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Introduction and Motivation

Sociology
“the influential actions, processes, and changes
that occur within and between groups”
[DR. Forsyth, 2018] Psychology Epidemiology
Analysis of group Group
dynamics is valuable Dynamics
Artificial Education
Intelligence

o-¢
J
He<0
Decision-making Network Sequence of
behavior propagation actions and events
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Introduction and Motivation
Sociology
What is a group? |
a2

Psychology Epidemiology
“Individuals who stand in certain relations to
each other ..
[C.C. Gould, 2004] Group
Dynamics
“[entities] who work together interdependently
on an agreed-upon activity or goal” Artificial q ,
[J. Keyton, 2002] Intelligence Education
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Introduction and Motivation
Sociology
Factors that affect group
dynamics
Psychology Epidemiology
Memberships in Interactions Group
overlapping groups between entities Dynamics
How do we analyze Artiticial Education

| Intelligence

group dynamics?
Mission: Visual analysis of group dynamics through
evolving memberships and interactions
4
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Research Mission

Mission: Visual analysis of group dynamics through evolving memberships and interactions
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Research Mission

Mission: Visual analysis of group dynamics through evolving memberships and interactions
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Research Mission and Objectives

Mission: Visual analysis of group dynamics through evolving memberships and interactions

RO 1: Dynamic Overlapping Groups |

£

Temporal Overview Comparative Analysis Membership Details

RO 2: Evolving Entity Interactions |

-3

Design Space Interactions Spatial Context
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Exploring Complex Group Dynamics

Visual Analysis of Overlapping Groups and Interactions Over Time

Mission: Visual analysis of group dynamics through evolving memberships and interactions

PART |
‘ How to visualize dynamic overlapping groups? {b} ((’J} @
PART I
How to analyze evolving entity interactions? 9 0
b (22%

PART Il
How to do a joint analysis of group dynamics?
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Publications
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PART I

Dynamic Overlapping Groups



Example: Research Publications

IEEE VIS Publication Dataset [Isenberg et al. 2017]
|EEE VIS Tracks: SciVis/Vis, InfoVis, and VAST

2015
InfoVis .
L
SciVis/Vis / |
. Ly
1990 1995 2006\ i
>
VAST !
* Elements: 48 experienced researchers (min. 15 publications)
« Timesteps: [1990-1992], [1993-1995], .., [2011-2013], [2014-2015]
What (s the publication trend (n What was the reaction to Early contributors vs. recent
the three tracks? changes in the conference? generalists
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How to Visualize Memberships in Sets?

Cardinality
%@ 5 1 2 3 4
o 4
[ J 3
o 2
*—o 1
| g 1
SciVis/Vis VAST it 1
Euler-based Diagrams Aggregation-based Techniques

: l | | = | - | -
Mobile
S = - ™ u B -
PR wlBl” = § s P n" = . . .

P LA L R P A R A A R The State-of-the-Art of Set Visualization

STURLEO L TV WS i

%2 % 52 2 PR 2 3 %?3%58222%
IR R ROE VTR R VIRV
- . Bilal Alsallakh', Luana Micallef>*, Wolfzang Aigner'-*, Helwig Hauser’, Silvia Miksch' and Peter Rodgers’
Graph- and Matrix-based Techniques
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How to Visualize Memberships in Sets?

Who published in and SEVIHAYR, but not in ?

1 2 3 5 10

niow M=

___________
-
‘-q“
-

A

=- T - LT I R

Visualizing Group Structures in Graphs: a Survey

Corinna Vehlow, Fabian Beck, and Daniel Weiskopf

VISUS, University of Stuttgart, Germany
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How to Visualize Dynamic Overlapping Sets?

# of nodes y | il -
A !
Wilson's "What | didn't find in Africa” published in NYT # of hyperedges y 1801 1802 1803 1804
Juclmh Mlller subpoenaed Judith Miller is released ' . ' . 3 Ell se Q QQ -
Ashcroft rescuses himself, Fitzgerald takes over Jury receives Libby case for deliberation | ﬁ J h m ¢ : :
2 events Gonzales testifies before federa... Rove's 4th grand jury appearance L onn % : : : : :
DOJ launches investigation 2 Hubert l l l l
McClellan reiterates his earlier defense of R... Newsweek: Rove was Cooper's source .5 Anto ine
McClellan answers about Rove McClellan refuses to discuss Rove involvement ; 4 J h
White House comments on the State of the Union a... 2 events Rove informed that he won't be charged . Osep
Bush's State ... Cheney: "No. | don't know Joe Wilson" Judges, Courts 2 R oze
Novak's Column "outs" Plame White House - V ll o)
Wilson's "What | didn't find in Africa” published in NYT Wilson 3 allet
2003 April July October 2004 April July October 2005 April July October 2006 April July October 2007  April 2 Claude (0]

TimeSets (Nguyen et al. 2016) 2 Ph|l|ppe o

PAOHVis (Valdivia et al. 2019)

Towards a Survey on Static and Dynamic Hypergraph Visualizations
Maximilian T. Fischer * Alexander Frings * Daniel A. Keim # Daniel Seebacher $

University of Konstanz, Germany 15
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Set Streams — Overlapping Sets
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SciVis/Vis VAST [ N— =00
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Set Streams — Overlapping Sets
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Set Streams — Overlapping Sets
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Set Streams — Overlapping Sets

- | w | Em_ ] [

1990-1992 1993-1995 1996-1998 1999-2001

[ &
InfoVis o s
O\

Exclusive 1-set intersections - P | ™ 1
8

{
c 1
|
|

= == == W
L=—=- X TE——

Exclusive 2-set intersections - \
13 elements

SciVis/Vis
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Set Streams — Timeline b

| 0w ] me ] H_] B Hw ew] e (]

d)\ ng\‘:\\c,é\" 1990-1992 1993-1995 1996-1998 1999-2001 2002-2004 2005-2007 2008-2010 2011-2013 2014-2015
A\ aNS &
Exclusive 1-s:t intersections - 7~ i
8 s — — pe
. EE— — I e — —— I
Exclusive 2-:et intersections - — - . | - - 3 - ; \I-‘; : — "'I S— i‘é —
a-8 3 elements .(
e-a I | - | | =
a—a
Exclusive 3-set intersections - T A L —
What is the publication trend in What was the reaction to Early contributors vs. recent
the three tracks? changes in the conference? generalists

Z\]J

Exploring Complex Group Dynamics: Visual Analysis of Overlapping Groups and Interactions Over Time



Set Streams — Timeline b

=r0nal = Set Streams: Visual Exploration of Dynamic Overlapping Sets Select Dataset: [IEEE VIS - Conferences  v| @
garwal, S. and Beck, F. (2020), Set Streams: Visual Exploration of Dynamic Overlapping Sets. Computer Graphics Forum, 39: 383-391 Details Dataset Statistics: #basesets=3 #elements=48 #timesteps=9 # intersections =7
election: ® +
0
Sort by: [ K-set intersections ¥ | Collapse: [Exclusive 1-setintersections ¥ | Expand: |
©
2 ;\{’7;\\:,?\ 1990-1992 1993-1995 1996-1998 1999-2001 2002-2004 2005-2007 2008-2010 2011-2013 2014-2015
FES
Exclusive 1-set intersections - 1 " 1 g
m
— S— r— ;I o
i Se h Element .
. - — I — — e I .: 0 .: 0 I: 0
= 7 : : Andrienko G. 2
e = - ‘- - \ l | B vwf — A — z
Exclusive 2-set intersections - V“ \ A\ i ) Andrienko N.
2-8 Girdiale ’ Carpendale S.
— — fi——1 o— { — 5 —— e
Chang R.
e I L I 1 — Dykes J.
a—a ‘ Ebert D.S.
Exclusive 3-set intersections - ' EfiT
a-a-8 Fekete J.D.
— | Sre— e —
Groller M.E.
Hagen H.
Hamann B.
Han-Wei Shen
Hanrahan P.
Hansen C.
What is the publication trend (n What was the reaction to Early contributors vs. recent
the three tracks? changes in the conference? generalists

L
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Set Streams — Comparison of Subgroups b ('J

=70l == Set Streams: Visual Exploration of Dynamic Overlapping Sets Select Dataset: | IEEE VIS — Conferences  v| (@ Il UICISCU
Agarwal, 5. and Beck, F. (2020}, Set Streams: Visual Exploration of Dynamic Overlapping Sets. Computer Graphics Forum, 39: 383-391 Details Dataset Statistics: #Dbasesets=3 #elements =48  #timesteps =9 #intersections =7
Selection: o B 1 1 O BT R P — Elements in the | exclusive intersection v | of (OVAST [infovis EScivisivis at timestep | 1990-1992 v
roup A+B:
P @ BTN B Flements in the [ exclusive intersection v | of EAvAST Edinfovis EScivis/Vis at timestep [ 2014-2015 v
sort by: [ K-set intersections ¥ | Collapse: [Exclusive 1-setintersections ¥ | Expand: | v | -
)
& §‘j&§‘ 1990-1992 1993-1935 1996-1998 1999-2001 2002-2004 2005-2007 2008-2010 2011-2013 2014-2015
RS
Exclusive 1-set intersections -
[ m
Search Element .
] N1 B2 K4
van Wijk J.J. °
s [ | j
Exclusive 2-set intersections - I HagenH.
oo l HamannB.
l Hanrahan P.
e-ae l Hansenc.
Hanson A.J.
Oo—0a i
Exclusive 3-set intersections - I KaufmanA.
o-0-0 l kKeimDA
B Kwan-Liu Ma
0 Nielson G M.
I Rnzingans P
l Ribarsky W.
I

What is the publication trend in What was the reaction to Early contributors vs. recent
the three tracks? changes in the conference? generalists
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Set Streams — Comparison of Subgroups

=ryiorial ————— Set Streams: Visual Exploration of Dynamic Overlapping Sets
Agarwal, S. and Beck, F. (2020), Set Streams: Visual Exploration of Dynamic Overlapping Sets. Computer Graphics Forum, 39: 383-391 Details

Dataset Statistics:

Select Dataset:

#base sets =3 #elements = 48

IEEE VIS — Conferences

v @

#timesteps =9  # intersections =7

Selection: o AYB: 1 O SR PR Elements in the | exclusive intersection v |of [IVAST [linfovis ESciVis/Vis at timestep [ 1990-1992 v
rou +
P (I -5 Y Bl Elements in the | exclusive intersection v | of EVAST Einfovis EdSciVis/Vis at timestep|2014-2015 v a

Sort by: [ K-set intersections Collapse: [Exclusive 1-setintersections ¥ |  Expand: |
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& \a}“ 1990-1992
& K
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2002-2004

Exclusive 1-set intersections -
8

|

Exclusive 2-set intersections -
oo

o-0
o——=a

Exclusive 3-set intersections -
o-Z-0

What is the publication trend (n
the three tracks?

2005-2007

-

Membershlp Details?

2008-2010

EEEEEEEEE

1993-1995

2011-2013 2014-2015

What was the reaction to
changes (n the conference?

2"

Highlighted Element

Search Element

B B2 B4

B van wijk J.J.
l HagenH.
Hamann B.
Hanrahan P.
Hansen C.
Hanson A.J.
Kaufman A.
Keim D.A.
Kwan-Liu Ma
Nielson G.M.
Rheingans P.
Ribarsky W.

MRl B A

Early contributors vs. recent

generalists
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Layered Set Intersection Graphs

X
V

SciVis/Vis VAST
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Layered Set Intersection Graphs
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Layered Set Intersection Graphs
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Layered Set Intersection Graphs
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Layered Set Intersection Graphs
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Layered Set Intersection Graphs @
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Layered Set Intersection Graphs b @

ee)
B |
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on layer
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(@00 e e 00 | [0 0@ @ e e e | [0 0@ e . |
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InfoVis SciVis/Vis
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21] 32 16
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Layered Set Intersection Graphs -

o //’. O .
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&
N
o)& O\\‘\"’\(.,é 1990-1992 1993-1995 1996-1998
NGE @) @) 0 @) 0
Exclusive 1-set intersections - ’.“f.‘".‘".'\’.“f.'\. PY 02000 0 e e v e
c — (8] (70)
o 0}
. H -
. _________________________________
Exclusive 2-set intersections -
InfoVis SciVis/Vis
® ® o ¢ +» O O ® @ & 0 o s s s [ N N N N N N N N M M
* o o o @ OO.......
Exclusive 3-set intersections - A (21 5 (32
a-a-m . — . 2

Both approaches help analyze dynamic
overlapping group memberships

Helps track the exact changes in group Static encoding embeds the group
memberships on a timeline membership detail of each entity .
Comparison of two selected groups of Comparison between two selected
entities timesteps
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PART I

Fvolving Entity Interactions



Event Sequence Vis Browser

A Survey of Visual Analytics Techniques of Event Sequence Data [POFl(Submitted to IEEE TVCG)
Yi Guo, Shunan Guo, Zhuochen Jin, Smiti Kaul, David Gotz, and Nan Cao
Intelligent Big Data Visualization Lab (iDV¥)

Search =
Search Title, Author m g | ":;-— - = i h 5 '_:_w"' = - '“
Techniques displayed : 104 ':E-.“LL FERTTYY i;.f: . I E = ; ._ - s ;_?
Time Filter _ = = -8
1996 2020 . e — - = -t
2" T b .‘", ! Z a ' ’ = - W, Yo T3 _;
Analysis Task i 5 ! o ; ' '4 7= U L e 5. | L = =
[Of.®][wm o] ; o ¢ o -q ' N‘ | - s e ::: f:
sl L —— —
'@'i ...... - e . e - =
==t st 0 A‘; 1" FETE T =i = %} o t
Application Domain _ - — : = - W e LE323 : 0 : ;g _::f. ,_,<=
=
- - - = ® %=
Design Space I e e e e ",
Data - -
Survey on Visual Analysis of -
o e Event Sequence Data

Visualization

Yi Guo, Shunan Guo, Zhuochen Jin, Smiti Kaul, David Gotz, and Nan Cao 34
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A Design and Application Space for Visualizing User Sessions of
Virtual and Mixed Reality Environments

Visualization categories Visualization approaches Scenarios

: D — , \
‘b{o — t/\i = A= (i) Debugging

(developer)

- (A) Entity (B) Event (C) Entity (D) Event :> - -
identifiers -

identifiers timeline timeline
- ) o)

R ded | \
ecorde =" =\ NN |:> _k{:o A~ (i) Evaluation

sessions
(E) Event (F) Trajectory (G) Scene (researcher)
Density Field View View

35
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Application Example: Remote Collaboration

—

[ Location 1 je

D g— —— - T e el A e

Scenario:
Evaluation of user
study
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Visualization Design

Movement Action (width = duration) ¢ New Instruction Finish Instruction @ Cangcel Instruction

PS5 and P6
Scene 2

Session 1 with participants P1 and P2 Session 2 with participants P3 and P4
Scene 1 Scene 2 Scene 1 Scene 2

Location1-OBJ-101
Location1-OBJ-102
Location1-0OBJ-103
Location1-OBJ-104 ) )
Location1-OBJ-105 ) 1

Loca‘i0n1—OBJ-106 _ b
Location1-Blank-1 | ‘I ¢ ‘ T— 1

Location1-Blank-2 ® r q P » r 1K » oW ru
Location2-OBJ-1
Location2-OBJ-2
Location2-0OBJ-3
Location2-OBJ-4
Location2-0OBJ-5
Location2-0OBJ-6
Location2-Blank-1
Location2-Blank-2 1c | o0 ) r b

Length of Scene: 251.291 seconds 296.749 seconds

e T T T T T R =TT 11 TN Y S N T

161.47 seconds 166.375 seconds 92.989 seconds

Conversation: 44t lrAui oo mip-be-r dhm sl MEHR b ot bbb B b B e b [ LT L T R Bt Y | R e AR it 1 L T L L R T R L R e S R

L Lg > > > >

o)

sper O —— o
I— 'kto P N\
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Insights

Movement Action (width = duration) ¢ New Instruction Finish Instruction - \ o . /\Q
* \

Session 1 with participants P1 and P2 Ses
Scene 1 SGene 2 Scerrb T oo Ceivi—in i E=Avi-iy |-

Location1-OBJ-101
Location1-OBJ-102
Location1-OBJ-103
Location1-OBJ-104 | 1
Location1-OBJ-105 ' ) |
Location1-OBJ-106 ) )
Location1-Blank-1 i ) L ' D o
Location1-Blank-2 [ 3 r " W [ ] r ) ru
Location2-OBJ-1
Location2-OBJ-2
Location2-OBJ-3
Location2-OBJ-4
Location2-OBJ-5
Location2-OBJ-6
Location2-Blank-1 ) ] 1 » ]
Location2-Blank-2 11 | 00 ) r [ 0 i ) 0o a ]

Length of Scene: 251.291 seconds 296.749 seconds 137.637 seconds 161.47 seconds 166.375 seconds 92.989 seconds

ST PR WP PORPPSURT T NPT W P PR T YT TT 17 1 T Sy Sy I PR T

Conversation: 44 T R T UL 1 M TR e S T e Rt (U 1T Y SRR St S ] Snl VRN SR Rt IRt 171 2 M o HHH‘E-" e ol g b st I|l|1 vl | -DH-HHM L IR L T [ 1R TRt 1 [ T R § e B el e R

Verbal exchange Collaboration patterns | ] Mistakes
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Pommerman: Multi-Agent Game Environment

Resnick, C., et al. (2018)
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Pommerman: Multi-Agent Game Environment

Resnick, C., et al. (2018)
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Pommerman: Multi-Agent Game Environment

Grid consists of 11 x 11 tiles

. Navigable space
. Rigid wall — unbreakable

Wooden wall — can be bombed

Resnick, C., et al. (2018)
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Pommerman: Multi-Agent Game Environment

E N E

Each agent can:

* do nothing

* move (up, down, left, and right)

* dropabomb .

Bomb explodes in 10 time steps:

'The flames persists for 3 timesteps Resnick, C., et al. (2018)
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Pommerman: Multi-Agent Game Environment

(10 time steps)
Power-ups:

Extra bomb (+1)

Increase range (+1)

Can kick (yes or no)
Resnick, C., et al. (2018)
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Pommerman: Battle Playback

Team 1

- Agent 1
"1 1" pultiagentlearning/hakozaki. ..

Bombs: 1 Strength: 2 Kick: No

trength: 2  Kick: No

Did agents Compete
and
Collaborate?

2

entlearning/navocado

trength: 2 Kick: No

- Agent 4
() i i
multiagentlearning/navocado

Bombs:1 Strength: 2 Kick: No

. /‘ ™ 7N
EEI@ ‘ Step: © ‘ o( N ) 253 |05 @
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Bombalytics — Full Interface

Summary Component ’

Selact C * OR| Choost Files No Fe chosen
A: hakozakijunctions: ClCc Gl ¢« * «# 27
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 =Win 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 31 32 33 M 3§ 36 37 33 30 40 41 42 43 44 45 48 47 48 49 50 \0".@0"
(x: I%oae height = game length ——Games Played———# o

Selected Game #: 18

Game length: 802 steps hakozakijunctions vs. navocado

Type: PommeTeam-v0 Result: It's a Tie! (Team A vs. Team B)
Step:i &« [ (M A 1x v
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Bombalytics — Timeline Visualization
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Bombalytics — Timeline Visualization
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Bombalytics — Timeline Visualization
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Power-Ups Team A

Team B

Bombalytics — Timeline Visualization
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Team A: Both teams compete to Team B:

* repeatedly lays bombs, and
* kicks its own bombs.

power-up in the
beginning of the game.

* more power-ups,
* lays fewer bombs, and
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Expert User Study

ﬁ'ﬁ‘ Participants: #20

Competition Strategies ‘ Collaboration Strategies

“ hakozakljunctions tl"l.DC: tn rallort Ac mranvy

i « . lre¢ Pommerman
power-ups as faf Fe  @Pommerman

“"Tho firct halknzakiininrtinng agent seems to be a
than the second
. It seems like the first
The final prize was $1k in Google Credits (thanks @googlecloud!) to hile the second tries to
@shivamlearning for his visualization tool - vis-tools.paluno.uni- ¢ agents” — E1
due.de/pom. We used this extensively to analyze the games and
encourage everyone else to give it a try as well.

“This tool makes it eas
agents are using differe

. : ts are still at a reactive
learning, either more fc

a more agaressive st 41 AV Dec 15,2019 im using more complex
99 LA A Bt — strategic behaviors.”
- E3

"Spatial aspect is missing (n the timeline
visualization” — E14, E15, E16, and E18
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The Flatland Environment

Flatland is a simulation environment for
developing scheduling techniques

Offers several maps with varying sizes.
Each map has a fixed-track rail network

Trains:
« move forward on a fixed-track,

« travel at same speed,

» experience random malfunctions, and
can get deadlocked

Goal: Schedule trains to reach their
destination in minimum time

Competitions at NeurlPS 2020, AMLD
2019 and 2021 conferences
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Load Dataset From Second lteration »
Visualize!
v Percent Done: 80.77%

v Percent Done:

Select Level 11 v and Map 1 v
] Episode A: RL_marmot
[ Episode B:

«: Trains reached destination

#Trains:

#(¥):

A : Trains on-tracks

#Trains: 26 # (v): 21

# ()

Il : Trains did not start

Episode Selection Panel
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< Analyze a single episode

¥ Occupancy Distribution
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« G| Train 011 o ~-H-e S3 [ — Step:161 « B M A 1x v
& | Train 003 o ® . . . S2 — —
Train 021 o il Timeline View S0 —
Train 022 [e] B - - S3 — Show: ® Aggregated Graph * Animated Graph
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Timeline View

Path Lengths:

|  Qstat & @ End [‘;; Junction & == Move M X— Malfunction & [ Deadlock Q Actual "’\ ?
L= Episode Timeline (Steps)—— ‘9’1'2)@#' Shortest M
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< Analyze a single episode
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Timeline View
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< Analyze a single episode
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=
~Map.and Graph Views 2e2 Y

Select[Level 11 v |and [ Map 1 VI Visualize!

I Episode A: [RL_marmot Percent Done: 80.77%  #Trains: 26 # (¥):21 # (#):5 #(W): 0
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Application: Flatland 2020 NeurlPS Competition
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Application: Flatland 2020 NeurlPS Competition

Deadlock Propagation

Path Efficiency

Step: 168

@ ss

Actual « IS
A

Shortest W

Parallel Tracks Usage

Comparing Usage of
Parallel Tracks

Frozen, Unable to
Recover

el

u"’
4N

& ¥ 7 NeurlPS 2020 Flatland Winners

Flatland announcement

. YShivam Agarwal for his tool Visual Analytics of Flatland Episodes 176

. ‘Z’Samuel Lopez for his Flatland Symphony 75

. gNilabha Bhattacharya, ex aequo, for his RLI/ib Colab Notebooks 57

. gAdrian Egli, ex aequo, for his FastTreeObs observation builder 42
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Fxpert Feedback

Operations Research

“The timeline view is useful for analysis

Background with the Flatland Environment ) ”
e and complements well the other views.

. o 10
Helped in organizing Flatland PL P2, P4, PS5, and P6 g
Competitions < .
o
#10 Participated in Flatland Competitions P3, P5, and P6 5 > 4
© 1
) Developed Scheduling Technigues in o 0] 0 . .
Artificial information - - ¢ R P1,P2,P3,P4,andP5 = g E—
Intelligence Visualization 1 2 3 4 5
& No Background P7, P8, P9, and P10 Strongly Strongly
disagree agree

(a)

(b)

()

“The map view is useful for
analysis and complements well

“The graph view is useful for analysis
and complements well the other

G1: “The system helps to get a
summary of all the train schedules

G2: “The system helps to analyze the
utilization of railway tracks.”

the other views.” views.” for an individual episode.”
2 10 8
s 6
o
S s > 4
= 5
@ 1 1 2 2 2
o
S, 0 o [l O e N N N | 0 ° 0 N 0o 0
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Strongly Strongly Strongly Strongly | Strongly Strongly | Strongly Strongly
disagree (d) agree disagree (E) agree disagree (f) agree disagree (g) agree

G3: “The system helps to assess the
efficiency of actual path taken by

G4: “The system helps to investigate
the cause of deadlocks and

G5: “The system helps to explore
the scheduling strategies through

Overall: “The system supports
detailed analysis of train schedules. ”

2 10 trains.” bottlenecks.” movement behavior of trains.”
“
C
[g¢]
= 5 6 5
L 5 4 4
B 3 3
[a
o O n e | o ° mul o . 0 O
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Strongly Strongly Strongly Strongly | Strongly Strongly | Strongly Strongly
disagree agree disagree . agree disagree . agree disagree agree
& (h) & (i) & 8 (i) g & (k) 8
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PART Il

Joint Analysis



Set Streams @

®Toral = Set Streams: Visual Exploration of Dynamic Overlapping Sets Select Dataset: IEEE VIS - Conferences v @ IRAEIIMACISIUIUY

Dataset Statistics: #basesets=3 #elements =48 #timesteps=9 # intersections =7
Selection: BEETYSEEER - lements in the union v of LIVAST UlinfoVis “SciVisiVis at imestep 1990-1992 v [x]
+B:
il . Group B: #4 — Elements in the exclusive intersection ¥ of ¥VAST #InfoVis #/SciVis/Vis attimestep 2014-2015 v [E]
Sort by: [ K-set intersections ¥ | Collapse: |Exclusive 1-set intersections ¥ |  Expand: | v | = van Wijk J.J.
N
& al‘___g.\"! 1990-1992 1993-1995 1996-1998 1999-2001 2002-2004 2005-2007 2008-2010 2011-2013 2014-2015
WS
Exclusive 1-set intersections - ~ .
e W ‘ Element List
- -, i Search Element -
a | t N |
- =+ II 2 . | — .1 I12 I4
o | Ny D=y L ,_.q \ I B van Wik J.J. X |
—— : L] L
Exclusive 2-set intersections - ‘vl "‘\" ~/ " i I HagenH.
-8 N | '||| 0l Hamann B.
\ \ B Hanrahan P.
= Y — B HansencC.
\ "”-.. l HansonA.J.
Exclusive 3-set intersections - o\ I KaufmanA.
o= B Keim DA
\ '| B Kwan-Liu Ma
LB Nislsan G M s
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Joint Analysis of Element Interactions in Dynamic Overlapping Sets
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Joint Analysis of Element Interactions in Dynamic Overlapping Sets
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Application Examples

1. Evolving Business and Interactions among Companies
« 6 Sets: Search Engine, eCommerce, Social Network, Gaming Console,
Telecommunications, and Operating System.
« 23 Elements: companies, e.g., Microsoft, Sega, etc.
* Interactions: Partnerships or acquisitions
« Duration of 1990 — 2023 in seven timesteps

2. Dynamic Collaborations among Researchers
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Discussion and Conclusion
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Conclusion

Visual analysis of group dynamics through evolving memberships and interactions on timelines
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