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Why do we need interaction (in general)?

= Interaction amplifies cognition

= We understand things better if we can “touch” them, if we can
observe cause and effect

= |t helps the user answer a multitude of questions, which cannot be
answered just by looking at a single chart

= |Interaction feeds motivation

= We are more likely to explore if we are able to do something ourselves
rather than just look
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Why do we need interaction (in data viz)?

= Too much data to show in one view

= Too complex data to show at once
= giving a sense of the complexity of the data
= explore data with different representations

= Different audiences with different questions
= Active learning, increase involvement

= Flexible, powerful, intuitive

= exploratory data analysis: change as you go during the analysis process
= fluid task switching: different visual encodings support different tasks

= Animated transitions provide excellent support
= empirical evidence that animated transitions help people stay oriented
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Why do we need interaction (in data viz)?

In short, interaction matters:
= Static = passive

= Interactive = exploration

= Supports insight generation

Key take aways:

= Interaction enables insight
= Keep it simple

= Design for users
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Issues with interaction (in general and in data viz)

= Takes time to learn
= Takes time to use
= Getting lost

= remembering previous state imposes cognitive load (hard to compare visible item
to memory of what you saw)

= maintaining context/orientation when navigating
= tracking complex changes during animation

= Controls may take screen real estate
= or invisible functionality may be difficult to discover (lack of affordances)

= Users may not interact as planned by designer

= NYTimes logs show ~“90% don’t interact beyond scrollytelling (Aisch, 2016) —
see next slide
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Challenges with various interaction display

= What do we design for?
= mouse & keyboard on desktop?
Details first,

large screens, hover, multiple clicks ool sl fiker
overview on desktop only.

= touch interaction on mobile?
small screens, no hover, just tap

Data visualization and the news -
Gregor Aisch (37 min)

= gestures from video / sensors?
ergonomic reality vs movie bombast

] eye tra C k| ng? | Hate Tom Criuise — Alex Kauffmann (5 min)
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http://www.youtube.com/watch?v=QXLfT9sFcbc
https://vimeo.com/182590214
http://dataviscourse.net/2016/assets/slides/11-Interaction.pdf

Shneiderman’s Visual Information-Seeking Mantra

Overview first,
zoom and filter,
then details-on-demand.

Shneiderman, 1996
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Shneiderman’s Visual Information-Seeking Mantra

Ben Shneiderman with Katerina Mania, 17/4/2026
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What are you trying to do with data viz?

= Reveal patterns
= Provide context
= Compare scales
= Describe geography

Let people look up stuff

Amanda Cox, Visualizing data at the NY Times

See also Talk to the Newsroom: Interactive News Collaborative
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https://www.slideshare.net/openjournalism/amanda-cox-visualizing-data-at-the-new-york-times
https://www.nytimes.com/2009/01/19/business/media/19askthetimes.html

Interaction

Interaction techniques for information visualisation are
essentially a form of selection, selecting a subset of objects.

This allows them to be used to locate data, to reveal patterns in
data, or to select the arguments of other transformations.

M126 Data Viz | Roussou



Shneiderman’s Visual Information-Seeking Mantra

Overview first,

zoom and filter,
then details-on- demand.

= Overview: Gain an overview of the entire collection.

= Zoom: Zoom in on items of interest

= Filter: filter out uninteresting items.

= Details-on-demand: Select an item or group and get details when needed.
= Relate: View relationships among items.

= History: Keep a history of actions to support undo, replay, and progressive
refinement.

= Extract: Allow extraction of sub-collections and of the query parameters
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Visualization pipeline

Filter Map Project
what data to how to show what view(s)
show? the data? on the data? User
. vAg
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Interaction

The Visualization Pipeline (Spence, 2000)
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Visualization Reference Model

Analytics Spatial : |

Data Spatial Mapping  Presentation View
Transformation Transformation Transformation  Transformation

Visualization Reference Model (Card et al.)

(also a pipeline but a bit more expanded)



Types of Interactive Visual Representations

= Static representations

= don’t allow users to perform any type of interaction, and only a single,
unmodifiable view is generated

-

= Transformable representations

= allow users to manipulate, in the preprocessing phase, the input data of the
representations, e.g. through data filtering.

~

\_ These manipulations usually influence and modify the images that are generatedj

/= Manipulable representations )

= allow users to manipulate the process that generates the view, via zooming,
rotation, panning, etc.

- /
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Types of interaction (Card et al., 1999)

= |Interaction with data transformations

= |Interaction with the type of graphic representation
= |Interaction with the geometric transformations

Table 1: Interaction techniques (Card et al,,. 1999).

Modifies Data Modifies Statistical Modifies View
Transformation Transformations Transformation
Dynamic queries Dataflow Direct selection

Direct walk Pivot tables Camera movement

Details-on-demand Magic lens

Attribute walk Overview + detail

Brushing Zoom & pan

Direct manipulation
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Interaction taxonomy (categories)

= Indicate: show me where | am pointing at
Select: mark something as interesting

Explore: show me something else

Reconfigure: show me a different arrangement
Encode: show me a different representation
Abstract/Elaborate: show me more or less detail
Filter: show me something conditionally
Connect: show me related items

Activate: trigger action

Modify: manipulate elements

Soo Yi et al. (2007) & Raskin (2000)
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Main interactions you should know about, in short

= Brushing & Linking

Zoom & Pan

Filtering
Details-on-Demand

Tooltips
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Brushing & Linking

= Select data in one view
= Highlights in others
= Useful for pattern discovery



Zoom & Pan

= Navigate large datasets
= Focus on deta" Zoomable Scatterplot

The scatterplot allows zooming using the mouse or touch.

= Maintain context ..



https://observablehq.com/@d3/zoomable-scatterplot

Zoom & Pan

Navigate large datasets
Focus on detail
Maintain context

Zoomable sunburst

This variant of a sunburst diagram shows only two layers of the hierarchy at a time.
Click a node to zoom in, or the center to zoom out. Compare to an icicle.
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https://observablehq.com/@d3/zoomable-sunburst

Filtering

= Reduce data shown
= Focus on relevant subset
= Can be dynamic



Details-on-Demand

= Show extra info when needed
= Avoid clutter
= Supports exploration



Tooltips

= Hover interaction
= Quick data insight
= Should be concise
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Examples

Regional Sample Workbook by Chris Gerrard
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https://public.tableau.com/app/profile/chris.gerrard/viz/RegionalSampleWorkbook/Storms

Interaction taxonomy (Munzner)

= How to handle complexity: 1 + 3 strategies

derive new data to change view facet across reduce
show within view over time multiple items/attributes
views within single
= Derive View
Manipulate Facet Reduce
I /
o — . (® Change ® Juxtapose 3 Filter
=T \/\ . . .
=T T @ ‘ e ‘ - EEEEE»EEEEE
@ Select ® Partition ® Aggregate
' =====>, mumEm
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Tamara Munzner
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Interaction taxonomy (Munzner)

= How to handle complexity: 1 + 3 strategies

derive new data to fchange view facet across reduce
show within view over time multiple items/attributes
views within single
=> Derive View
Manipulate Facet Reduce
I /
o — . ® Change ® Juxtapose > Filter
== IR I P B
@ Select ® Partition 3 Aggregate
=====>, NuEEm
- - SS225)"° Saman
® Navigate (® Superimpose ® Embed
Tamara Munzner \_ )
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Interaction taxonomy (Munzner)

- Manipulate ® Change over Time ® Navigate
» Change L o ..- . > Item Reduction
= Select " — ” Geometricor Semanic
= Navigate ® Select "t ? e ®

° = Pan/Translate + Attribute Reduction
'... ad g).... e o + Siice
= Facet <o

\_*E%E*\_

- JUXtapose = Constrained ====
= Partition - -
= Superimpose o L R

= Reduce
= Filter

= Aggregate
= Embed
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Manipulate > Change over time

= Change any of the other choices

encoding itself

parameters

dfrange: rearrange, reorder

aggregation level, what is filtered...

interaction entails change
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Manipulate > Change: Re-encode

» Change representation

= e.g., from histogram to scatterplot
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InfoScope https://infoscope.informer.com/
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https://infoscope.informer.com/

Manipulate > Change: Re-encode
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http://tableausoftware.com/

Manipulate > Change: Re-encode

Choose different ~— ...
visual encodings\_"™ .

of same dataset

232 Hillary Clinton

65,853,625 votes (48.0%)
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Change from
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No results

Places that tend to vote ...
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https://www.nytimes.com/elections/2016/results/president

Manipulate > Change: Change parameters

= widgets and controls

= sliders, buttons,
radio buttons,
checkboxes,
dropdowns/comboboxes

= Pros

= clear affordances,
self-documenting
(with labels)

= CONsS
= USesS screen space

= design choices

= separated vs interleaved
controls & canvas

M126 Data Viz | Roussou

The Growth of a Nation

Or....how the railroads changed the face of America in the 1800's

The following visualization shows land, population and railroad growth in 19th Century America.

The Year 1890

By 1890, there were more
than 165,000 miles of

———— Country Border
State Borders

5,000-10000 @ 100,000-250,000
10,000-25000 @ 250,000-500,000
25,000-50,000 @ 500,000-1,000,000
50,00075,000 @ 1.000,000-2,000,000
© 75000-100,000 @ 2,000,000

Display population by: ) County @) City [ Display Railroads Select Year: = Play Sequence
Numbers by the Decade
Miles of
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Land Area: | T |
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$ o
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Growth of a Nation http://laurenwood.github.io/

Largest cities
New Yok

slide by Tamara Munzner, inspired by: Alexander Lex, Utah



http://laurenwood.github.io/
http://dataviscourse.net/2016/assets/slides/11-Interaction.pdf

Manipulate > Change: Change order/arrangement

= Reconfigure to show a different arrangement

= e.g., move view position, sorting items in a table, switch scale on axes
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https://infoscope.informer.com/

Manipulate > Change: Change order/arrangement

= Reconfigure to show a different arrangement

= e.g. data-driven reordering of a simple table to find extreme values,
trends

Sort values

- ? E g
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5% - 5%
4% 4%
3% - a%
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i Sort values

Sortable Bar Chart, https://bl.ocks.org/mbostock/3885705
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https://bl.ocks.org/mbostock/3885705

Manipulate > Change: Reorder

= table with many attributes
= how: data-driven reordering by selecting column
= why: find correlations between attributes

Column 1 Column 2 Column 3 Column 4 Column 5 Column & Column 7 Color Bool Date
nEnlgzglonslisinalinniniildninel_ odnlis___leslissesiinslinSsnsnnel el ol e Bl e | |
_ == |

=
==
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DataStripes, http://carlmanaster.github.io/datastripes/
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http://carlmanaster.github.io/datastripes/
http://carlmanaster.github.io/datastripes/

Manipulate > Change: Change alignment

= stacked bars

r . 2012 \
= easy to compare e S
- first segm ent llll-_ IIIIII_-_ -I=-_-_ lIIIllII_ Il__

- total bar

. . r Al
= align to different segment
= supports flexible comparison e mbalie . B0 wlih b
— [ T THhW

Gratzlet al. LineUp: visual analysis of multi-attribute rankings, 2013



https://youtu.be/iFqCBI4T8ks
https://youtu.be/iFqCBI4T8ks
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4198697/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4198697/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4198697/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4198697/

Manipulate > Change

= APGI genome browser (tooling: R/Shiny)
= tooltip detail on demand on hover
= expand/contract chromosomes
= expand/contract control panes

ICGC PANCREATIC CANCER (DUCTAL ADENOCARCINOMA) - GENOME VIEWER

3 Cohort Top ClinVar Gene Summary:

HGNC Chr | Start From To Consequence Count
SMARC, C ense_varian
P53 |17 | 7578437 [c] p_gained
KRAS |12 25398284 C ense_varian
TP53 |17 | 7578437 G exon_varian
P SMARC; c exe riant
‘/". . o P53 17 7577121 G tream_gene_varian
/ = TP53 17 | 7577121 G Ise_varian
. \, KRAS 12 25398285 (o} G se_varian
T SMARC, c tream_gene_variant
o l N TP53 17 | 7578437 G tream_gene_varian
lease select
DO32887
Resize Factor:
1

https://gallery.shinyapps.io/gsenome browser/
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https://gallery.shinyapps.io/genome_browser/

Manipulate > Change: Animated transitions

= smooth interpolation from one state to another

= alternative to jump cuts, supports item tracking best case for
animation

= staging to reduce cognitive load
= example: animated transitions in statistical data graphics

._.1" ", IIHI

il

=
N ' II
« AUN
' PLILL ]|

.

Animated Transitions in Statistical Data Graphics. Heer and Robertson. IEEE TVCG (Proc InfoVis 2007) 13(6):1240-1247, 2007
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https://vimeo.com/19278444

Manipulate > Change: Animated transitions

=smooth transition from one state to another
=alternative to jump cuts, supports item tracking
best case for animation
=staging to reduce cognitive load

11T nll““l Hl“ “hh ---------

111213 14 15 25 26 27 28 20 30 31 32 39 40 41 49 50 51 52 53 54 55 56 57

Stacked to Grouped Bars http://bl.ocks.org/mbostock/3943967

M126 Data Viz | Roussou slide by Tamara Munzner


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

Manipulate > Change: Animated transition - tree detail

= animated transition
« network drilldown/rollup
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Collapsible Treehttps://bl.ocks.org/mbostock/4339083
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Manipulate > Change: Animated transition - bar detail

= example: hierarchical bar chart
= add detail during transition to new level of detail

Hierarchical Bar Chart https://bl.ocks.org/mbostock/1283663
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https://bl.ocks.org/mbostock/1283663
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Manipulate > Change: multiple views

= Linked views, multiple views, coordinated views, coupled views
= Vary:

= what is shown

= how it is shown
= perview
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Manipulate > Change: multiple, coordinated views
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Chris Weaver. “Patterns of Coordination in Improvise Visualizations”. Proc. of the IS&T/SPIE Conf.
on Visualization and Data Analysis, San Jose, CA, January 2007.
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https://www.cs.ou.edu/~weaver/improvise/examples/census/

Manipulate > Change: multiple views

= Small multiples: same visual encoding, shared navigation

Nat'l Avg.

$1.3k

2001

Ind.

82x

Mich.
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Jim Vallandingham

http://vallandingham.me/small mults talk/



http://vallandingham.me/small_mults_talk/
http://vallandingham.me/small_mults_talk/

Manipulate > Change: multiple views

= Small multiples: same visual encoding, shared navigation

b ieeevr2020_great_room_1 Home Videos Clips Followers

3D Small Multiples Visualisation in VR

Demographic Indicators
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Interaction taxonomy (Munzner)

- Manipulate ® Change overTime ® Navigate

= Change ‘-.... o ._' ] > Item Reduction

= Select - -

= Navigate S e ‘oo ®

et o .o, > Pan/Translate + Attribute Reduction

= Facet . &, (.....) *[.:L._.*Egé*

= Partition - L

= Superimpose o Y e
= Reduce

= Filter

= Aggregate

= Embed
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Indicate (show me where | am pointing at)

= Visual Feedback, pop-up tooltips (mouse over)

M126 Data Viz |

232 Hillary Clinton @ Donald J. Trump 306

65,853,625 votes (48.0%) 270 to win

'R

l Minn.

Size of lead

llinois
20 electoral votes

Change from
2012 ¥ Hilla 3,090,729
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Dem. B Gary Johnson Lib 209,598 3.7  —

Rep.
N Other

No results

Places that tend to vote ...

Much more Democratic Somewhat more Democratic Like the country as a whole Somewhat more Republican Much more Republican
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Calif. 32% 3% Conn. Colo. Ariz. 45% Ala 34% 2%
DC. 4% 2% Del. Fla. Ga 45% Alaska 3T% m 6%
Hawaii 30% 4% . lowa Ind 38% Ark. 34% m 3%
Md. 34% 3% 100 Me 100 Minn 100 Mo. 38% Idaho  28% 7%

62,985,106 votes (45.9%)

Hovering mouse
cursor brings up
details of item

Roussou



https://www.nytimes.com/elections/2016/results/president

Indicate (show me where | am pointing at)

= Visual Feedback, pop-up tooltips (mouse over)

International
Women's Day

Tweets from 2021 on March 8th

Hovering mouse
cursor over each
dot brings up
details of item

How to read:

Each dot represents a tweet sent out on March 8th
to celebrate #TWD2021. Only english tweets were
included in the dataset.

International Women's Day can be traced back to
New York City in 1908, where thousands of female
garment workers went on a strike and protested )
working condition and pay. Two years later in o'
1910 Clara Zetkin, proposed that there needs to be |
a day to acknowledge the female struggle. In 1911,
March 8th the first International Women's Day
was celebrated.

Even though we live in a world where women's
equality has made positive gains, the world is still
unequal not just in terms of gender but also race -
which is why intersectional feminism is important
and a conversation we need to keep having.

Let's take the time to celebrate the social, political
and economic achievements of women past and
present, whilst also focusing on areas that require
action.

Data source | https:/ /www.kaggle.com/michaug /international-womens-day-tweets
Designer | Soha Elghany

M126 Data Viz | Roussou



Indicate (show me where | am pointing at)

= Visual Feedback, pop-up tooltips (

M126 Data Viz | Roussou

International
Women's Day

Tweets from 2021 on March 8th

How to read:

Each dot represents a tweet sent out on March 8th

to celel

brate #IWD2021. Only english tweets were

included in the dataset.

International Women's Day can be traced back to

New Y

‘ork City in 1508, where thousands of female

garment workers went on a strike and protested
working condition and pay. Two years later in

1510 C]
adayt
March

lara Zetkin, proposed that there needs to be
o acknowledge the female struggle. In 1911,
8th the first International Women's Day

was celebrated.

Even though we live in a world where women's
equality has made positive gains, the world is still
unequal not just in terms of gender but also race -
which is why intersectional feminism is important
and a conversation we need to keep having.

Let's take the time to celebrate the social, political
and economic achievements of women past and

presen
action.

Data sourcs |

t, whilst also focusing on areas that require

ww.kaggle.com /michang$ /international-womens-day-twests

Designer | Sol;El_ghan'

mouse over)

i

Hovering mouse

° cursor over each
% dot brings up

armymuttualls details of item

Happy Wemen'’s Day, we love you ali<U+2764>

#InternationalWomensDay https:,-’,"t.co,"chdeP:Bt__/
Favourite: 133

Retweet: 20



Manipulate > Select: mark something as interesting

= Basic operation for all interaction
= Point + click (or double click) vs hover
= Change: color, border, or link items
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Gratzlet al. LineUp: visual analysis of multi-attribute rankings, 2013
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4198697/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4198697/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4198697/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4198697/
https://youtu.be/iFqCBI4T8ks

Manipulate > Select: mark something as interesting

= Region selection: point + click + drag
= Highlights a certain subset

Focus: World| North America| South America| Europe| Africa| Asia| Oceanial

InfoScope https://infoscope.informer.com/

M126 Data Viz | Roussou


https://infoscope.informer.com/

Manipulate > Select: Brushing

= More complex than simple selection

= Brush is an interactive interface tool to
select /mark subsets of data in a single
view
= e.g. by sweeping a virtual brush across items
of interest

= Usually used to visually filter data
(via highlighting)

« Additional manipulation / operations may
be performed on the subsets

= e.g. masking, magnification, labeling etc.

= Different types of brushes (Hauser et al. 2002)

= e.g. simple brush, composite brush,
angular brushing, smooth brushing

M126 Data Viz | Roussou

OR-brush



https://www.researchgate.net/publication/4000715_Angular_Brushing_of_Extended_Parallel_Coordinates

Manipulate > Select: Brushing and linking

= Common interaction technique
= Select items in one view, highlight in other views

.sewaa. . versichor . virginica

. sepallLength * 3 l.’. *®
o . 2 ®
o ‘s v’ o8, 9
-~ got o t? . §1.
L] -
gy o8 g ." . s &2 .::tl
P f, SR
o s 3:7 R

sepallVidth

L]
- L]
L
[ ] LR
. -
. . .
L) e .
- . -
[T ) - - =a
- L - e .
Ll L - ies W
LN ] ) - &
" e 5 38 i N - - e LR 1
. . * L] - .
L . L]
L ] L] L L
- - -

) .‘- = ..- : petallength . i :..“
o o « "foe " L 3% et ?
X L . sey “= . l:'o‘
'Pa:’;t:: 1 iizl!z / -: ;“ 2
-5 ol ¥

’ —-’H‘ 2 2 _u!!il-.i' o, o .l'. .i'.i’-

M126 Data Viz | Roussou


https://observablehq.com/@d3/brushable-scatterplot-matrix

Manipulate > Select: Dynamic query

» Selection/filtering by pointing (not typing)
= Immediate and continuous display of results
= Promote exploration

Dynamic
HomeFinder

Hesetl Ouit |
Save | Printl

Dist to A:

Bedroons

N |

Look at:

The yellow dots abowve are hones in the DC area for sale. Hse TH | cndl
You mauy get more information on a home by selecting it.
. . . You may drag the A" and 'B" distance markers to your Fealures.
WI Iamson & S nel ermann . office or any other location you want to live near. .
° Eelect distances. bedrooms, and cost ranges by Gra Fpl |
dragging the corresponding slider boxes on the right.

Dynamic HomeFinder, 1992 Tl e2Toa [T BRI RS PRgnTsroienn Py pressine R
http://www.youtube.com/watch?v=5X8XY9430fM
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http://www.youtube.com/watch?v=5X8XY9430fM
http://www.youtube.com/watch?v=5X8XY9430fM

Manipulate > Select: Facetted Search

Selection/filtering by pointing (not typing)
Immediate and continuous display of results

Promote exploration

ignup v Q

Q Nederlands

h for...

v Ordered before tomorrow 23:59, delivered Tuesday for free v 9stores Vv Ourapp V Freereturns V Best webshop 2018/2019 B2B  Stores  Customer Service

A AlTvs Samsung TVs LGTVs Philips TVs Sony TVs Panasonic TVs OLEDTVs  SmartTVs Promotions QLEDTVs  Advice Advice during an appointment

Ubiquitous!

M126 Data Viz | Roussou

Coolblue.nl
Televisions & projectors
Televisions
4K Ultra HD TVs.
Gaming TVs
Large TVs (58+ inches)
Medium-sized TVs (40 to 55 inches)
small TVs (up to 32 inches)
v Show more
Help with choosing a TV
Installation service of your television
Soundbars

Wall mounts

Screen size Explanation
65 inches (165cm) (
55 inches (140cm) (49
50 inches (127cm) (12
43 inches (109cm) (27
32inches (81cm) (19)

¥ Show more

Brand
LG (2
Philips (4
Samsung (62
Sony (27
Toshiba

v Show more

Sharpness Explanation
HD Ready (720p)
Full HD (1080p) (24
4K (UHD) (168)

210 results Sort by: Relevance w4

Televisions

If you want to buy a new TV, you will find the full range of televisions on this page. Here you can easily and quickly buy your television online. There are a
number of things to look out for, such as the size and screen type of the television. If you are not sure about your choice, take a look at our advice pages.

Here we give you useful tips for buying a TV.

4K
S

cone. SITNISUNG

Choice

Our choice for a basic 55-inch TV Our choice for a high-end 55-inch OLED TV
Samsung UE55RU7100 LG OLED55C9PLA
QOOOC 102reviews QOOOC 106 reviews

® Screen size: 55 inches ® Screen size: 55 inches

4K (UHD), UHD premium
« Image quality: Excellent

« Image quality: Good

1.499,-

@ Delivered tomorrow

549,-

@ Delivered tomorrow

FREE DELIVERY
You're infor a treat.

Compare Compare B ommmpern.

Second Chance from 1.365,-

Vv Ordered before 23:59tomorrow, delivered for free Tuesday. Vv Freereturns V Installed and mounted from 89,-




Manipulate > Select

= Combine selection, brushing, filtering

K esnit Billionaires - By Forbes
£ 1,844 Count~ of Billionaires |

Gender [ Q
TR ==

Age

JJJJJJ_.
a D
0 30 40 50 &0 70 80 90 100

F Female 4 Bill Gates

% 14k 16 s79.2¢ [

8
x

Q 0 20 40 60 BO 100 120 140 160 180 s77.1:

Fashion and Retail ., | —— Worth
S Investments ;| —— : -
. s727s [
Technology . E————
Rezl Estate . — s J |
! Foodand Beverage ;. [ mm— gy D
Manufactumng 13(_-]. @ 3$537M S1.078B $2.15B $4.29B S8.59B $17.28 $344B $6BTB 51371
. . 2 E Country
Diversified ., —
] 1= ss4.22 [N Q 0 00 200 300 400 500
Finance 5 | — United States - [ —
Energy 75h ° David Koch China 215_
) 3 s22.02 [
Media szh Germany aéh
Service [ a5
7 7 5“h 6 Charles Koch india ;g
Construction & Engi. 4§h s42.08 Russia ;s
Healthcare 56h . Hong Kong 4;h
Metals & Mining “h - . Brazil 41:‘L
) . sa1.76 [ '
Retail 37h : 8 United Kingdom 4§h
Automotive 35h o Jim Walton France agh
Health care s20.60 I ane Ret: Canada pm
38
Telecom ) g taly 6
o . Liliane Bettencourt Y 33“
o e 0 44075 and Reta Taiwan ..m

Source T A1 Walsm

Mode @ Explore E=Riln (R | @ Info Data: The World's Billionaires by Forbes Keshif

Keshif.me (M. Adil Yal¢cin et al.)
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https://github.com/adilyalcin/Keshif/blob/master/demo/BillionairesByForbes.html

Interaction taxonomy (Munzner)

—

- Manipulate ® Change over Time @/@figate
= Cha nge | ‘e, O ®.e > Item Reduction + Attribute Reduction
) ° . 2 Zoom + Slice
" SeIeCt Geometric or Semantic . J—
= Navigate 5 select ST L'E':; ==
. . . 4@_ .r, > Pa!:/Tr.ansIare + Cut
= Facet L L D .
- JUXta pose > Constrained i
= Partition

= Superimpose

= Reduce \

= Filter
= Aggregate
= Embed

M126 Data Viz | Roussou




Manipulate > Navigate

® Navigate

- Item red UCtiOn 2 Item Reduction
u ZO O m Geometric orSEmanric.

.... »‘.

= Pan

= Constrained <.

= Constrained

= Attribute reduction N
= Slice o
= Cut
= Project -

+ Froject

M126 Data Viz | Roussou



Manipulate > Navigate: Changing viewpoint/visibility

= change viewpoint
= changes which items are visible within view

(® Navigate
= camera metaphor > Item Reduction
= pan/translate/scroll " Geomericoseman
move up/down/sideways S L
- rotate/spin ey

typlca”y in 3D = Constrained
= zoom in/out N

enlarge/shrink world == move camera closer/further
geometric zoom: standard, like moving physical object

M126 Data Viz | Roussou slide by Tamara Munzner



Manipulate > Navigate: Scrollytelling

= |Interaction by scrolling (panning down to navigate page)

= Pros:
= familiar & intuitive, from standard web browsing
= linear (only up & down) vs possible overload of click-based interface choices

= cons:
= full-screen mode may lack affordances
= scrolljacking, no direct access ©) S e i
= unexpected behaviour /r/\ e i

= continuous control for discrete steps -

https://eagereyes.org/blog/2016/the-scrollytelling-scourge

How to Scroll, Bostock https://bost.ocks.ora/mike/scroll/

M126 Data Viz | Roussou slide by Tamara Munzner, inspired by: Alexander Lex, Utah



https://bost.ocks.org/mike/scroll/
https://eagereyes.org/blog/2016/the-scrollytelling-scourge
http://dataviscourse.net/2016/assets/slides/11-Interaction.pdf

Manipulate > Navigate: Scrollytelling examples

= How the US and O.P.E.C. drive oil prices

Oil price
3rent Crude
L]
11254
2011
Qil Supply vs. Prices ® O
Y

World oil production has generally increased since 2015 @ b4 .

1996 to more than 80 million barrels a day, from 63
1100 million. When demand doesn’t follow the same 2014

trajectory, prices are affected; that is the reason for

the most recent spike in 2011 and this year’s steep

drop. ® @
$75+ ®

2009 ®
2015 ()
$50
@ 2014
2011
2008 @ oo
- ]
2000 @
Millions of barrels per day
64 66 68 70 72 74 76 78 B

https://www.nytimes.com/interactive/2015/09/30/business/how-the-us-and-opec-drive-oil-prices.html? r=1

M126 Data Viz | Roussou slide by Tamara Munzner, inspired by: Alexander Lex, Utah



https://www.nytimes.com/interactive/2015/09/30/business/how-the-us-and-opec-drive-oil-prices.html?_r=1
http://dataviscourse.net/2016/assets/slides/11-Interaction.pdf

Manipulate > Navigate: Scrollytelling examples

= What'’s really warming the world?

Is It the Sun?

The sun’s temperature varies over decades and centuries. These changes have
had little effect on the Earth’s overall climate.

1880-2005

https://www.bloomberg.com/graphics/2015-whats-warming-the-world/

M126 Data Viz | Roussou slide by Tamara Munzner, inspired by: Alexander Lex, Utah



http://dataviscourse.net/2016/assets/slides/11-Interaction.pdf

Manipulate > Navigate: Scrollytelling examples

= How the Virus Got Out
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Ehe New York Times

SUBSCRIBE NOW

JAPAN

SO

How the Virus Got Out

By Jin Wu, Weiyi Cai, Derek Watkins and James Glanz March 22, 2020

The most extensive travel restrictions to stop an
outbreak in human history haven’t been enough. We
analyzed the movements of hundreds of millions of
people to show why.

New York Times Interactive, 2020


https://www.nytimes.com/interactive/2020/03/22/world/coronavirus-spread.html

Manipulate > Navigate: Scrollytelling examples

= 13,000 Missing Flights: The Global Consequences of the Coronavirus

It is, in part, a response to fears that the
- virus could beéome a pandemic. In Europe,
47 people in nine countries have been

infected so far.

T

Nw York Timeé nteactive, 2020


https://www.nytimes.com/interactive/2020/02/21/business/coronavirus-airline-travel.html

Manipulate > Navigate: Unconstrained vs constrained

= unconstrained navigation © Navigate

= |[tem Reduction

= easy to implement for designer

2 Zoom

= hard to control for user Geometricor Semantic
. «*, - . .

easy to overshoot/undershoot

= constrained navigation » fan/Tansiat
( . -)

= typically uses animated transitions

< Constrained

= trajectory automatically computed
based on selection

just click; selection ends up framed
nicely in final viewport

M126 Data Viz | Roussou slide by Tamara Munzner



Manipulate > Navigate: Animated transition + constrained navigation

= example: geographic map
= simple zoom, only viewport changes, shapes preserved

Zoom to Bounding Box

—ii

Zoom to Bounding Box
https://bl.ocks.org/mbostock/4699541



https://observablehq.com/@d3/zoom-to-bounding-box
https://bl.ocks.org/mbostock/4699541

Manipulate > Navigate: Animated transition + constrained navigation

= example: icicle plot
= transition into containing mark causes aspect ratio (shape) change

Zoomable Icicle
https://bl.ocks.org/mbostock/1005873

M126 Data Viz | Roussou slide by Tamara Munzner


https://bl.ocks.org/mbostock/1005873
https://bl.ocks.org/mbostock/1005873

Manipulate > Navigate: Animated transition + constrained navigation

= example: multilevel matrix views
= add detail during transition

Using Multilevel Call Matrices in Large Software Projects. van Ham. Proc. IEEE Symp.
Information Visualization (InfoVis), pp. 227-232, 2003.

https://www.win.tue.nl/~vanwijk/zoompan.pdf



https://www.win.tue.nl/~vanwijk/zoompan.pdf

Manipulate > Navigate: Semantic zooming

= semantic zoom: As you zoom in, content is updated

alternative to geometric zoom

resolution-aware layout adapts to available space

goal: legible at multiple scales

dramatic or subtle effects

= visual encoding change
colored box

sparkline

simple line chart
full chart: axes and tickmarks — —

LiveRAC - Interactive Visual Exploration of System Management Time-Series Data. McLachlan, Munzner, Koutsofios, and North.
Proc. ACM Conf. Human Factors in Computing Systems (CHI), pp. 1483—-1492, 2008.

M126 Data Viz | Roussou slide by Tamara Munzner


https://youtu.be/ld0c3H0VSkw
https://www.cs.ubc.ca/labs/imager/tr/2008/liverac/
https://www.cs.ubc.ca/labs/imager/tr/2008/liverac/
https://www.cs.ubc.ca/labs/imager/tr/2008/liverac/
https://www.cs.ubc.ca/labs/imager/tr/2008/liverac/
https://www.cs.ubc.ca/labs/imager/tr/2008/liverac/

Manipulate > Navigate: Attribute reduction

= slice

= show only items matching specific value
for given attribute: slicing plane

+ Attribute Reduction

+ Glire
= axis aligned, or arbitrary o ——r ‘
alignment = =
< Ll
= cut ‘
- L .
= show only items on far slide of
&+ Mroiec
plane from camera o

= project
= change mathematics of image creation
orthographic (eliminate 3rd dimension)

perspective (foreshortening captures limited 3D information)

Interactive Visualization of Multimodal Volume Data for Neurosurgical Tumor Treatment. Rieder, Ritter, Raspe, and Peitgen. Computer Graphics Forum (Proc. EuroVis 2008) 27:3 (2008), 1055-1062.]

M126 Data Viz | Roussou slide by Tamara Munzner



Manipulate > Navigate: Cartographic projections

= project from 2D sphere surface to 2D plane

= can only fully preserve 2 out of 3 W P ety

angles: conformal M I A ﬁ T
R A A €
area: equal area o m"w od

5) Y v" DL PR )
MG C AT MR
> e % ®® B

contiguity: no interruptions

Myriahedral - P .
projections k’/ \;“ & AT *; ‘y ‘9". fr?

Tissot’s Indicatrix Dt e v r “?’ rs ¢ ‘@*_. ', F, él‘: f;ﬂ \;z:'
Goode's ‘:’ P;' #, S & {F. 'ﬁ;w: ‘”
ho -‘" ‘—‘

no interrupts
)

NS

Lambert cyl. eq aa Plalenr‘:acfe:”m Mercator fﬁ‘ ‘:ﬁ‘ ";ﬂ ‘q \4'?_.",’ {T‘
Q§ 2, LI T o ) w
httos:// : davi / fissot)  NHPS/Awww.win.tue.nl/~vanwijk/ [Every Map Projection
ps://www.jasondavies.com/maps/tsso myriahedral/ https://bl.ocks.org/mbostock/29¢ddc0006f8b98
eff12e60dd08f59a7

M126 Data Viz | Roussou slide by Tamara Munzner


https://bl.ocks.org/mbostock/29cddc0006f8b98eff12e60dd08f59a7
https://bl.ocks.org/mbostock/29cddc0006f8b98eff12e60dd08f59a7

Manipulate > Navigate: Focus & Context

Number of Babies in the United States: 1969 to 1688

L

umber of Balxes Bom

§§§§§§

" Sng/raw/884bb566c84775d92b3d/



http://bl.ocks.org/zanarmstrong/raw/884bb566c84775d92b3d/
http://bl.ocks.org/zanarmstrong/raw/884bb566c84775d92b3d/

Manipulate > Navigate: Focus & Context

= Bifocal display

original
image
visible — "1
area
distorted
image

context

M126 Data Viz | Roussou



Manipulate > Navigate: Focus & Context

= The perspective wall

M126 Data Viz | Roussou



Manipulate > Navigate: Overview-detail

= Fisheye view

M126 Data Viz | Roussou

utils
LA
Cvs P
ki
’ntrimosiYROO‘Qﬁ g i
tree g

examples

g guwmc
)
5 wnjoquniod
-

Cvs
reejay 3 g '8'

NI BIBPELINIO.
EY
150K
100y

= panel

g CVS filter
listV =

. ntrie seFilralF
|pam:ax|on

208it | cys

@SSIide ationP Root




Manipulate > Navigate: Overview-detail

= Fisheye view
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https://bost.ocks.org/mike/fisheye/
https://bost.ocks.org/mike/fisheye/
https://bost.ocks.org/mike/fisheye/

Manipulate > Navigate: Focus & Context

= Hyperbolic browser

~ " ¥ N\
)
=iy motesae [hotesal Wnoles o
nolesaler
Waste Mana
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o’ 4 4 A bl
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http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.451.5106&rep=rep1&type=pdf

Interaction taxonomy (Munzner)

= How to handle complexity: 1 + 3 strategies

derive new data to

show within view over time
= Derive
Manipulate
—— / ® ch
— Change
o U Do .
- - |-.,._ ©
> Select
® .o,
(® Navigate
<>

Tamara Munzner

M126 Data Viz | Roussou

change view

/ facet across\

multiple
views

Facet

® Juxtapose

(® Partition

-»

(® Superimpose

\ o

\_

reduce
items/attributes
within single
view

Reduce

> Filter

o o o

(® Embed

™

slide by Tamara Munzner



Interaction taxonomy (Munzner)

= Manipulate
= Change
= Select
= Navigate

= Facet
= Juxtapose
= Partition
= Superimpose

= Reduce
= Filter
= Aggregate
= Embed

M126 Data Viz | Roussou

(® Juxtapose

(® Partition

-

(® Superimpose




Facet > Juxtapose and coordinate views

= Juxtapose

= Share encoding: > Share Encoding: Same/Different
I > Linked Highlighti
same/different inked Highlighting

Linked highlighting il

= Share data: > Share Data: All/Subset/None
All/subset/none 7 1l
= Share navigation > Share Navigation
“> a2
= Partition

= Superimpose

M126 Data Viz | Roussou



Facet > Juxtapose: Linked highlighting

(brushing and linking)

see how regions contiguous in one view are distributed within another

= powerful and pervasive
interaction idiom

multiform encoding

all data shared

! ! Position

DDDDDDDDDEE

Visual Exploration of Large Structured Datasets. Wills. Proc. New Techn/ques and
Trends in Statistics (NTTS), pp. 237-246. 10S Press, 1995.

M126 Data Viz | Roussou slide by Tamara Munzner



Facet > Juxtapose: Linked highlighting, linked views

= unidirectional vs bidirectional linking

Population: les cantons et les 10 plus Example using React. D3.js and Reflux
grandes villes de la Suisse

M126 Data Viz | Roussou slide by Tamara Munzner


http://www.ralphstraumann.ch/projects/swiss-population-cartogram/
http://peterbeshai.com/linked-highlighting-react-d3-reflux/

Facet > Juxtapose: Linked views: Multidirectional linking
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Buckets, http://buckets.peterbeshai.com/

Linked Highlighting with React, D3.js and Reflux
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https://medium.com/@pbesh/linked-highlighting-with-react-d3-js-and-reflux-16e9c0b2210b
http://buckets.peterbeshai.com/

Facet > Juxtapose: coordinated multiple views

= Visual Analysis of Historical Hotel Visitation Patterns

D (Reruns C. ¥ Travel Map (Hotel To
e -

B T L y- e P

v g o
Bt b4 & L - . » O L 2 (] Court Gosats 7] Outtine Dt
"""'::z' o e v WP Aretesnns 10w Mnie
O 0 189007 30 12 '
'

Improvise
http://www.cs.ou.edu/~weaver/improvise/examples/hotels/
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https://www.youtube.com/watch?v=Tzsv6wkZoiQ
http://www.cs.ou.edu/~weaver/improvise/examples/hotels/

Facet > Juxtapose: Complex linked multiform views

Length 4] 1 Path Statistics
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Ben Shneidermar
1 Hanspeter Pfister
b Jean-Daniel Feke
» CHI I - Catherine Plaisar
Krzysztof Z. Gajo:
»TVCG
ohi_publicati — | — | — i el
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degree [ - Adam Perer
tweg publication | —— | — Jacob ©. Wobbra
Frank van Ham
Wendy E. Macka:
2. Jefrey Nichals
Juho Kim
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cited
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Temporal Event £

tvcg_publication
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Balancing Systen
»CHI ‘Search, ShowCc I
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https://www.youtube.com/watch?v=aZF7AC8aNXo
https://www.youtube.com/watch?v=aZF7AC8aNXo
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Facet > Overview-detail views
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= Examples of overview — detail (non

slide by Tamara Munzner
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Facet > Overview-detail views

= a subset of data shared

= navigation shared (bidirectional linking

= differences
= Viewpoint
= (size)

= special case:
birds-eye map

M126 Data Viz | Roussou

National Park | VigxgumINeISuTi=a PP Rt ik
| map | Satellite | Hybrid

7 ‘Blenheim

[>]

(1]
She
[V]

Weslport l,

Reefton .

S Kaikoura
Greymouth: Junalie Hammer

y Springs
LaKe sumner -
Hokitika gy Forest Bark o
& ~
= s Pass Cheviol

E : Oxford  Rangipra

Aapoi

;. Darfeld = isiington - ‘J‘ld
Westiand ‘Christchurch

E %W TaPoutin Methven Rolleston
:""I 0 mi-la:n_w‘u.ai ark I Faaeten

I 100 km @2007 Googlel- Map data @20Ziahbeta Sciences Phy L2821 o1

|

A Review of Overview+Detail, Zooming, and Focus+Context Interfaces.
Cockburn, Karlson, and Bederson. ACM Computing Surveys 41:1 (2008), 1-31.
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Facet > Overview-detail navigation

= encoding: same
= data: subset shared
= navigation: shared
= unidirectional linking
= select in small overview
= change extent in large detail view

. M\!v.e lBDsl.m:.kE a_\cm 34108d5e11952a80609169b7917d4172
Brush & Zoom
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https://www.highcharts.com/demo/dynamic-master-detail
https://bl.ocks.org/mbostock/34f08d5e11952a80609169b7917d4172

Facet > Overview-detail

= multiscale: three viewing levels side-by-side
= linked views
= dynamic filtering
= tooling: processing (modern version: p5js.org)

10043371 19758830)

orensation:
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http://p5js.org/
https://www.youtube.com/watch?v=86p7brwuz2g

Facet > Overview-detail

https://www.youtube.com/watch?v=UcKDbGgHsdE




Facet > Flows: R/Shiny

Police: Demand & Business Flow

https://gallery.shinyapps.io/TSupplyDemand/



https://gallery.shinyapps.io/TSupplyDemand/
https://gallery.shinyapps.io/TSupplyDemand/

Facet > Parallel sets

https://www.jasondavies.com/parallel-sets/

https://eagereyes.org/parallel-sets




Facet > Mosaic plots

N
0 0 0 Mossicicenen| * NG
- .—
000 Mosaic{Department, Gender) )
A B
=

http://www.theusrus.de/blog/understanding-mosaic-plots/

http://www.theusrus.de/Mondrian/

http://www.theusrus.de/blog/making-movies/
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Facet > Small multiples

= encoding: same

= no shared data

= different attributes
for node colors

= (same network

layout)

= shared
navigation

File Edit View Select Layout Plugins Help

CytoPanel 1

“Ts Network  Cerebral | Edito

Edge curviness

_—

V4

Straight Bundl
Label density

r

IBEQAQQ @ @ @ wmw DR aci™}

ed I

Dense Sparse

Group label size

—_—

Off Small Large ¥

™ Show function clusters [l

# Show layer separators
™ High quality rendering

7/
1 0.1 0.01 0.001
Expression cutof ff

cccccc

£5 | |LPSLL37.2

22| LpsLL37_24

:::::::::

fps_1

LPS_2

£5 1 |LPSLL37_1 &

£ LPSLL37.2 &8 r

Cerebral: Visualizing Multiple Experimental Conditions on a Graph with Biological Context. Barsky, Munzner, Gardy, and Kincaid.

M126 Data Viz | Roussou

IEEE Trans. Visualization and Computer Graphics (Proc. InfoVis 2008) 14:6 (2008), 1253—-1260.
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Facet > Small multiples

Scatter Plots

M Baby Foods

' Baked Products

M Beef Products

| Beverages

B Breakfast Cereals

I Cereal Grains and Pasta

I Dairy and Egg Products

' FastFoods

B Fats and Oils

I Finfish and Shellfish Products
W Fruits and Fruit Juices

B Lamb, Veal, and Game Products
B Legumes and Legume Products
I Meals, Entrees, and Sidedishes
B Nut and Seed Products

| Pork Products

B Poultry Products

I Restaurant Foods

B Sausages and Luncheon Meats
I Snacks

I Soups, Sauces, and Gravies

I Spices and Herbs

B sweets

1 Vegetables and Vegetable Products




Facet > Small multiples

Scatter Plots

Fruits and Juices . Procaessed Food Vegetables, Lequmes and ..

500

)
'.‘

0 20 40 60 80 0 20 40 60 8 O 20 40 60 80 O 20 4 60 8 0 20 40 60 80

3
§

.

Carbohydrt ~ Carbohydrt ~  Carbohydrt  Carbohydrt  Carbohydrt




Facet > Coordinate views: Design choice interaction

= why juxtapose views?

= benefits: eyes vs memory

lower cognitive load to move eyes between 2 views than remembering previous
state with single changing view

= costs: display area, 2 views side by side each have only half the area of
one view

Data

All Subset None

' Overview/
I Detail
Al Small Multiples

Same

Encoding

g o0 Multiform,
Different I g I i I Overview/
Multiform . Detail
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Facet > Why not animation?

= disparate frames and regions make comparison difficult
= vs contiguous frames
= vs small region

= vs coherent motion of group

LPSLL37_1

= safe special case
= animated transitions
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Facet > Improvise

= pushing limits on view count, interaction complexity

= how many is ok?

= open research
guestion

= reorderable lists

= easy lookup

Beretorte
Cooas poe s 898|559 8.00]80|5.70 0] .54 8.8 018 .7

- useful when A R — =

“ Beiesse|
T ror oer| 4[24 028 015|013 s78]031 02 sl 028

A Canir it , ,
| B o oo 67759 570|550/ 88 0.20] .04/ 575 .8 s 7

2 o Comsenal 5|17 138 1,12 1.16 664 1401 B
i G oom g 035|137 1.38]1.12] .10 604 1.00] .27 .70] 1.3

| o s oz o s o s sl
° 4] -31/0.47/0.20 0.13/0.13 5.68/0.22/ 0.10 8.6 0.15
s 7 32 o 0 02 Bl o0
ool 1.46/0.03/0.14/0.27/0.24 | 5.440.110.12 548 0.08
Cj.

[Building Highly-Coordinated Visualizations In Improvise. Weaver. Proc. IEEE Symp.
Information Visualization (InfoVis), pp. 159-166, 2004.]
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Facet > Partition into views

= how to divide data between views ® Partion nto ide-by Side Views
= split into regions by attributes e ™ [[oee o |
= encodes association between items using spatial proximity
= order of splits has major implications for what patterns are
visible
= no strict dividing line
» view: big/detailed

contiguous region in which visually encoded data is shown on the
display

» glyph: small/iconic

object with internal structure that arises from multiple marks
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Facet > Partitioning: List alighnment

= single bar chart with grouped bars

= split by state into regions

complex glyph within each region
showing all ages

= compare: easy within state,
hard across ages

= small-multiple bar charts
= split by age into regions
one chart per region
= compare: easy within age,
harder across states

M126 Data Viz | Roussou

1.1 g W 55 Years and Daer
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Facet > Partitioning: Recursive subdivision

= split by
. Harrows Enfiel Waithar Forest, | Redbridgeqt Havering
= neighborhood 08 - Sl O ¥, |
. type Hillingdon k ’i—w ] Newham | Barking
= time i
Hounstow.= | over Hamlets || Greenwichs
= years asS rows i (R " 4 ,{
- m O nths a S COI u m nS RiCEI- . d i cnyczl.-n{OE- Soult!.h% Bexley
. =il | ST ,
= color by price E
Lewishami| Bromley:
v‘ Def

neighborhood patterns

= where it’s expensive

= where you pay much more for detached type

Configuring Hierarchical Layouts to Address Research Questions. Slingsby, Dykes, and Wood.
IEEE Transactions on Visualization and Computer Graphics (Proc. InfoVis 2009) 15:6 (2009), 977-984.
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Facet > Partitioning: Recursive subdivision

-

= switch order of splits B B e

= type
= neighborhood

N R :
ng | :Ha ‘.:&xk@?‘ghﬁﬁd Bocar o™ BR@dBiictiey  Havering
? car il o RE

= switch color
= by price variation

= type patterns

= within specific type,
which neighborhoods
inconsistent

El
2 L]
- 5 7 L =
n mEE -
- I -
o .| 5
i e
gir m. ¥ -
s - =

- ! .
- T e B o | Cmme
S - (. R
sl el NOTETS

HIVE

Configuring Hierarchical Layouts to Address Research Questions. Slingsby, Dykes, and Wood. IEEE Transactions on
Visualization and Computer Graphics (Proc. InfoVis 2009) 15:6 (2009), 977-984.
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Facet > Partitioning: Recursive subdivision

= different encoding for second-level regions

= choropleth maps

& Hillingdon

iE

Configuring Hierarchical Layouts to Address Research Questions. Slingsby, Dykes, and Wood. IEEE Transactions on
Visualization and Computer Graphics (Proc. InfoVis 2009) 15:6 (2009), 977-984.
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Facet > Partitioning: Recursive subdivision

= Size regions by sale counts

= not uniformly
= result: treemap

HIVE

Visualization and Computer Graphics (Proc. InfoVis 2009) 15:6 (2009), 977984

M126 Data Viz | Roussou slide by Tamara Munzner



Facet > Superimpose layers

= layer: set of objects spread out over region
= each set is visually distinguishable group
= extent: whole view * Superimpose Layers

= =
al 3
= — g .-y ..r.'"+l |

= design choices

= how many layers, how to distinguish?
encode with different, nonoverlapping channels
two layers achieveable, three with careful design

= small static set, or dynamic from many possible?
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Facet > Static visual layering

= foreground layer: roads
= hue, size distinguishing main from minor
= high luminance contrast from background

= background layer: regions

= desaturated colors for water, parks,
land areas

= user can selectively focus attention

= “get it right in black and white”

= check luminance contrast with greyscale
view

M126 Data Viz | Roussou

NATIONAL \_
SEASHORE  \=

PACIFIC OCEAN
0 10 Kilometers
—

0 10 Miles  San Francisto

POINT REYES
NATIONAL
SEASHORE

0 10 Kilometers

0 10 Miles San Francisco

Get it right in black and white, Stone 2010.
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Facet > Superimposing limits

= few layers, but many lines o
= up to a few dozen
= but not hundreds Befp

05:00 0530 06:00 0630 07:00 07:30  08:00

= superimpose vs juxtapose: empirical study

= superimposed for local, multiple for global

60

404 [\

\(\'v — r‘
f { ‘\\ ! \
- ta S kS = | “’ | "“l ,‘1 b, '\'/ ” Y
2 204 M/ N

| CPU Utilization (%)

Iocal: maXimum’ gIObal: Slope’ discrimination oos,o;) o;s;s_o 06:00 :liio 07.00 J_c;;:;—os.oo

100 ‘

= same screen space for all multiples
vs single superimposed LA

A | / 1 4 ‘I‘
A I
" 4 i
0 . = - - = 7‘
05:.00 0530 06:.00 0630 07:00 07:30  08:00
Time

[Graphical Perception of Multiple Time Series.
e S Javed, McDonnel, and ElImqvist. IEEE

T ————  Transactions on Visualization and Computer
el Graphics (Proc. IEEE InfoVis 2010) 16:6
———— — e (2010), 927-934.]

(

N\
TARLTAY
a4 NN /2
[ I |

Total CPU Utilizatio
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Facet > Trellis plots

= superimpose within same frame
= color code by year

= partitioning
= split by site, rows are wheat varieties

= main-effects ordering
= derive value of median for group, use to order
= order rows within view by variety median
= order views themselves by site median

M126 Data Viz | Roussou
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Facet > Dynamic visual layering

= interactive based on selection
= one-hop neighbor highlighting demos: click vs hover (lightweight)

o
@
. ()
&
= \
KANT .
N _4PHEGEL
AAAAAAA
(]
.
[ L]
| ()
J aadiou ()
® o
VI-STRAU! A ) 2 =
RaNCiRE S San Antonio International, 2008
show Voronoi great arcs and symbol map

http://mariandoerk.de/edgemaps/demo/ http://mbostock.qgithub.io/d3/talk/20111116/airports.html
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http://mariandoerk.de/edgemaps/demo/
http://mbostock.github.io/d3/talk/20111116/airports.html

Facet > multiple views example
=t e

Crary Ice Rise

R O S S HLECHE SEHNESLENE

AN _25km

Relative Elevation (m)
3500+

Data
3000+ All Subset None
2500- |
' overview/
2000- s
g ame Redundant I Detail a

1500 E il Small Multiples
1000+ . e .. . Multiform,
S 7 5 .s'.,’ “ Different I l (L I Overview/ No Linkage

. Multiform .* . Detail

0 B — - 3

=00° NASA h ob

earth observatory



https://earthobservatory.nasa.gov/images/144367/taking-measure-of-antarctic-terrain
https://earthobservatory.nasa.gov/images/144367/taking-measure-of-antarctic-terrain

Interaction taxonomy (Munzner)

= How to handle complexity: 1 + 3 strategies

derive new data to change view facet across /reduce \
show within view over time multiple items/attributes
views within single
=> Derive LS
Manipulate Facet Reduce
I /
e . (® Change ® Juxtapose ® Filter
- - \/\ . . .
3 Select (® Partition ® Aggregate
o ===, mummm
et ! *l... ==S25)” Sanmm
(® Navigate (® Superimpose
(.-.a.) . -.
. T igwes \ ¥
Tamara Munzner /

M126 Data Viz | Roussou slide by Tamara Munzner



Interaction taxonomy (Munzner)

= Manipulate

= Change Reduce

= Select ,

= Navigate ) Filker
= Facet

= Juxtapose

= Partition © Aggregate

. —————ba | | | | |

= Superimpose =225, Sammm
= Reduce ® Embed

= Filter -

= Aggregate EM

= Embed i

M126 Data Viz | Roussou



Reduce items and attributes

= Filter Reduce
= straightforward and intuitive to understand
and compute ® Filter
= ...but, out of sight = out of mind SSS5S - 5252

= Aggregation

= inform about whole set S====> EEEEm
= ...but difficult to avoid losing signal B
® Embed

= not mutually exclusive
= combine filter, aggregate

1

= combine reduce, change, facet
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Reduce > Filter

= FilmFinder (overview, filtering, and detail)

University of Maryland, 1994



Reduce > Filter

= FilmFinder (overview, filtering, and detail)

Popularity
219
8 Indiana Jones & the Last Crusade
Goldfinger - Name of the Rose, The  Thunderball —
2] urder o i au | | —of
& e mﬁ%ﬂéﬁ%ﬂ%ﬂgam ABCOFGHLMNINS T W2
Highlander Actor : Connery, Sean
7 Red Tent, The =
_ ntouchables, The- AR r DFGHJIKIM PRS TWZ
Longest Day, The Great Train Robbery, The Actress | ALL
Al —
Outland ABCDFGHKLM FRS TWZ
Director : ALL
6
From Russia with Love =, who Would Be King, The | [—
Robin & Marian AB € OFGHIKLM PRS TWZ
ardoz Cuba
— 60 Length 269
Offence, The s |P]
5 Sword of the Valiant _° 450
ami lness Ratings ™ G = PG
. T"“e hn W PG-13 % R
cteor Films Shown: 24
4 -~ - - -
1960 1965 1970 1975 1980 1985 1990 1995

el J41 VYear of Production Copmant (C) 1983 HCIL

-- Music | Action || ‘Sci-Fi | Western | TSR0
University of Maryland, 1994
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Reduce > Filter

= FilmFinder (overview, filtering, and detail)

M126 Data Viz | Roussou

Title :
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ABC DFGHELM FRS W2

Director : Miller, George
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X9 - T
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University of Maryland, 1994




Reduce > Filter: cross filtering

= item filtering

= coordinated views / controls combined
= all scented histogram bisliders update when any ranges change

Time of Day Arrival Delay (min.) Distance (mi.)

ddddd Jan 14 Jam 21 Jan 28 Feb 04 Feb 11 Feb 18 Feb 25 har 04 Mar 11 Mar 18 Mar 25 April

http://square.qithub.io/crossfilter/
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http://square.github.io/crossfilter/

Reduce > Filter: cross filtering

M126 Data Viz | Roussou

TheUpshot

ls It Better to Rent or Buy?
By MIKE BOSTOCK, SHAN CARTER and ARCHIE TSE

The choice between buying a hame and ranting one is among the biggest financial
dacisions that many adults make. But the costs of buying are mare varied and
complicated than for renting, misking it hard to tell which is a better deal. To halp you
answer this guestion, owr calculator takes the most important costs essocieted with
buying & house and computes the equivelent manthily rent. RELATED ARTICLE

Home Price

Avery important factor, but not
the anhy cne. Our estimate w
Mproyve as you enter more
details below.

5250,000

How Long Do You Plan to Stay?
Buying tends ta be batter the longer vou stay because the upfront fees
are spresd out ovar many Years.

G years

https://www.nytimes.com/interactive/2014/upshot/buy-rent-calculator.html? r=0
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Reduce > Aggregate: histogram

= task: find
= data: tab
= derived ¢

distribution
e
ata

= nhew tab

e: keys are bins,

values are counts

= bin size crucial
= pattern can change dramatically depending on discretization

=}

Wheag hr

'{-:-ﬁ-z-ﬂ:-

= opportunity for interaction: control bin size on the fly

M126 Data Viz | Roussou
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Reduce > Aggregate: scented widgets

= augmented widgets show information scent

= cues to show whether value in drilling " R ——
down further vs looking elsewhere VT
= concise use of space: histogram with Embodded Visuatzations. Witet, Hear. and
O n Sl i d e r /(42%3%8/?.1 45551;—6\/?6 (Proc. InfoVis 2007) 13:6
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[Multivariate Network Exploration and Presentation: From Detail to Overview via Selections e white R—

and Aggregations. van den Elzen, van Wijk, IEEE TVCG 20(12): 2014 (Proc. InfoVis 2014).]
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Reduce > Aggregate: Scented histogram bisliders: detailed

File Vie elp .
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h 92K
® \( Country

BKE—— ] @
H

23K
® \( Date and Time (Original)
h 11K
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visble: 11199, selected: 2561 @
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Country
!I!.z-l
EEEEREEEEE

Date taken (day of ...

EEEEEE®
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B <

Tamr

Germany United Kingdom France Belgium United States Norway

@ meo” 243 m=o 719

Vacation Sports Airplane

ICLIC: Interactive categorization of large image collections. van der Corput and van Wijk.
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Proc. PacificVis 2016.
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Reduce > Aggregate: Continuous scatterplot

= data: table

= derived data: table
= key attribs x,y for pixels

= guant attrib:
overplot density

= dense space-filling 2D matrix
= color: sequential categorical hue + ordered luminance colormap

Continuous Scatterplots. Bachthaler and Weiskopf.
IEEE TVCG (Proc. Vis 08) 14:6 (2008), 1428-1435. 2008
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Reduce > Fisheye Lens

= distort geometry

= shape: radial
= focus: single extent
= extent: local

metaphor: draggable lens

A 2 o

http.//tulip.labri.fr/TulipDrupal/?q=node/351
http://tulip.labri.fr/TulipDrupal/?q=node/37 1
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7 4
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correlation coefficient = 0.787294
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Reduce > Fisheye Lens

D3 Fisheye Lens, https://bost.ocks.org/mike/fisheye/
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Reduce > Stretch and Squish Navigation

= distort geometry
= shape: rectilinear
= foci: multiple
= impact: global

= metaphor: stretch and squish,

borders fixed
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L
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| Add |cmh aaaaa v‘ Diffs ﬁ;’. | Reset
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o 2 Gerbera

okesia

i otheca Tagetes

e

€ a ernonia

azania
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b -
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rAChillea

Meathanobacterium

st Auxarthron zuffiai

Gehringia olympic
Theatops erythroc
Boophilus microph
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Mus musculus
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. ~— Prostoma eilhardi
Sl Pleurastrum pauci

ERAquifex pyrophilu:
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D.
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[https://youtu.be/Gda

Pi8a9QEo]

[TreeJuxtaposer: Scalable Tree Comparison Using Focus+Context With Guaranteed Visibility. Munzner,
Guimbretiere, Tasiran, Zhang, and Zhou. ACM Transactions on Graphics (Proc. SSGGRAPH) 22:3 (2003),
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453—-462.]
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Reduce > Distortion costs and benefits

&

= benefits fisheye lens

= combine focus and context
information in single view

B ) Si=2 "“/,." e
\ M I R
X \‘w / U\ »
MO0\ W\Re 7 /Y -
. C O S S 7 ) Ce v 3
et <} = q 7 f"\?d
= =
N RN 4 X
S N . a4

= length comparisons impaired v

network/tree topology

comparisons unaffected: connection, containment Bring and Go

= effects of distortion unclear if
original structure unfamiliar

= object constancy/tracking
maybe impaired

Living Flows: Enhanced Exploration of Edge-Bundled Graphs Based on GPU-Intensive Edge Rendering. Lambert, Auber, and Melangon. Proc. Intl. Conf.
Information Visualisation (IV), pp. 523-530, 2010.
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Further reading

= Yi, J. S, Kang, Y. ah, Stasko, J. T., & Jacko, J. A. (2007).
Toward a Deeper Understanding of the Role of
Interaction in Information Visualization. IEEE
Transactions on Visualization and Computer Graphics
(TVCG), 13(6), 1224-1231. Retrieved from
http://www.cc.gatech.edu/~stasko/papers/infovis07-
interaction.pdf

= Raskin, J. (2000). The Humane Interface: New
Directions for Designing Interactive Systems. Addison
Wesley.
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Thank youl!

mroussou@di.uoa.gr

http://eclass.uoa.gr/courses/DI411/
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