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oal of this Lecture

Overview about the “Science of interactions”,
challenges and limitations

Overview about multiple-view methods,
challenges and limitations

Focus+Context techniques,
challenges and limitations
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Introduction & Motivation
Science of Interaction
Modeling Interaction
Focus+Context

Conclusion — Lessons Learned
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INTRODUCTION & MOTIVATION



Interactions

Past

Only passive observations

Representation not changeable
“one fits all”

Today

Active examination with visualizations
Dynamically adaptable and modifiable .

—> Different users, tasks, and aims
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SLIENGE OF INTERACTION



InfaVis @ Science of Interaction

Main components
Visual representation
Interaction technique(s)

Research focus:
Develop novel visual representations
Recently:

Growing interest in interaction — Evaluation of

Related fields: Human-Computer Interaction (HCI),
Interaction Design
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Very challenging to come up with innovative, new visual
representations

But can do interesting work with how users interact with
visualizations

It’s what distinguishes InfoVis from static visual representations on
paper and Infographics

Analysis is a process, often iterative with branching and
side activities
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InfaVis Reference Model

Data Visual Form

Data Visual :
Raw Data =t Tables Structures P> Views
User
Data Visual View
Transformations Mappings Transformations

Human Interaction

User interaction can and needs to feed back into any level
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How do you define “interactive”?
.1 sec

Animation, visual continuity, sliders
1 sec

System response, conversation break

10 sec

Cognitive response
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Interaction Levels

Physical Level
How does the user physically interact?
E.g., Mouse Wheel, Touch Screen
- Interaction Devices

Control Level
How can it be carried out by the user?
E.g., Move Scrollbar
—> User Interface

Conceptual Level
What to be done?
E.g., Scrolling / Navigating
—>Task

All three levels: discussed further outside scope of interaction
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Norman's Execution-Evaluation Cycle

Gulf of
execution

Form intention

v

Form action plan

v

Execute plan

Change in world

Evaluate

system state
A

Interpret

system state
A

Perceive
system state

Gulf of
evaluation
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Norman's Execution-Evaluation Cycle

Gulf of Execution

The difference between the user’s view of the system and
the allowable actions in the system.

Gulf of Evaluation

The difference between what the user wants to do, and
what was actually changed.

188.305 — VO Information Visualization 13



Visual Information Seeking Mantra... again

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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Interaction Taxonomy: User-centered

Survey
59 papers
Papers introducing new interaction systems
Well-known papers in subareas of Infovis

51 systems

Commercial Infovis Systems (SeelT, Spotfire, TableLens, InfoZoom,
etc.)

Collected 311 individual interaction techniques

Affinity Diagram Method
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Interaction Taxonomy: User-centered

Aggregate interaction techniques by
user intent

“What a user wants to achieve”

... rather than how techniques work



Interaction :: User Intents by Yi et al.

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

Undo/Redo: go backward or forward to pre-existing system
states

Change configuration: change various configurations and
settings of a system
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Interaction :: User Intents by Munzner

Manipulate (Explore, Reconfigure)
Change C . @

Select [*+. 2],

Reduce (Abstract/Elaborate)

Navigate <o D Filter 1 S
Facet (Encode, Connect) Aggregate ===  HHE
Juxtapose ‘ e ‘ === HEEE

Embed

Partition .

1

Superimpose
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ThermalPlot :: An Expaosition

Current InfoVis & Visual Analytics Approaches

Incorporate multitude of interaction techniques

Growing complexity — Target user intents should be
supported through interaction

Recent example:

Holger Stitz, Samuel Gratzl, Wolfgang Aigner, and Marc Streit

ThermalPlot: Visualizing Multi-Attribute Time-Series Data Using a Thermal
Metaphor, |IEEE Transactions on Visualization and Computer Graphics, Issue 99,
2016
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Select: mark something as interesting

Adapted [Aigner, Presentation 2010]

https://thinkh.github.io/thermalplot/

E.g., Selecting, Highlighting
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[ThermalPlot, 2016]
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Select: mark something as interesting

E.g., 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, labelling etc.

Different types of brushes [Hauser et al. 2002]

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

ooty v

\Velccty

OR-brush
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Select: mark something as interesting

Adapted [Aigner, Presentation 2010]

E.g., Brushing
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Explore: show me something else

Zooming + Panning,
Overview + Detail

e.g., Size + Position of Viewport

... in Space, Time

Geometric Zoom
e.g., Photoshop .

Semantic Zoom o
e.g., Google Maps

Overview+Detail
Focus+Context
e.g., Fisheye Zoom

Small Multiples
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[Stitz et al., 2016]
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Explore: show me something else

Zooming + Panning,

Overview + Detail l‘ |l
e.g., Size + Position of Viewport I ||
... in Space, Time |

e.g., Photoshop i§

Semantic Zoom .
e.g., Google Maps

wwwwwwwwwwwwwww
aaaaaaaaa

nnnnnnnnnnn

Mozartgasse

..............

Overview+Detail =
Focus+Context i = —

ccccccccccccccccccc

e.g o Fisheye Zoom ST i d“m e . ’ ‘} o e die 5 B e e
Small Multiples
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Explore: show me something else

Zooming + Panning,

Overview + Detail

e.g., Size + Position of Viewport

... in Space, Time

Geometric Zoom
e.g., Photoshop

Semantic Zoom
e.g., Google Maps

Overview+Detail
Focus+Context
e.g., Fisheye Zoom

Small Multiples

[Stitz et al., 2016]
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Reconfigure: show me a ditferent arrangement

Adapted [Aigner, Presentation 2010]

E.g., Swap x and y Axis of a Scatter Plot; Axis of Parallel
Coordinates; Rearrange View, Move View Position, Sorting
ltems in a Table, Switch Scale on Axes

f(=x) MR EVA
0o 0
o _
-z o = o -
(x) O
o ® o ®o
o
]

[gravi++, 2006]
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Reconfigure: show me a ditferent arrangement

Adapted [Aigner, Presentation 2010]

E.g., Swap x and y Axis of a Scatter Plot; Axis of Parallel
Coordinates; Rearrange View, Move View Position, Sorting
ltems in a Table, Switch Scale on Axes

Country F

Russia - 1.297 33
United States. | 25+ 2
Norway 5.802 28
Canada 4458 25
Netherlands 5.041 24
Gormany | ¢ 347 I ¢
Austria | ¢ 71 I 7
France | <.027 - I 15
Sweden 13731 4+ SZﬁE‘? :1om | 15
switzoriand. | 5 525 I
China 367 9
Czech Republic 1.883 8
Italy 3.026 8
sapan | 3213 e
siovenia [N 2356 s
South Korea [ 2.086 s
Belarus [ 771 s
Poland 1.400 6
Finland [ 3.246 B
Great Britain ||| NN 3 354 I 4
Latvia 1.104 4
australia [ : 73 B
Ukraine [JJjj 520 M-
croatia [N 1.462 B
Kazakhstan 531 1 [gravi++, 2006]
Slovakia 2.088 1
0K 2K 4K 6K 8K 0 5 10 15 20 25 30 35
2010 Health Spending (international $ scale) 2014 Total Medals
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Reconfigure: show me a ditferent arrangement

Adapted [Aigner, Presentation 2010]

E.g., Swap x and y Axis of a Scatter Plot; Axis of Parallel
Coordinates; Rearrange View, Move View Position, Sorting
ltems in a Table, Switch Scale on Axes

2,100 = NN Jun s e Aug o
2000 QT - N W >
1,900
Dol
1 -0.9 0.8 -0.7 0.6 0.5 0.4 -0.3 R 2 03 0.5 0.6 08 0.9 1

[Stitz et al., 2016]
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Encode: show me a ditferent representation

Change representation
e.g., from parallel coordinates to tabular data

e 06 InfoScope - Prices and Earnings around the Globe 2006.mis ene6 InfoScope - Prices and Earnings around the Globe 2006.mis

File Edit Options Help File Edit Options Help

Geographic Locations C Cities

Montreal
W

C Cities
Montreal

@ Geographic Locations
SeNUEIIWIS SNEWaYL

(L Geographic Locations
Senue|IwIS Jeway.

Continents Continents

Af
Americas

Americas

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

Graphical view

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

Table view

Net purchasin Gross purcha: Prices (incl. re Pri 5 Gross wages Working time
~ ~ ~ ~ ~ ~ ~

A " ~
2 Graphical view || | | Table view 2 Graphical view |[ || Table view
 Paint Color By

(comslonesa (T M (Fesseiimnses - 1<) macro oo 1 BB e <M <) macro

1 city selected (1% 71 cities active (100 1 city selected (1% 71 cities active (100
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Encode: show me a ditferent representation

Change representation
e.g., from scatterplot to linechart

2003 2005 20¢ 2011 2013
—e——— O \]

i-d
e
i~
|

v
0.40.50.60.70.809 1

FR
H
H

[Stitz et al., 2016]

188.305 — VO Information Visualization 30 n



Encode: show me a ditferent representation

Adapted [Aigner, Presentation 2010]

el Ali
/I T rIIHouston

Same data,
different encoding

Multiple Views:
Brushing & Linking
A multiple view—system T IR c
uses two or more AL 1 i T AT E
distinct views to support st o, S »
. . . & a [ -
the investigation of a o Lo Lo lo o e koo Lo £
T $ S & 5% 8 Mlathute |

single conceptual entity

=

Wil
il

[Baldonado et al., 2000]
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Encode: show me a ditferent representation

Same data,
different encoding

Multiple Views:
Brushing & Linking

A multiple view—system
uses two or more
distinct views to support
the investigation of a
single conceptual entity

Adapted [Aigner, Presentation 2010]
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[Stitz et al., 2016]
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Encode: show me a ditferent representation

E.g., Interactive Lenses, Movable Filters

Arbitrarily shaped area of an object and to manipulate this area with

specific operators
Cover only a part of the object

Can be overlaid and combined

Combination with Dynamic Queries [Fishkin & Stone 1995]

“‘wlnword.exe"|

"hpgimzone exe"
"hprblog exe"

"acrord32.exe"
"ninotes.exe".

"cscript.exe"
"Ifpreview.exe"

745.0 R 7019.

28235 31372 34509 37647 40784

More on that later

"notes.exe", @
1 woon
XCOpy.exe e

25 more labels

"adobe gamma load. ..
"opcdaserver exe"
"launchtouchmon e...
"lppa exe"
“photoshop elemen...
“apdproxy exe"
"llanc_x_serveur....
"pgptray exe"
"reporting exe"
"scan32.exe"

46 more labels ]
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Encode: show me a ditferent representation

E.g., Midgaard - Semantic Zoom
Quantitative/Qualitative hybrids High-frequency data

— —
g _>160 >0 .o<lao W

M | M VM M mw

=
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Abstract/Elaborate: show me more or less detail

Adapted [Aigner, Presentation 2010]

E.g., Details on Demand

Displaying detailed information about data case(s) on
demand to the user

May just be more info about a case == - Jomisen

Fﬂ'm [¥] Show Staticns

Time Une Chart | Duration Ber Chart | Marey Disgram
: P

;IW: l:]j;i{‘:x}“}:égj::‘n:,‘]‘mv H |55 :j:i L::: 50

&

. . 3 315 BRI
May be moving from aggregation

R
[ ] [ ] [ ] [ ] L ]
view to individual view o
| REX7113 |
e el
Krems'Donaw
Krems/Donau
‘Wien Franz Josefs Bahnhot
-REX"“- 12011304 (01:03)
e s b bra i
- Rolstupstolplatz
lplatz 05~
01,

02.07 2007 16:02:08

[TrainVis, Weishapl, Aigner, 2007]
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Abstract/Elaborate: show me more or less detail

Adapted [Aigner, Presentation 2010]

E.g., Details on Demand

Displaying detailed information about data case(s) on
demand to the user

May just be more info about a case N——
May be moving from aggregation -
view to individual view e
=T S
| & |
esoorz:r\ /N M

[Stitz et al., 2016]
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Filter: show me something conditionally

E.g., Dynamic Queries
Selecting value ranges of variables via controls with real
time feedback in the display.

Principles:

Visual Presentation of Selection by Pointing,
Query’s Components not Typing

Visual Presentation of Immediate and
Results Continuous Feedback
Rapid, Incremental, and Encourage Exploration
Reversible Control
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Filter: show me something conditionally

Adapted [Aigner, Presentation 2010]

E.g., Dynamic Queries
Selecting value ranges of variables via controls with real

time feedback in the display.

+f ThermalPlot n n
time range: Jan 01, 2009 - Nov 01, 2010 Degree-of-Interest (Dol)
001 2003 2005 07 200 2011 2013 .
[ ——— . Bl Long:-term interest rates 75% \ Shorttermin..
2

Select one or more items to see details here.

Dol v v
< -0.90.80.70.60.50.4 0.2 03 040506070809 1
Aoor L1 11 | A 1 A Al L]

0.3 0.2

>
o

<
e
<

Latvia

Cenmark &

Canada '
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Filter :: Dynamic Queries

9 . -

Interactive , - - -
Search -

7 Title : ALL
L P
- AEBCDEFGr UM NPAS T wi
6 - - Actor . ALL
=
5 AR C CEFGM LW NOFAS w2
T - Actress : ALL
. .
‘ AB C D EFGN LM NP RS W
- Director : ALL
- =
3 AB C DFGM LM MAS T2
. Length : 0 450
) o o 450
Ratings . » G
1 T - " PG
- R
0
1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995
G ek o W =4 (e o) @
Drama Mystery Comedy Music Action War SF  Westem Horror Comyrigh (C) 103 MR

Farbabbildung 22: Der FilmFinder | Ahlberg94|.
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Filter :: Dynamic Queries

E.g., Dynamic Queries

Adapted [Aigner,

Presentation 2010]

Search Location » — <4 Tags X <+
l::!a HE chlldren
cyberactivism
Time T |education - m
environment
freedomof eech """ m
ﬁ B ccas mm -m
- -~ interna -. i ]
Apr 2008 languagel m m se s
politics religion|
spanish| travel

I"“"@"L'.

Search Tags
Time X cyberactivism
diasporajhistory
YRS internationalrelations
Feb 2008 " e
: media|politics
A\
19
Results ©
Logaiza 1] |Natonai | |casg J Ghange m | |Casi - n
’ Strike? m !

Cuba: Castro Steps Down

Cuban bloggers are abuzz with news of Fidel Castro's retirement:
Babalu Blog: “My emotions are in turmoil”; Child of the Revolution:
“I know that when it comes to Castro, nothing ever is what it
seems”; Review of Cuban-American Blogs: “Nothing has changed
for him or Cuba™; 1Click2 Cuba: “Monarchs excepted, Castro was
the world's longest[...]

Joerk et al., 2008]

Feb 19, 2008 by Janine Me 5-Franco on Global Voices Online » Cuba
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Filter :: Semantic Sliders: Range Slider

[Shneiderman, 1994 ff]

Year 1941 1974 _
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Filter :: Semantic Sliders: AlphasSlider

Log Slider (numbers):

1000
NUIILY, NUID .
R Log Slider (sci. notation):

10°® 107 10*
]

Used to rapidly scan through and select from lists of
alphanumeric data
Small-sized widget to search sorted lists
Letter index visualizing the distribution of initial letters -
jump to a position in the slider
Locating an items out of a list of 10,000 items ~ 28s for

novice users
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Filter :: Data Visualization Sliders

[Eick, 1994]

Low selection High selection
thumb thumb

Data distribution

Data distribution is shown within control
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The yellow dots above are homes in the DC area for sale.
You may get more information on a home by selecting it.

You may drag the A’ and B’ distance nmarkers to your
office or any other location you want to live near.

Select distances, bedrooms, and cost ranges by
dragging the corresponding slider boxes on the right.

Select specific home types and services by pressing
the labeled buttons on the right.

Dynamic
HomeFinder

Reset | Quit |

Save ‘ Print‘

Dist to

Dist to

A:

Bedroons:

N

Look at:

Hse TH{

cnd{

Features:

Grg

cAc |

Fpl |

New ‘




Filter :: Multiple Linked Views

Christopher Ahlberg
1991: Visiting student from Sweden at the HCIL University of Maryland
1996: Founder of Spotfire
2007: Spotfire was sold for 195 Mio. $
2017: Spotfire TIBCO - Big Data Analytics, Data Wrangling, ...

© Spotfire Pro - Test.sfs

File Edt View Options Tools Window Help

za| Fals)] € PR «| ol m[o[s] 2]

© Scatter Plot I [=] B3 .=JE.'£I
RGRATID v | I =
A A eron wedto ciom bbﬁ
- 100 IHGHAT 013
5 REGR -1.48 1017
50
Icnnn 064
1 0 . v 7
- I
- 5 ]l RGRATIO ~ =g
ie B _oix o
PROW v |
[z ! )
g T f ;
7! v TPOIIIT00000 )
= i 9099099099999 1 ~l 16 e
o F 9000099909999
E 2000900909000 TIMEPOINT
1000 0 9099090999909 DESCRIFTION — ESTS
500 c 9900000900909 CEENEE 2
AR s 9000090090000 RED o 1T
10 . ~ 00099999900 REGR 12
50 100 500 1000 500010000 1 3 4 6 7 8 10 1 E:EU}\.” ?},
B RED v | ] Tl PCOL w | gaorr 5 =
(11,1.25) 5760 out of 5760 records visible (100.00 %), 0 marked [ 1 O 22
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Filter :: Node-Link Representations

Adapted [Aigner, Presentation 2010]
Images as nodes

Weighted edges
Overview + Detail

last.forward

Filtering

 -Sayonara-
!

" TreeView - RadialView | " UserData - Filter | Statistics |

Gender

# Male ™ Female ™ Undefined

Estonia
Cermany

Play Netherlands

Norway
' Portugal
United Kingdom
United States

unknown
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Filter :: Dynamic Queries Summary

Users can explore data - no false input possible

generate new queries based on incidental learning
Visual representation of data supports data exploration

continuously develop and test hypotheses (detect clusters, outliers, trends
in multivariate data)

undo and reversing of actions

Potential drawbacks

Limit of query complexity — filters are always conjunctive
Performance is limited for very large data sets

Controls require valuable display space

Information is pruned — User can lose focus

Only single range queries and single selection in the Alphaslider
Operations are global in scope
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Filter :: Dynamic Queries Summary

Users can explore data - no false input possible
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Connect: show me related items

E.g., Linking

Connection between multiple views of the same dataset

Updating one view means updating all

Often mentioned in conjunction with “brushing” (Linking + Brushing)

'e (6X6) InfoScope - Prices and Earnings around the Globe 2006.mis
File Edit Options Help

Cities

Countries
# =l Poland
| Portugal

sanue|IwIs deway ] ]

(L Geographic Locations

pore
|5 Slovak Republic
Continents

]

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

Indices M Prices Earnings

~ ~ A A
(2 Graphical view ]| | Table view |

Reset Paint Selected  Color By

|go|ors[£iltersIAll| || I" |Please choose... IV| macro

Dubai 36 cities selected (50%), 71 cities active (100
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Connect: show me related items

Adapted [Aigner, Presentation 2010]
E.g.’ Llnklng https://thinkh.github.io/thermalplot/
Connection between multiple views of the same dataset

Updating one view means updating all
Often mentioned in conjunction with “brushing” (Linking + Brushing)

Dol ) M
Apol [ i A | I

> 50%4 [ -------------------- S S— e e Be—
40% | | ‘
> 30%4 -------------------- ------------------------------ -------------------------------

] § é | | I | pee==tm

! Health Care Industrials

-10% —

Time

00N Jur: 28 JuIIOS Jul'12 Jul|19 JulI26 Aug 02 Aug 09

0.8

0.6

0.4

0.2 4

0.0
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ALTERNATIVE TYPES OF INTERACTION



“The user interface has to bridge the gap between the
technical aspects of a visualization approach and the users’
mental models of the problems to be solved.”

[TimeViz, Aigner, et al., 2011p. 110]

“I...] user interfaces that are consistent with users’ mental
models are vastly superior to those that are merely
reflections of the implementation model.”

[Cooper, et al., 2007, p. 30]
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User Interface

[TimeViz, Aigner, et al., 2011]
:1.' T ] ‘[1= ‘I" 19 2013 L ll‘ < I e ]‘ . ‘]"‘P"' = . = : ]I B

Visualization Views - oaik
%lwhﬂ—%: anli
%l:::-!l

= Resovation Plan . -
|- Design
|+ Pre-Rencvafion |
; | |
s I X
ol il 3
1201 1998 00:00 Davy 00.04 LOPE153S

Fig. 5.2: Overview+detail. The detail view at the top shows individual steps of the construction
phase of a renovation plan. In the overview at the bottom., the entire project is shown, including the
design, pre-renovation, renovation, and construction phases.

(2 Two-Tone Pseudo Colored Spiral Display = | ([ g3

I n te ra Ct i on CO nt ro I S f.’:;!:‘;f:‘:;.’,?iﬁ';ﬁL;i”Z;??ﬁgﬂwb e

Spiral Settings
Direction

From perimeter on inward
Segments per Cycle

Spiral Width
——————————w) ?E

‘| Center Ofiset
O[]

Cycles Two-Tone Orientation

‘ 55 E] Center to perimeter

Color Settings
Color Coding Range

| o] —10[0] Mad__20[0)
Coding Mode
[Lmear [=]

T VideO
B e —_——
S

Fig. 5.5: User interface for a spiral visualization. The interface consists of one spiral view and one isualization 53 n
control panel, which in turn consists of various controls to adjust visualization parameters.



Pipeline-Focused Interaction Systematization

[BlackBox, Schulz, v. Landesberger, Baur, 2014]

2. Visual Data Mining

[Bertini & Lalanne 09]

[...]

1. Information Visualization

3. Reasoning

[Wybrow et al 14]

[Heer & Shneiderman12]

\ [] [Kerren & Schreiber12]

[...]
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Taxonomies :: Low-Level Interactions

Taxonomies of low-level interaction techniques

Shneiderman (1996)
[37]

Overview, zoom. filter. details-on-demand. relate.
history. and extract

Buja. Cook. and
Swayne (1996) [9]

Focusing (choice of [projection. aspect ratio.
zoom. pan]. choice of [variable. order. scale, scale-
aspect rat1o. animation. and 3-D rotation]). linking
(brushing as conditioning / sectioning / database
query). and arranging views (scatter plot matrix
and conditional plot)

Chuah and Roth (1996)
[13]

Basic visualization interaction (BVI) operations:
graphical operations (encode data. set graphical
value, manipulate objects). set operations (create
set, delete set. summarize set. other), and data
operations (add. delete. derived attributes. other)

Dix and Ellis (1998)
[15]

Highlighting and focus. accessing extra
information — dnll down and hyperlinks. overview
and context, same representation / changing
parameters, same data / changing representation.
linking representation — temporal fusion

Keim (2002) [24]

Dynamic projections. interactive filtering,
mteractive zoomung, interactive distortion,
mnteractive linking and brushing

Wilkinson (2005) [54]

04.12.2017

Filtering (categorical/continuous/multiple/fast
filtering). navigating (zooming/panning/lens).
manipulating (node dragging/categorical
reordering). brushing and linking (brush
shapes/brush logic/fast brushing), animating
(frame animation). rotating. transforming
(specification/assembly/display/tap/2 taps/3 taps)
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Interaction Types

Direct Manipulation

“ === # ===

Brushing & Linking

|||| e . .
Dynamic Querying

> Present = Locate = Identify

. "
N C=> g

[TimeViz, Aigner, et al., 2011]
[Munzner, 2014]

——1o | | |
o A

=== HHEE
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Interaction Types

Highlighting and focus — discover links in multiple views

IIII
Accessing extra info — drill down and hyperlinks

- ([
Y o

Overview and context — zooming and fisheyes

Same representation — changing parameters

Linking representations — temporal fusion, superimposition

-
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Interaction Types

Operator
Navigation, selection, manipulation, distortion, filtering

Space of interaction

screen, data value, data structure, attribute, object,
visualization structure

Parameters of the interaction operator

focus, extents, transformation, blender
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Few's Interaction Types

[Few, Ch 4, 2009]

Especially useful ways of interacting with data

Comparing
Sorting

Adding variables
Filtering
Highlighting
Aggregating
Re-expressing

Re-visualizing
Zooming and panning
Re-scaling

Accessing details on
demand

Annotating
Bookmarking
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Taxonomies :: Dimensions, Operators, & User Tasks

Taxonomical dimensions of interaction techniques

Tweedie (1997) [47] Tnteraction types (manual. mech Additional task taxonomies
instructable, steerable. and auto: [|\/| cEachren 1 995]

directness (direct and indirect i : :
Spence (2007) [38] Interaction modes (continuous, [An drienko & Andrienko 2006]

and composite interaction)

A taxonomy of interaction operations

Ward and Yang (2004)  interaction operators (navigation, selection.

[50] distortion). interaction spaces (screen-space. data
value-spaces. data structure-space, attribute-space,
object-space, and visualization structure-space),
and interaction parameters (focus. extents.
transformation, and blender)

Taxonomies of user tasks

Zhou and Feer Relational visual tasks (associate, background.

(1998) [56] categorize. cluster, compare, correlate, distinguish,
emphasize. generalize. identify. locate, rank,
reveal, switch) and direct visual organizing and
encoding tasks (encode)

Amar, Eagan. and Retrieve value. filter. compute derived value, find

Stasko (2003) [4] extremum, sort, determine range. characterize

distribution, find anomalies. cluster. and correlate
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Interaction Devices

Keyboard devices
Pointing devices

Direct control devices
easy to learn and use, but hand may obscure display

e.qg., Lightpen; Touchscreens; Stylus

Indirect control devices
takes time to learn

e.g., Mouse; Touchpad; Drawing tablet

Novel devices and strategies
special purposes
e.g. Foot controls; Eye tracking; 3D trackers; DataGloves; Boom Chameleon; Haptic
feedback; Tangible user interfaces; Digital paper; Virtual Reality interfaces; Augmented
Reality devices

Speech and auditory interfaces
Displays — Headsets, ...
Printers — 3D printers, 3D printing stylus, ...
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MODELING INTERACTION



InfaVis Reference Model

[Card et al., 1999]

Data Visual Form

Raw Data sl TZS;[:S Visual | \/iews

Structures

Data Visual View
Transformations Mappings Transformations

Human Interaction

User interaction can feed back into any level
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Integrating Interaction in Visualizations

Formalizing interactions to
Derive information from interaction
Recreate visualization pipelines/states

Formulate visual histories

Metaphors in interaction design:
Mental model that both designers and users adhere to

Users can rely on knowledge about how one thing works to
operate the other

Shortcut towards understanding and memorizing an interface
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Interaction Models

Why do we need to model interaction?

To capture requirements (when the user does this,
then the system should do that)

... to develop by

... to evaluate against

To build workflows for passing on interaction
knowledge and providing user guidance

To automatically generate Uls
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Interaction Models :: Types

What is modeled?
Extent: Single action or whole workflow

Granularity: Concrete events or general task

How is it modeled?
Diagrammatically: Sequence/Activity diagram

Symbolically: Notations
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Interaction Models

Adapted [Schulz, v. Landesberger, Presentation 2014]
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Interaction Models :: Utilization

Adapted [Schulz, v. Landesberger, Presentation 2014]

Integration into InfoVis Pipeline

VY —_—
d ¢ @ screen
L
endering
. f [ ) J l/_  Goalmodel \|( Behavior model
il lmesel | mged S ) scaterpior | Coulmodel »
1 IO N
III II I III I tevactiondction]
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P 1 1 | ctory _
=== N
\ >
@ mose L Eienser v 1
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Uncover the key View all factori

bottlenecks

DomainProblem
Low productivity of
a virtual factory

Multi-level Interaction Model
Stored Interaction states

jective?
Identify the cluster |
of affected factories
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Adapted [Schulz, v. Landesberger, Presentation 2014]

Recording user interaction history

Utilize interaction history and feed back to user:
Undo / Redo

Utilizing collection of history to provide users with
guidance in further analysis

- D



Recording Interaction History

What and how is interaction recorded and how is this
information presented to the user?

Multiple Levels of detail

Scope - global vs. local

walue operator
datatrafo
analytical operator
wisual trafo

wisual operator
visual mapping
picture operatar
valuation exists
parameterization
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Utilizing Collections of Histories

Analyze past interaction histories to provide:

Guidance context
Guidance domain
Guidance target

Guidance degree

¥ Inspect expression data
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Design Guidelines for Fluid Interaction

DG1: Use smooth animated transitions between states.
DG2: Provide immediate visual feedback on interaction.
DG3: Minimize indirection in the interface.

DG4: Integrate user interface components in the visual
representation.

DG5: Reward interaction.
DG6: Ensure that interaction , never ends”.
DG7: Reinforce a clear conceptual model.

DG8: Avoid explicit mode changes.
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INTERACTION LIBRARIES

=



Incorporating Interactions

Visualization libraries started incorporating interaction
models

Explicit interactivity

\ega-Lite - grammar of interactive graphics

Implicit interactivity

d3fc, d3panels — d3 based, implicitly wrapped
Interactions

bokeh — python
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ER

Interaction through property description

"encoding": {
"color": {
"condition": {
"field": "weather",
"title": "Weather",
"scale": {
"domain": ["sun", "fog", "drizzle", "rain", "snow"],
"range'": ["#e7ba52", "#a7a7a7", "#aec7e8", "#1f77b4", "#9467bd"]
o
"selection": "click",
"type": "nominal"
}I
"value": "lightgray"
+
"x": {"aggregate": "count", "type": "quantitative"},
"y": {"field": "weather", "type": "nominal"}
}I
"width": 600,
"mark'": "har'"
"selection": {"click": {"encodings": ["color"], "type": "multi"}},
"transform": [{"filter": {"selection": "brush"}}]

Seattle Weather - Interactive

s



FOCUS+GONTEXT

DISTORTION, OVERVIEW AND DETAIL, ETL.



Fundamental Problem

Scale
Many Data Sets are too Large to Visualize on one Screen
May Simply be too many cases
May be too many variables

May only be able to highlight particular cases or particular
variables, but viewer’s focus may change from time to time

Potential solutions lie in
Representation

Interaction
Both
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From Problems to Goals

Problems
Scale : Large Data Sets

Small Window as Single Access-Point

Difficult to Interpret Single Information Items when Viewing it
Outside of its Context

Goals

Allow the User to Examine a Local Area in Detail without loss of
overall context Information

Facilitate Navigation
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Focus and Context (F+C)

Usually
Either Detail or Full Picture

Lose Context When Zooming
=> Zoom |In and Out a Lot

Focus+Context

Integrate Detail and
Big Picture

Make Better Use of
Available Screen Space




[Tominski et al., 2017]

Visualization pipeline
DS

DT VA 74
010110110
100001110 ‘
110101010 A
010110001 ‘
000110101

lens function A to generate a lens effect.

Attached to a standard visualization pipeline via a selection
o and join 1P
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Focus+Context Techniques

Elide Data

Omit items from view completely

Summarize items using dynamic aggregation

Focused items shown in detail

| 8

Superimpose Layers L . .
Focus layer(s) limited tg , « ® so "
local region(s)

Distort Geometry
Single view using geometric distortion - ; 3

on focus regions

188.305 — VO Information Visualization 81



Focus+Lontext :: Elide

Elide Data

Omit items from view completely

-

Summarize items using dynamic aggregation

Focused items shown in detail

Superimpose Layers

Focus layer(s) limited to
local region(s)

Distort Geometry

Single view using geometric distortion
on focus regions
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Focus+Lontext :: Elide

Degree of interest (DOI) function

-

One or more focus points

Inherent functions determine aggregation degree, not the DOI
function itself (based on parameters)
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Elide Data
Omit items from view completely
Summarize items using dynamic aggregation

Focused items shown in detail

Superimpose Layers 0 0

Focus layer(s) limited tg , « ® so "
local region(s)

Distort Geometry

Single view using geometric distortion
on focus regions
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Focus+Context :: Superimpose

Utilize zoom glasses or magic lenses K
for limited local regions ve®
s

56470 59607 62745 65882 69019 72156 75294 78431
A data series 1

b.422

25.26

55.94

weer

0 359 719 1079 1439 1799 2159 2519 2679 3238 3598 3956

4318 4678 5038 5398 §756 6118 6477 6837 7197 7557 917 8277 8637 8997

A data series 2

1191

‘ 1.9

o i L
-2.628 '
M*"TNM.V"‘"“"‘EEM-"M ‘
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Focus+Context :: Distort Geometry

Elide Data

Omit items from view completely
Summarize items using dynamic aggregation

Focused items shown in detail

Superimpose Layers

Focus layer(s) limited to
local region(s)

Distort Geometry

Single view using geometric distortion
on focus regions -
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Focus+Context :: Distort Geometry

Basic Idea

Distortion of an Image to Allow the Visualization of

Larger Amounts of Data

Polyfocal Display
Bifocal Display

Fisheye View
Perspective Wall
Graphical Fisheye View

'Kadmon & Shlomi 1978]
Spence & Apperley 1982]
Furnas, 1981/1986]
'Mackinlay et al. 1991]

Sarkar & Brown, 1992]
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Distortion :: Methods

[Leung & Apperly, 1994]

Abstract the Data

to Ensure Information Visibility

Apply a Transformation Function
to the Abstract Data

Apply a Magnification Function
to the Transformed Data
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Distortion :: Methods

Distance
1@ Dhstorted Image

Transformation

(- Neceeeeiaaaao]. =1  Function

Distance
m Undistorted Image

-

Distorted Object

- - o - - -

P e

Undistorted Object
(a)

Magnification
Factor

Magnification
Function

- - T. Alan Keahey

Distance
(b) m Undistorted Image

Fig. 3. (a) The transformation of an elliptic object by applying the transformation function of a

Bifocal Display in one dimension; (b) the corresponding magnification function of the Bifocal
Display. 188.305 — VO Information Visualization ~ 90



Distortion :: History

1982 Bifocal Display (Spence & Apperley)

1986 Fisheye Views (Furnas)

1991 Perspective Wall
(MacKinlay, Robertson, Card)

1992 Fisheye Views for Graphs
(Sarkar & Brown)

1993 Stretching rubber sheet:
(Sarkar, Snibbe, Reiss)

Document Lens +
3D Interactive Animation

(Robertson, MacKinlay)

2 1DF-browser
(Huang and Quan)

Icon Panel Fisheye Distortion
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Distortion :: History

1982 Bifocal Display (Spence & Apperley)

isheye Views (Furnas)
1991 Perspective Wall

I
”” ( (MacKinlay, Robertson, Card)
L % 1992 Fisheye Views for Graphs

(Sarkar & Brown)

1993 Stretching rubber sheet:
(Sarkar, Snibbe, Reiss)

Document Lens +
3D Interactive Animation

(Robertson, MacKinlay)

1 | TEE MEETING

o CAECGECERTE - - 2 1DF-browser
| & (Huang and Quan)

Icon Panel Fisheye Distortion
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Distortion :: History

1982 Bifocal Display (Spence & Apperley)

1986 Fisheye Views (Furnas)

(8) Zero-order tree Osheyes i
oot ertson, Card)
| ws for Graphs

3  Brown)

“"current focus™

(b) First-order tree fisheye:

g rubber sheet:

T ar, Snibbe, Reiss)
=+ -  hnentLens +
-3-5-5 . - .
A leractive Animation
(e¢) Second-order tree fisheye: rtson' MaCKiHIGY)
-3
e T S T browser
-7 -7 ! -7 -7 S e e
305 --id i (Huang and Quan)

"current focus”

‘ Icon Panel Fisheye Distortion
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Distortion :: History

1982 Bifocal Display (Spence & Apperley)

1986 Fisheye Views (Furnas)

1991 Perspective Wall
(MacKinlay, Robertson, Card)
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+
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(Huang and Quan)

Icon Panel Fisheye Distortion
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Distortion :: History

1982 Bifocal Display (Spence & Apperley)
1986 Fisheye Views (Furnas)

1991 Perspective Wall
(MacKinlay, Robertson, Card)

1992 Fisheye Views for Graphs
(Sarkar & Brown)
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Distortion :: History
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Distortion :: History

1982 Bifocal Display (Spence & Apperley)

1986 Fisheye Views (Furnas)

1991 Perspective Wall
. (MacKinlav. Roberts

oot

.
o - "o
w, ‘o, Sy

- T~

" (Huang and Uuan)

Conformal Magnifier
| (Zhao et al.)
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Conformal Magnifier

More usage in Scientific Visualization (SciVis)

Region-of-interest (ROI) function

(a) Multiscale satellite images of the
United States. The ROI contains
more details/pixels as the scale
decreases

(b) The top view and

(c) the side view of the continuous
magnification ratios of conformal
magnifier mapping

The colorbar shows the scale of the
magnification ratio: from large (red)
to small (purple).

(b)
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Focus+Context :: Eliding + Distortion

[Federico et al., 2012]

Vertigo Zoom

scene width

joalgns
elawed

aouejsip

2.5D visualization
interactively change and adapt

field of view based on task

Exploration of changes in dynamic networks
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Focus+Context :: Eliding + Distortion

Vertigo Zo |

2.5D visua

Interactive |

field of vie

Exploratiol

==

T, s

S

i
|

[Federico et al., 2012]

width
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F+C: Strengths

Flexible toolset for different data and tasks

Good Navigation Tool for Interactively Exploring Data

Probe Regions of Interest Before Committing to Navigating to
Them (Easily Reversible)

Can be combined with other Viewing Paradigms such as
Pan+Zoom, etc.
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F+C: Disadvantages & Limitations

No unified toolkit

Distortion can be distracting
Can be very difficult to implement

Any change in focal point potentially requires
re-calculation of DOI/ROI for all objects

188.305 — VO Information Visualization
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Focus+Context :: Interactive Lenses Survey

C. Tominski, S. Gladisch, U. Kister, R. Dachselt, and H. Schumann,
“Interactive Lenses for Visualization: An Extended Survey,” Comput.
Graph. Forum, vol. 36, no. 6, pp. 173-200, Sep. 2017.
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Focus+Lontext :: Interactive Lenses

[Tominski et al., 2017]

Lenses for different types of data

149 | 15
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14 | un

-dw NVJMM 1l\‘w-~...
| - I‘I'MH

!
140 |
1 |
w e o L) wrn

un
e
2 n e e W 19 wn

» e «

™ Gogeliz—,,  TIILT

(a) Temporal data (b) Geospatial data
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(e) Multivariate data (f) Graph data (g) Text and document data
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Focus+Lontext :: Interactive Lenses

[Tominski et al., 2017]

Lenses for specific tasks

(a) Select

(d) Encode (e) Abstract/Elaborate (f) Filter (g) Connect

0s GUER



Focus+Lontext :: Interactive Lenses

[Kister et al, 2016]

Less used in conventional InfoVis context

lenses in combination with large interactive surfaces or displays can become
powerful tools for collaboration

Novel ways of interaction

(Multi-)Touch, Tangible, Gaze-based interaction, ...
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Focus+Lontext :: Interactive Lenses

[Kister et al, 2016]

Interaction

Generalizability

,the fundamental problem is how you provide the user a quick
and easy way to: Position the lens, work through the lens, and
(possibly) parameterize the lens”




DISTORTION TEGHNIQUES
CONCLUSION



Spatial separation demands indication of relationship
between the concurrent displays

overview+detail and zooming interfaces — became standard
components in GUIs

overview+detail & fisheye interfaces — performance
advantages for certain tasks

Effectiveness of different techniques depends on many
factors, particularly the users’ tasks
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Overview + Detail

+ Preferred over other techniques.

+ Most effective solution for particular tasks, e.g.
document comprehension

- Additional use of screen real estate

- sub-optimal for dynamic activities due to more time
being spent

Provide immediate feedback in detail view to maintain
responsiveness of the environment
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Interactive Zooming

+ Temporal Dependency between pre-
and post-zoom state

+ Improves user performance

- Inflates cognitive load when done badly

Implement concurrent, well-established controls for
panning and zooming to decrease users’ cognitive load
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+ Favorable for gaining a rapid overview of the data-space
quickly

+ Favorable for following graph structures with clear
categories.

- Likely to impair users’ ability to make relative spatial
judgements

- Can cause target acquisition problems

Take advantage of high resolution displays for focused visual
attention and peripheral vision
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LESSONS LEARNED



Conclusion - Lessons learned

“Science of Interaction”
User-centered versus system-centered characterizations

Facilitate and utilize dialog between user and
visualization

Good visualizations are task dependent
Fundamental interaction techniques

Selection / Annotation, Sorting, Navigation, Brushing &
Linking, Dynamic Querying, Multiple Views

Advanced interaction techniques
F+C, Interactive Lenses
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ADDITIONAL SLIDES



Direct Manipulation

[Shneiderman, 1983, Shneiderman and Plaisant, 2005]

Visual representation (metaphor) of the
"world of action"

Objects and actions are shown

My Status Aeparts

Analogical reasoning is tapped e

l’ﬁi“'- 5
1990 reporie 1997 reports MERSIERURE Tl X

Rapid, incremental, and reversible
actions

Replacement of typing with pointing
and selecting

Immediate visibility of results of actions

GOAL:
Allow the user to directly interact with
the object

[Apple Computer]
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Direct Manipulation: DimpVis

Kondo & Collins, 2014

Exploring Time-varying Information Visualizations by Direct
Manipulation

1980

1980

Temperature (F)
- >61

I 60-51
- 50-41
B 40-31

€
Hl

30-21

B 20-11
<11

L

https://vega.github.io/vega/examples/slobal-development/
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Direct Manipulation Pros/Cons

Benefits over commands

Visibility of the objects of interest
Control/display compatibility

Less syntax reduces error rates
Errors are more preventable

Faster learning and higher retention
Reversibility of all actions
Encourages exploration

Replacement of complex command
languages with actions to manipulate
directly the visible objects

Immediate visibility of results of actions

Concerns

Increased system resources, possibly

Some actions might be cumbersome;
typing commands with the keyboard
might be faster

Macro techniques are often weak

History and other tracing may be
difficult

Visually impaired users may have more
difficulty

Users must learn the graphical
representations
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