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QUIZ: What is data visualization?

- Well, no! It is also about data!

- You mean like data sheets?

- Yes! But we want to be more efficient! Like that

“The representation and presentation of data to facilitate understanding.” [Andy Kirk]
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Data Visualization and Visual Analytics
• Data Visualization is a component of Visual Analytics, used for data 
exploration by a domain expert
• Designing Visual Analytic dashboards follows a User-Centered Design 
process

design evaluate

Design

understand

Prototype

use
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use



Outline

• What is Data Visualization?

• User Centered Design

• Visual Perception

• Criteria for Good Visualizations

• Some examples

• Resources



End-user

User-Centered Design



End-user HCI/UX

HCI: Human-Computer Interaction
UX: User eXperience
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Visualization purpose

• (Interactive) Visualization is intended 

to support a user to achieve a goal related to some data

WHAT data are available?

WHY the user wants/needs
to visualize the data?

HOW
(interactive)

data visualization
can support user’s tasks

that help achieve user’s goal?

WHO is the user?



WHAT data are available

Data types

• Tables

• Networks

• Images

• Signals

• Trees

• …

Instance
/Item 

Variable/Feature/Attributes

value



WHY the user wants to visualize the data

Goal/tasks

• Count

• Compare

• Classify

• Cluster

• Detect outliers

• Detect trend

• Find target

• Overview

• … [Munzner]
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HOW to visualize the data

[Munzner]

Visual
interactions

Visual 
idioms

Select

Arrange

Change

Brush&Link
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Data Visualization basics

Data types Visual encoding Analytic tasks

Many different 

types of data exist

Optimal visual cues exist 

for each data type

Some visual metaphors 

are more suited

to some analytic tasks
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Optimal visual cues exist 

for each data type

Tamara Munzner

MOST 

EFFECTIVE

LEAST 

EFFECTIVE

ORDERED

ATTRIBUTES

CATEGORICAL

ATTRIBUTES



LineUp

https://caleydo.org/publications/2013_infovis_lineup/
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Time and space

• Document editing

Line: paragraph

Hue: author

Y-axis:

Order in 

document

X-axis: time

Vandalism

Conflict
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Time and space

• Train schedule Slope = Speed + Direction

Intervals = Frequency

Y-axis

Distance

X-axis Time

Time in station



Time and space

• Flights traffic heatmap calendar

http://mbostock.github.com/d3/talk/20111018/calendar.html

across years cycles across week days cycles, across week in 

month cycles, across months cycles

Scalability: pixel-based screen filling 

representation

Same 

day

1 month

1 year

http://mbostock.github.com/d3/talk/20111018/calendar.html
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There is no purple color???

• https://www.youtube.com/watch?v=CoLQF3cf
xv0

https://www.youtube.com/watch?v=CoLQF3cfxv0
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• Color models
- Red Green Blue (RGB) used by computer display

- Hue Saturation Value (HSV) better to manage visual encoding/perception

Hue better to encode 
nominal variables

Hot flow

Cold flow

flow

temperature
No perceptual ordering of Hue

<?> <?>

Saturation and Value better to encode 
ordinal or quantitative variables

Perceptual ordering of Value/Saturation

< <

Visual Perception of colors

https://www.youtube.com/watch?v=Qj1FK8n7WgY
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• CIE lab: perceptually uniform color space

• Use this space for bidimensional color scales

c

g

b

1/3

2/3

Color c is perceived twice 
as similar to g as to b

b           c            g

Visual Perception of colors



Example of bidimensional color scale
• Displaying distortions in Multi Dimensional Scaling 

Original

CheckViz S. Lespinats, M. Aupetit. Computer Graphics Forum journal, 30(1) july 2011, pp. 113–125, Eurographics
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Example of bidimensional color scale
• Displaying distortions in Multi Dimensional Scaling 

Perceptually uniform
color map
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Miss False Miss&FalseOriginal
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Color blindness



So many rainbows…

Hue + Value Value

Uniform

Linear



http://www.research.ibm.com/people/l/lloydt/color/color.HTM

Visual Perception of colors



• “Rainbow” color scale
- Uses Hue to visualize 
quantitative variable
- Irrelevant 

segmentation
- masking important 

details
- Is not linear 
in value

• Encode continuous 
variable with Value

- Value is perceived 
linearly from black to 
white (intensity of 
brightness)

http://www.research.ibm.com/people/l/lloydt/color/color.HTM

Visual Perception of colors



• “Rainbow” color scale
- Uses Hue to visualize 
quantitative variable
- Irrelevant 

segmentation
- masking important 

details
- Is not linear 
in value

• Encode continuous 
variable with Value

- Value is perceived 
linearly from black to 
white (intensity of 
brightness)

http://www.research.ibm.com/people/l/lloydt/color/color.HTM

Visual Perception of colors



• “Rainbow” color scale
- Uses Hue to visualize 
quantitative variable
- Irrelevant 

segmentation
- masking important 

details
- Is not linear 
in value

• Encode continuous 
variable with Value

- Value is perceived 
linearly from black to 
white (intensity of 
brightness)

http://www.research.ibm.com/people/l/lloydt/color/color.HTM

Visual Perception of colors



• “Rainbow” color scale
- Uses Hue to visualize 
quantitative variable
- Irrelevant 

segmentation
- masking important 

details
- Is not linear 
in value

• Encode continuous 
variable with Value

- Value is perceived 
linearly from black to 
white (intensity of 
brightness)

http://www.research.ibm.com/people/l/lloydt/color/color.HTM

Visual Perception of colors

Same rainbow scale turned into greyscale



• “Rainbow” color scale
- Uses Hue to visualize 
quantitative variable
- Irrelevant 

segmentation
- masking important 

details
- Is not linear 
in value

• Encode continuous 
variable with Value

- Value is perceived 
linearly from black to 
white (intensity of 
brightness)

http://www.research.ibm.com/people/l/lloydt/color/color.HTM

Visual Perception of colors

Same rainbow scale turned into greyscale



• “Rainbow” color scale
- Uses Hue to visualize 
quantitative variable
- Irrelevant 

segmentation
- masking important 

details
- Is not linear 
in value

• Encode continuous 
variable with Value

- Value is perceived 
linearly from black to 
white (intensity of 
brightness)

http://www.research.ibm.com/people/l/lloydt/color/color.HTM

Visual Perception of colors

Same rainbow scale turned into greyscale



• “Rainbow” color scale
- Uses Hue to visualize 
quantitative variable
- Irrelevant 

segmentation
- masking important 

details
- Is not linear 
in value

• Encode continuous 
variable with Value

- Value is perceived 
linearly from black to 
white (intensity of 
brightness)

http://www.research.ibm.com/people/l/lloydt/color/color.HTM

Visual Perception of colors

Same rainbow scale turned into greyscale



• “Rainbow” color scale
- Uses Hue to visualize 
quantitative variable
- Irrelevant 

segmentation
- masking important 

details
- Is not linear 
in value

• Encode continuous 
variable with Value

- Value is perceived 
linearly from black to 
white (intensity of 
brightness)

http://www.research.ibm.com/people/l/lloydt/color/color.HTM

Visual Perception of colors

Same rainbow scale turned into greyscale



• “Rainbow” color scale
- Uses Hue to visualize 
quantitative variable
- Irrelevant 

segmentation
- masking important 

details
- Is not linear 
in value

• Encode continuous 
variable with Value

- Value is perceived 
linearly from black to 
white (intensity of 
brightness)

http://www.research.ibm.com/people/l/lloydt/color/color.HTM

Color scale must be carefully chosen

Visual Perception of colors

Same rainbow scale turned into greyscale



Color scales to emphasize 
specific details

https://eos.org/features/visualizing-science-how-color-determines-what-we-see

Detail of topography between the Filchner-Ronne and Ross Ice Shelves in West Antarctica. This image 

illustrates the effects of simultaneous contrast within the traditional rainbow colormap (left), increased 

detail in a desaturated version of the traditional rainbow (center), and an analogous color palette for 

greater aesthetic quality as well as discriminatory power (right). Credit: Graphic created by Francesca 

Samsel with data processed using E3SM

https://eos.org/features/visualizing-science-how-color-determines-what-we-see
https://e3sm.org/


Color scales to emphasize 
specific details
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Color scales to emphasize 
specific details

https://eos.org/features/visualizing-science-how-color-determines-what-we-see

https://eos.org/features/visualizing-science-how-color-determines-what-we-see


So many rainbows…

http://www.thefunctionalart.com/2019/06/our-understanding-of-rainbow-color.html

http://www.thefunctionalart.com/2019/06/our-understanding-of-rainbow-color.html


Picking a categorical color scale
http://vrl.cs.brown.edu/color• Colorgorical

http://vrl.cs.brown.edu/color


• Color brewer http://colorbrewer2.org/

Qualitative

Quantitative >0

Quantitative diverging

Choosing a color scale

http://colorbrewer2.org/


• Which color scale 
would you choose for 
visualizing
– Correlation coefficient?

– Periodic table of elements?

– Density of population on a map?

Your turn…



Examples of appropriate color scales

Correlation is a number between -1 and 1 with a natural “ neutral” value
Quantitative diverging color scale is appropriate

Correlation

-1             0             1



Examples of appropriate color scales

Chemical elements

Chemical elements (atoms) can be ordered by their number of protons 
plus additional periodicity and categorical information.

Space (quantitative/ordered data) position based on atomic numbers
Color is used to encode elements’ category as the next prominent information

https://en.wikipedia.org/wiki/Periodic_table

Here is the color scale



What do you think of the color scale?



What do you think of the color scale?

Discontinuous colors scale



What do you think of the color scale?

Discontinuous colors scale

Not even based on brightness



What do you think of the color scale?

Non linear (log scale) 

Hard to read values, 
unnecessary precision

Non-neutral color
Discontinuous colors scale



Picking a better color scale

Pick a continuous color scale



Picking a better color scale

Make it non-linear (log) 
so segment length
match with ranges



Picking a better color scale

No data

pick a neutral tone not linked
to the rest of the color scale



Picking a better color scale

No data

0 – 6% 
6 – 16%
16 – 32%

32 – 58%

58 – 100%

No data

6% 
16%
32%

58%

100%

0% 

Use easier to read values



Examples of appropriate color scales

http://mbostock.github.io/d3/talk/20111018/choropleth.html

100

0

Quantitative

Population density is a positive real number 
Quantitative non-diverging color scale is appropriate



Color-code your tables! 

  

Questions 

Q1: Will the user 
realistically be 
trying to do this 
action? 

Q2: Is the action 
visible? 

Q3: Will user 
recognize the 
action as being 
the correct one? 

Q4: Will the user 
understand the 
feedback/ is the 
feedback 
appropriate? 

Yes No Yes No Yes No Yes No 

Task 1 5 1 6 0 4 2 3 3 

Task 2 5 1 3 3 4 2 4 2 

Task 3 4 2 5 1 5 1 6 0 
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Questions

Q1: Will the user 

realistically be 

trying to do this 

action?

Q2: Is the action 

visible?

Q3: Will user 

recognize the 

action as being 

the correct one?

Q4: Will the user 

understand the 

feedback/ is the 

feedback 

appropriate?

Yes No Yes No Yes No Yes No

Task 1 5 1 6 0 4 2 3 3

Task 2 5 1 3 3 4 2 4 2

Task 3 4 2 5 1 5 1 6 0

Use an appropriate color palette! 

https://colorbrewer2.org/
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as values are ordered

Pick 7 colors as table values go from 0 to 6
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Task 1 5 1 6 0 4 2 3 3

Task 2 5 1 3 3 4 2 4 2
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Use an appropriate color palette! 
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« Color blind safe »

Pick « Sequential » 
as values are ordered

Pick 7 colors as table values go from 0 to 6

Apply
colors

on table

https://colorbrewer2.org/
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Questions

Q1: Will the user 

realistically be 

trying to do this 

action?

Q2: Is the action 

visible?

Q3: Will user 

recognize the 

action as being 

the correct one?

Q4: Will the user 

understand the 

feedback/ is the 

feedback 

appropriate?

Yes No Yes No Yes No Yes No

Task 1 5 1 6 0 4 2 3 3

Task 2 5 1 3 3 4 2 4 2

Task 3 4 2 5 1 5 1 6 0

Use an appropriate color palette! 

Activate
« Color blind safe »

Pick « Qualitative » 
as values are

categorical

https://colorbrewer2.org/


Questions

Q1: Will the 

user 

realistically be 

trying to do this 

action?

Q2: Is the action 

visible?

Q3: Will user 

recognize the 

action as being 

the correct one?

Q4: Will the 

user 

understand the 

feedback/ is the 

feedback 

appropriate?

Yes No Yes No Yes No Yes No

Task 1 5 1 6 0 4 2 3 3

Task 2 5 1 3 3 4 2 4 2

Task 3 4 2 5 1 5 1 6 0

Use an appropriate color palette! 
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https://twitter.com/i/status/1210631357317074944

Use an appropriate color palette! 

https://twitter.com/i/status/1210631357317074944
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https://twitter.com/i/status/1211382829277253632

https://twitter.com/i/status/1210631357317074944

Use an appropriate color palette! 

Michael Aupetit - QCRI

https://twitter.com/i/status/1211382829277253632
https://twitter.com/i/status/1210631357317074944


380

BLIND 

SPOTS

Re-design example



381

BLIND 

SPOTS

BLIND 

SPOTS

Re-design example



Gestalt theory of Visual Perception

• The Gestalt theory, established in (Koffka 1935), explains the 

main principles that lead to images interpretation.

• (Ware 2004) summarizes them as follows:

Things that are close together are perceptually grouped together

Similar elements tend to be perceptually grouped together

Things that are close together are perceptually grouped together

Two symmetrically arranged visual elements tend to be perceived as a whole

A closed contour tends to be seen as a single object

Visual elements smoothly connected or continuous tend to be grouped

When a part is seen as an object the other parts are seen as background

http://www.gestalttheory.net/cms/uploads/pdf/archive/1934_1960/Principles_Gestalt_Psychology_koffka.pdf
http://www.amazon.com/Information-Visualization-Second-Edition-Technologies/dp/1558608192
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Design Principles are based on Gestalt Theory 

Simplification Hierarchy Layout
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Simplification
What is the problem with this graphic?

Edges are like hurdles

They catch attention,

raise question about 

their meaning wrt data



Simplification
What is the problem with this graphic?

Do we really need al these details?

Texture? Colors? Shadows? 3D effects?



Simplification

Data… only data!
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Consistency*

Establish a style for each element in a design

…and use it on similar elements

Change in graphics are explained

as change in data

Change in style are explained

as change in meaning

*sorry, my slides are not consistent!
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Visual hierarchy Size

Contrast

Position

Most prominent

is perceived as 

most important

In Western world only!

In Arabic regions 

it starts from top right!



Layout

Publication Presentation

Portrait Landscape



Grid



Alignment



Alignment



Proximity



Space



Space



Separation



Separation

A treemap



Enclosure



Enclosure

A hierarchical bubble chart



Connection



Connection



Similarity

Eyes perceive objects as belonging together

when they are similar (color, shape…)



Similarity



Similarity
Gender
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What is the purpose of this graphic? 

Can you determine the key messages?

DataViz = Tidy up to optimize task completion…

Show more clear lines and the story. 

Much easier to understand the key points. 

Such communications help decision makers. 
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Example: searching for a flight

HipmunkOpodo

Very precise values but

Hard to find useful numbers

Need scanning

Analogic encoding (sensory)

Drawings, shapes, colors

Symbolic encoding (arbitrary convention)

Numbers and letters

Less precise values at first glance but available on demand

Easy to compare flight/transit duration, 

start/end local time, (un)direct flight, company name…



Preattentive Processing

• Instantaneous detection of outlying elements with no 

cognitive effort (Wong 2010)

http://linkurio.us/graph-viz-101-perceptual-support-of-visualization/
http://www.infovis.net/printMag.php?nu
m=179&lang=2

http://www.nature.com/nmeth/journal/v7/n10/full/nmeth1010-773.html
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Example of pre-attentive processing

• Can you spot the outlier [Haroz&Whitney, InfoVis2012]

Scanning necessary
High cognitive load
Long response time

Preattentive processing works
No cognitive load
Short response time
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Cognitive biases

• There is an old brick wall

with a small grey pebble incrusted

Can you spot the pebble?

• Is it a small pebble?

• Now that you saw the cigare you can hardly see the pebble:

- your brain catches patterns previously evoked (priming effect) 

until a new evidence makes the previous one irrelevant
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More about Visual Perception

● https://medium.com/@kennelliott/39-studies-about-human-perception-in-30-

minutes-4728f9e31a73

https://medium.com/@kennelliott/39-studies-about-human-perception-in-30-minutes-4728f9e31a73


Outline

• What is Data Visualization?

• User Centered Design

• Visual Perception

• Criteria for Good Visualizations

• Some examples

• Resources
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Visualization quality criteria

• Effectiveness rather than beauty
- Display data in a way which leverages on visual perception advantages 

Husband

age

Wife

age

I1 20 19

I2 42 37

I3 35 38

… … …

“The purpose of visualization is insight, not pictures.” [Shneiderman, 2008]

W
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Aha!

Wife age = k1* Husband age + k2
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Visualization quality criteria
• Expressiveness relative to the task

- Display all and only the data required for the task

Visual information seeking mantra
“Overview first, zoom and filter, then details-on-demand.” [Shneiderman, 1996]

Interaction is needed

Bad: try to show 
too many info at a timeData distribution

Quantities to visualize

Good
overview

Bad result

Visual metaphors:
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- A large share of ink on a graphic should present data-information, 

the ink changing as [and only as] the data change. Data-ink is 

the non-erasable core of a graphic, the non-redundant ink arranged 

in response to variation in the numbers represented. [Tufte, 1983]

- Any graphical variation is explained as a change

in the underlying data in the user’s mind

- Irrelevant graphical variation not guided by data change induces 

false inference and higher cognitive load on the user
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What makes a good graphical encoding

• There is no one-size-fits-all visualization
• One visualization is optimized to answer a small set of questions

Platforms and top 5 Popular Topics

Facebook Twitter YouTube Instagram Reddit

Education & 
Workplace

13 9 - - -

Business - 13 9 8 7

Health&Life 11 7 8 17 -

US Election - 6 8 - 7

Trump
Presidency

9 8 - - 7

Terror
Incidents

- - 8 - -

Entertainme
nt&Fashion

8 - - 15 -

Sports - - - 8 -

Arts&Movie
s

8 - - - -

Charlottesvil
le Protest

- - - 8 -

Immigration - - - - 6

Others 51 57 59 45 67
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What makes a good graphical encoding

• There is no one-size-fits-all visualization
• One visualization is optimized to answer a small set of questions

What task is optimized with this graphic?

Question it supports: 
“What are the proportions of top 5 topics of platform Y?”

Can we improve that chart?

Order alphabeticallyPlatforms and top 5 Popular Topics



What makes a good graphical encoding

• There is no one-size-fits-all visualization
• One visualization is optimized to answer a small set of questions

How should we draw the same data to better support 
answering :
“What is the platform most popular for Health & Life topic” ?

Platforms and top 5 Popular Topics



Platforms and top 5 Popular Topics



What makes a good graphical encoding

• Complex questions may require interactive techniques, or 

coordinated views

• https://ptable.com/#Writeup/Wikipedia

https://ptable.com/#Writeup/Wikipedia


Example of re-design



Intra Handover

71.43 75.00

88.37 89.05

87.00 90.78

99.9599.89

Inter Handover S1

Inter Handover X2

Setup success rate Normal

Many failures

Many failures

Two failures

7570 80 9590 10085

previous current

Weekly average value

Example of re-design

M. Aupetit - QCRI



Outline
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• User Centered Design

• Visual Perception

• Criteria for Good Visualizations
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Useful tricks

https://blog.datawrapper.de/text-in-data-visualizations/

https://blog.datawrapper.de/text-in-data-visualizations/


Make the outlier stands out

Hundreds of examples: 
https://www.visualisingdata.com/2016/03/little-visualisation-
design/

https://www.visualisingdata.com/2016/03/little-visualisation-design/


Not emphasizing base line if not 0



Graphics integrated into text



Annotating to guide reading 

https://www.ft.com/content/76ca29aa-9e57-11e9-9c06-a4640c9feebb

https://www.ft.com/content/76ca29aa-9e57-11e9-9c06-a4640c9feebb


How design impact the message

Anti-migrant design Pro-migrant design
(show migration as an invasion flow of « illegal border crossing », 

use bloody color, large arrows)

https://thecorrespondent.com/664/how-maps-in-the-media-make-us-more-negative-about-migrants/87812829368-c203ad78

https://thecorrespondent.com/664/how-maps-in-the-media-make-us-more-negative-about-migrants/87812829368-c203ad78


https://analytics.huma-num.fr/Nicolas.Lambert/theborderkills/

It works both ways…

(show migration as an invasion flow of « illegal border crossing », 
use bloody color, large arrows)

(show migration as number of death caused by 
« Fatal policies of  Fortress Europ », use bloody color, large circles, number with

2 digits after dot (5.22 instead of 5) make them appear bigger)

Anti-migrant design Pro-migrant design

https://analytics.huma-num.fr/Nicolas.Lambert/theborderkills/


Pie chart offense

Analysis

• Pie parts do not sum to 100%

Advice

• Double-check your numbers

• Double-check numbers/data match with 
colors/graphics



Pie chart revenge

Analysis

• Shadow and 3D effects prevent easy comparison 
of pie segments

• Data are lost in unnecessary decor

• Too many data at once, difficult to figure out the 
global trend

Advice

• Do not use fancy effects

• Show only data

• Group data by categories



Bar chart offense

Analysis
• Why the bars ordered that way?
• We look to understand why and never 

find out an answer because here order is 
arbitrary

Advice
• Remind that every detail ask our brain 

for an explanation that requires cognitive 
effort

• Do not overload your user brain, it has 
too many things to do already

• If order means something make it clear, 
otherwise order by value



Bar chart offense 2



No, 3D is not cool!

Analysis

• Shadow and 3D effects prevent easy 
comparison of height of 
bars/columns

• Data are lost in unnecessary decor

Advice

• Do not use fancy effects

• Show only data



Time is time

Broken time axis!



Size matters!



Bloody chart!
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• Affordance: design to ease discovery of possible 
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- Buttons are designed to be pushed, so they trigger the desire to 

push and the pushing action

- Handles invite us to pull them…
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Interactions

• Time perception: 3 key time scales

~0.1 second: cause and effect relation
- Two events perceived as a single one. Brain’s neural activity cycle duration

- Maximal time required between movie frames to preserve perceptual continuity

- Action and stimulus less than 0.1s after it appear to be in cause and effect relation

~1 second: reflex action
- Time needed to prepare and respond to unexpected event

- More than 1s silence induces to think of a broken communication channel

~10 seconds: complex action
- Time needed to complete an interaction task (zoom, use a slider, open select and 

click in a menu…)
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Consequences of response time

• below a second (continuity preserving latency)
- appears fully responsive to user adjustments

- allows truly interactive sessions

• below a few seconds (flow preserving latency)
- users maintain their focus

- computational pauses in the exploration challenge interpretation

• above ten seconds (attention preserving latency)
- users disengage from the task to pursue other activities in parallel

- highly detrimental to the interpretation process
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What makes a good graphical encoding

Some visual metaphors 

are more suited

to some analytic tasks

https://datavizproject.com/

https://www.data-to-viz.com/

https://datavizcatalogue.com/
https://flowingdata.com/chart-types/

https://datavizproject.com/
https://www.data-to-viz.com/
https://datavizcatalogue.com/
https://flowingdata.com/chart-types/


What chart to use

• https://blog.datawrapper.de/guide-what-to-consider-
when-creating-tables/

• → Line charts: https://t.co/ZoUUjd2gP6
→ Area charts: https://t.co/eXlOoIXTLl
→ Pie charts: https://t.co/dR4inn22D2
→ Choropleth maps: https://t.co/sMsSJc2qey
→ Stacked columns: https://t.co/fJK1Ftsx5P
→ Colors: https://t.co/XYSSu4KVGE

• https://gramener.github.io/visual-vocabulary-vega/#
• Vis guidelines: 

http://experception.net/Franconeri_ExperCeptionDotNet_
DataVisQuickRef.pdf

• D3 gallery: https://www.d3-graph-gallery.com/

https://blog.datawrapper.de/guide-what-to-consider-when-creating-tables/
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Ft.co%2FZoUUjd2gP6&data=02%7C01%7C%7C02c321c99f7244c02faf08d6df49faae%7C0edca4720b7146e696c70a68c10dcb96%7C0%7C0%7C636941906162919148&sdata=qRQlquij0oBFVHKAPWY72bBSZhtCGHSpgCh77yh3BaM%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Ft.co%2FeXlOoIXTLl&data=02%7C01%7C%7C02c321c99f7244c02faf08d6df49faae%7C0edca4720b7146e696c70a68c10dcb96%7C0%7C0%7C636941906162919148&sdata=4p%2B4FCP66ebRdGfKHf7n0sDpz2YoszyLsF%2BxturOVcY%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Ft.co%2FdR4inn22D2&data=02%7C01%7C%7C02c321c99f7244c02faf08d6df49faae%7C0edca4720b7146e696c70a68c10dcb96%7C0%7C0%7C636941906162929137&sdata=XWlE4Yx4M7LwQAN7127NkYx0lpGs4k%2BSb9QaZSK1iZE%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Ft.co%2FsMsSJc2qey&data=02%7C01%7C%7C02c321c99f7244c02faf08d6df49faae%7C0edca4720b7146e696c70a68c10dcb96%7C0%7C0%7C636941906162929137&sdata=Xbkf0yklv1pOA2VATWI%2FSnHA7SLJ5B%2Ff4wHxt1lfDB4%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=https%3A%2F%2Ft.co%2FfJK1Ftsx5P&data=02%7C01%7C%7C02c321c99f7244c02faf08d6df49faae%7C0edca4720b7146e696c70a68c10dcb96%7C0%7C0%7C636941906162939133&sdata=pppux4DD%2FbZudZ%2BbZJ061oxEZw2bHTQNctNmOJxbUqQ%3D&reserved=0
https://t.co/XYSSu4KVGE
https://gramener.github.io/visual-vocabulary-vega/
http://experception.net/Franconeri_ExperCeptionDotNet_DataVisQuickRef.pdf
https://www.d3-graph-gallery.com/


Thank you!

maupetit@hbku.edu.qa



https://twitter.com/i/status/1471443312032759819

https://twitter.com/i/status/1471443312032759819


Networks

• Adjacency matrix vs node-link diagram

Adjacency Matrix 
No node overlap
No link crossing
Need more space (sparse matrix)
Difficult to follow paths

Node-Link 
Nodes can overlap
Links can cross
Need less space 
Easy to follow paths

E. coli metabolic network visualized 
with Cytoscape [source: 
kavrakilab.org]
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Networks

• Edge bundling

Improved renderingEdge bundling
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Heatmap



Heatmap



Heatmap



Sparklines

http://www.perceptualedge.com/blog/?p=1466

http://www.perceptualedge.com/blog/?p=1466


Redundant encoding

https://www.datarevelations.com/sparklines-
schmarklines.html

https://www.datarevelations.com/sparklines-schmarklines.html


Comparison – Comet Charts
• https://www.datarevelations.com/showing-now-versus-then-consider-a-comet-chart.html

Slope graph

Gap chartBar chart Comet chart

https://www.datarevelations.com/showing-now-versus-then-consider-a-comet-chart.html


Scatterplot as a color scale



Scatterplot
https://www.axios.com/the-oldest-and-youngest-jobs-in-the-
us-millennials-d9738704-4c84-4208-8f15-8d997db170ac.html

Show median = remind decision tree

https://www.axios.com/the-oldest-and-youngest-jobs-in-the-us-millennials-d9738704-4c84-4208-8f15-8d997db170ac.html


View all sets combinations (powerset)
https://github.com/hms-dbmi/UpSetR

https://github.com/hms-dbmi/UpSetR


When design meets data viz
• https://uclab.fh-potsdam.de/coins/

• https://uclab.fh-potsdam.de/projects/coins/

https://uclab.fh-potsdam.de/coins/
https://uclab.fh-potsdam.de/projects/coins/


The Ladder of Abstraction

• Have a look at

http://worrydream.com/LadderOfAbstraction/

http://worrydream.com/LadderOfAbstraction/


Time and space
http://survey.timeviz.net/

http://survey.timeviz.net/


Networks
https://gephi.org/

https://gephi.org/


Networks http://tulip.labri.fr/

http://tulip.labri.fr/


http://d3js.org/



Visualization coding tools

• https://www.d3-graph-gallery.com/
• https://vegawidget.github.io/vegawidget/
• https://blog.jupyter.org/and-voil%C3%A0-f6a2c08a4a93 Jupyter-> 

Web
• PANEL+BOKEH for Python: https://medium.com/@philipp.jfr/panel-

announcement-2107c2b15f52 https://www.anaconda.com/intake-
discovering-and-exploring-data-in-a-graphical-interface

• Python visualization: https://www.anaconda.com/python-data-
visualization-2018-why-so-many-libraries/

• R-Shiny: https://shinydevseries.com/post/ep0/
• Plotly: https://plot.ly/
• Vis for ML: http://www.scikit-yb.org/en/latest/index.html

https://www.d3-graph-gallery.com/
https://vegawidget.github.io/vegawidget/
https://blog.jupyter.org/and-voil%C3%A0-f6a2c08a4a93
https://medium.com/@philipp.jfr/panel-announcement-2107c2b15f52
https://www.anaconda.com/intake-discovering-and-exploring-data-in-a-graphical-interface
https://www.anaconda.com/python-data-visualization-2018-why-so-many-libraries/
https://shinydevseries.com/post/ep0/
https://plot.ly/
http://www.scikit-yb.org/en/latest/index.html


Shiny R

• Tutorial: 
– https://shinydevseries.com/post/ep0/
– https://rstudio.cloud/learn/primers

• Use Plotly in Shiny: https://plot.ly/ggplot2/

• Python from R: https://rstudio.github.io/reticulate/

• Parallel coord plot 
http://timelyportfolio.github.io/parcoords/articles/introduc
tion-to-parcoords-.html

• Network/Graph R https://kateto.net/network-visualization

https://shinydevseries.com/post/ep0/
https://rstudio.cloud/learn/primers
https://plot.ly/ggplot2/
https://rstudio.github.io/reticulate/
http://timelyportfolio.github.io/parcoords/articles/introduction-to-parcoords-.html
https://kateto.net/network-visualization


Visualization app

• https://www.tableau.com/

• https://charticulator.com/app/index.html

• https://keshif.me/

https://www.tableau.com/
https://keshif.me/


R toolboxes

• Compare dataframes: 
https://github.com/alastairrushworth/inspect
df

• Tidyverse:
– Tidyr: https://tidyr.tidyverse.org/

– Dplyr: https://dplyr.tidyverse.org/

– Purrr: https://purrr.tidyverse.org/

– ggplot2: https://ggplot2.tidyverse.org/

– Readr: https://readr.tidyverse.org/

https://github.com/alastairrushworth/inspectdf
https://tidyr.tidyverse.org/
https://dplyr.tidyverse.org/
https://purrr.tidyverse.org/
https://ggplot2.tidyverse.org/
https://readr.tidyverse.org/


GGPLOT

• ggforce: https://www.data-imaginist.com/2019/the-ggforce-
awakens-again/

• gganimate: https://github.com/thomasp85/gganimate 

• R Cookbook: https://r-graphics.org/

Examples

• https://cedricscherer.netlify.com/2019/05/17/the-
evolution-of-a-ggplot-ep.-1/

• https://gist.github.com/Ryo-
N7/67ca1c364c342a82c4098918082ca445

https://www.data-imaginist.com/2019/the-ggforce-awakens-again/
https://github.com/thomasp85/gganimate
https://r-graphics.org/
https://gist.github.com/Ryo-N7/67ca1c364c342a82c4098918082ca445


Online readings

• https://medium.com/nightingale

• http://johnguerra.co/lectures/visualAnalytics_12
hours/

• https://www.cs.ubc.ca/~tmm/talks.html?utm_co
ntent=buffere0ca6&utm_medium=social&utm_s
ource=twitter.com&utm_campaign=buffer

• https://sandrarendgen.wordpress.com/2019/05/
28/history-raise-the-bar-1770s/

https://medium.com/nightingale
http://johnguerra.co/lectures/visualAnalytics_12hours/
https://www.cs.ubc.ca/~tmm/talks.html?utm_content=buffere0ca6&utm_medium=social&utm_source=twitter.com&utm_campaign=buffer
https://sandrarendgen.wordpress.com/2019/05/28/history-raise-the-bar-1770s/


Visual Perception

• https://medium.com/@kennelliott/39-
studies-about-human-perception-in-30-
minutes-4728f9e31a73

https://medium.com/@kennelliott/39-studies-about-human-perception-in-30-minutes-4728f9e31a73


Story telling viz

• https://pudding.cool/2019/04/eu-regions/
•

• https://twitter.com/alexcengler/status/1101245224733605891
• http://brussels-diversity.jetpack.ai/
• https://tonofshell.me/us-broadband-interactive/

• Give this link http://www.visualisingdata.com/2019/06/best-of-the-
visualisation-web-april-2019/

• https://timelinestoryteller.com/
https://timelinestoryteller.com/app/

• GAPMINDER : https://www.gapminder.org/tools/#$chart-
type=bubbles + show data doubt WARNING

https://pudding.cool/2019/04/eu-regions/
https://eur03.safelinks.protection.outlook.com/?url=https://twitter.com/alexcengler/status/1101245224733605891&data=02|01||445e6c0593ed45e8b2a908d6f5ce0b3d|0edca4720b7146e696c70a68c10dcb96|0|0|636966662636226676&sdata=fQueEUFFGqz4El%2Bv6CKkcqQGBNTMbO7d7jbvhW4J7sg%3D&reserved=0
https://eur03.safelinks.protection.outlook.com/?url=http://brussels-diversity.jetpack.ai/&data=02|01||f35f4654ba8e4be5c8bc08d6f5c9da99|0edca4720b7146e696c70a68c10dcb96|0|0|636966644644157541&sdata=PKWOMr09FttY28VwjLX7RvGXtdg4P1DXg%2BgBSKtqahc%3D&reserved=0
https://tonofshell.me/us-broadband-interactive/
https://eur03.safelinks.protection.outlook.com/?url=http://www.visualisingdata.com/2019/06/best-of-the-visualisation-web-april-2019/&data=02|01||445e6c0593ed45e8b2a908d6f5ce0b3d|0edca4720b7146e696c70a68c10dcb96|0|0|636966662636226676&sdata=NQN5UQfsBWFcQ6aQjko7pv%2Bckd7dS%2BpPit5ZDy8ev7w%3D&reserved=0
https://timelinestoryteller.com/
https://timelinestoryteller.com/app/
https://www.gapminder.org/tools/#$chart-type=bubbles


Books



Thank you !


