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Real-world networks are
 globally sparse
* |ocally dense

e Communities (clusters)
contain highly connected sets
of nodes

e Clusters are loosely connected
to each other
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e Communities (clusters)
contain highly connected sets
of nodes

* Clusters are loosely connected =
to each other Al

e

S \/isual exploration tasks:

« Get an overview of
the network

« Analyze the |
communities in detail
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¢ @& Hybrid raph Visualizations
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Problem: How to support both global and local tasks? =3 N TG
& ODET, Ix

Idea: Combine different drawing styles — Hybrid visualizations

| = ~ - - v D .
s %y

- Angeiini- I I
I. Rutter [N
M. Chimani [l

J. M. Boyer -

[
/ P-vuzel = HHHNNEN
.// C. Gutwenger ...-..-
\\ ) S. Leipert -.....
. — M. Jiinger ......
R. Weiskircher ......
M. Percan ..-...

M. Schaefer Il
K. Mehihorn [l ..

H. Nagamochi -




M

...h
T = T

-y

AP A

L
<




¢ @& Hybrid raph Visualizations
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}g i Different paradigms for the clusters — Different hybrid visualizations
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~Users are less familiar with matrices
Paths in matrices are harder to follow
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d Graph Visualizations

‘ ~Users are less familiar with matrices
5 Paths in matrices are harder to follow
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Global structure — Node-link paradigm

Clusters — Chord diagrams |
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Graph Visualizations
User ar Ies familiar with matrices | S
Paths in matrices are harder to follow
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link paradigm

« Global structure — Node-

:’ e (Clusters — Chord diagrams
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Nodes may be replicated
* to preserve the geometry and the user's
mental map

Edges are curves (similar to node-link)
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Some open questions:

[Angori et al., 2019]: Perform a user study to compare CHORDLINK and other hybrid models

[Liotta et al., 2020]: What is the impact of reducing crossings at the expenses of
independent row/column permutations in NODETRIX?
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Some open questions:

[Angori et al., 2019]: Perform a user study to compare CHORDLINK and other hybrid models

e

[Liotta et al., 2020]: What is the impact of reducing crossings at the expenses of
independent row/column permutations in NODETRIX?

s it useful to
integrate hybr\-d
visualizations 10 :
analytics systems!

visual
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independent row/column permutations in NODETRIX?
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(RQ1) - Are hybrid visualizations more
effective than node-link diagrams for the
visual analysis of clustered networks?
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' (RQ1) - Are hybrid visualizations more
~effective than node-link diagrams for the
visual analysis of clustered networks?

- (RQ2) - When considering specfic tasks
- of analysis, are there differences in terms
= of response time or accuracy among
“?P different hybrid visualization models?
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* Require to explore the

drawing globally and
Easy to explain
* Easy to Mmeasure

* Can be executed quickly

locally
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Study Design

Task

LeeTax

AmarTax

T1. Is there an edge that links the two high-
lighted nodes?

topology-based
(adjacency)

retrieve value

T2. Which of the two highlighted nodes has
higher degree?

topology-based
(adjacency)

retrieve value:
sort

T3. Is there a path of length at most £ that
connects the two highlighted nodes?

topology-based
(connectivity)

retrieve value;
compute derived value;
filter

T4. Which of the following three node la-
bels appear in the highlighted portion of
the network?

attribute-based
(on the nodes)

retrieve value;
filter

T5. What is the denser® cluster between
the two highlighted?

overview

filter;
compute derived value;
sort

T6. How many edges directly connect the
two highlighted parts of the drawing?

overview

filter;
compute derived value

*The cluster density is the ratio between the number of edges and the number nodes in a cluster

. Requ.ire to explore the
drawing globally and

Easy to explain

* Easy to Mmeasure

* Can be executed quickly

Iocally

.
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[Lee et al., 2006] Task taxonomy for graph visualization
[Amar et al., 2005] Low-level components of analytic activity in information visualization
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Task LeeTax AmarTax

* Require to explore the

drawing globally anq
Easy to explain
* Easy to Measure

* Can be executed quickly

T1. Is there an edge that links the two high- | topology-based
lighted nodes? (adjacency)

T2. Which of the two highlighted nodes has
higher degree?

retrieve value

IocaHy

topology-based | retrieve value;
(adjacency) sort

retrieve value;
compute derived value;
filter

T3. Is there a path of length at most £ that | topology-based
connects the two highlighted nodes? (connectivity)

T4. Which of the following three node la-
bels appear in the highlighted portion of
the network?

. . 5 l" — SIS - 2
attribute-based |retrieve value; A

(on the nodes) |filter

I nterp .
: retat
) filter; L tasks

; T5. What is the denser® cluster between . . ) EVa
: ,' the two highlighted? overview compute derived value; ’ uate
> sort °* r d ..
, €adability
T6. How many edges directly connect the : filter; :
two highlighted parts of the drawing? overview compute derived value 2 Under Stand a b , , , ty
*The cluster density is the ratio between the number of edges and the number nodes in a cluster . ;f' ¢ * effectiVenesS

[Lee et al., 2006] Task taxonomy for graph visualization . _ et al., 202

[Amar et al., 2005] Low-level components of analytic activity in information visualization FSESSE
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NODETRIX RCI-NT

CHORDLINK

NODELINK

¥a H * NodelLink js Intuitive angd

CHESN

Accuracy

[

i AN N e
= ¥~ o

widely ysed

* Hybrid visualizations require to
Swich Visualization Metaphor
during the Visual exploratjon

* Hybrid visualizations reduce
Visual clutter

Y - Topology—based tasks are
¥4 harder with Matrices




H1 NODELINK CHORDLINK NODETRIX RCI-NT H2 NODELINK CHORDLINK NODETRIX RCI-NT

accurey Accuracy nnng

e - Placing labels on a matrix side
should be more effective
« In chord diagrams labels are
| rotated
Bl ¢ In node-link diagrams labels
may be hidden by edges
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H2 NODELINK CHORDLINK NODETRIX RC
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H1 NODELINK CHORDLINK NODETRIX RCl Time

Time

Accuracy

Accuracy

e . Hybrid visualizati

8 clutter

o . Density in matric
NODELINK CHORDLINK NODETRIX RCI-NT [+ B[S Proportion be

H3

ons reduce visy3|

€s Is conveyed by &
tween black and

-

=¥ white cells
Time

-

N ° Estimating density in CHORDLINK js
¥ more difficult due to node duplication
Accuracy | |
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It was difficult to
perform controlle
In-person
€Xperiments




On-line test
LimeSurvey tool)

It was difficult to

Perform controlled
IN-person
EXpPeriments
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On-line test
LimeSurvey tool)
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It was difficult to
Perform controlled
IN-person
€Xperiments




Predefined clusters that the
user cannot change

It was difficyt to Trs I /medium networks that
YA e S S all/me .
erform contro|je RS ET SR Sm indow
ﬁl -person " fit into the screen w
eXperiments A e T
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RCI-NODETRIX ]

|
| * animg| social n rk |

etwo
- * 64 nodes, 177 edges ‘
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Study Design

~ § * biological network el
-} * 97 nodes, 212 edges ‘ P
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 co-authorship network ,:f
e 118 nodes, 322 edges
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* § models X 2 networks = 12 stimuls
|7 stimuli X 6 tasks = 72 trials
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* § models X 2 networks = 12 stimuls
|7 stimuli X 6 tasks = 72 4rials

Each user is expOsed Jr() One
condition (model — |8 Trials




* A models X 3 networks = 12 stimuli | LimeSurvey questionnaire:
F o7 stimuli X 6 tasks > 77 4pials | * Collect some information about the user

Assign visualization model (round robin) £
Video tutorial about the assigned model §
Training phase (one trial for each task)
Main study: 18 trials in random order
Qualitative feedback

- 1% -

5 | . | We collect:
= Each user is exposed 10 0ne o N

¥ COndiTiOn (m()del) — '8 trials * Time spent for each question




*
Question 1/18

Is there an edge that links the two highlighted
nodes?




Task T2 __\

E
Question 8/18

Which of the two highlighted nades has higher
degree?

© The degree of 2 node is the total number of its
links




=
Question 15/18

Is there a path of length at most 3 that connects the
two highlighted nodes?

@ A path is a sequence of edges that connect the
two nodes. The length of a path is the number of

edges it consists of.




Question 16/18

Which of the following three node labels appear in
the highlighted portion of the netwaork?

58 [ 1 1
64 INENENEN
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Question 5/18

What is the “"densest” cluster between C1 and C27?

© The density of a cluster is the ratio between the
number of edges and the number of vertices in
the cluster.
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Question 6/18

s 2 V"*‘ﬂ'

How many edges directly connect the two high-
lighted parts?
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* 89 Participants
e 7 discarded tests

We analyzed 82 tests

Duration: 25-30 Mmins
On average
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Results
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Gender Age
70 80,49% 30
30,49%
60 25 —
25,61%
50 20 ]
40 15
13,41% .
30 10 12,20%
6,10%
20 5
18,29% 3,66% 3,66% 2.44%
D D AN 000y L22% 122%
10 o L b B %% e
1,22% 18-24 25-29 30-34 35-39 40-44 45-49 50-54 55-59 60-64 65-69 Prefer
0 — not to
Male Female Prefer not to say say
Educational level Expertise
' 30 30
34,15%
' i 32,93%
i : 25 29,27% 25 29,27%
| 26,83%
20 21,95% 20
15 15
13,41%
10 10 9,76%
i : 5
: 1,22% 1,22%
! 0 [ ] 0 ]
" High school Bachelor's Master's Doctoral Prefer not to say None Low Medium High Prefer not to say
)
B
' -~ &N
G e L N < AV
BERIGY Sy SN Cod ) O PN =

* 89 Participants
e 7 discarded tests

We analyzed 82 tests

Duration: 25-30 Mmins
On average

Announcements
Mailing lists:
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Compare the performance of the four
models in terms of:

e Accuracy

* Response time

n t."m g ‘Pﬂ,.s,\; ‘\

Shapiro-Wilk test:
* Significance level @ = 0.05
* Data were not normally distributed

Kruskall-Wallis test (non-parametric):

* Significance level @ = 0.05
» Post-hoc pairwise comparisons with
Bonferroni corrections
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Compare the performance of the four
models in terms of:

e Accuracy

* Response time

n t."m g ‘Pﬂ,.s,\; ‘\

Shapiro-Wilk test:
* Significance level @ = 0.05
* Data were not normally distributed

Kruskall-Wallis test (non-parametric):

* Significance level @ = 0.05

» Post-hoc pairwise comparisons with
Bonferroni corrections
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Compare the performance of the four
models in terms of:

e Accuracy

* Response time

Shapiro-Wilk test:
* Significance level @ = 0.05
* Data were not normally distributed

Kruskall-Wallis test (non-parametric):

* Significance level @ = 0.05

» Post-hoc pairwise comparisons with
Bonferroni corrections

Statistically sig

__

Topology-based tasks (T1, T2, T3

H1 NODELINK CHORDLINK NODETRIX RCI-NT

Time

Accuracy




‘ Statnstlcally sngmﬁcant comparlso |

Compare the performance of the four
models in terms of:

e Accuracy

Ev * Response time

l \ g Time
Shapiro-Wilk test: :
 Significance level @ = 0.05 |
* Data were not normally distributed & H1 is supported in terms of response time:

 T1: NodeLink > ChordLink, RCI-NT
Kruskall-Wallis test (non-parametric): £ « T2: NodeLink > RCI-NT =

Topology-based tasks (T1, T2, T3)

Hl NODELINK CHORDLINK NODETRIX RCI-NT

Accuracy

* Significance level @ = 0.05 * T3: NodeLink > ChordLink, NodeTrix, RCI-NT
» Post-hoc pairwise comparisons with : &
Bonferroni corrections E & i
i . ' ‘
;o _ g l‘
= * X >Y - Xis better than Y % |
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..“ * X >Y - Xis better than Y

— N - o . -~
—— " d - . r T = "9) : ‘J’ .
L .

‘ Statnstlcally sngmﬁcant comparlso |
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Compare the performance of the four
models in terms of:

e Accuracy

* Response time

Topology-based tasks (T1, T2, T3)

Hl NODELINK CHORDLINK NODETRIX RCI-NT

Time

Shapiro-Wilk test:
 Significance level @ = 0.05 J
* Data were not normally distributed & H1 is supported in terms of response time:
. * T1: NodeLink > ChordLink, RCI-NT »
Kruskall-Wallis test (non-parametric): .« T2: NodeLink > RCI-NT & |
* Significance level a = 0.05 |+ T3: NodeLink > ChordLink, NodeTrix, RCI-NT

» Post-hoc pairwise comparisons with 3
Bonferroni corrections

Accuracy

H1 is partially supported in terms of accuracy:
* T1: ChordLink > NodeTrix
e T3: ChordLink, RCI-NT > NodeLink
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Compare the performance of the four
models in terms of:
e Accuracy

* Response time
H2 NODELINK CHORDLINK NODETRIX RCI-NT

Shapiro-Wilk test:
* Significance level @ = 0.05
* Data were not normally distributed

Time

Accuracy

Kruskall-Wallis test (non-parametric):
* Significance level @ = 0.05 :
* Post-hoc pairwise comparisons with iﬁ

Bonferroni corrections ] §
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Compare the performance of the four F& = 2t
models in terms of: P D A2 el : o
e Accuracy ‘

* Response time
H2 NODELINK CHORDLINK NODETRIX RCI-NT

Shapiro-Wilk test: Time
* Significance level @ = 0.05 :
* Data were not normally distributed

Accuracy

Kruskall-Wallis test (non-parametric): Hz_l_'j [)I\zlarzla'lll'y'su;)p(oj[]te(ﬂjﬂ'] ’i(erms of response time:
. : NodeTrix ordLin

* Significance level @ = 0.05 ¢
» Post-hoc pairwise comparisons with
Bonferroni corrections

© * X > Y - Xis better than Y
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Compare the performance of the four
models in terms of:

e Accuracy

* Response time

Shapiro-Wilk test:
* Significance level @ = 0.05
* Data were not normally distributed

Kruskall-Wallis test (non-parametric)
* Significance level @ = 0.05

* Post-hoc pairwise comparisons with © H2 is not supported in terms of accuracy:

Bonferroni corrections

* X > Y — Xis better than

B~ 8 s —_—— e e .

H2 NODELINK CHORDLINK NODETRIX RCI-NT

Time

Accuracy

H2 is partially supported in terms of response time:
* T4: NodeTrix > ChordLink

.-

% 3
* T4: No statistically significant difference Basy 10 oy
among the models i
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Compare the performance of the four
models in terms of:

e Accuracy

* Response time
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Overview tasks (T5, T6)

H3 NODELINK CHORDLINK NODETRIX RCI-NT

Shapiro-Wilk test:

 Significance level @ = 0.05 ,
* Data were not normally distributed = Accuracy

Time

Kruskall-Wallis test (non-parametric):

* Significance level @ = 0.05

» Post-hoc pairwise comparisons with
Bonferroni corrections

H3 is not supported: :
* No statistically significant difference among the models = =

-
-

¥ X > Y > X is better than Y
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L Interaction
« Predefined clusters that the user cannot
. change

e Small/medium networks that fit into the

screen window

. Enabling interaction requires different

ontrolled experiment

study design = C
L« |t is difficult to design interaction
are fair to all models

features that




L Interaction
« Predefined clusters that the user cannot

change
ks that fit into the

. Small/medium netwo

screen window
. Enabling interaction requires different

study design = Controlled experiment

' . |t is difficult to design interaction

features that are fair to all models




Interaction

« Predefined clusters that the user cannot

change
o Small/mediu

~ screen window
'« Enabling interaction requires different

study design = Controlled experiment

'« |t is difficult to design interaction
features that are fair to all models

m networks that fit into the




- effective than node-link diagrams for the
o visual analysis of clustered networks?
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i3 (RQ1) - Are hybrid visualizations more
- effective than node-link diagrams for the
% 7 visual analysis of clustered networks?
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= of analysis, are there differences in terms

-

Oy S

= of response time or accuracy among
~ different hybrid visualization models?

We cannot conclude that any of the
models is superior.
For some topology-based tasks:

* better accuracy with ChordLink
i S T S T " faster execution with NodeTrix
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