NetworkNarratives: Data Tours for
Visual Network Exploration and Analysis

Wenchao Li', Sarah Schoéttler?, James Scott-Brown?, Yun Wang?,

Siming Chen#, Huamin Qu’, Benjamin Bach?

1. ® THE HONG KONG
lllj UNIVERSITY OF SCIENCE
AND TECHNOLOGY

Microsoft’

esearch “(eE:

IR L YN EFT ST

2 %K. THE UNIVERSITY 3
&) of EDINBURGH

gk %

FUDAN UNIVERSITY

=

CHI

Hamburg, German y | Hybrid
April 23-28, 2023
reCHInnecting

N T T el T T T T
e e e e e e e



Network Exploration

+ René Cisson

*Michel Germain sieur de Valecourt » Thomas Barnaval

* ' 4.4

+Jehan Du Mesnil .
+ Robert Bussiere

+ Antoine Antheaume
¢Jean Ory pére

o . o4
a . A ¢ Daniel de Vassal
QLolIE Germain #Charles Cassard s, . -? ¢ Marie Antheaume
e
. i . .~ ¥ H A . .
<N . .
2 Jego sr-Des Preaux
* “®Marie Boucher et Hubert Antheaume Gig = g -
. \ .
. o # Jean Antheaume
Lol o P * #Yvgn Le Danteux:

«Frangois Le Pelletier
.

B

#Euzébe de Loynes

#7? Vallet
+JosephVallet
y «2 de Loigné
.
#Madeleine Gassau  +
¢ + Jean Michel

+Renexent Vanarsen

Hamburg, Germany | Hybrid
April 23-28, 2023

reCHInnecting

e

“#'Euzébe Foucault | /y
.

*Réné Budan
. \

# Renée Maheur

.
\Marig'—Anne de Lamarche
«Bérnard Godin

#Jean Chesneau

*? Belliotte

.
+Simon Chesneau

+ Pierre Damoiseau

* Madeleine Antheaume é

Time-consuming

Challenging



| Chose Labeling: v
1968 1970 1972 1974 1976 1078 1980 1882 1084 1886 1988 1980

Link Opacity Node Opacity Node Size Edge Gap Link Width
o L] ® L [ ]
1962 1964 1966

» Carolus Linnaeus

» Joseph Priestley

» Antoine Lavoisier
.

TJohn von Neumann
«John Ray

* Luther Burbank
[ o Ronald Fisher

Anam?nandér

* Joseph Henry
+E. O. Wilson

* Claude Levi-Strauss

* Mae Carol Jemison

«George Washington Carver
«

¢ Nicolaus Copernicus
]

_aiaurice Hileman' 4
-

# Give Feedback

.
«Harriet Quimby

Manual
1892

» Aage Bohr

* Alexand:




17,

CHI

Hamburg, Germany | Hybrid
April 23-28, 2023
reCHInnecting

* Claude Levi-Strauss

Link Opacity Node Opacity Node Size Edge Gap Link Width
° ° ° ° o
1962 1964 1968 1870 1972
' | | ' | )
L
» Carolus Linnaeus
* Joseph Priestley
«John Ray
.
- ! &
®Jantes,Chadwick
i .
L
N\ .
% ®Zora Neale Hurston
. -
. \ ¥
. e
+E. O. Wilson

Chose Labeling: v

1

974 1976 1978
1 1 |

+ Antoine Lavoisier

»C. V. Raman

.
«René Descartes ,
gagan

#Tycho Brahe =
.
(R . A

#Marguerite Perey, .

—

«Benjamin Frankli
.

= #Nikola Tesla
"

«Karl Popper o
.

1980 1982 1984 1988
i | \ \
+John von Neumann .
* Luther Burbank
. Rgna!d Fisher

a ’

eAnaximander

(43 . . .
»Galen * e Leonhard Euler
? . . .
. « Joseph Henry
raham Michelson ,
. =
. o ©Omar Khayyam
. .
) .
SN o
» Artidr Compton
AR . .
AR .
. . .\ " X
®Hermann Rorschach *Mae Carol Jemison

.
« Humphry Davy .

\Lawrgnce Bragg

« | *Edwin Hubble

#Enwin Schrodinger

George' Washington Carver

¢ Claude Bernard
.

Manual

* Aage Bohr

* Alexand«




How to support exploration strategies?

How to learn about network exploration?



Semi-automatic Data Tours

Network overview Community exploration Ego-network analysis

Number of Nodes . : o | Node Clusters =0 ._..1 i ; om | Sum of Link Weight

© Cpecsamete

This network can be divided into 4 clusters. The city (Amsterdam) has 129,100 incoming flow
weight and 326,200 outgoing flow weight.

This networks has 388 cities.
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Slides in a Data Tour

Network overview Community exploration
| | ode Clusters : I ] ]
| e : . Each slide in a tour
| = i shows a piece of
. - K information (fact)
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Main Characteristics of Data Tours
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Number of Nodes - s ;‘ 0o . oo | Node Clusters o - ; it o 1 Sum of Link Weight

This networks has 388 cities. This network can be divided into 4 clusters. The city (Amsterdam) has 12.9'160 mcommgflo:N

weight and 326,200 outgoing flow weight.

1. Unlike guidance and recommender systems for visual
analytics, our approach is goal-driven.



Main Characteristics of Data Tours
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2. Tours are primarily sequential.



Main Characteristics of Data Tours

I Tour continues ... l
Subgraph Exploration Tour I © Ego-Network Tour I
Number of nodes Link density # Link density = Node Geography Sum of link weight Connectivity Ranking
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The subgraph has 39 ci- The subgraph has a density It is 236.52% denser than This city is located at [4.89, This city (Amsterdam) has  Amsterdam is the most
ties, which is 10.05% of all  of 66.60%. (Density = the entire network. I 52.37]. 129,100 incoming flow connected node in the
the cities in this network. Actual link(s) / Possible weight and 326,200 entire network. I
link(s)) outgoing flow ygight.
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3. The implemented 10 complementary example data tours can
be linked so an analyst can pivot between them
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NetworkNarratives User Interface
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Configuration

B Select example dataset ‘ 3 Return

Topics
Selected dataset: [local] Netherlands Co

geography
Select a tour: W Filter | | nodes

3 ’
None 2 density

[overall] Centrality Exploration
[overall] Community Exploration

[subgraph] Subgraph Overview

Follow the tour, using the navigation panel on the right
or the overviews below:

= Qutline [ Bookmarks = Export

v General Information (4)

[ Network density
v Link Information (4)
[ Total link weight
[ Average link weight
[ strongest link
[ Weakest link
v Node Centrality (5)
[ Top connected nodes (highest degree)
[ Most connected node
[ Node with most incoming links
[ Node with most outgoing links

[ Least connected nodes (lowest degree)

2 Edit the tour

General Information: Number of links

statistics

connectivity

weight 2 e

overview

Paderborr

Dortmund
Essen .

{ager

“Antwerp Dusseldorf

Dunkirk

Calais

Cologne

Lille g Liege

~
xJ

[3/14]

) © Mapbox © OpenStreetMap

The network has 11,216 flow(s).

4 Previous slide M Next slide

‘ © More about [General Information]
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& NetworkNarratives | o Tutorial & Contact us.

Configuration
Select example dataset - Retur
Selected dataset: [local]

Select a tour: = Filter = imoort

None

[overall] Network Overview
[overall] Centrality Exploration
[overall] Community Exploration
[subgraph] Subgraph Overview

Follow the tour, using the navigation panel on the right
or the overviews below: < >

Outline [ Bookmarks

N S

© Mapbox © OpenStreetMap
Please select a tour on the left panel.

[0/0]
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¥ NetworkNarratives & Tutoria & Contact us

Configuration
| Select example dataset = Return o |

Selected dataset: [local] Netherlands Commuters

Select a tour: ¥ Filter | | = Import

None

[overall] Network Overview
[overall] Centrality Exploration
[overall] Community Exploration
[subgraph] Subgraph Overview

Follow the tour, using the navigation panel on the right -
or the overviews below: . >
Outline [ Bookmarks [= Export Bielefeld
tmur I
K
Gerr
e
E] ‘ A xJ
- © Mapbox © OpenStreetMap | £ )(e]zleel
Please select a tour on the left panel.
[0/0]

£ Edit the tour
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# NetworkNarratives |0 Tutoria

Configuration
‘ B Select example dataset ‘ 3 Return
Selected dataset: [local] Netherlands Commuters . .
- ° .
- " . o= :
i
Select a tour: ¥ Filter | | = Import . Leluwbrdtn -~ Ocihigen ‘
R P N o | Oldenburg
3 = | N oii ° ! Beer
® | " ¢ . ° j . ° A «.v en

None / . Asen N

-
[overall] Centrality Exploration \? WH ‘
[overall] Community Exploration A Tour: Network Overview " o~ 3%e s a0
[subgraph] Subgraph Overview Overviews an entire network with respect to the ‘ Al ’
number of nodes, links, density, as well as important RALT .
‘\\ . .
Follow the tour, using the navigation panel on the right nodes. X \ PR 4 M
\ .
or the overviews below: < Z — \i.
® Click to start .
Outline [ Bookmarks [= Export . - 4 E/r Bielefeld
. o ™ Munster .
K N ' e | s. - . e
v General Information (4) a }y Ol . &
[ Geographic position Paderbe
) Number of nodes 20 328
) Number of links 3 gl '
D) Network density
Bruge Dusseldorf
v Link Information (4) . .
O Total link weight Dunkirk
) Average link weight o
Lologne
[) Strongest link D
[ weakest link ’

© Mapbox © OpenStreetMap
v Node Centrality (5)

[) Top connected nodes (highest degree)
[ Most connected node Please select a tour on the left panel.

[) Node with most incoming links
[) Node with most outgoing links
D) Least connected nodes (lowest degree)

Edit the tour

Q

[J)imapbox

[0/14)
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# NetworkNarratives | © Tutorial

Configuration

i Select example dataset

3 Return =

Selected dataset: [local] Netherlands Commuters

Select a tour: Y Filter | | = Import

None

[overall] Centrality Exploration
[overall] Community Exploration
[subgraph] Subgraph Overview

Follow the tour, using the navigation panel on the right + .

or the overviews below:

L .
e

. A
Outline [ Bookmarks = Export . . } .. re Bielefeld

r'\" ~ - =
<Nethdn
v General Information (3) v -
Number of nodes
Number of links
D Network density N
v Link Information (4) . .
Total link weight AT
Average link weight gOnIFN -
trongest link

Colc gne

Veakest | m
v Node Centrality (5)

Q

© Mapbox © OpenStreetMap | © )[ie]zls
Tog nnected nodes (highest degree)

[) Most connected node
P Please select a tour on the left panel.

Node with most outgoing links

[) Least connected nodes (lowest degree)

[12/14)
v Clusters (1)

£ Edit the tour
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# NetworkNarratives | © Tutorial

Configuration

] Select example dataset = Return

Selected dataset: [local] Netherlands Commuters

Select a tour: ¥ Filte = Import

None

[overall] Centrality Exploration
[overall] Community Exploration
[subgraph] Subgraph Overview

Follow the tour, using the navigation panel on the right
or the overviews below:

Outline [ Bookmarks (= Export

v General Information (4)
Geographic position
Number of nodes
Number of links
[ Network density
v Link Information (7)
Total link weight

v Average link weight

Nodes with link gains
Nodes with link loses
Largest ink gain

v Node Centrality (5)

Top connected nodes (highest degree

£ Edit the tour

Link Information: Nodes with link loses

jenbu
1 Bremer
Hanover
Bielefeld
M Dortmund "
Kas
Gerr
™~
H : o
2 © Mapbox © OpenStreetMap | © )GUE[ElEEE

302 of the cities have flow loss (77.8%).

[11/18]

4 Previous slide M Next slide

° More about [Link Information]
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Please visit:

https://networknarratives.github.io

Subgraph Overview

Subgraph Overview is similar to Network Overview but focuses on a specific subgraph. It shows the subgraph's size
and the percentage of the network's nodes it comprises, important nodes, density, and important links to the rest of
the network. After selecting the templates, a user is asked to select a subgraph using a lasso selection tool.

Number of Nodes

The subgraph has 27 cities,
which is 6.96% of all the
cities in this network.

Connectivity Ranking

Heerlen has 69 connections,
which make it the 39th most
connected node in the entire
network.

Weakest Link

N

The weakest flow is between
Landgraaf and Onderbanken
(100 flow weight).

Link Density C

Link Density

It is 185.51% denser than the
entire network.

The subgraph has a density
of 53.85%.

(Density = Actual link(s) /
Possible link(s))

Link Weight Ranking Total Link Weight
) LN
[~
AN

The sum of weight of all the
flows in the subgraph is
166,700.

The total weight of Heerlen’s
flows is 54,300, which put it
the 28th place compared to
the entire subgraph

Outside Connections

This subgraph has 492 flows with cities outside
this subgraph (compared to 378 flows within this
subgraph)

Most C Node

Heerlen is the most con-
nected city in the subgraph,
with 26 incoming and 22
outgoing flows

Strongest Link

X

The strongest flow is be-
tween Eijsden-Margraten
and Maastricht (4,500 flow
weight).

Node Clusters

This subgraph can be divided
into 2 clusters

Ego-Network Exploration

This data tour explores the network around a selected node and its neighbors. The tour starts with the selected node

and its position within the entire network. The template then explores the node's direct neighborhood (nodes, links,

strong connections), then their mutual connections, and finally, its neighbors' neighbors. Possible Paths explores a set

of possible paths between two selected nodes. The tour reports on path length, combined weights along each path,

and the minimum link weight within each path. This data tour was motivated by Archaeologist's desire to explore

historical travel costs between cities.
Node Name

Node Geography Sum of Link Weight

The selected city is Amsterdam. The selected city is located at The city (Amsterdam) has 129,100 incoming flow

[4.89, 52.37]. weight and 326,200 outgoing flow weight.
Connectivity Ranking Neighboring Nodes .. 3 Neighboring Nodes Farthest Link %
7 y I Proportion 42 > A

AR

Amsterdam is the most connected Amsterdam has 273 direct  These neighboring cities The farthest city that con-

node in the entire network. neighbors. includes 70.36% of all cities  nects Amsterdam is
in the dataset. Gulpen-Wittem.
Neighboring Link Most C Node i ing Nodes . = Neighboring Nodes -
of the Neighborhood ] Proportion

Weight Proportion

The neighboring flows include Rotterdam has the most con-  The neighboring cities has
10.42% of all flow weights in nections within this neighbor- 109 external neighbors.
the network. hood, with 269 connections.

These neighboring cities
includes 28.09% of all cities
in the network.

Centrality Exploration

This data tour explores nodes based on different centrality measures (e.g., degree or betweenness). For example, we
compute the node with the Highest centrality for both Betweenness centrality and Closeness centrality. Possible
extensions include the comparison of several centrality measures. Subgraph Comparison compares two specified
subsets of nodes and links (e.g., regions, subgraphs). Selecting this template prompts the user to select two sets of
nodes. The tour first mentions the Number of nodes and the Number of links for each subgraph, then details important
nodes such as the Most connected node in each, and finally shows links between the two subgraphs (e.g., Number of
links, their Total link weight, and the Strongest link among them).

Smallest Cluster

Node Clusters Largest Cluster

Nether

The largest cluster is cluster-2 The smallest cluster is clu-
with 174 cities (44.85% of all ster-1 with 20 cities (515% of
cities). all cities).

This network can be divided into 4 clusters.

Least Connect Cluster
with Outside

Most Connect Cluster |-

Link Number between
= aniiae e with Outside i

Most Connected Node

Cluster-3 is the least connected
cluster with 391 external links.

Cluster-2 is the most con-
nected cluster with 1,966
external links.

There are 225 (2.01%) flows
connecting the largest and
smallest clusters.

The most connected city (by
flow number) in this network
is Amsterdam, located in
cluster-0.

17



Evaluating Data Tours

1. Expert study with 8 network analysis experts

« Backgrounds in social science, history, archaeology, ...

 Run online demo with their own data
e Qualititive feedback from the semi-stuctured interview

18



Evaluating Data Tours

2. Novice study with 14 novice analysts
« With/Without data tour conditions (within-subject)
« 2 dataset
« Subjective ratings
« Qualititive feedback from the semi-stuctured interview

Configuration

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

FREE-FORM

19



Finding from the evaluation

1. Tours are an extensible concept

20



Finding from the evaluation

1. Tours are an extensible concept

2. Data tours are complementary to free-form tools

Cond. | Advantages | Disadvantages |
Tours Orients users with a narrative. | Can limit thinking and feel pas-
Automatically provides facts. | sive. Explanationsneed to be cho-
Can inspire deepened explo- | sen carefully. Supports a rich set
ration. May lead to additional | of views.
discoveries. Easy navigation.
Saves time. Helps learn about
analysis.
FREE- Provides greater flexibility for ex- | Harder to obtain deep insights
FORM ploration. or spot patterns with low promi-
nence. Requires more time and
effort to interact. Requires users
to know where to look/have an
exploration strategy.

Hamburg, Germany | Hybrid
April 23-28, 2023
reCHInnecting

CHI ]‘
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Finding from the evaluation

1. Tours are an extensible concept
2. Data tours are complementary to free-form tools

3. Data tours are a means to accelerate analysis and exploration

* “The slideshow analogy is helpful [...] I can see my time saving with this”

* “The way of clicking the next button only is very friendly to me. I dont need
other hints or reminder for what to do”

Hamburg German y | Hybrid
April 23-28, 2023
22
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Finding from the evaluation

1. Tours are an extensible concept
2. Data tours are complementary to free-form tools
3. Data tours are a means to accelerate analysis and exploration

4. Quick overview can prevent analysts from getting lost
» [ like [data tours] because the data facts are orvganized systematically”
* “easy to find back the information”

HHHHHH d, Germany Hybrid
April 23-28, 2023
reCHInn
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Finding from the evaluation

Tours are an extensible concept

Data tours are complementary to free-form tools

Data tours are a means to accelerate analysis and exploration
Quick overview can prevent analysts from getting lost

Sequential tours support novice analysts learning about analysis
methods and concepts

* “Idata tours] teach me how to analyze the network. Tours are like stories with
different steps. I don t need to remember the key concepts. The network
visualization explains well and clearly”

Hamburg German y | Hybrid
April 23-28, 2023
reCHInnecting
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Finding from the evaluation

Tours are an extensible concept

Data tours are complementary to free-form tools

Data tours are a means to accelerate analysis and exploration
Quick overview can prevent analysts from getting lost

Sequential tours support novice analysts learning about analysis
methods and concepts

6. Tours provide a serendipitous element to exploration

“The recommendation for querying more information around a specific topic
would be useful when I have no idea about what story I could tell”

HHHHHH d, Germany Hybrid
April 23-28, 2023
reCHInn

o &~ b=
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Discussion

1. Possible extensions
« Handling more complex types of networks and analyses

Hamburg German y | Hybrid
April 23-28, 2023
reCHInnecting
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Discussion

1. Possible extensions
« Handling more complex types of networks and analyses
- Additional visual representations and presenting formats

HHHHHH d, Germany Hybrid
April 23-28, 2023
reCHInn
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Discussion

1. Possible extensions
« Handling more complex types of networks and analyses
- Additional visual representations and presenting formats

2. Balance between the completeness and conciseness

Hamburg, German y | Hybrid
April 23-28, 2023

reCHInnecting
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Discussion

1. Possible extensions
« Handling more complex types of networks and analyses
« Additional visual representations and presenting formats

2. Balance between the completeness and conciseness
3. Challenges for automation

H mbur gG rmany | Hybrid
April 23-28, 2023
reCHInn
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NetworkNarratives: Data Tours for Visual Network Exploration and Analysi

@ Network Overview Tour

Number of nodes

This networks has 388
cities.

Start of tour

It has 11,126 commuter
flows.

g Slide / Fact

Number of links Most connected nodes Most connected node

Amstecdom:

These cities are the 39
(10%) most connected
New section 2 citles:

Amsterdam is the most
connected city, with 273
incoming and 143
outgoing flows.

L (o) {10\
..—@—@_4 9 (19

Subgraph Exploration Tour

Number of nodes

The subgraph has 39 ci-
ties, which is 10.05% of all
the cities in this network.

2nd most
connected node

Rotterdam is the 2nd most
connected city, with 266
incoming and 146 outge”

flows. Detour

3rd most
connected node

issai 4 W Nethertand

Utrecht is the 3rd most
connected city, with 256
* “am-ing and 125
Joing flows.

Link density #  Link density
7 comparison

The subgraph has a density It is 236.52% denser than
of 66.60%. (Density = the entire network.
Actual link(s) / Possible

link(s)) @ @ @
N/ N

Nethertants

This city is located at [4.89, Thi
52.37].

© Ego-Network Tour

Node Geography

Sum of link weight

weight and 326,200

outgoing flaw@igm.

Tour continues ...

Connectivity Ranking

s city (Amsterdam) has ~ Amsterdam is the most
29,100 incoming flow

connected node in the
entire network.

®

H
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¥ NetworkNarratives

Configuration
Select example dataset 3 Retum
Selected dataset: [imported] Marie Boucher

Select a Tour:

None

foverall] Centrality Exploration
foverall] Community Exploration
{subgraph] Subgraph Overview

Follow the tour, using the navigation panel on the right
or the overviews below:

Outline [ Bookmarks  Export

v General Information (3)

O Number of links
D Network density
v Node Centrality (3)
D Top connected nodes (highest degree)
D Most connected node
D Least connected nodes (lowest degree)
v Clusters (1)

D Node clusters

Link Opacity ~ Node Opacity Node Size
. ° e

1662 164 1686 1668

Michel Germain sieur de Valecourt

Lou Gemnain

.
..

- .
“®Marie Boucher et Hubert Antheaiime

General Information: Number of nodes

Edge Gap Link Width
. . Chose Labeling: M Manual
o wm e we  en o e e e e e e
v ®
+Rend Gisson
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. b A .
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#7 Vallet -
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/)
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This network contains 190 nodes.
n/n

™ https://networknarratives.github.io

wenchao.li@connect.ust.hk
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