Data Visualization (CSCI 490/680)

Multiple Views & Filtering

Dr. David Koop
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Sorting & Slope Graphs: LineUp
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http://caleydo.github.io/projects/lineup/

Animation: Jump Cut vs. Animated Transitions

Qb
Ké
Av
Ae
Qe
QY
Ad
Ké
KY
As
Jv
Q¢
K
J¢
T
Je

Ad
Qe
J
Qe
J¢
Qe
JY
Jé
Ke
K&
Qv
KY
Aé
Ke
AY
Aé

Qe
K
Ae
Jé
Qb
JY
Aa
T
Je
Av
Ké
QY
Ad
Q¢
KY
Ké

D. Koop, CS 490/680, Fall 2019

Northern Illinois University 4



Animation: Jump Cut vs. Animated Transitions

Qb
Ké
Av
Ae
Qe
QY
Ad
Ké
KY
As
Jv
Q¢
K
J¢
T
Je

Ad
Qe
J
Qe
J¢
Qe
JY
Jé
Ke
K&
Qv
KY
Aé
Ke
AY
Aé

Qe
K
Ae
Jé
Qb
JY
Aa
T
Je
Av
Ké
QY
Ad
Q¢
KY
Ké

D. Koop, CS 490/680, Fall 2019

Northern Illinois University 4



Animation: Jump Cut vs. Animated Transitions

Qb
Ké
Av
Ae
Qe
QY
Ad
Ké
KY
As
Jv
Q¢
K
J¢
T
Je

Ad
Qe
J
Qe
J¢
Qe
JY
Jé
Ke
K&
Qv
KY
Aé
Ke
AY
Aé

Qe
K
Ae
Jé
Qb
JY
Aa
T
Je
Av
Ké
QY
Ad
Q¢
KY
Ké

D. Koop, CS 490/680, Fall 2019

Northern Illinois University 4



Animation: Jump Cut vs. Animated Transitions
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Animated Transitions

‘e Stacked IN Grouped
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Animated Transitions

‘e Stacked IN Grouped

|||||||||||||||||||||||||||||||||||||||||||||||||||||||||| [M BOStOCk]

D. Koop, CS 490/680, Fall 2019 Northern I1linois University S


http://bl.ocks.org/mbostock/3943967

Heer and Robertson Study

e User Preferences: Staged animation > animation > static transitions
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= 3 M Static
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& 5 M Animation
LN

1 Staged Animation

Bar to Donut  Stacked to Sort Bars Scatter Plotto Zoom & Filter  Timestep Timestep
Grouped Bar Chart Scatter Scatter Plot Donut

e Animation improves graphical perception
e Staging Is better (do axis rescaling before value changes)
e Avoid axis rescaling when possible

[Heer and Robertson, 2007]
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http://vis.stanford.edu/papers/animated-transitions

Selection

e Selection Is often used to initiate other changes
e User needs to select something to drive the next change
e \\What can be a selection target”
- ltems, links, attributes, (views)
e How"/
- mouse click, mouse hover, touch
- keyboard modifiers, right/left mouse click, force
® Selection modes:
- Single, multiple
- Contiguous?

D. Koop, CS 490/680, Fall 2019 Northern Illinois University 7



Highlignting

e Selection Is the user action
e Feedback is important!
e How”? Change selected item's visual encoding
- Change color: want to achieve visual popout
- Add outline mark: allows original color to be preserved
- Change size (line width) S
- Add motion: marching ants 8 Detores

$Z Dropbox

& DVD Player

Lo R R @ Emacs
w. FaceTime

I71 Filezilla

l |
' I @ Firefox
l |
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INnteraction Latency

e [he Effects of Interactive Latency on Exploratory Visual Analysis,
/. Liu and J. Heer, 2014

e Brush & link, select, pan, zoom
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decreases user activity and dataset coverage

- reduces rate of observations, generalizations, and hypotheses
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Navigation

> |tem Reduction > Attribute Reduction

> Zoom > Slice

Geometric or Semantic . .
. . ® . e ~» - ‘
o M 0 ‘ O

> Pan/Translate

2> Cut
(o.o..) ‘o.‘.. »‘o..

> Constrained > Project

D A

[Munzner (ill. Maguire), 2014]
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Geometric vs. Semantic Zooming

e Geometric zoom: like a camera
e Semantic zoom: visual appearance of objects can change at different scales
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[M. Bostock]
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Project Design

e \Vork on turning your visualization ideas into designs
® [Urn in:
- Three Designs Sketches
- Progress on Implementation
e Options:
- Try vastly different options
- Refine an initial idea
e Due Monday, Nov. 11

D. Koop, CS 490/680, Fall 2019 Northern Illinois University =~ 12




Assignment 5

e Farming data with multiple views & interaction
e Add Crop Sales Information

D. Koop, CS 490/680, Fall 2019 Northern Illinois University 13



Design Space of Composite Visualization

e Composite visualization views (CVVs)
- Includes Coordinated multiple views (CMV)
- + More!

e Design Patterns:
- Juxtaposition: side-by-side

- Superimposition: layers

- Overloading: vis meshed with another

- Nesting: vis inside a vis (recursive ViIS)

- Integration: "merge” views + links

[W. Javed and N. EImqvist, 2012]
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uxtaposition
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Juxtaposition
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Juxtaposition Guidelines

e Benefits:

- The component visualizations are independent and can be composed
without Interference

- Easy to implement
 Drawbacks:

- Implicit visual linking Is not always easy to see, particularly when multiple
objects are selected

- Space is divided between the views, vielding less space for each view

e Applications: Use for heterogeneous datasets consisting of many different

types of data, or for where different independent visualizations need to be
combined.

[W. Javed and N. EImqvist, 2012]
D. Koop, CS 490/680, Fall 2019 Northern Illinois University 17




INntegration
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INntegration

-
F o
r o
r::
- ) -
» I""'
o " e
' p:l::ip
e b
AL
vy 3
:\" ¥ _-r-l'
g ;-:
c gut B
ol
’ -
il - -
aF patt =
o
s n e
i e - 'I'J -
il L
M f:‘"!n-w'_
B .3'.';' T
Wl o s gl ';p-
- il ™ -
a = S f alyE »i
el P o
o m L . -
- = e ¥
T [ E‘v r -
- el l"!‘?'.'i' =
‘g LB e - ]
B - Bk
'--...-I__;:' -_" i m-'n.,-r'-..
- | = C T "51 L
L LN . -
MeE aneTi L, T T
- - = i == 'S
- -."‘t:‘-\_ - T
o i " R
".'.".r EE " "'--—-L.l-:.-llf-
l:...' LS " = i
> ¥ = :ucl " b P
- b m e
& e [ Ny
iy £ [
T - e
gy = _ e ™

--rl-"::‘-' = =y
.*'I .'q
h ;' 1
= A
T
£
-

[VisLink, Collins and Carpendale, 2007]

D. Koop, CS 490/680, Fall 2019 Northern Illinois University 19




INntegration
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Integration Guidelines

e Benefits:

- Easy to perceive one-to-one and one-to-many relations between items In
components

- Visualizations are less independent compared to juxtaposed views, but still
separate

e Drawbacks:
- Extra visual clutter added to the overall view
- Display space Is split between the views
- Some dependencies exist between views to allow for the visual linking

o Applications: Use for heterogeneous datasets where correlation and

comparisons between views Is particularly important.
[W. Javed and N. EImqvist, 2012]
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Superimposition
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Superimposition
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Superimposition Guidelines

e Senefits:

- Allows direct comparison in the same visual space.
e Drawbacks:

- May cause occlusion and high visual clutter.

- The client visualization must share the same spatial mapping as the host
visualization.

o Applications: In settings where comparison is common, or where the
component visualization views need to be as large as possible (potentially the
entire available space).

[W. Javed and N. EImqvist, 2012]
D. Koop, CS 490/680, Fall 2019 Northern Illinois University =~ 24




Overloading
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Overloading
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Overloading Guidelines

e Benefits:

- The client visualization does not have to share the same coordinate space
as the host visualization

- This also yield more flexibility and control over visual clutter
e Drawbacks:
- Visual clutter Is increased
- Visual design dependencies between components are significant

e Applications: Situations where one visualization can be folded into another to
vield a compact (and complex) result.

[W. Javed and N. EImqvist, 2012]
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Nesting
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Nesting

CMU- Roth et al.
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INodeTrix, N. Henry et al., 2007]
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Nesting Guidlines

e Senefits:
- Very compact representation
- Easy correlation
e Drawbacks:
- Limited space for the client visualizations
- Clutter is high
- Visual design dependencies are high

e Applications: Situations that call for augmenting a particular visual
representation with additional mapping

[W. Javed and N. EImqvist, 2012]
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Design Space

¢ \/Isualizations: the techniques or idioms used
e Spatial relation: relationship between visual structures in display space
e Data relation: visual relationship between items In different views

- None: No relation

- ltem-item: One-to-one

- ltem-group: One-to-many

- [tem-dimension: ltem In one view Is a scale in another

[W. Javed and N. EImqvist, 2012]
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Summary

Technique Visualization A Visualization B Spatial Relation = Data Relation
ComVis [24] (Figure 2) any any juxtapose none
Improvise [39] (Figure 3) any any juxtapose none
Jigsaw [36] any any juxtapose none
Snap-Together [30] any any juxtapose none
semantic substrates [34] (Figure 4) node-link node-link juxtapose item-item
VisLink [11] (Figure 5) radial graph node-link juxtapose item-item
Napoleon’s March on Moscow [37] time line view area visualization juxtapose item-item
Mapgets [38] (Figure 6) map text SUpErimpose item-item
GeoSpace [22] (Figure 7) map bar graph superimpose item-item
3D GIS [8] map glyphs superimpose item-1tem
Scatter Plots in Parallel Coordinates [45] (Figure 8)  parallel coordinate scatterplot overload 1tem-dimension
Graph links on treemaps [14] (Figure 9) treemap node-link overload item-1tem
SparkClouds [21] tag cloud line graph overload item-1tem
ZAME [13] (Figure 10) matrix glyphs nested 1tem-group
NodeTrix [17] (Figure 11) node-link matrix nested item-group
TimeMatrix [44] matrix glyphs nested item-group
GPUVis [23] Scatterplot glyphs nested item-group

[W. Javed and N. EImqvist, 2012]
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Summary (Scatterplot + Bar Chart)

2 3abcdefghd4 5 6 7 8

(d) Overloaded views. (e) Nested views.
[W. Javed and N. EImqvist, 2012]
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Multiple Views

e Facet (noun and verb)
- particular aspect or feature of something
- to split
e Partition visualization into views/layers
- Either juxtapose (side-by-side), superimpose (layer), nest, etc.
- Depends on data and encoding
- Generally, superimposing does not scale as well

- Multiple views eats display space (either large screens or small
visualizations)
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Multiple Views

- Share Encoding: Same/Different
2 Linked Highlighting

= Share Data: All/Subset/None

||I||| o’
2 Share Navigation

2 Sraln?

[Munzner (ill. Maguire), 2014]
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Multiple Views

Data
All Subset None
|‘ ) . Ve ’
| ||| Overview/ ’ .
o  Same Redundant Setal e N
- .
= .||II Small Multiples
@
c | . | Multif
LL] , Lal - i« Multiform, |
Different il Overview/ No Linkage
Multiform . e Detail

[Munzner (ill. Maguire), 2014]
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Multiform

File Edit Misc Base Meta Help
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Multiform Views

 [he same data visualized Iin different ways

e Does not need to be a totally different encoding (all choices need not be
disjoint), e.g. horizontal positions could be the same

e One view becomes cluttered with too many attributes
e CONSUMES More screen space
o Allows greater separabllity between channels
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Small Multiples

e Same encoding, but different data in each view (e.g. SPLOM)
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Interaction with Multiform & Small Multiples

o Key Iinteraction with multiform and small multiples: brushing
- also called linked highlighting

e \Vant to understand correspondences between representation in the different
VIEWS
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Brushing
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Schneiderman's Mantra

e \/isual Information-Seeking Mantra [B. Schneiderman, 1996]:
- QOverview first
- Zoom and filter (Chapter 13)
- Details on demand

e (5oal of the overview Is to summarize all of the data

o \\ant specific details about some aspect(s) of the data, need another view/
layer

- May be permanent: side-by-side
- May be a popup layer: often opague or separated
* (see textbook Ch. 6.7)
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Overview-Detall View

[Wikipedia]
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Overview-Detall (Different Encoding)

EXPENDITURES BY FUNCTION EXPENDITURES BY CAMPUS
(BAR & DONUT) FY 2012 reset

Academic Support 5M

4.5M

Auxiliary Enterprises

4M

Depreciation and Amortization

3.5M

Impairment of Capital Assets

3M

Institutional Support

2.5M

Instruction 2M

.rest 1.5M
sk n

.erqtion and Maintenance of Plant 500k

Research

Student Financial Aid

. 10M
-ent Services
5M

0 500k ™M 1.5M 2M 2.5M 0

[S. Quigley]
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http://saraquigley.github.io/uc-trends/

Overview-Detail (with Zoom-Filter)

e Detall Involves some subset of the full dataset
® |nvolves user selection or filtering of some type

e How question: includes facet
e Examples:
- Maps: partition into two views with same encoding, overview-detall

- UC Trends: partition into multiple views, coordinated with linked highlighting,
overview-+detall of expenditures
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Multiform & Small Mu\tip\es Cerebral

File Edit View Select Laynut Plugins Help

|+] Search: -
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[Barsky et al., 2008]
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Navigation across multiple views

e Often navigation in one view updates navigation in another
o Example: Maps: overview shifts as you move around in detail view
e Selections in one view may trigger selections in another
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Multiple Views

(® Partition into Side-by-Side Views

[Munzner (ill. Maguire), 2014]
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Partitioned Views

e Split dataset into groups and visualize each group
o Extremes: one item per group, one group for all items
e Can be a hierarchy

- Order: which splits are more "related"?

- Which attributes are used to split”? usually categorical
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Glyphs, Views, and Regions

e Glyphs are composed of multiple marks
® \/lews are a contiguous region of space
* A region Is usually associated with a group of data
e Blurry lines of distinction between them
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Example: Grouped Bar Chart

.f:D 65 Years and Over .
©
oM 3 45 to 64 Years .
Q
25 to 44 Years .
9.0M 18 t0 24 Years .
14 to 17 Years .
8.0M - 5to 13 Years .
Under 5 Years .
7.0M —
6.0M —
5.0M —
4.0M —
3.0M —
2.0M —
1.0M -
0.0 -
CA TX NY FL IL PA

IM. Bostock]

D. Koop, CS 490/680, Fall 2019 Northern Illinois University 51


http://bl.ocks.org/mbostock/3887051

Example: Small Multiples Bar Chart

Gp__--___-

Gp__--___-

Group1------.-

Q108 Q208 Q308 Q408 Q109 Q209 Q309 Q409

IM. Bostock]
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Matrix Alignment & Recursive Subdivision

e Matrix Alignment:
- regions are placed in a matrix alignment

- splits go to rows and columns

- main-effects ordering: use summary statistic to determine order of
categorical attribute

e Recursive subdivision:
- Designed for exploration

- Involves hierarchy
- User drives the ways data Is broken down in recursive manner
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Example: Trellis Matrix Alignment
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[Becker et al., 1996]
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Example: HIVE System

H arrOV\:! Bar Enflel ( Waltham Forest - Redbridge - Havering
Dﬂ i | J ‘ = et et
|| -= | I B
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Jet ek
a
Hounstowal Ealirem Tower Hamiets | Greenwich
11 -rﬂ \ = > -I et i-l | 4
l - l B B e -Q
Kingstome City of L'no:og- Southugar Bex|ey
iﬁ - “;rT'I_"I-E \ J =
Suttong| Croydon | LambetRg Lewishami| Bromiey
el Deti| Seng & Pt DeF

|

[Slingsby et al., 2009]
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Example: HIVE System

& Hillingdon

Redbridge

Waltham Forest

[Slingsby et al., 2009]

D. Koop, CS 490/680, Fall 2019 Northern Illinois University 56




Reducing Complexity
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Reducing Complexity

e [00 many items or attributes lead to visual clutter

¢ |nteraction and Multiple Views can help, but often lose the ability to start
understanding an entire dataset at first glance

e Reduction technigues show less data to reduce complexity
e Can reduce items or attributes (both are elements)
e Filtering: eliminate elements from the current view

- "out of sight, out of mind"

e Aggregation: replace elements with a new element that represents the
replaced elements

- summarization is often challenging to design
e Another method Is focus+context: show detalls in the context of an overview
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Overview: Reducing Items & Attributes

(3 Filter (® Aggregate

> Items > Items
e PR R —
R =====) HEEEEE

> Attributes > Attributes

1T T N e m—
=TTt e e “P o o —

—

[Munzner (ill. Maguire), 2014]

D. Koop, CS 490/680, Fall 2019 Northern Illinois University =~ 59



Filtering

e Just don't show certain elements
e [tem filtering: most common, eliminate marks for filtered items

o Attribute filtering:;
- attributes often mapped to different channels

- If mapped to same channel, allows many attributes (e.g. parallel coordinates,
star plots), can filter

e How to specify which elements”
- Pre-defined rules
- User selection
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Filter vs. Query

e Queries start with an empty set of items and add items
e ters start with all items and remove items
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Example: NYC Health Dept. Restaurant Ratings
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http://archive.nytimes.com/www.nytimes.com/interactive/dining/new-york-health-department-restaurant-ratings-map.html

Dynamic Filters

¢ |nteraction need not be with the visualization itself

e Users interact with widgets that control which items are shown
- Sliders, Combo boxes, Text Fields

o Often tied to attribute values

e Examples:
- All restaurants with an "A" Grade

- All pizza places
- All pizza places with an "A" Grade
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Scented Widgets

Occupation
| Arkist | Ark Teacher |
Akhlete
Auckioneer
| Authar
Baggageman
N Baker
|Bank Teller
Barber | Beaukician
M Eartender |
Bill Colleckor
Elacksmith
Elaster
Boarding House Keeper
Boaktrman
Eoilermaker
Eookbinder
Bookkeeper
Eookblack,
Building Manager
Bus Driver
Buwer - Farm
Buyer - Store
Zabinet Maker
| Car Washer _

B Carnenter

0.35%

0.3%

0.25%

0.2%

0.15%

0.1%

0.05%

Scale

B Total People Count \
- 1850

Bl @ o times views: Willett et al., 2007]

2000
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Scented Widgets

I!_l.ulguig_!\;!” 8. l.s - e mTm
Illl. #ofvisits BRI recency rating
DatasetA |+
DatasetB | = o Lo‘catiqng- (22)
NERAEERED ¢ [JlLocationB @)
+ Dataset D [} Location ¢ @
DatasetE 'Y Location D (@)
Dataset F =}
DatasetG |+ created by: =
size of dataset admin [ member
< visited (2) number of edits

D. Koop, CS 490/680, Fall 2019
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Option A
Option B
Option C
Option D

ordered rank

visitor

visualizations into the widget

~~wption B

Name Description Example
ol
Hue Varies the hue of the widget (or of a —
visualization embedded in it) :
Varies the saturation of the widget _:‘
i aries the saturation of the widge _ —
Saturation o of a visualization embedded init) | Ciptian B =
~
Obacit Varies the saturation of the widget —
pacity (or of a visualization embedded init) | Ciption B -
F o - r .
Inserts one or more small text s D[Zl’[llilr'lﬂ —
Text . . . _ =
figures into the widget 10) Option B [
— . i .
I Inserts one or more small icons into — D[Zl’[ll:lr'lﬂ
con . : =]
the widget. & OplionE |
N .‘. .
Inserts one or more small bar chart i DFI’[IIIIFIE —
Bar Chart . . _ =
visualizations into the widget T [:]pt“jn E -
. A Qption A [
Line Chart Inserts one or more small line chart =
nr

[(Willett et al., 2007]
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Star Plots (aka Radar Charts)

Aberfeldy
Fruity
Malty
Floral
Nutty
Body
Spicy
Sweetness
Honey
Smoky
Ardmore
Fruity
Malty
Floral
Nutty
Body
Spicy
Sweetness
Honey
Smoky

Aberlour

ArranlsleOf

<)

AnCnoc

p

Auchentoshan

&

Ardbeg

no

Auchroisk

K. Schaull
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http://bl.ocks.org/kevinschaul/8833989

Star Plot / Radar Chart

Axis and Scale o USG:

ariable A - Compare variables
_— - Similarities/differences of items
- Locate outliers
e Considerations:
- Order of axes

Variable C - Too many axes cause problems

Variable G

-8
-6
-4
.2

Variable F

Variable E Variable D

Data Point Polygon

[S. Ribecca]
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https://datavizcatalogue.com/methods/radar_chart.html

Attribute Filtering on Star Plots

(a) (b)

(c) (d) [Yang et al., 2003]
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Attribute Filtering

e How to choose which attributes should be filtered?
- User selection?

- Statistics: similarity measures, attributes with low variance are not as
Interesting when comparing items

e Can be combined with item filtering
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Aggregation

e Usually involves derived attributes

e Fxamples: mean, median, mode, min, makx,
count, sum

® Remember expressiveness principle: still
want to avoid Implying trends or similarities
based on aggregation

D. Koop, CS 490/680, Fall 2019

I 1l \Y,

X y X y X y X y
10.0 8.04 10.0 | 9.14 | 10.0 7.46 8.0 6.58
8.0 6.95 80 | 814 | 8.0 6.77 8.0 5.76
13.0 7.58 13.0 | 874 | 13.0 | 12.74 8.0 7.71
9.0 8.81 9.0 | 8.77 9.0 7.11 8.0 8.84
11.0 8.33 11.0 | 9.26 | 11.0 7.81 8.0 8.47
14.0 9.96 14.0 | 8.10 | 14.0 8.84 8.0 7.04
6.0 7.24 6.0 | 6.13 | 6.0 6.08 8.0 5.25
4.0 4.26 40 | 310 | 4.0 5.39 19.0 | 12.50
12.0 | 10.84 | 12.0 | 9.183 | 12.0 8.15 8.0 5.56
7.0 4.82 70 | 726 | 7.0 6.42 8.0 7.91
5.0 5.68 50 | 474 | 5.0 5.73 8.0 6.89

I%I Northern Illinois University




Aggregation

e Usually involves derived attributes

e Fxamples: mean, median, mode, min, makx,
COunt’ Sum 10.0 8.04 10.0 | 9.14 10.0 .46 8.0 06.58

e Remember expressiveness principle: still 30 | 695 | 80 | 814 | 80 | 677 | 80 | 576
want to avoid Imp|y|ﬂg trends or similarities 130 | 7.58 | 130 | 8.74 | 130 | 1274 | 80 | 7.71
based on aggregation 9.0 8.81 9.0 | 877 | 9.0 7.11 8.0 8.84

X y X y X Yy X y

11.0 3.33 11.0 | 9.26 | 11.0 /.81 3.0 3.47

Meaﬂ Of X 9 14.0 9.96 14.0 | 810 | 14.0 8.84 3.0 7.04

, 6.0 (.24 6.0 0.13 0.0 0.08 8.0 5.25
Variance of X 11

40 | 426 | 40 | 310 | 40 | 539 | 19.0 | 12.50
Mean ofy /.50 120 | 1084 | 120 | 913 | 120 | 815 | 80 | 556

varlance Of y 4 122 7.0 4.82 7.0 7.20 7.0 6.42 3.0 7.91

5.0 5.68 5.0 4.74 5.0 5.73 3.0 6.89

Correlation 0.816
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Anscombe's Quartet

X3 X4 [F. J. Anscombe]
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