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... Change over Time
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Data & Information

time-oriented, multivariate, irreqular sampled,
having different temporal granularities, qualitative, quantitative, etc.

— structured and unstructured enriched by meta data
variables

A On the one hand, a huge amount of
highly structured data and information
is available in working situations and

On the other hand, different
kinds of data and information

analysis methods were
developed to gain more
insights (information and

the daily life, ... knowledge gains).
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WHY VISUALIZATION?




Anscombe's Quartet

Property Value
Mean of x in each case 9 (exact)
Variance of x in each case 11 (exact)
Mean of y in each case 7.50 (1o 2 decimal places)
Variance of yin each case 4.122 or 4.127 (to 3 decimal places)

Correlation between x and y in each
case

0.816 (to 3 decimal places)

y = 3.00 + 0.500x (to 2 and 3 decimal places,
respectively)

= Linear regression line in each case

Anscombe's quartet
I I ] v

X 'y |x |y x|y  x vy

10.0 8.04 10.0 9.14 10.0 7.46 8.0 6.58
8.0 695 8.0 8.14 8.0 6.77 8.0 5.76
13.0 7.58 13.0 8.74 13.0 12.74 8.0 7.71
9.0 881 9.0 877 9.0 7.11 8.0 8.84
11.0 8.33 11.09.26 11.0 7.81 8.0 8.47
14.0 9.96 14.0 8.10 14.0 8.84 8.0 7.04
6.0 724 6.0 6.13 6.0 6.08 8.0 5.25
40 426 4.0 3.10 4.0 5.39 19.0 12.50
12.0 10.84 12.0/9.13 12.0 8.15 8.0 5.56
70 482 7.0 726 70 6.42 8.0 7.91
5.0 568 5.0 474 50 5.73 8.0 6.89

[http.//en.wikipedia.org/wiki/Anscombe's _quartet;
Anscombe, 1973]
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Anscombe's Quartet
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11 (exact)

7.50 (10 2 decimal places)
4.122 or 4.127 (to 3 decimal places)

0.816 (to 3 decimal places)

y = 3.00 + 0.500x (to 2 and 3 decimal places,
respectively)

X |y
10.0 8.04
8.0 6.95
13.0 7.58
9.0 8.81
11.0 8.33
14.0 9.96
6.0 7.24
40 4.26

Anscombe's quartet
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8.0 8.14 80 6.77 8.0
13.0 8.74 13.0 12.74 8.0
9.0 877/ 9.0 7.11 8.0
11.0 9.26 11.0 7.81 8.0
14.0 8.10 14.0 8.84 8.0
6.0 6.13 6.0 6.08 8.0
4.0 3.10 4.0 5.39 19.0 12.50
12.0/10.84 12.0 9.13 12.0 8.15 8.0 5.56
70 482 70 726 70 6.42 8.0 7.91
5.0 568 5.0 /474 50 5.73 8.0 6.89
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Anscombe's Quartet

o
10 - e
® _
- o g
> 8 ® /,Q* ®
,.—"‘g
[ -
a7 ® ’
4 6 8 10 12 14 16 18
X4
@]
12 4
10 P
" P
'66
6 - Q_@B

4 6 8 10 12 14 16 18

Property
Mean of x in each case

Variance of x in each case
Mean of yin each case
Variance of yin each case

Correlation between x and y in each
case

== Linear regression line in each case

- 0?29,
8- o]
> ,,
o
6 y -
“®
4 o
(s}
1] L L 1
4 6 & 10 12 14 18 18
X2
- P
10 ”
4 =
T T T T T T
4 6 8 10 12 14 16 18
X4
Value
9 (exact)
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7.50 (10 2 decimal places)
4.122 or 4.127 (to 3 decimal places)

0.816 (to 3 decimal places)

y = 3.00 + 0.500x (to 2 and 3 decimal places,
respectively)

Anscombe's quartet
Lo Iv

x oy x|y x|y x|y

10.0 8.04 10.09.14 10.0 7.46 8.0 6.58
8.0 695 80 8.14 80 677 80 576
13.0 7.58 |13.08.7413.0 12.74 8.0 7.71
9.0 881 9.0 877 9.0 7.11 80 884
11.0 833 11.09.26 11.0 7.81 8.0 847
14.0 9.96 14.0 8.10 14.0 8.84 8.0 7.04
6.0 7.24 6.0 6.13 6.0 6.08 8.0 5.25
40 426 4.0 310 40 539 19.0 12.50
12.0 10.84 12.0 9.13 12.0 8.15 8.0 5.56
7.0 482 7.0 7.26/ 7.0 6.42 8.0 7.91
5.0 568 50 474 50 573 80 6.89

[http.//en.wikipedia.org/wiki/Anscombe's _quartet;
Anscombe, 1973]
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Same Stats, Different Graphs

[Matejka and Fitzmaurice, 2017]
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Visual Analytics — What is it?

James Thomas & Kristin A. Cook
NVAC (National Visualization and Analytics Center), Seattle, USA

“Visual Analytics

is the science of analytical reasoning _
facilitated by c"mp;tat'“"
interactive visual interfaces” Mining

Human Perception
&
Cognition

== [Thomas & Cook 2005] [Keim, et al. 2010]:
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Visual Analytics — Process

Transform

[Keim, et al., 2008]
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Visual Analytics — Process

[Keim, et al., 2008]
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Background ::: Visualization Models
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User-Centered Design

goals/tasks

data
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Visual Analytics
Methods

appropriateness

What?
Data (time & space)

Why?
user tasks

How?
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Mixed-Initiative Process
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Principles of Mixed-Initiative User Interfaces

Papers

Eric Horvitz
Microsoft Research
Redmond, WA 98025 USA
+1 425936 2127

horvitz@microsoft.com

A mixed-initiative

process is an

approach where both

humans/users and
systems can “take

the initiative”

both contribute to the

Process.

and

ABSTRACT

Recent debate has centered on the relative promise of
focusing user-interface research on developing new
metaphors and tools that enhance users’ abilities to directly
manipulate  objects  versus  directing  effort  toward
developing interface agents that provide antomation. In this
paper, we review principles that show promise for allowing
engineers to enhance human-computer interaction through
an elegant coupling of automated services with direct
manipulation. Key ideas will be highlighted in terms of the
LockOut system for scheduling and meeting management.

Keywords
Intelligent agents, direct manipulation, user modeling,
probability, decision theory, Ul design

INTRODUCTION

There has been debate among researchers about where great
opportunities lay for innovating in the realm of human—
computer interaction [10]. One group of researchers has
expressed enthusiasm for the development and application
of new kinds of automated services, often referred to as
interface “agents.” The efforts of this group center on
building machinery for sensing a user’s activity and taking
automated actions [4,5,6,8,9]. Other researchers have
suggested that effort focused on automation might be better
expended on exploring new kinds of metaphors and
conventions that enhance a user's ability to directly
manipulate interfaces o access information and invoke
services [1,13]. Innovations on both fronts have been fast
paced, However, there has been a tendency for a divergence
of interests and methodologies versus focused attemnpts to
leverage innovations in both arenas.

We have pursued principles that provide a foundation for
integrating research in direct manipulation with work on
interface agents. Our goal is to avoid focusing solely on one
tack or the other, but to seek valuable synergies between the
two areas of investigation. Surely, we should avoid
building complex reasoning machinery to patch

Fnﬁﬂnm..nlnﬂn_-ﬂm-n.“- e T T ileamnssi s

wish to avoid limiting designs for human-computer
interaction to direct manipulation when significant power
and efficiencies can be gained with automated reasoning.
There is great opportunity for designing innovative user
interfaces, and new human—computer interaction modalities
by considering, from the ground up, designs that take
advantage of the power of direct manipulation and
potentially valuable automated reasoning [2].

PRINCIPLES FOR MIXED-INITIATIVE UI

Key problems with the use of agents in interfaces include
poor guessing about the goals and needs of users,
inadequate consideration of the costs and benefits of
automated action, poor timing of action, and inadequate
attention to opportunities that allow a user to guide the
invocation of automated services and to refine potentially
suboptimal results of automated analyses. In particular,
little effort has been expended on designing for a mixed-
initiative approach to solving a user's problems—where we
assume that intelligent services and users may often
collaborate efficiently to achieve the user’s goals.

Critical factors for the effective integration of automated
services with direct manipulation interfaces include:

(1) Developing significant value-added automation. It is
important to provide automated services that provide
genuine value over solutions attainable with direct
manipulation.

(2) Considering uncertainty about a wuser’s goals,
Computers are often uncertain about the goals and
current the focus of atiention of a user. In many cases,
systems can benefit by employing machinery for
inferring and exploiing the uncertainty aboul a user's
intentions and focus.

(3) Considering the status of a user's attention in the
timing of services. The nature and timing of automated
services and alerts can be a critical factor in the costs
and benefits of actions. Agents should employ models
of the attention of users and consider the costs and

F



[Ceneda, et al., 2018]
Mixed-Initiative Process
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GUIDANCE-ENRICHED VA




[Ceneda, et al., 2017]

Characterizing Guidance in Visual Analysis
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[Ceneda, et al., 2017]

Many VA users are overwhelmed ...
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[Ceneda, et al., 2017]

... by the number of visualizations...
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[Ceneda, et al., 2017]
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... and possible parameters

[Ceneda, et al., 2017]



[Ceneda, et al., 2017]
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We can support users with

1

® Guidance

[Ceneda, et al., 2017]
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Guidelines vs. Guidance vs. Onboarding

Guidelines are applied in the development phase of
visualizations

Guidance aims to support the user while working with
visualizations and keep the analysis loop going

Onboarding helps users to learn, interpret, and use the
applied visualization methods correctly




What is Guidance in VA?

[Ceneda, et al., 2017]
The Short Answer

Guidance is a computer-assisted process that aims to actively

resolve a knowledge gap encountered by users during an
interactive VA session.

Based on [Smith and Mosier 1986] [Engels 1996] [Dix et al. 2004]




[Ceneda, et al., 2018]
Guidance is Mixed Initiative
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Aspects of Guidance
[Ceneda, et al., 2017]
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Aspects of Guidance

Knowledge Gap
('E) Target known 8
7
Tasks
Target

unknown

[ﬂ VA Method's
Path
, o unknown 8

» ¥ Ppath known - [

TYPE DoMAIN

Users

Infrastructure

[Ceneda, et al., 2017]

...find interesting data cases
[May et al., 2012]
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Aspects of Guidance |
[Ceneda, et al., 2017]

D)
Knowledge Gap H
{E} Target known 8 Data : H p
7 — I
Target — 1
unknown Hi |
@ VA Methods Il 2
Path
A unknown 8 Users
O ?
Sa Path known @B Infrastructure

...assist task resolution
[Streit et al.2012]



Aspects of Guidance

Knowledge Gap
- Data
[ 3.} Target known 8
7 —
P Tasks
Target
unknown
@ VA Methods
Path
A unknown 8 Users
O
~a Path known @B Infrastructure
TYPE DoMAIN

[Ceneda, et al., 2017]

...assist model building
[Bernard et al.2014]




Aspects of Guidance
[Ceneda, et al., 2017]

Goal - Solve Knowledge gap
Input and Output
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Aspects of Guidance

[Ceneda, et al., 2017]
Highli_ghtin_g

total_phenols

Input and Output ¢

Data Answer

d
Domain Knowledge

q
Visualization Images

i
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History Means | to convey guidance

INPUT OuTpuT

[Ceneda et al.2019]
[May et al., 2011]



Aspects of Guidance

Input and Output

Data

Domain Knowledge

Visualization Images

User Knowledge

History

INPUT

Answer

Means | to convey guidance

OuTPUT

[Ceneda, et al., 2017]

Motion

W\

L ——
[Ceneda et al.2019]

[Johansson et al., 2005]
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Aspects of Guidance
[Ceneda, et al., 2017]

Input and Output Glyphs/Forms
Data Answer

Domain Knowledge

Visualization Images
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[Ceneda et al.2019]

[May et al., 2012]



Aspects of Guidance

[Ceneda, et al., 2017]
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[Ceneda, et al., 2017]
Aspects of Guidance

Some Examples

[Streit et al., 2012]
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[Ceneda, et al., 2017]
Aspects of Guidance

Some Examples

[Wongsuphasawat et al., 2016]

G u id a nce De ree £ YEAR(Year) # COUNT # BIN(Accoloration) # COUNT - # BIN (Displacement) # COUNT
g 65 1 110
2 y 100
55 1
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> ® || Directing

N
A Orienting

DEGREE , , , L
Recommendation of appropriate visualizations



[Ceneda, et al., 2017]

Aspects of Guidance

Some Examples

Guidance Degree

Q

A

[Ip et al., 2011]
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[Ceneda, et al., 2017]

The Computer-Assisted Process

Data

Visual
Analytics

image

AN

Specification

P >
rception

K

Knowle dge

_\\c—\

O

modeled after [van Wijk 20006]

4



[Ceneda, et al., 2017]

The Computer-Assisted Process
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Visual
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[Ceneda, et al., 2017]
The Computer-Assisted Process |
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[Ceneda, et al., 2018]
An Example : Guided Visual Exploration of

Cyclical Patterns in Time-Series

Problem: identify cycles in a time series

Solution (guidance): use statistical methods to show where
‘such cycles can be found in the data




Guided Exploration of Time-Series

Knowledge Gap Data
Target unknown (parameters)
Data (find cycles) l

[Ceneda, et al., 2018]
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[Ceneda, et al., 2018]

Guided Exploration of Time-Series

Knowledge Gap
Target unknown (parameters)
Data (find cycles)
Input
Data itself
Algorithms

(Fourier Transform/Chi-sq Periodogram)

Data

Algorithms

l Possible cycles
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[Ceneda, et al., 2018]
Guided Exploration of Time-Series

-\
)
Knowledge Gap Data \‘@g}\/}‘))/
Target unknown (parameters) \\—7
Data (find cycles) i
Input : 2 N
Data itself Algorithms N %ﬁ\»
Algorithms Possible cycles \;;‘?/H)
(Fourier Transform/Chi-sq Periodogram) e’
Output Spiral Plot l
Indication of possible parameter settings
Encoded in the spiral and in the sliders l Parametersd




[Ceneda, et al., 2018]

Guided Exploration of Time-Series

Knowledge Gap

Target unknown (parameters)

Data (find cycles)
Input

Data itself

Algorithms

(Fourier Transform/Chi-sq Periodogram)
Output

Indication of possible parameter settings
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Guidance in Detail

SLIDERS

Normal slider

Segments per Cycle

[Ceneda, et al., 2018]
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[Ceneda, et al., 2018]

Guidance in Detail C\”\sr

SPIRAL

=  Enhanced Spiral

Segments per Cycle

v v
' |
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Getting closer to the cycle, a glow appears around the spiral
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[Ceneda, et al., 2018]
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GuidedVA: Guidance-Enriched VA for Temporal Data

DoRIAH: Domain-Adaptive Remote Sensing Image
Analysis with Human-in-the-Loop

FORSCHUNG WIRKT.

* Scientific partners
Q“CVL * Computer Vision: Computer Vision Lab, TU Wien

* Georeferencing and Photogrammetry: Research Group Photogrammetry,
TU Wien

* Visual Analytics: Centre for Visual Analytics Science and Technology, TU
Wien

+ Business partner
LUFTBILD - | ufthilddatenbank Dr. Carls GmbH

DATENBANK AT

* Participation in user studies

—_\ L“Ubiq ‘I Stadt A r -";9‘:‘-::‘-:-':

Wi

en -
GENAU *RICHTIC

Stadtvermessun g Vermessung AVT-ZT-GmbH




UXO Detection from Aerial Images
[Pérez-Messina, et al. 2024]




UXO Detection from Aerial Images AT/AY]
[Pérez-Messina, et al. 2024]

Image archives Images over AOI

Selected images Georeferences UXO Map

Automatic Image Image
Georeferencing
filtering selection analysis

Guided Visual Analytics for Image Selection
In Time and Space
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Visual Encoding in Time
[Perez-Messina, et al. 2024]
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DoRIAH
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[Perez-Messina, et al. 2024]
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[Pérez-Messina, et al. 2024]

Oct Nov Dec 3234 Feb Mar Apr May Jun Sep Oct Nov Dec }gﬁﬁ Feb Mar Apr
. —, o e A, S—
e L [P = o ——— X2 ae
[ | 0 0o [ | | iml 0 @ meERC[ (N | EEE I IRm 1§
l N | [ | RN T TR + L1 @l HIIII%] I I |
| s I ERANIY W T N (TId Il gl 1T Vil |
T’ / I I | \ \ | \ - | [ | - \ | I ] noa e | T
' , - .\) | , ; '| e ‘I' . @ \ ‘l'.v I All I
. o ' e e | o Y (RIS
® 8 Y o s ,
L l ‘u ‘\
v [ * / l J\1\/
. ; ] ® 3
o ! L&l AV %
.*) ; | I 1 ] \i]
T : | ? Ve (2
| I i 1
| ‘ ¢ '€ ¢
: | 4 &
® \ il
(,0 ! I Vi &
; !
L\ |
s |
DoRIAH DATA @ 335/47 USER @ 7/0 PRESCRIBING @ 3/0 ORIENTING @
Map ‘:Geoland Basemap Orthofoto v | ‘@| ‘4@‘ 4@I ‘ Aerials ' \E\ H‘ ‘\.H ‘7H |?|'1 |7|v }7l"| ‘— V: ‘x} | &5 |E‘9\ |H

| \ Response time: 00:00.01| 00:35 ago Map resolution: 0.149m Showing 335 of 335 aerials_

14:30:06.947 INFO: image_selection.web_view.javascript - /model.js:85: Prescribed Selection Value 0.029958784194528878



Co-Adaptive Guidance

[Sperrle, et al. 2020]
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Data, Information, and Knowledge
[Chen, et al. 2020 - Dagstuhl]

Explicit Knowledge Operational Knowledge
... that can be processed how to interact with the
by a computer, visualization system

transmitted electronically,
or stored in a database

Domain Knowledge

how to interpret the
content

Tacit Knowledge

... IS personal,
specialized, and can only
be extracted by a human




Knowledge-Assisted VA — Approach

[Federico, et al., 2015]
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Knowledge-Assisted VA — Processes

dK*
dt

dis dD¢
dt dt dSE dS*
dt

—9o0-
a,

macnine

—

human

[Federico, et al. 2017]

data

specification

tacit knowledge
explicit knowledge

=

Image

visualization
perception
analysis
externalization
exploration

WICISIOICES

enhanced [van Wijk 2006]
o 4



Characterizing Analysis
[Federico, et al. 2017]

dK*
dt

3
JKa dD?
dt

dsT @ mining
dt @ simulation
@ guidance




CareCruiser Project
[Gschwandtner, et al., 2010-2011]

Interactive Exploration of Effects of
Therapeutic Actions on a Patient’s Condition

Laura Bassi Centre of Expertise
Eurepean Commiilon 1 Centre for Visual Analytics
I|':|- nfarmation Society and Media - Science & Technology

Wolfgang Aigner, Theresia Gschwandtner, j@g mn
Katharina Kaiser, Silvia Miksch, Andreas Seyfang




CareCruiser
[Gschwandtner, et al., 2010, 2011]
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Communicating Different Aspects with

Multiple Views

File Patients Parameters
Ventilstion > Controlled Ventilation > Handle 1502 4 = = || & pmi P Distance Relahvho Slope  [EEEENDREF1 43 -14 14 43 7100 Y
. B Q[@ | & F| @rone owe || 5™ pigne, 0> R 100 T o serch>> | 2

v
tcs02 (%) (>
100
! Intentnons 90 = tcS02 AND tc502 = 92
o —alare
Ves
7
@,
=)
=
o
=
=
.. yas
50
E] 03,01 2009 22:27:46
®J calculated PCO2 (MMHG) =
130 o
60 .-.. n:' _:.. .
T T~ Tere o ., R L L
— T e o S A A D i e
- - -, SR . s
/\ i B3 ra oS
r \\ [y
/ If:l R T
— / \ ,-*jl'l. ,-'! I'u 20
4o A
; 606 o @
/ AN
\oc/b\ooéoc;éo | o o S, S %
OO O OO a & |
|
— o ¢ ¢ & & & 6 6 o o | & ¢ & & & S S
- 035.01 17:00 03.01 15:00 03.01 19:00 03.01 20:00 03.01 21:00 03.01 22:00 03.01 23:00 O<.01 00:00 04,01 01:00 04.01 02:00 04,01 03:00 04.01 04:00 ICH
Hours

| - — >



Aligning Clinical Actions
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Color-Coding Effects of Actions/Treatments

Distance from intended value range

intended values

far away from
intended values

Progress from |n|t|al value (at start of the treatment

. bettering
start value
g Worsening




CareCruiser Video

" | CareCRUISER - ControlledVentilation.xml

File Patients Parameters

Ventilation > Controlled Ventilation > Handle tcSO2

Elntenﬁons: 90 < tcSO2 AND tcS02 < 92

yes
tcsS02 < 907 © FiO2 = Fi02 + 10

L yes
tcSO2 » 927 ©Fi02 =Fi02-5

B Q‘¢:¢>|1

Distance

— Relatvto — Spe |EEEEEBDENDO 0.0 0.0 00 0.0 0,0 DS %
) Inital vae ol

(x)

/A
LIS

OO OO0

™

tcS02 (%)

" sssenm

*se smse

T 1Uehed 1sal

Plans |

<
o ¢ ¢

08.01 16:00 03.01 17:00 03.01 18:00

<&

<

03.01 19:00

o O
03.01 20:00

L
03.01 21:00

< <
03.0122:00  03.01 23:00

&

04,01 00:00

04,01 01:00

04.01 02:00

04,01 03:00

04.01 04:00

04,01 05:00

Hours




CareCruiser

]

Iser

CareCru

[Gschwandtner, et al.
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[Filipov 2019]
IMMV: Interactive Music Mapping Vienna:
Exploring a City, 1945 up to the Present Day

Exiled but not Forgotten: A Visual Analytics Approach
to Investigate Posthumous Commemoration

LLI F PEEK

schaftsfonds.

Paolo Federico, Velitchko Filipov, B Informatics
Victor Schetinger, Silvia Miksch

Susana Zapke, Stefan Schmidl, Rosemarie Burgstaller, £0 s
AL KUN

PRIVATURIVERSITAT

Paul Lohberger, Georg, Ko, Kathrin Raminger, et al.




IMMV

... focus is the valorisation
and the mediation of the

capabilities of music as an
urban identification tool.

The interaction between
music and urban texture
(identity, political symbolism,
mental determination,
imagination) should be made
accessible to academic and to
a wide audience through
interactive Visual Analytic
Technologies.

Interactive Music Mapping Vienna -

Exploring a City. 1945 up to the Present Day
Interdisziplindres Forschungsprojekt
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Projektleitung: Univ.-Prof.” Dr.= Susana Zapke
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Univ.-Prof. Dr. Stefan Schmidl, Dr."” Rosemarie Burgstaller

Laufzeit: Beginn 2017, Dauer 3 Jahre
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Exiled but not Forgotten ...

[Filipov, et al. 2021]
INTERACTIVE MUSIC Zum Essay A

Users MAPPING VIENNA
Mus mst'a dt

Domain Experts (Humanist)

Data ‘ 'Wlen 55
Event-based Networks Fklbbded

Multivariate, abstract e
Time: linear, instant e
Space s

TaskK [Brehmer and Munzner, 2013] o

Present
Compare
Explore - 8o -
Verify '




Circular: Visualization Prototype

Birth

Time

[Filipov, et al. 2021]
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Circular: Visualization Prototype AW
[Filipov, et al. 2021]
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[Filipov, et al. 2021]

Circular: Visualization Prototype
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Circular: Visualization Prototype AT/AY]
[Filipov, et al. 2021]
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Circular: Visualization Prototype

[Filipov, et al. 2021]
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ArtVis: Dynamic Network Perspectives on
Digital Art History

Mapping the Avantgarde: Visualizing Modern Artists’
Exhibition Activity

LLIF
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Mapping the Avantgarde ...

[Tuscher, et al. 2024]

Users
Domain Experts (Art Humanist)

Data
DOME
Event-based Networks
Multivariate, abstract
Time: linear, instant
Space
Task
Detecting geospatial and temporal (exhibition) patterns
Grouping/ordering the exhibitions by different attributes
Comparing artists’ exhibition patterns




Database of Modern Exhibitions (DoME)

https://exhibitions.univie.ac.at/ [Rosenberg, et al.]

Project by University of Vienna
European Paintings and Drawings between 1905 and 1915
Contains
> 13,000 artists
> 1,300 exhibitions - ‘
>207,000 paintings

> 300 venues

United




Geospatial and Temporal Patterns
Pierre-Auguste Renoir [Tuscher, et al. 2024]
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Multiple Perspectives (T3)
Pablo Picasso [Tuscher, et al. 2024

Exhibition Types
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Multiple Perspectives

Pablo Pi
ICaSSO
[Tuschef, et al 20'24]
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Comparative Analysis
Vassily Kandinsky and Gabriele Munter  [Tuscher, et al. 2024]
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Generative Al ... LLM ::: Visualization LVIDI
[Bertini, 2025]
Prompt-to-Vis Systems
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Scatterplot

Treemap

“Should visualiza-
tion researchers
eat from the
low-hanging fruit
of generative
models and
accept the
consequences?”

“A treemap
made of
trees”




Generative Al ... - Visualization
[Bertini, 2025]

: 5] Data Table
a r ra I Ve e q u e n c e S 1 Nestled in the heart of Guangdong, Zhaoqing's climate tells a story as rich as its heritage (2" Did you know, Month  Record High Average High Daily Mean

3 the hottest months are from May to August?' 4 It's a symphony of heat, 5 where daily mean temperatures Jan 283 182 142
often flirt with the mercury*s upper 30°C. But the city doesn’t just tip its hat to the sun (6 Ramfall plays its part. Feb 314 204 164

7 especially in May and June 8 where it reaches its crescendo with over 250mm_ (9 making it a weather Mar 324 223 186
sonata of heat and rain But like every masterpiece, Zhaoqing has its quieter notes too. 10 The chill of winter Apr 344 263 226
finds 1ts way, 4@ 41' 41 with December’s average low at a cool 12.5°C and a record low that dips to an almost May 340 300 26.0
freezing 1.7°C.12 The rain seems to sense the need for tranquality. 13 with precipitation also taking a back seat -
m winter. -
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Evaluation Results of LLM

ValueError: shape mismatch: objects
cannot be broadcast to a single
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SWOT

[Agarwal and Sonbhadra 2025]

Weaknesses

Limited analytical reasoning & accuracy = hallucination

Computational cost & latency

Biases & interpretable issues

Blackbox nature - VA: transparency & explainability

Unclear domain knowledge integration

Fragmented implementation

Threats
Data privacy & security
Regulatory & ethical challenges
Over-reliance & skill degradation




Challenges and Opportunities

Agentic Visualization / Visual Analytics

“ ... Interactive visual analysis systems that
incorporate autonomous agents (whether Al-driven
or rule-based) while maintaining human agency in
the analytical process.” [Dhanoa, etal. 2025
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CHALLENGES & OPPORTUNITIES




Challenges & Opportunities

Towards Conceptual Models ::: Visual Analytics
Knowledge-Assisted Visual Analytics axs

[Federico, et al. 2017]




Challenges & Opportunities

Towards Conceptual Models ::: Visual Analytics

Knowledge-Assisted Visual Analytics «
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[Cedena, et al. 2019]




Challenges & Opportunities

Towards Conceptual Models ::: Visual Analytics

Knowledge-Assisted Visual Analytics « I
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Challenges & Opportunities

Towards Conceptual Models ::: Visual Analytics
Knowledge-Assisted Visual Analytics
Guidance-Enriched Visual Analytics

Aspects
Data Quality
Data Provenance
Temporal Uncertainty
Science of Interaction

data

interactive
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A Heuristic Approach to Value-Driven Evaluation of Visualizations

Emily Wall, Meeshu Agnihotri, Laura Matzen, Kristin Divis, Michael Haass, Alex Endert, and John Stasko

Abstract—Recently, an approach for determining the value of a visualization was proposed, one moving beyond simple measurements
of task accuracy and speed. The value equation contains components for the time savings a visualization provides, the insights and
insightful questions it spurs, the overall essence of the data it conveys, and the confidence about the data and its domain it inspires.
This articulation of value is purely descriptive, however, providing no actionable method of assessing a visualization’s value. In this
work, we create a heuristic-based evaluation methodology to accompany the value equation for assessing interactive visualizations.
We refer to the methodology colloquially as ICE-T, based on an anagram of the four value components. Our approach breaks the four
components down into guidelines, each of which is made up of a small set of low-level heuristics. Evaluators who have knowledge
of visualization design principles then assess the visualization with respect to the heuristics. We conducted an initial trial of the
methodology on three interactive visualizations of the same data set, each evaluated by 15 visualization experts. We found that the
methodology showed promise, obtaining consistent ratings across the three visualizations and mirroring judgments of the utility of the
visualizations by instructors of the course in which they were developed.

Index Terms—Visualization evaluation, heuristics, value of visualization IEEE TVCG 25(1):491-500, 2019
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Challenges & Opportunities

Towards Conceptual Models ::: Visual Analytics
Knowledge-Assisted Visual Analytics
Guidance-Enriched Visual Analytics

Aspects
Evaluation

Explainable * [van Harmelen, talk, August 2022]
Faithful
Rational Reconstruction
Constructive
Social
- How to Evaluate the Quality of Explanation: ??7?
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Challenges & Opportunities

Towards Conceptual Models ::: Visual Analytics
Knowledge-Assisted Visual Analytics
Guidance-Enriched Visual Analytics

Aspects
Evaluation

Explainable * [van Harmelen, talk, August 2022]

Application domains

Health Care

Business Intelligence

Digital Humanities — Digital Art History
Financial Sectors

other diseiplines of Natural, Social, and Economic Sciences




CONCLUSION




Visual Analytics — Process

[Keim, et al., 2008]
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Conclusion

Visual Analytics —
Detect the Expected and Discover th

automated
solution

conducts exploration
>
to solve a knowledge gap

decides next steps
g to reach a target

user initiative

1

reacts on

gives cues for M|
< ¥

mixed initiative
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