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Overview of Part 1

* 6W’s of User’s Interaction |n|
and interaction loop

* Systematization of interaction

[
* Human (WS) and System (ViS) w

* Vis/VA-focused systematizations:

o
* Third view: Interaction Support Inl<—
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Motivation

*System developers:

*What to include in my system
*Researchers:

*What is there and what is missing
*Users:

* What to expect from the system

*Developers, researchers,...:

*Canonicum for evaluation and system testing



Motivation

Make it easier for you...

Systematization of perspectives ...
Wbkl [T
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What is interaction from user’s point of view?

USER’S ACTION AND THE
INTERACTION LOOP
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6Ws of Interaction

WHY do we interact?
What is the goal?

WHAT is the purpose? Effects and

p—

What is the intended effect of interaction? Mmeans

HOW do we interact?

Which means do we use/have at disposal?

WHO interacts?
Who are the users interacting? What is their background? Context of
WHEN do we interact? . |nteraction

When is interaction needed?

WHERE is interaction used?
[adapted & merged

Where users interact? | Roth13, Jansen et al
13]
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Effects and
means

Context of
interaction

[adapted & merged
Roth13, Jansen et al

13]
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6Ws of Interaction

WHY do we interact?
What is the goal?

WHAT is the purpose? __ Effects and
What is the intended effect of interaction?

HOW do we interact?

Mmeans

Which means do we use/have at disposal? —

[adapted & merged from
Roth13, Jansen et al 13]
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Hierarchic View on Interaction

WHY do we interact?

WHAT is the purpose?

v HOW do we interact?



Norman’s Model of Interaction

8. Take further action

v & N

EXECUTION EVALUATION
1. Establish a goal 7. Evaluate the A
(Why?) outcome
(Why?)

Execution/

) 6. Interpret the
Evaluation loop

2. Form intention/identify task

(What?) system’s state
(What?)
3. Specify action sequence 5. Perceive the state
(How?) of the system
(How?)
\ /
4. Execute action (Normangg]
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Preliminary Summary

1. 6Ws of interaction:
1. Effects+means: Why?, What? How?
2. Context: Who? Where? When?

2. Hierarchic nature of interaction

3. Execution/Evaluation loop
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Which interactions exist? C]

INTERACTION O
SYSTEMATIZATION [ ]I 0
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TWO VIEWS ON
INTERACTION



What Is Interaction =
Systematization

1. 6Ws of interaction:
1. Effects+means: Why?, What? How?
2. Context: Who? Where? When?

2. Hierarchic nature of interaction

3. Execution/Evaluation loop
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What Is interaction =2

Systematization
1. 6Ws of interaction:
1. Effects+means: Why?, What? How? o
2. Context: Who? Where? When? 0

>—
2. Hierarchic nature of interaction

3. Execution/Perception loop User-centric

—_ view

< >
/ == \
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What Is interaction =2

Systematization
1. 6Ws of interaction:
1. Effects+means: Why?, What? How? o
2. Context: Who? Where? When? 0

>—
2. Hierarchic nature of interaction

3. Execution/Perception loop User-centric
—_ view
0 ) N 1
S Visualization side-
< /:—:—:—:—:\
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Human <« Visualization

T -

WHY

Subjective
perception

What should be
modified in the view
(goal/intention)

WHAT

How it should be
modified
(which action)

|, HOw

Visualization
changes

What in the
visualization is
modified

How this is done
(software/hardware)

[adjusted Roth13]
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WHY

WHAT

|, HOw

Human <« Visualization

e

Data

Raw
Data

Visual Form

e

Data
Tables

i

Visual
Structures

—

Data O

Transformations

f

Visual
Mappings

f

Views

View c}

Transformations

f

Human Interaction
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Human <« Visual Analytics

>

‘ > View
Visualization manipulation

Transformation

Knowledge
Model
visualizatio

buildin

WHAT

Parameter
refinemen

Information mining t

Feedback loop

|, HOw

[Keim et al. 2008]
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Information Visualization Model

!

Data

Raw '
Data

Data
Tables

' Visual '

Visual Form

Structures

Views

o =

task

Data Q

Transformations

Mappings

Visual Q

View Q

Transformations

Human Interaction

a

[Card et al.99]
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Information Visualization Model

Data Visual i

[ )
Data Visual Form %’3
task
Raw ' Data Visual ' .
Data Tables Structures Yiews (Q

Data e Visual View '=

Transtations Milfgs Transf]ations

Human Interaction

[Card et al.99]
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Visualization = Visual Analytics

Simple Information Visualization Model

View
Manipulation

Visualization

Mapping

Transformation

— Knowledge w

[Keim et al. 2008]
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Visualization = Visual Analytics
Simple Data Mining Model

Transformation

Knowledge w

Data Mining/
Models

Parameter
refinement

Information mining [Keim et al. 2008]
eim et al.
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Visual Analytics Model

View
manipulation

Visualization

Mapping

ransformation

Knowledge 'n'
Model

visualization

Model
building

Parameter
refinement

Information mining [Keim et al. 2008]
elm et al.

Feedback loop
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3 Ways of Visual Analytics
Way 1: InfoVis

View

. L manipulation
Y Visualization P
Mapping

ransformation

Knowledge 'n'
Model

visualization

Model
building

Parameter
refinement

Information mining

Feedback loop
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3 Ways of Visual Analytics
Way 2: Visual Data Mining

r—? View
. . . manipulation
Visualization P

ransformation

Mapping

Knowledge 'n'
Model

visualization

Model
building

Parameter
refinement

Information mining

[Keim et al. 2008]

Feedback loop
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3 Ways of Visual Analytics

Way 3: Provenance/Sensemaking/Reasoning

1 View
manipulation

Mapping

Transformation

0
j Knowledge In'

Model Model
building visualization

\) Parameter
refinement

Information mining

[Keim et al. 2008]

Feedback loop
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Interaction Need in Visual Analytics

Support all 3 ways via visual means

View

: _ manipulation
¥ Visualization P

Mapping

ransformation

Knowledge 'n'
Model

visualization

Model
building

Parameter
refinement

Information mining

[Keim et al. 2008]

Feedback loop
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Systematization of Interaction

——————a—a

2. Visual Data Mining

WHY

[Bertini & Lalanne 09]

[...]

[Shneiderman 96]

1. Information Visualization

[Keim02]  [Parsons & Sedig 14]

[Pike et al 09] [Dix & Ellis98] [Spence07]
[i et al. 07]

WHAT

3. Reasoning

[Roth13] [Wybrow et al 14]
[Zhou & Fesner98

Heer & Shneiderman12
[Jansen, Dragicevic 13] [ ]

[...]

[Gotz & Zhou 08]
[Kerren & Schreiber12]

[...]

|, HOw
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Systematization of Interaction
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Levels of Systematization:
Example

. tec

Select, Explore, Reconfigure, Encode,
Abstract/Elaborate, Filter, Connect

[Yi et al 07]
WHAT

|, HOw
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Levels of Systematization:
Problem of ambiguous terms

[Yi et al 07]
WHAT

. tec

Select, Explore, Reconfigure, Encode,
Abstract/Elaborate, Filter, Connect

What/where in the pipeline?

.

Visual Form

J HOW Data
Rav ey

Data
Tables

' Visual ' Views

Structures

Data CJ

Transformations

Visual c} View :'

Mappings Transformations
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Pipeline-Focused Interaction
Systematization

2. Visual Data Mining

[Bertini & Lalanne 09]

[...]

1. Information Visualization

3. Reasoning

[Wybrow et al 14]
[Heer & Shneiderman12]

[...]

[Kerren & Schreiber12]

[...]

Vis Tutorial: Opening the Black Box of Interaction in Visualization — H.-J. Schulz, T. v. Landesberger, D. Baur 37



Pipeline-Focused Interaction
tematization

2. Visual Data Mining

/ [Bertini & Lalanne 09]
1 [...]

/ . Information Visualization

3. Reasoning

[Wybrow et al 14]
[Heer & Shneiderman12]

[...]

[Kerren & Schreiber12]

[...]
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Unified VA Interaction Systematization

1.

Visualization

2. Data
mining

3.

Reasoning

Data changes

¢ Selection
e Editing

\

J

p
Visualization changes

e Scheme:
type and mapping

e Parameters
.

N\

Data changes

¢ Selection
e Editing

\

( [ [
Data mining changes

¢ Scheme:

data processing type
e Parameters

L

N\

p
Data changes

e Analytic process
tracking

e Editing (annotation)

.

J

r :
Reasoning changes

e Scheme:
change analysis type

e Parameters

.

N\

[von Landesberger et al. 2014]
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’ View
I . - ! manipulation
Visualization

Transformation

Mapping

Model
visualization

Model
building

Models

Parameter
refinement

Information mining

Feedback loop

3 Ways of Visual Analytics: InfoVis (Way 1)

INFOVIS — FOCUSED
SYSTEMATIZATIONS
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1. Visualization Systematizations

[Shneiderman 96]

1. Information Visualization

[Keim02] [Parsons & Sedig 14]

[Pike et al 09] [Dix & Ellis98] [Spence07]

[Yi et al. 07]
Infovis pipeline based

[Roth13] [Wybrow et al 14] > e
L [Zhou & Fesner98 systematization
Jansen, Dragicevic 13] Data e ===
[...] / ou —? Tl s ]—2
Jinpgiog A

Human Interaction
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1. Visualization Systematization

Visual Form o

Raw Data Visual S _—
= - Views \
Data I Fables Structures (fq )
J - A NN o WO
Data Visual View > & [
i\ ”/AJ

Transformations Mappings Transformations

Human Interaction

\

/
Text = : #Words »Slze
Text #Senten» Color
100 20
Text ces
80 7

[Card et al 99]
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InfoVis Interaction: View Transformation

Data Visual Form
Raw ’ Data Visual
Data Tables Structures
Data Visual i
Transformations Mappings

Human Interaction

Text #Senten» Color
100 20
Text ces

- 80 7

— '\

[Card et al 99]
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InfoVis Interaction: View Transformation

* Navigation ®
*  Pan, zoom, scroll,...
|

B

30 oY

i

Navigation in visible space

<
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../hcs/HCS2013/googlemaps/googlemaps.avi

InfoVis Interaction: View Transformation

NAVIGATE: Paris = Sydney

* Navigation
*  Pan, zoom, scroll,...

&
:

Navigation in visible space

.......

Source: maps.google.com

Problem: Cumbersome, time consuming, “lost in space”
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InfoVis Interaction: View Transformation

Navigation
Topology-Aware Navigation in Large Networks

[Moskovich et al.09]
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videos/part1/Topology-Aware Navigation in Large Networks.flv

InfoVis Interaction: View Transformation

* Navigation
e Pan, zoom, scroll,...
* Highlighting
* Hover
*  Select+highlight
*  Brushing and linking

*  Magic lenses

Highlighting important information
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InfoVis Interaction:

* Navigation
* Pan, zoom, scroll,...
* Highlighting
* Hover
e Select+highlight
*  Brushing and linking

* Magic lenses

* View reconfiguration

View Transformation

*  (Re-)arrange multiple views on the screen

*  Open/close new views

Configuring multiple views
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InfoVis Interaction: Visual Mapping

Data Visual Form

Raw Data
Data Tables

Visual
Mappings

Data
Transformations

[

Text 50 9
Text 100 20 #Sente» Color
Text ces

[ 80 7

[Card et al 99]
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InfoVis Interaction: Visual Mapping

< type

* Visualization type

* Type of visualization

Scatterplot/matrix

Node-link/matrix

* Type of mapping

E.g. color/size/form

[van den Elzen & van Wijk 13]



InfoVis Interaction: Visual Mapping

 Mapping parameter §

* Data <> mapping

* E.g. color scheme

[van den Elzen & van Wijk 13]



InfoVis Interaction: Visual Mapping

* Mapping parameter [
* Data <> mapping

* E.g. color scheme

[van den Elzen & van Wijk 13]



InfoVis Interaction: Visual Mapping

<€ layout

* Further specifics
* E.g. type of layout, sorting

[van den Elzen & van Wijk 13]
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InfoVis Interaction:
Data Manipulation

D

Data Visual Form XS
] task

Raw Data Visual
\iu\s
Data ‘ Tables Structures (,_{‘Q
Visual :' View \\ Lo f[?
Mappings Transformations

Human Interaction

- #Words »Size

#Senten Color
ces »

[Card et al 99]
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InfoVis Interaction:
Data Manipulation

* Data navigation

drill down, expand, filter, ...



InfoVis Interaction:
Data Manipulation

Data navigation

* drill down, expand, filter, ... » -

*  Top down

* Filter, details on demand

*  Bottom up »

*  Expand on demand

*  Middle out

¢ Startin the middle »

[von Landesberger et al 11]
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InfoVis Interaction:
Data Manipulation

* Data navigation

Search, Show Context, Expand on Demand
* drill down, expand, filter, ...

I——
] n."-' e e v

*  Top down Al Ph Ve

* Filter, details on demand w/ f/J
* Bottom up s

* Expand on demand

? 4% T.
* Middle out s
. . _
* Startin the middle 7

[van Ham & Perer 09]
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InfoVIs Interaction:

Data selection
for visualization
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Rata Manigylation
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videos/part1/videoNod2.avi

InfoVis Interaction:
Data Manipulation

3 —-—— o .-

-

Data transformation ¥

*  Normalization (lin, log, exp,..)

*  Aggregation (manual, according u o
to data,...) ’ - -
° XX Vomne | EiRevpus | X e .
e .+ ki
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InfoVIs Interaction:
Data 'I\/Ianipulation

-l

' N\ —

-

\\ o—p
. \‘ N Jo——

 Data transformation ?

*  Normalization (e.g. lin, log)

*  Aggregation
*  Manual
*  According to data attributes

*  According to data structure (e.g.
communities)

* Etc.
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2. Graph simplification by structure




InfoVis Interaction:
Data Manipulation

Data editing
Change values

Create data

Individual values

Whole datasets
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InfoVis Interaction:
Data editing
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PC/DC InfoVIs Interaction:
On the Highway to Data Data Cre at|o n

[Bremm et al 2012]



Summary: InfoVis Interaction

Data Visual Form O
¢

Data Visual
Tables Structures '
|

Raw
Data {

Views |(J,.‘Q~.\] '

e %( /’V[r\ 9
i\ :“A';,\)?

Human Interaction

Text = = #Words »Slze
Text #Senten» Color
100 20
Text ces
80 7




View
manipulation

Knowledge lnl
Model

visualization

building

Parameter
refinement

Information mining

Way 2: Visual data mining

VISUAL DATA MINING

INTERACTION
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VA Interaction Systematization

2. Visual Data Mining

[Bertini & Lalanne 09]

Information Visualization
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Visual Data Mining

* Computationally enhanced Visualization
(V++)

* Visually enhanced Mining (M++)

* Integrated Visualization and Mining (VM)

[Bertini & Lalanne09]



Visual Data Mining Interaction

* Manipulating and tuning:

Vis: DM.:
changing representation changing model parameters
parameters

* Changing the scheme:
Vis: DM.:

changing the visual mapping changing the data model
or visual representation

[Bertini & LalanneQ9]



\i

Visual Data Mining Interaction

* Manipulating and tuning:

Vis: DM:
changing representation changing model parameters
Pa rameters
For example: changing color scheme For example which motif is searched

A

N\
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Visual Data Mining Interaction

* Changing the scheme:

Vis: DM:
changing the visual mapping changing the data model
or visual representation

For example: changing node-link For example motif search vs clustering
diagram to adjacency matrix

N & : / '_ - i i
~— e e = Tl
T,
= e =

.

V \
!
e

o

~\ P’.

e
—
r>f X
' -
. —
- I\ |

s

; = .n -

W
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Visual Data Mining Interaction:
Motif search and Visualization

( VPO France 3
P A lrcaphnoun
Heracus Amda L
HERAEUS Nobsd

V% piia Novisl
4

an.Bsu Quar

Find indirect
shareholdings

s Shin-E

L= : ,v';;

Herasus Quarzg

Heraeus N

ritosy

Haraaus Ouarzhferabsssedakial

houn

Herasus §

Herasus Dudnz

unknoun

Kudger

Pangent GmbH

| )
B me s
B 5 o i

unknasar ETEND Ga
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N Heraeus Zhaoyu

Herssus Kuleer

[von Landesberger et al 09]



r—lj View
Visualization manipulation

Transformation
Knowledge 'nl

Model
visualization

Model
building

Models
Parameter

refinement

Information mining

[Keim et al. 2008]

Way 3: Feedback loop

SENSEMAKING,
PROVENANCE,
REASONING
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VA Interaction Systematization

3. Reasoning

[Heer & Shneiderman12]

[Gotz & Zhou 08]
[Kerren & Schreiber12]
[...]
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Reasoning/Provenance
Systematization

Data & View Specification

—  Visualization
View Manipulation

—
\

Process & Provenance

>— Provenance

[Heer & Shneiderman12]
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Reasoning/Provenance

Systematization
* Insight
* Annotate, Bookmark
* History
*  Record
* Quide
Process & Provenance * redo, undo, revisit

= Provenance * Cooperate

° Share

Combined
[Gotz & Zhou, Kerren et al,
Heer & Shneidermanil2]

[Heer & Shneiderman12]



Reasoning/Provenance

Visual history
& annotation

Visualization

Intrapleural mstl .. Start
g Early cardiotosicit..
4 . Search:
-7 o)
HIArbcollae Serum CA 125asap...
[Preichive signfl.. Show conntected component

doublecross

[Severe ling toficit...
‘:, Radiotherapy does n...

im CA 125 levels. .. . o
All documents in this view

belong to the same category

[von Landesberger et al 14]
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Reasoning/Provenance

Visual history

& annotation
2

Visualization

[von Landesberger et al 14]
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Reasoning/Provenance

Visual history
& annotation

Visualization

[von Landesberger et al 14]
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Reasoning/Provenance

Visual history

Visualization .
& annotation
B ®

[von Landesberger et al 14]
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Reasoning/Provenance

Visualization
o
- b
/“j it /
Ef{"‘;// - | //
. //
‘,.',\'
< -

Visual history
& annotation

S Same interaction

LavoutChani o

B type = aggregation

[von Landesberger et al 14]
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Reasoning/Provenance

Visual history
& annotation

Visualization

Same interaction type
- aggregation

using interaction
systematization

[von Landesberger et al 14]
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Reasoning/Provenance

Visualization

Vis Tutorial: Opening the Black Box of Interaction in Visualization — H.-J.

Visual history
& annotation

St
3 e ma T ops

|E Aggregated interaction

Zoam out

[von Landesberger et al 14]
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Reasoning/Provenance

Visual history
& annotation

Visualization

]
a

,.
-

g
g

13
S

Shom Nelgreours

o TN

LayoutChange

[von Landesberger et al 14]
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Reasoning/Provenance

Visual history
& annotation

Visualization

-
u
a

r~

g
g

13
S

“Go back”
Shom Nelghtours _ revieW/reVise

LayoutChange

o ¢ TN e

[von Landesberger et al 14]
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Reasoning/Provenance

Visual history

Visualization .
& annotation
.‘n "
L
....... bm.u —
B
;c?ﬂ b “Go back”
d;j l ;’/ 2* wane - review/revise
| I‘l‘»\‘ ‘/ LayotChanga
A
&f/ ‘ \\
BD-

[von Landesberger et al 14]
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Reasoning/Provenance

Visual history
& annotation

Visualization

Stant

earch DocumentsTopuc16= 1

v e

M Start a different
2 "“_,@ exploration path
b%h K b |
b

[von Landesberger et al 14]
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Reasoning/Provenance

Visual history
& annotation

Visualization

S

Search DocumentsTopic 6= 1

Lwout

o e e

Start a different

Zeqr out

1 e exploration path
Mott ™ | [—
b Show Neghbows b Lapaut

[von Landesberger et al 14]
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Systematization of Interaction

2. Visual Data Mining

WHY

[Bertini & Lalanne 09]

[...]

hnejderman 96]

1. Information Visualizati

[Keim02]  [Parsons & Sedig 14]

[Pike et al 09] [Dix & Ellis98] [Spence07]
[Yi et al. 07]

WHAT

3. Reasoning

[Wybrow et al 14]
[Zhou & Fesner98

agicevic 13] [Heer & Shneiderman12]

[Gotz & Zhou 08]
[Kerren & Schreiber12]

[...]

|, HOw
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WHY

WHAT

|, HOw
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Systematization of Interaction
- according to InfoVis Pipeline

2. Visual Data Mining

[Bertini & Lalanne 09]

[...]

hneiderman 96]

1. Information Visualizati

[Keim02]  [Parsons & Sedig 14]

[Pike et al 09] [Dix & Ellis98] [Spence07]
[Yiet al. 07]

3. Reasoning

[Wybrow et al 14]
[Zhou & Fesner98

agicevic 13] [Heer & Shneiderman12]

[Gotz & Zhou 08]

[Kerren & Schreiber12]

Data Visual Form
] Raw ‘ Data Visual ' -
——’ _» View:
Data Tables Structures | S
———— ! c c <:!-' -
Data Visual View
Transformations Mappings Transformations
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InfoVis-Focused
Systematization:
Problem of ambiguous terms

WHAT « ? Why? What for? How exactly?

“Change mapping”

v H OW « | Data Visual Form

Cj Cj!’ilrucmrm
Data Visual View :'

Transformations Mappings Transformations

|  Raw | Data | Visual | e
i Data P Tables y P Views
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SYSTEMATIZATION:
INTERACTION SUPPORT



Interaction hierarchy

CA
cognitive activity ’____~_\
WHY
SA;
sub-activities P——————— e ——
T
tasks ,__ag ,_.~_T2
sub-tasks ,_EL\ Sk ,_gla.\
WHAT ) gy
r A A |
actions, A
reactions, ¢ ,
perceptions \ \ \ \ \
v HOW || VRs-VRs-VRs-VRs.- - VRs.-

[Sedic & Parsons 10]
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Interaction hierarchy

Time & cognitive burden

- O O O O O -

CA
Cognitive aCtiVity A
WHY
SAi
sub-activities P—————
;
tasks ,__JL_\ ,—-/L\
STi STz STs
WHAT sub-tasks P e, e e, P e,
E B B B R
( A A A
actions, Al 1A 1A A v Ag
reactions, Lo B T
perceptions \ \ \ \ \
v HOW | WRs--WRs_-VRs_-VRs-- - VRs_-
R4 Mo Ria RA: Rm

[Sedic & Parsons 10]
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Three Dimensions:
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>
[

Visualization

96



Interaction support

“DOI-based”

Slow/cumbersome * Fast
High cognitive * No cognitive
burden “supported” “smart” burden
Full control “data-driven” * No control
>
“manual”

“automatic”

Vis Tutorial: Opening the Black Box of Interaction in Visualization — H.-J. Schulz, T. v. Landesberger, D. Baur 97



Interaction support

“DOI-based”

Slow/cumbersome * Fast
High cognitive * No cognitive
burden “supported” “smart” burden
Full control “data-driven” * No control
>
“manual”

“automatic”
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Interaction support

Supported
* Snap to grid
* Edgelens

[Wong & Carpendale03]

Vis Tutorial: Opening the Black Box of Interaction in Visualization — H.-J. Schulz, T. v. Landesberger, D. Baur




Data driven
* Topology-aware

‘Interaction support

navigation
Data-aware seleq

Slow/cumbersome
High cognitive
burden

Full control

“manual”
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Interaction support

Guidance
* Small multiples

* DOIl-based
exploration

* Fast
» * No cognitive
t burden
* No control
>
“automatic”
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Interaction support

Select data view: S m a rt
He - = ﬁl.
o3| [l i * Tableau
na1] “show me”
et Ll Ll Lot kel
o8 oS
R 5835 |$8
Slow/cumbersome * Fast
High cognitive e * No cognitive
g g ok ][ cancel | “smart” g
burden burden

[Heer et al 08]

Full control B e No control
>
I{4 V24
manual .
“automatic”
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Interaction support

Automatic
e NodeTrix

Fast

No cognitive
burden

No control

“automatic”



videos/part1/nodetrix.flv

Part 1: Interaction actions

SUMMAR
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Summary

WHY

[Bertini & Lalanne 09]

[...]

neiderman 96]

1. Information Visualizati

[Keim02]  [Parsons & Sedig 14]

[Pike et al 09] [Dix & Ellis98] [Spence07]
[Yi et al. 07]

WHAT

3. Reasoning

[Wybrow et al 14]
[Zhou & Fesner98

agicevic 13] [Heer & Shneiderman12]

[Gotz & Zhou 08]
[Kerren & Schreiber12]

[...]

|, HOw
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THANK YOU

Q&A



Next: Interaction architecture

Hans-Jorg Schulz

Activities: What the user Metaphor: What the user Architecture: What the
does to trigger a change thinks the computer is doing computer actually does
in the computer (Action) and vice versa (Understanding) (Reaction)
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