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Challenges in Visual Analytics
Overview
• Handling big, messy data
• Dealing with models

• Most examples from Eindhoven
• Lessons learned, challenges ahead

Data People

produce and collect

want insights

Visualization

The human visual system

http://eofdreams.com

The human visual system

http://vinceantonucci.com

Anscombe’s quartet

Four data-sets: same average x and y, same variance, same correlation, …

I II III IV

x1 y1 x2 y2 x3 y3 x4 y4

10.0 8.04 10.0 9.14 10.0 7.46 8.0 6.58

8.0 6.95 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 8.81 9.0 8.77 9.0 7.11 8.0 8.84

11.0 8.33 11.0 9.26 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 7.24 6.0 6.13 6.0 6.08 8.0 5.25

4.0 4.26 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

7.0 4.82 7.0 7.26 7.0 6.42 8.0 7.91

5.0 5.68 5.0 4.74 5.0 5.73 8.0 6.89
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Anscombe’s quartet

Francis Anscombe, 1973

Visualization

Data People

produce and collect

want insights

Visualization
BIG

MESSY

Standard diagrams don’t scale

Multivariate visualization:
scatterplot

Tree visualization:
tree diagram

Graph visualization:
node link diagram

SequoiaView

Van Wijk and Van de Wetering, 1999

Botanically inspired treevis

Kleiberg, Van de Wetering, van Wijk, 2001

One picture is worth a lot of pixels

• Focus on visual presentation
• Show everything in one picture?
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How many disks?
Chris Healey: Perception in Visualization

Limits on perception…

How many disks?
Chris Healey: Perception in Visualization

Limits on perception…

Limits on perception…

How many red objects?
Chris Healey: Perception in Visualization

Limits on perception…

How many red objects?
Chris Healey: Perception in Visualization

How many red disks?
Chris Healey: Perception in Visualization

Limits on perception…

How many red disks?
Chris Healey: Perception in Visualization

Limits on perception…
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Visualization

Data People

interaction

Visualization
BIG

MESSY

representation

InformationVisualization

• The use of computer-supported, 
interactive, visual representations of 
abstract data to amplify cognition
(Card et al., 1999)

Data Visualization User

Keshif.me (M. AdilYalçın et al.) demo Visualization

Data People

interaction

Visualization

representation
BIG

MESSY

Handling messy data
How to handle real-world data-sets that are
• heterogeneous,
• incomplete, and
• noisy?

Abstract data: main types

Multivariate visualization:
scatterplot

Tree visualization:
tree diagram

Graph visualization:
node link diagram
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Abstract data: often a mix

Multivariate visualization:
scatterplot

Tree visualization:
tree diagram

Graph visualization:
node link diagram

Hierarchy + network

Holten, 2006

Hierarchical edge bundles

Holten, 2006
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Visualization of
Medicine Prescription Behavior

Paul van der Corput, Johan Arends, and Jarke J. van Wijk

Medicine Prescriptions
Structure of the data

# entries: ~300,000 # medicines: ~100

# patients: ~30,000 # physicians: ~200

33

Patient Medicine Start End Dose Physician
Patient 001 Carbamazepine Jul 10, 1991 Sep 3, 1996 1000 Jansen

Patient 002 Clobazam Dec 16, 1995 Feb 3, 1996 20 Peeters

Patient 003 Diazepam Jun 21, 2006 Aug 2, 2006 10 Jansen

Patient 003 Lamotrigine May 22, 2012 Aug 14, 2013 300 De Groot

Problem analysis
Entities & relations

• Three main entities

• Connected by prescriptions

34

physician patient

medicine

treats / treated by

prescribes /
prescribed by

uses /
used by

prescription

prescription

time

do
se

Three Table View (3TV)
Video

35

Multivariate
Attributes

Detail view Overview

Selections

Van den Elzen & Van Wijk, IEEE InfoVis 2014

Multivariate network visualization
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Van den Elzen & Van Wijk, IEEE InfoVis 2014

ICLIC: Interactive Categorization of Large 
Image Collections

Paul van der Corput and Jarke J. van Wijk
Eindhoven University of Technology, The Netherlands

IEEE Pacific Visualization 2016 - Taipei

Attributes Images

CategoriesFilters, selections

Workflow model Image categorization

Van der Corput & Van Wijk, IEEE PacificVis, 2016

Dealing with messy data
Custom cases can be solved, using a combination
of simple presentations, interaction and statistics

Generic challenges:
- How to scale up?
- How to generalize?
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Visualization

Data People

interaction

Visualization

representation

MESSY

BIG

Statistics, machine learning, 
data mining, …

Data PeopleModel
BIG
MESSY

Visual Analytics

Data People

Visualization

Model

Model: statistics,
machine learning,
data mining, …

steer model

control vis.

Visual Analytics
Computers

• fast
• precise
• computation
• search and store data
• graphics

Humans

• Flexible, inventive
• Solve problems
• Handle new situations
• Handle incomplete and/or 

inconsistent information
• Have domain knowledge 

and experience

• Can see things that are 
hard to compute 

Visual Analytics: Synergy between computers and humans

Data size

small (1-10)                       medium (1000)                huge (> 106)      

business graphics infovis                          visual analytics

Try to move to the left:
• Filter, aggregate, statistics, machine learning, …

without loosing essential information
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Visual Analytics Time Series Data

Van Wijk and Van Selow, IEEE InfoVis1999

The pattern

• combination of simple presentations,
• use interaction and statistics

Big Data: D4D challenge
• Data for Development
• Data Challenge Orange Telecom, UN, MIT
• Communication between 1,100 poles, Ivory 

Coast: hourly communication data, five months

Stef van den Elzen et al., 2013 Telecom data visualization, Stef van den Elzen, 2013

From raw complex data  clear visual order
for fast sense making

Stef 
van den Elzen

• Visualize collection
• Browse and navigate

Rijksmuseum van Oudheden
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Data

BIG? MESSY?

Object name: figuur; godin
Description: Terracotta beeld van een

vrouwelijke godin, met een
hond. Met oude verlijmingen.

Material: Aardewerk
Size: 12,7 x 5,5 x 4,2 cm
Date: romeins 150-200
Site: Nederland, Utrecht, Rhenen, graf 6b

Data

57,000
!

Data People

(Visual) Analytics

Visualization

Augment Context
Data

Visualization

Object name: figuur; godin
Description: Terracotta beeld van een

vrouwelijke godin, met een
hond. Met oude verlijmingen.

Material: Aardewerk
Size: 12,7 x 5,5 x 4,2 cm
Date: romeins 150-200
Site: Nederland, Utrecht, Rhenen, graf 6b

Data People

Interaction

(Visual) Analytics

Visualization

Augment Context
Data

Financial ServicesFinancial Services

Critical 
Infrastructure

Critical 
Infrastructure

Open DataOpen Data

Cyber SecurityCyber Security
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Dealing with models
• How to define ML/DM models?

– What model, what parameter settings?
– Which features of the data?

63

BaobabView

Stef van den Elzen, IEEE VAST 2011

64

Decision tree
tumor location

BaobabView Dealing with models
• How to define ML/DM models?

– What model, what parameter settings?
– Which features of the data?

• How to understand the result?
• How to make the black box transparent?

http://www.responsibledatascience.org/
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Rationale Visualization
for Safety and Security

Roeland Scheepens

Steffen Michels

Huub van de Wetering

Jarke J. van Wijk

Context

AIS-data,
radar data,
web data,
reports… on
vessels

Probabilistic first order
logic inference engine

Coast guard

Problem
But why!?

AIS-data,
radar data,
web data,
reports… on
vessels

Probabilistic first order
logic inference engine

Coast guard

Problem

Aha!

Example
How to understand a model?
Custom cases can be solved, using a combination
of simple presentations, interaction and statistics

Challenges:
- How to scale?
- How to generalize?
- Can we understand neural networks…?
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Yosinski et al., 2015

Conclusions

Data and models can be dealt with, using a 
combination of simple presentations, interaction
and statistics / ML / DM 
and with smart students and a lot of effort!

Challenges:
- How to scale?
- How to generalize?
- How to develop custom solutions efficiently?

Thank you!


