.> Explore
—compare trends unknown | < P é I { Q
—locate outliers 3 Query 5 P
—browse topology 2 |dentify 2 Compare 2 Summarize e
: \/ AR
| v - CLRLD (® Spatial Data
_/ 2 Shape

http://www.cs.ubc.ca/~tmm/talks.htmli#vad2 | biomedyvis
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Actions: Analyze, Query © Analyze

= Consume

o
analyze > Discover
—cconsume
* discover vs present y alllh.
— aka explore vs explain -1
* enjoy > Produce
—aka casual, social > Annotate
—produce
* annotate, record, derive )W
°* query 3 Query
—how much data matters!? .
ata matters = Identify

* one, some, all

* independent choices

—analyze, query, (search)

http://www.cs.ubc.ca/~tmm/talks.htmli#vad2 | biomedyvis
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Derive: Crucial Design Choice

* don’t just draw what you're given!
—decide what the right thing to show is
—create it with a series of transformations from the original dataset
—draw that

* one of the four major strategies for handling complexity

exports |
imports :
: trade
) balance
trade balance = exports —imports
Original Data Derived Data

http://www.cs.ubc.ca/~tmm/talks.htmli#vad2 | biomedyvis
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e Strahler number

— centrality metric for trees/networks
— derived quantitative attribute
— draw top 5K of 500K for good skeleton

[Using Strahler numbers for real time visual exploration of huge graphs. Auber.
Proc. Intl. Conf. Computer Vision and Graphics, pp. 56—69, 2002.]

Task 1 Task 2

58 74 58 74
)é’ 64 %’ 64
54 84 o 84
74 84 74 84
24 84 24 .84

.64

94 94
In Out In In
Tree = Quantitative = Tree + Quantitative
attribute on nodes attribute on nodes
What? What?
® InTree (® Derive ® InTree
(® Out Quantitative (® In Quantitative attribute on nodes
attribute on nodes (® Out Filtered Tree

http://www.cs.ubc.ca/~tmm/talks.htmli#vad2 | biomedyvis

Out

= Filtered Tree
Removed
unimportant parts

How?

(® Summarize () Reduce
(® Topology (@ Filter

pra.
) ;f—_f‘ — , -
- T
—_—
i T
—
L rl,
e
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Targets

@ All Data @ Network Data
2> Trends = Outliers = Features 2 Topology
S L e .
2 Paths
(9) Attributes Ve
2 One 2> Many
= Distribution > Dependency = Correlation = Similarity @ Spatial Data
Al o—o N > Shape
> Extremes . . .
il

http://www.cs.ubc.ca/~tmm/talks.htmi#vad2 | biomedvis '3



http://www.cs.ubc.ca/~tmm/talks.html#vad21biomedvis

How?

Encode Manipulate Facet Reduce
® Arrange ® Map ® Change ® Juxtapose ® Filter
> Express > Separate from categorical and ordered ‘ e - ‘ ‘ . =z==z , zzzzz
attributes o .’ * ====2
[ . [ |
—_— H 3
L - > Color
> Order > Align "Htﬁ.. ')502':720” ')Luaﬂi.n:nce ® Select ® Partition ® Aggregate
. °.. T ==z=2, mmmas
L Ll_l_l_l 2 Size, Angle, Curvature, ... L m====> meEEE
> Use -ull 12— 1)) ® Navigate ® Superimpose ® Embed
S > Shape <. L b
+O WA « S L.
2> Motion S

Direction, Rate, Frequency, ...

& o

° Co

How?

http://www.cs.ubc.ca/~tmm/talks.htmi#vad2 | biomedvis
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How to encode: Arrange space, map channels

Encode
® Arrange ® Map
2> Express > Separate from categorical and ordered
- attributes
[ |
—_— O
m BN = Color
> Hue = Saturation = Luminance

> Order > Align — o .

gut ‘ 2 Size, Angle, Curvature, ...
>

'.. /e | ) ) D

2 Shape
+ O 0 A

= Motion
Direction, Rate, Frequency, ...

& e

o
http://www.cs.ubc.ca/~tmm/talks.htmi#vad2 | biomedvig‘



http://www.cs.ubc.ca/~tmm/talks.html#vad21biomedvis

Definitions: Marks and channels

e marks (® Points (® Lines (® Areas

—geometric primitives . %e ¢ / //\/\ @

—one per item

® Position ® Color
° Channels - Horizontal > Vertical - Both
—control appearance of marks o I o / / /
® Shape ™ Tilt
(® Size
> Length > Area > Volume

— o [] \
http://www.cs.ubc.ca/~tmm/talks.htmli#vad2 | biomedyvis v R . 'é
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Encoding visually with marks and channels

* analyze idiom structure

—as combination of marks and channels

o ©
© @
] . .
1: a: 3:
vertical position vertical position vertical position
horizontal position horizontal position
color hue

mark: line mark: point mark: point

http://www.cs.ubc.ca/~tmm/talks.htmli#vad2 | biomedyvis

4:

vertical position
horizontal position
color hue

size (area)

mark: point
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Channels

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 0

mE
3
.m
) ) D,
3
n..m

Spatial region
Color hue
Motion

Shape

http://www.cs.ubc.ca/~tmm/talks.html#vad2 | biomedyvis
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Channels: Matching Types

(® 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)

o
O ..

—e ———e

) ) D

Same

Same

v & N

(® Identity Channels: Categorical Attributes

Spatial region . N .
Color hue HENR
. 4\.) o ©
Motion o ® o
Shape + O H A

* expressiveness principle

—match channel and data characteristics

http://www.cs.ubc.ca/~tmm/talks.html#vad2 | biomedyvis
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Channels: Rankings

(® Magnitude Channels: Ordered Attributes (® Identity Channels: Categorical Attributes
Position on common scale o ° ; Spatial region - B .
Position on unaligned scale ! ': ' i Color hue BEE R
: _ , ) o ©
Length (1D size) Motion o ® o
Tilt/angle ‘//_ Shape + O 0 A
Area (2D size) - = 0N é
2
Depth (3D position) e ——e & * eXpressiveness
. 7 —match channel and data characteristics
Color luminance 1 =
E °
| ; e effectiveness
Color saturation L]
—channels differ in accuracy of perception
Curvature ) ) D o ] .
2l 5 * distinguishability
Vol 3D si . i
olume (3D size) v VR v —match available levels in channel w/ data

http://www.cs.ubc.ca/~tmm/talks.html#vad2 | biomedyvis
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How?

Encode Manipulate Facet Reduce
® Arrange ® Map ® Change ® Juxtapose ® Filter
> Express > Separate from categorical and ordered ‘ e - ‘ ‘ . =z==z , zzzzz
attributes o * ====2
— ‘. - .. ', . F “'" DLy
i & > Color b
> Order > Align ')H‘ﬁ.. ')5“2’:’20” ')L“:”.”:”C‘? (® Select (® Partition (® Aggregate
. o it B e i o “ ' . =====> EmEmm
m TN DOy P "SR Gl PR ere D o, EEEEE I e
L Ll_l_l_l 2 Size, Angle, Curvature, ... L """ 7 WEEEE
- ] . .
Use i| "l 2 1)) ® Navigate ® Superimpose ® Embed
w‘ 2> Shape <UD . M
+ O WA « S . liL.L.
2> Motion S
Direction, Rate, Frequency, ...
9 o o
[ ¢ q

How?

http://www.cs.ubc.ca/~tmm/talks.htmi#vad2 | biomedvis
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Categorical vs ordered color

Year

Order Date
Il 2010
$1,500,000 B 2011
Bl 2012
Annual sales by state  — Suwk
. 2013 85,553 — HEHEA
o 51,000,000
Y sS4
® i —
wn Mo Yook I
Thror I
o
$500,000 l n_.:-,'.','.‘. —
Wnnm.-:.!: g
sl o Colunnes RN
Nl Cavimg | 1
: P ——
- ) £ — > o - y —~ S — — — -'l:llil:::
T & ¢ & & 5 5 3 &8 8 28 38 it
g = g < - - g = 8 £ = Vincareln
G < 2 8 3 l e Jont
B e o (@] s § Alaterma
(% = Moy bad
Macaced
I-:':.'s‘a;
e
Order Date Year To'u::::
2010 IHtsh
N
$1,500,000 B 2011
B 2012 Cenmcacul
MNe '3
B 2013 Mewlismsehina
» $1,000,000 oot
L ivalt Uak
E hll’l
w -clb:::‘l' 11111
L]
Nueln 1L
$500,000 b .
+F
30

April
May
June
July

[Seriously Colorful: Advanced Color Principles & Practices.
Stone.Tableau Customer Conference 2014.]

http://www.cs.ubc.ca/~tmm/talks.htmi#vad2 | biomedvis

January
February
March
August

October
November

December

September
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Decomposing color

* first rule of color: do not talk about color!

—color is confusing if treated as monolithic

* decompose into three channels

—ordered can show magnitude Luminance . . .
* luminance: how bright

Saturation

e saturation: how colorful

— categorical can show identity Hue

* hue: what color

— caveat: not well supported by current tools

* channels have different properties

—what they convey directly to perceptual system
—how much they can convey: how many discriminable bins can we use!?

http://www.cs.ubc.ca/~tmm/talks.html#vad2 | biomedyvis 23
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Categorical color: limited number of discriminable bins

* human perception built on
relative comparisons
—great if color contiguous
—surprisingly bad for absolute

comparisons

* honcontiguous small
regions of color
—fewer bins than you want

—rule of thumb: 6-12 bins,
including background and
highlights

e alternatives? other talks!

Scale ’mbg
0 40 80

7 8 9 10

11 12 13 14 15 16 17 18 19 X

Mouse

“HNIEE EEem
A [l T e

~n

—
o
3 .
gu

B e
I AN [ |
1 Y | B
[T .-

E W NI

w
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o N

1

W
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| IIN R -

(&)
<N
-
@

S |
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11 12
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[Cinteny: flexible analysis and visualization of synteny and genome rearrangements in
multiple organisms. Sinha and Meller. BMC Bioinformatics, 8:82, 2007.]
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http://win.vergari.com/acquariofilia/salmastro02.asp
http://win.vergari.com/acquariofilia/salmastro02.asp

Ordered color: Rainbow is poor default

* problems
—perceptually unordered

—perceptually nonlinear

e benefits

—small-scale structure: see & name

* alternatives

[A Rule-based Tool for Assisting Colormap Selection. Bergman,. Rogowitz, and. Treinish. Proc. IEEE Visualization (Vis), pp. | 18—125, 1995.]

—large-scale structure: fewer hues

—Known structure: Segmented

—have it both ways, small+large:
—multiple hues

—monotonically increasing
luminance

[Why Should Engineers Be Worried About Color? Treinish and Rogowitz |998. http://lwww.research.ibm.com/people/lllloydt/color/color.HTM]
http://www.cs.ubc.ca/~tmm/talks.htmi#vad2 | biomedvis %
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Viridis / Magma

* colorful, perceptually uniform, https://cran.r-project.org/web/packages/

colorblind-safe, monotonically viridis/vignettes/intro-to-viridis.html
increasing luminance

at
iilot dafault
:

ralnbow

rainbow
9

h heat
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brewer yellow-green-biue
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2 omn 0 e
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J Q
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Ass 2. 3 ~"_ STy U, /8 "‘.-':- BAUTH A\
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- P 2guERZ
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rblueas

oW egrewr-Liu

R T R K S T £ 7 —, 2 1> s 2o

rid |13 ) P
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Facet

Reduce - 4

®  Manipulate

' '®

® Arrange ® Map jf,@ Change ® Juxtapose ® Filter ,
e @ ‘ ‘ R

> Express > Separate from categorical and ordered
attrioutes & [ T . e [tee..  =====

e
mu > Color &

. >H = Saturation = Lumi 3 iti :'
> Order > Align u.e.. et u:v‘v:nce 4!_,@ Select (® Partition (® Aggregate ,
5 . ) - o T
‘.--" Lllll 5 ¥ (. c =
Size, Angle, Curvature, ... J |
= : . .
Use "l I 1)) & ® Navigate ® Superimpose ® Embed
S > Shape | B -
+O WA “ S L.
> Motion S
Direction, Rate, Frequency, ... 4
‘\.) Y ¢ ° D DO 2B VI o3 W R I IR Y, DD SO0 By SIS S BT e & TR BT e TR NS TN

How?
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How to handle complexity: 3 more strategies

Manipulate

Facet

® Change

(® Select

‘@ e

® Navigate
< T

(® Juxtapose

(® Partition

-

(® Superimpose

\ o

Reduce

® Filter

http://www.cs.ubc.ca/~tmm/talks.htmli#vad2 | biomedyvis

+ | previous

= Derive

/.
—— WA

* change view over time

* facet across multiple
views

* reduce items/attributes
within single view

* derive new data to
show within view

28
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How to handle complexity: 3 more strategies + | previous

Facet Reduce
@ Juxtapose ® Filter
g .. =.==
® Select (® Partition (® Aggregate
o S I S SZ5so>, Bummn
« ° 6O 0o’ ——1trt+oa | | ||
(® Navigate (® Superimpose ® Embed

< T

-

http://www.cs.ubc.ca/~tmm/talks.htmi#vad2 | biomedvis

= Derive
= . J/
EE A

* change over time

- most obvious & flexible
of the 4 strategies

29
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How to handle complexity: 3 more strategies + | previous

- A - - ; .
. - .- o= - - 7 J-
1 -V Y, & 013 STERT 7O e VDD S D AT s
> Vg o - GRS d - < 24 . S A <

Manipulate £ Facet Reduce > Derive
(® Change € ® Juxtapose # O Filter —— S
o ‘ 3 :;, . . s = = \// \.
: .
® Select , ® Partition # @ Aggregate e facet data across
o ” R § =====,=m== multiple views
. 1P | |||

(® Navigate

< T

http://www.cs.ubc.ci{ztmm/lta
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ldiom: Linked highlighting System: EDV

* see how regions contiguous in one view are
distributed within another

—powerful and pervasive interaction idiom

* encoding: different

e data: all shared

' Fesition

UUD[]EDu_uDI

[Visual Exploration of Large Structured Datasets. Wills. Proc. New Techniques
and Trends in Statistics (NTTS), pp. 237—246.10S Press, 1995.]

http://www.cs.ubc.ca/~tmm/talks.htmi#vad2 | biomedvis 3



http://www.cs.ubc.ca/~tmm/talks.html#vad21biomedvis

ldiom: bird’s-eye maps System Google Maps

T INCTSUTI S ey iy S v Yo
Jational Park  Vygxgu 11100 " :

o encoding: same ™ _Map | Satellite H»,fbrid
& .)14. = : Bltnhum
e data: subset shared v Westeort. )
+
* navigation: shared [: Reeton
—bidirectional linking S Y T Kakowa
Springs
Hokitika
oy Cheviol
 differences
_viewpoint Oxford Rangiora
. ' Darheld isiington e NEw aa‘im
_ (Slze) : ,JILJ::,J Methven Rollesicl; Christchurch 4" Sl
J& SU mi"_’t""""-: Leby | Leeston .. §73
100 km ©2007 Googlel- Map data @20pZanbata Sciences Pty Ligkamaa : \
e overview-detail [A Review of Overview+Detail, Zooming, and Focus+Context Interfaces.
Cockburn, Karlson, and Bederson. ACM Computing Surveys 41:1 (2008),

[-31.]

http://www.cs.ubc.ca/~tmm/talks.html#vad2 | biomedyvis 2
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ldiom: Small multiples

* encoding: same S R

~—
N i
A - ~ — — - . ‘\ -
° s -\ - - . - - —
X. In rt N — — e ————— it — -— —
—

e data: none shared N e S
— different slices of dataset - ﬁ .

* items or attributes T Y N

* ex: stock prices for different R e S ——
companies PP

[https://bl.ocks.org/mbostock/1 157787]
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ldiom: Small multiples + details on demand

* combining idioms

1961 1962 1963 1964

1965 1966 1967 1968

1969 1970 1971 1972

1973 1974 1975 1976
"‘“ u ek 293K
II II II NoData
- - [ — ] —

- -II_ - - Chlna USA India Russia Japan

1962

e 5 2
> 35

[+ = 3
T - &
1] =

[http:/Ivallandingham.me/co2 _small_multiple]

[https://vallandingham.me/small_multiples_with details.html]

http://www.cs.ubc.ca/~tmm/talks.htmli#vad2 | biomedyvis
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I nte I"aCtive S m al I m u Iti P I es The Rise and Decline of Ask MetaFilter

Melafiller's revenoe Bas been on Hhe deeloe, ul bas ils conlent deed ap s wedl 2

Here we Tnok al new posis non Ask Melalller T ealgory

Colegorns like campulers & inlerned bave Drees dmapping moose Toe s long e, mes ) Blasly

* linked highlighting: b ottt
analogous item/attribute

Dascluimer: 2014 1 wicluded, even hough Qe yer is nol over yel

COUNT NAME
[ ]
a-c ross VIeWS 3.200 P 3.000 3.000 300 2,000
R R 2000 "-__\\ 2.00¢ 1577 2,000 - 200¢ 2,000
N —A, . YAor & -~
—same year highlighted across all .. \ A . A L A L Ra

-

charts if hover within any chart - o o erey - T o

3,000 3,000 3,000 3000 2,000
2.0 2000 2 0 2000 £

10 .

P L 297 813
1,200 - -~ 1,000 i 1.000 i) 1.0CG . 1,000 662
— - — - \-‘- -~ —- - ~~"‘\ Af-.-’ -— - o — .‘\
S 2va s 2Wa 2003 )
Javd & transoorlaton techinalogy Feme & garden feod & drink spoarls Fobbics, & rooreation
3,200 3,000 3,000 3000 2,000
2.0 200U 2.0mW 20 .00
1,200 = 1,000 - 1,000 . 1,0C0 oy 1,000 480
0 u 0™ U =
----- AN =N N =X
qrak tay law & Qqovenmet aducatior =0z ety & culture clothing, tesuty, & fashion

[https://bl.ocks.org/ColinEberhardt/3¢c780088c363d1515403f50a87a87121]
[https://blog.scottlogic.com/20 | 7/04/05 [interactive-responsive-small-multiples.html]

tp://projects.flowingdata.com/tut/linked small_multiples_demo/]
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Juxtapose views: tradeoffs

* juxtapose costs

—display area

* 2 views side by side: each has only half the area of one view

* juxtapose benefits

—cognitive load: eyes vs memory
* lower cognitive load: move eyes between 2 views

* higher cognitive load: compare single changing view to memory of previous state

http://www.cs.ubc.ca/~tmm/talks.htmi#vad2 | biomedvis
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Juxtapose vs animate

LPSLL37 1

e animate: hard to follow if |
many scattered changes or — :
many frames /1 7\ ,,:,/.(\ /

. . / N L i\ { r—— / —
— Vs easy special case: animated 2| P N~ A N

N
o o ' S < \ N N
transitions N | & S\ LA 7K
— - A\ A W N

» \1 ".I
N 7 A\ , / \ \ Cytoskeletorny '
ADUmO:I/S | RECEDR&F'\\\‘,.\“\“{_ /// \ \r\--\, \'\I"\\" - \///f \ : \
' King¥—2" 7 \ ‘
- ; ’v'.\ ’/Yt/ s ) ] '\:\;__ N \. \(\ J / /\
: : NS~ \Lhemokine - Transeription-
[ 4 A\ 4 \ y \ Y
> ' \ / '- ! O factor /
Achesion | \'/ ) ' / -I' : .
® TP e Q\e
,;;:7'; / -
Unknownf«’// Cxtracellular
\ / _ matrx b

[Cerebral:Visualizing Multiple Experimental Conditions on a Graph with Biological Context.
Barsky, Munzner, Gardy, and Kincaid. IEEE Trans.Visualization and Computer Graphics (Proc.
InfoVis 2008) 14:6 (2008), 1253—1260.]
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Juxtapose vs animate

 animate: hard to follow if

many scattered changes or
many frames

— Vs easy special case: animated
transitions

* juxtapose: easier to compare
across small multiples

— different conditions (color),
same gene (layout)

IPSII37_1 S IPSIER7_? = IPSII37_4 EE0IPSIER7_24
o
o
pe o
o ¢ p,
n B
v
o o o
1 a E
LPS 1 =- || |LPS 2 =-1| ILPS 4 =51 ILPS 24
@
o
o
o a ‘o
o o 4
s » v = B -
o °® o a oo
a a p 1
' ' \ 'f":'lemol-;’ne ’\ . Transeription-
4 ‘ ' } O factor
Achesion . ' r . . |
T - " [xtracellular b '
[ -, matrix

[Cerebral:Visualizing Multiple Experimental Conditions on a Graph with Biological Context.

Barsky, Munzner, Gardy, and Kincaid. IEEE Trans.Visualization and Computer Graphics (Proc.

InfoVis 2008) 14:6 (2008), 1253—1260.]
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View coordination: Design choices

Data
All Subset

'.||I" Overview/

I Detail
IIII

Same

Encoding

| |I|I ve e 'III' Multiform,
Different Overview/

Multiform . . Detail

http://www.cs.ubc.ca/~tmm/talks.htmli#vad2 | biomedyvis
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How to handle complexity: 3 more strategles + | previous

Manipulate Facet Reduce > Derive

® Change (® Juxtapose  -@ Filter o Va
. i . . e e ;) — A
‘ 9 ‘ . ‘ .. & EEEEE-TTTTT 3 -

® Select ® Partition § ® Aggregate ;:' reduce what is shown
‘@ ; L[] § gE=, uuus % within single view

(® Navigate (® Superimpose

‘‘‘‘‘

http://www.cs.ubc.ca/ ~tmm/talks html#vadz I blomedws %0
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Reduce items and attributes

* reduce/increase: inverses
* filter

—pro: straightforward and intuitive

* to understand and compute

—con: out of sight, out of mind
* aggregation
—pro: inform about whole set

—con: difficult to avoid losing signal

* hot mutually exclusive

—combine filter, aggregate

—combine reduce, facet, change, deri

http://www.cs.ubc.ca/~tmm/ talks.htmi#va SFSTGIHIEG s snsietinaat

Reducing Items and Attributes

® Filter
> [tems

> Attributes

4D = o= = ——

» S22

Reduce

® Filter
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ldiom: boxplot

* static item aggregation

* task: find distribution YT
* data: table T
* derived data ' :

—5 quant attribs o -

* median: central line

* lower and upper quartile: boxes Y

* lower upper fences: whiskers e
I
n

— values beyond which items are outliers

—outliers beyond fence cutoffs explicitly shown

[40 years of boxplots. Wickham and Stryjewski. 201 2. had.co.nz]

http://www.cs.ubc.ca/~tmm/talks.htmli#vad2 | biomedyvis
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Spatial aggregation
* MAUP: Modifiable Areal Unit Problem

—changing boundaries of cartographic regions can yield dramatically different results

—zone effects

—scale effects

https://blog.cartographica.com/blog/201 1/5/19/
the-modifiable-areal-unit-problem-in-gis.html

1
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Dimensionality reduction

* attribute aggregation
—derive low-dimensional target space from high-dimensional measured space
* capture most of variance with minimal error

—use when you can’t directly measure what you care about

* true dimensionality of dataset conjectured to be smaller than dimensionality of measurements
* latent factors, hidden variables Malignant Benign

Tumor \ s
Measurement Data — DR — |

data: 9D measured space

derived data: 2D target space

http://www.cs.ubc.ca/~tmm/talks.html#vad2 | biomedyvis %
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ldiom: Dimensionality reduction for documents

Task 1

Dim 1
Dim ...
Dim n

ltem 1
ltem ...
ltem n

In
HD data

What?
(® In High-

(® Out 2D data

Dim 1
Dim 2

ltem 1
ltem ...
ltem n

=» 2D data

(® Produce
dimensional data (3)Derive

Task 2
- O
g g o * e o °
agla AR
Item 1 e’ .
ltem ... °o° 0::'.
ltem n ° °
In Out
2D data =) Scatterplot
Clusters & points
What? How?

(3 In 2D data (® Discover (@) Encode
(® Out Scatterplot (®Explore (@) Navigate

(®Out Clusters & (@ Identify (3 Select
points

http://www.cs.ubc.ca/~tnam/talks.html#vad2 |l biomedyvis

Task 3
In Out
Scatterplot =) Labels for
Clusters & points clusters
What?
(® In Scatterplot (® Produce
(® In Clusters & points (3 Annotate
(® Out Labels for
clusters
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@ Targets

= Qutliers = Features

Datasets Attributes
@ Data Types
2> [tems .
& Actions
(® Dataand D
bl @ Ana|yze @ All Data
ables
2 Consume = Trends
Items 2 Discover = Present > Enjoy ‘
Attributes

@ Dataset Tyg

= Tables

Attrik

Items
(rows)

Cell ¢

> Multidin

A

NG

Keyzf

~

Attributes

2> Geometr

et

domain

abstraction

idiom

algorithm

Ll St alln ©
/ /\ ..
1 -
?
> Produce
> Annotate Encode Manipulate Facet Reduce
)W (® Arrange ® Map ® Change ® Juxtapose ® Filter
> Express > Separate from categorical and ordered s o e . . -
. . o® - d
attributes ‘ o ‘ ‘ . SESES
—t ... -
(@) Search . > Color
. = Hue = Saturation = Luminance @ Select @ Partition @ Aqareqgate
Tar 2 Order > Align - T m e | __9:9“}9 -
[ ® .., » SSEES » Sa=a=
Location . \L> Ll_l_l_l 2 Size, Angle, Curvature, ... ‘_ ----- > EmEEN
known :
. > Use -u @ 12— 1)DD ® Navigate ® Superimpose ® Embed
Location IC [ . I .
unknown : S > Shape <> : E@
+ O H A . ™
@ Query > Motion
. Direction, Rate, Frequency, ...
> |dentify e o o
o ® G
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More Information @tamaramunzner

* this talk
http://www.cs.ubc.ca/~tmm/talks.html#vad2 | biomedyvis

* book page (including tutorial lecture slides)
http://www.cs.ubc.ca/~tmm/vadbook

SRES R Visualization
B¢ Analysisé Design

oaee Tamara LIunzner

—20% promo code for book+ebook combo: HYN17
— http://www.crcpress.com/product/isbn/9781466508910

—illustrations: Eamonn Maguire

* papers, videos, software, talks, courses

J /it TR

http://www.cs.ubc.ca/group/infovis —————

httP://WWW.CS.UbC.Ca/~tmm Visualization Analysis and Design.

Munzner. A K Peters Visualization Series, CRC Press, Visualization Series, 20 4.
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