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A structured way to think about visualization 



Visualization design consists of reasoning about possible 
choices by considering the interplay between: 

1. Content: The nature, origin, and limitations of the data.
2. People: Your audience. 
3. Intent: The purpose(s) that we define. 
4. Constraints: The limitations that we may face.
5. Outcomes: How the graphic is received. 

Every design choice must be deliberate. 
It is inevitably subjective, but it should never be arbitrary.



Scaffolding

Encoding

Arrangements
within the visualization

Positioning
Ordering
Grouping

Marks
Channels

Animations
Interactions
Customizations

Titles
Introductions
Footnotes
Textual highlights

Scales
Legends
Labels

Annotations

Layout

Visual design and style

Dynamics

Static
visualizations

Dynamic
visualizations

Visualization:
Layers and
elements
to think about

Read from
the bottom-up

Considerations about
the information
to be visualized
—they influence
everything else.



Scaffolding

Encoding

Arrangements
within the visualization

Positioning
Ordering
Grouping

Marks
Channels

Animations
Interactions
Customizations

Titles
Introductions
Footnotes
Textual highlights

Scales
Legends
Labels

Annotations

Layout

Visual design and style

Dynamics

Static
visualizations

Dynamic
visualizations

Visualization:
Layers and
elements
to think about

Read from
the bottom-up

Considerations about
the information
to be visualized
—they influence
everything else.



To what degree do the following advertising methods
 influence your buying decisions?
Medium or high net influence

Television ads Newspaper ads Magazine ads In-theater ads Radio ads

Trailing Millenials
Ages 14-23

Leading Millenials
Ages 24-29

Xers
Ages 30-46

Boomers
Ages 47-65

Matures
Ages 66+

75%

50%

25%

0%

If the goal is to compare media efficacy within each group, this works well.
But what about if the goal is to compare across age groups?
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https://www.consilium.europa.eu/en/
infographics/antimicrobial-resistance/

Annotations 
Context and accessibility 
(If in the form of Alt-text) 

https://www.consilium.europa.eu/en/infographics/antimicrobial-resistance/
https://www.consilium.europa.eu/en/infographics/antimicrobial-resistance/


Talking about 
accessibility…

https://chartability.fizz.studio/ 

https://chartability.fizz.studio/


Talking about 
accessibility…



Talking about 
accessibility…

This is the same 
graphic seen through 
Color Oracle

https://colororacle.org/

https://colororacle.org/


Whenever possible, I try to 
structure my projects as narratives, 
making sure that text and visuals are 
integrated with each other.







“This happened…”

“…but 
then 

this…”

“…and then…”

“…and then…”

“…and finally…”

1. Begin by writing a long sentence 
that summarizes the points you 
want to make, and how they 
connect to each other.

2. Split that long sentence into its 
components, taking advantage of 
natural sentence breaks.

3. Transform those pieces into the 
sections of your infographic. 
Illustrate them with the appropriate 
charts, maps, diagrams, etc.
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When it opens its doors,
in 2018, the European Extremely
Large Telescope have the  largest
range in the world. It will cost
nearly 2 billion dollars, plus more than
60 million dollars a year after it’s finished,
just to keep it working.

Main
entrance

Diagram
NEWS IN PERSPECTIVE

2 3 4 5

A new generation of observatories is under
construction. Brazil needs to decide if it’s
going to be part of this new revolution
in astronomy.

 
 

400 years after
Galileo, mega-telescopes
rule space exploration

Sources : Southern European Observatory (ESO), TMT, Gemini, Soar

Peter Moon, Alberto Cairo, Gerson Mora

E-ELT

Secndary
mirror

Mirrors three, four,
and five are built into
the inner tower.

The massive
dome can be
open thanks to
big cranes at
each side of
the main structure. 

Labs and other
research facilities

The main
body of the
telescope can
rotate 360
degrees.

 
 

1 Light reflected
by planets and other

primary mirror focus
the light and send it
to a secondary mirror with
a diameter of 20 feet.

objects hits the
primary mirror.

2 The hexagonal
mobile cells of the

3 The secondary

tertiary mirror, placed at
the center of the primary
mirror.

4 The fourth mirror
changes shape

up to 1,000 times a second
to elimate atmospheric
distortions and focus
the rays of light
even further.

5  The fifth mirror,
inside the central tower,

stabilizes the image
and sends the light
to the cameras in the
central body of the
telescope.

 

THE SUPER TELESCOPE RANKING
Brazil participates on just two of the largest telescopes.

TELESCOPES WITH BRAZILIAN INVOLVEMENT

Opening:  2018
Cost: $1 billion
Mirror: 98 feet
Place: Hawaii
Built by:  USA, Canada
China, India

Thirty Meters
Telescope (TMT)

Opening:  2018
Cost:  $600 million
Mirror:  80.4 feet
Place: Chilean Andes
Built by:  USA, Australia
South Korea

Telescópio Gigante 
Magalhães (GMT)

Opening:  2012
Cost: $ 1.3 billion
Place: Atacama, Chile
Built by: European Union
USA, Canada, Japan  
Taiwan, Chile

Atacama Large Millimeter 
Array (Alma)

PRIMARY MIRROR

Great Telescope
Canary Islands

Keck &
Keck II

Salt Hobby-
Ebery

Large Binocular 
Telescope

Canary Islands
SPAIN

Hawaii
USA

Sutherland
SOUTH AFRICA

Texas
USA

Arizona
USA

Atacama Desert
CHILE

Gemini Soar

  

The telescope has a diameter of
330 feet and a height of 260 feet.

Light

Radio telescope
66 antennas

In 1609, Galileo Galilei perfected the telescope, 
created in 1608 by Hans Lippershey. Galileo's 
telescope had a lens of 6 inches. Today, the 
largest telescopes are in Hawaii and northern 
Chile. Equiped with mirrors 24 to 35 feet in 
diameter, they allow the observation of 
galaxies billions of light years away from us, 
but with little clarity. So a new generation of 
mega-telescopes is being built. The largest is 
the European Extremely Large Telescope 
(E-ELT), an initiative of the European Space 
Agency that is under construction in the 
Atacama Desert in Chile, and will open in 2018. 
The Ministry of Science and Technology of 
Brazil defends participation in the project, but 
the huge investment has unleashed concerns 
in other areas of the government. The total cost 
for Brazil would be $650 million over 20 years.

The E-ELT is a giant compared to the existing mega-telescopes. Its primary mirror is four
times the size of the one in the largest telescope, in the Canary Islands, Spain.
Mirror diameter in feet.
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OTHER LARGE TELESCOPES UNDER CONSTRUCTION
Besides the E-ELT, there are other projects in development.

Built in Cerro Pachón, Chile,
and the Mauna Kea volcano,
Hawaii, these twin telescopes
have mirrors with a diameter
of 26.5 feet. Brazil participates
by covering 2.4% of the total
cost in exchange for the right
of using them for observations.

Built in Cerro Pachón, Chile,
the Southern Astro Physical
Research Telescope has a
mirror with a diameter of
13.5 feet. The Brazilian National
Scientific Development Council
covers a great portion
of its costs.

4.8
feet

Observed
object

HOW THE E-ELT GATHERS HIGH-RESOLUTION IMAGES
The E-ELT will be the first telescope able to shoot pictures of planets
outside the solar system, which will be useful for analyzing their atmospheres.

mirror reflects light
and sends it to the

Why is the telescope so large?
The sensitivity and acuity of

a telescope depend on how well
it gathers light reflected by objects

that sometimes are many
light years away from Earth.

The larger the reflecting
surface of the telescope’s primary

mirror, the more photons
of light it will be able to capture.

Consistency, variety, 
and hierarchy

Objects that are the same 
should look the same.

Objects that are different 
should look different.

Size and style can be used to 
emphasize hierarchy.



A new generation of giant telescopes
is under construction. Brazil needs to decide
if it wants to be part of this revolution. 

400 years after
Galileo, mega-telescopes
rule space exploration

Telescopes with Brazilian participation Mega-telescopes currently under constructionThe current mega-telescope ranking
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neque tristique vel. 

The E-ELT mega-telescope will
start operating in 2018. It
will cost 1.5 billion dollars

The E-ELT

Primary mirror

How the telescope gathers high-resolution images

Explanation 1

Explanation 2

Explanation 3

Explanation 4

Explanation 5

Diameter: 300 feet
Height: 240 feet

Secondary mirror

Primary mirror

The telescope
dome opens
to let light hit
the mirrors

Sources- Lorem Impsum

The telescope can
rotate 360 degrees

Labs and
research
facilities

Peter Moon, Gerson Mora, Alberto Cairo 
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Giant waves can be a threat to civil navigation and
construction in the sea. Is Brazil prepared?

Giants Of The Ocean

Gerson Mora, Alberto Cairo, Rodrigo Cunha, Eliseu Barreira Júnior

SOURCES: The Wave (Susan Casey), Poli-USP, BBC Science and Nature

HOW COASTAL GIANT WAVES WORK  

Waves are energy traveling through water. They are created by wind blowing on the ocean surface. The stronger the wind, and the
longer it blows, the larger the waves it produces. That’s why waves are more common and bigger where storms are frequent.
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HOW FREAK WAVES WORK

GIANT WAVES IN BRAZIL

WAVE SIMULATOR

Freak waves are more common in regions near the Poles.
They are frequent also in South African national waters. In that
area, the Agulhas Current meets cold water that is pushed from
the South Pole by strong winds.

Mathematical models have
predicted that waves
during a storm can reach
an average of  26 feet with
a maximum of 48 feet.

Simulations developed
in 2010 have predicted that
the maximum height of
a wave in Santos (never 
observed) is 67 feet.

Campos
Basin

Santos
Basin

Brazil doesn’t keep a centralized record of giant waves
in national waters. But Petrobras, the public oil
company, takes them into consideration when
it builds extraction platforms.

The illustration below is
a scale representation
of a 100-feet tall wave

about to hit a Petrobras
oil platform

A B C

Frequency and height of freak waves

When the wind 
blows, it creates friction 
with the sea. Water 
begins to rotate in the 
same direction as the air. 
Waves are the result of 
the deformation of water 
surface.

The longer the wind 
blows, the bigger the 
area of the water 
surface that can be 
pushed by that same 
wind.

This cycle goes on 
as long as the wind 
keeps blowing: the 
stronger the wind, and 
the longest it lasts, the 
bigger the waves that it 
will generate.

When waves get 
closer to the coast, they 
are slowed by the 
submarine relief. Also, 
the currents that flow 
near the bottom of the 
sea start moving up.

As the first waves 
that reach the coast are 
slower than the ones 
that come after them, 
the latter start piling up 
over the latter.

The swell of the 
wave is produced by 
faster waves running 
over slower ones, when 
they are close to the 
coast.

A threat for
oil platforms and

civil navigation

The images of the CLÉLIA II cruiser being hit by 30-feet tall
waves near Antarctica have been broadcast by TV stations
all over the world. That footage is impressive but it hardly
represents an exception to what happens in the sea.
In her book The Wave, that will be released in Brazil this week,
American journalist Susan Casey talks about ‘freak waves’ or
‘rogue waves’, giant masses of water that suddenly appear in
the midle of the ocean for not apparent reason, and that are one
of the most serious dangers to civil navigation and construction.
On average, they sink a medium-sized or large ship per week.
Coastal waves can also be huge. The highest recorded wave
devastated Lituya Bay, in Alaska, in 1858. Unleashed by
a strong earthquake, the wave was 1,600 feet tall. In this
graphic you will learn why waves appear, how they work,
and what resources Brazil is investing in understanding
them better.

The Polytechnic School of the University of São 
Paulo (Poli-USP), using funding from Petrobras, 
opened a lab to study giant waves in December 
2009. The main element in the laboratory is a 
36-feet wide and 13-feet deep pool for simulating 
giant waves patterns . The waves are generated by 
148 rubber flaps, attached to small engines and 
controlled by a computer.

‘Freak’ or ‘rogue’ waves are giant waves that appear in the middle of the sea. They are very dangerous due to their unpredictability.
Recent research has identified three different factors that influence their likehood.

Regions where storms
are common, such as
the North Atlantic, are also
the ones where freak
waves appear with higher
frequency. The strong winds
that stir those waters are
a key factor.

Submarine relief
is another factor. Shallow
waters in the North Sea,
between the UK and
Scandinavia, are prone
to freak waves for the same
reason why big waves
appear on coastal areas.

The confluence
of warm and cold currents
(see map on the right) 
creates dynamics that
make giang waves more
likely.
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When it opens its doors,
in 2018, the European Extremely
Large Telescope will be the one with
a largest range in the world. It will cost
nearly 2 billion dollars, plus more than
60 million dollars a year after it’s finished,
just to keep it working.

Main
entrance

Diagram
NEWS IN PERSPECTIVE

2 3 4 5

A new generation of observatories is under
construction. Brazil needs to decide if it’s
going to part of this new revolution
in Astronomy.

 
 

400 years after
Galileo, mega-telescopes
rule space exploration

Sources : Southern European Observatory (ESO), TMT, Gemini, Soar

Peter Moon, Alberto Cairo, Gerson Mora
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the main structure 
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The main
body of the
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rotate 360
degres

 
 

1 Light reflected
by planets and other

primary mirror focus
the light and send it
to a secondary mirror with
a diameter of 20 feet.

objects hits the
primary mirror

2 The hexagonal
mobile cells of the

3 The secondary

tertiary mirror, placed at
the center of the primary
mirror.

4 The fourth mirror
changes shape

up to 1,000 times a second
to elimate atmospheric
distortions and focus
the rays of light
even further.

5  The fifht mirror,
inside the central tower,

stabilizes the image
and sends the light
to the cameras in the
central body of the
telescope.

 

THE SUPER TELESCOPE RANKING
Brazil participates on just tw of the largest telescopes

TELESCOPES WITH BRAZILIAN PARTICIPATION

Opening:  2018
Cost: $ 1 billion
Mirror: 98 feet
Place: Hawaii
Built by:  USA, Canada
China, India

Thirty Meters
Telescope (TMT)

Opening:  2018
Cost:  $600 million
Mirror:  80.4 feet
Place: Chilean Andes
Built by:  USA, Australia
South Korea

Telescópio Gigante 
Magalhães (GMT)

Opening:  2012
Cost: $ 1.3 billion
Place: Atacama, Chile
Built by: European Union
USA, Canada, Japan  
Taiwan, Chile

Atacama Large Millimeter 
Array (Alma)

PRIMARY MIRROR

Great Telescope
Canary Islands

Keck &
Keck II

Salt Hobby-
Ebery

Large Binocular 
Telescope

Canary Islands
SPAIN

Hawaii
USA

Sutherland
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USA
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USA
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Gemini Soar

  

The telescope has a diameter of
330 feet and a height of 260 feet

Light

Radio telescope
66 antennas

In 1609, Galileo Galilei perfected the telescope, 
created in 1608 by Hans Lippershey. Galileo's 
telescope had a lens of 6 inches and expanded 
three times the image of objects observed. 
Today, the largest telescopes are in Hawaii and 
northern Chile. Equiped with mirrors 24 to 35 
feet in diameter, they allow the observation of 
galaxies billions of light years awat from us, but 
with little clarity. So a new generation of 
mega-telescopes is being built. The largest is 
the European Extremely Large Telescope 
(E-ELT), an initiative of the European Space 
Agenc that is under construction in the 
Atacama Desert in Chile, in 2018. The Ministry 
of Science and Technology of Brazil defends 
participation in the project, the huge 
investment has unleashed concerns in other 
areas of the Government. The total cost or 
Brazil would be $650 million in 20 years.

The E-ELT is a giant even compared to the existent mega-telescopes. Its primary mirror is four
times the size of the one in the current biggest telescope, the one in the Canary Islands, Spain.
Mirror diameter, in feet.
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OTHER LARGE TELESCOPES UNDER CONSTRUCTION
Besides the E-ELT, there are other projects in development

Built in Cerro Pachón, Chile,
and the Mauna Kea volcano,
Hawaii, these twin telescopes
have mirrors with a diameter
of 26.5 feet. Brazil participates
covering 2.4% of the total cost
in exchange for the right of
using them for observations.

Built in Cerro Pachón, Chile,
the Southern Astro Physical
Research Telescope has a
mirror with a diameter of
13.5 feet. The Brazilian National
Scientific Development Council
covers a great portion
of its costs.

4.8
feet

Observed
object

HOW THE E-ELT GATHERS HIGH-RESOLUTION IMAGES
The E-ELT will be the first telescope able to shoot pictures of planets
outside the Solar System, something that will be useful for analyzing their atmospheres

mirror reflects light
and sends it to the

Why is the telescope so large?
The sensitivity and acuity of

a telescope depend on how well
it gathers light reflected by objects

that sometimes are many
light years away from Earth.

The larger the reflecting
surface of the telescope primary

mirror, the more photons
of light it will be able to capture.
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and hierarchy

Modular layout.



Paying attention 
to text style and 
arrangement.
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to text style and 
arrangement.



https://ec.europa.eu/eurostat/
statistics-explained/index.php?
title=Temporary_protection_for_pe
rsons_fleeing_Ukraine_-
_monthly_statistics

Tilted text. 
As a general rule, try to avoid it.
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Visual editing



INTRODUCTION

SIGNIFICANCE

AIMS

MATERIALS AND METHODS RESULTS

CONCLUSION
Findings from preliminary results suggest that the MCE 
approach is a viable methods to modeling spatial risk. The high 
resolution risk map produced aligned well with sample vector 
points and may therefore be used to plan control of malaria 
vectors. Further analysis is planned to generate and validate risk 
maps with actual measures of malaria transmission, results of 
which could be used to plan containment of future outbreaks.

Visual editing



The creative side of  visualization 



https://www.archivosjaimeserra.com/
Jaime Serra





Giorgia Lupi
http://giorgialupi.com/

http://giorgialupi.com/


Federica Fragapane
https://medium.com/@federicafragapane/alive-political-visual-words-65a5e00396e3

https://medium.com/@federicafragapane/alive-political-visual-words-65a5e00396e3


Trends that intrigue me these days 



Making readers smile (if appropriate)





https://whydocatsanddogs.com/ Design: Nadieh Bremer - Art direction: Alberto Cairo - Google

https://whydocatsanddogs.com/


Putting readers at the center of the visualization



https://noepicentro.news/

Design: Vinicius Sueiro, Tiago Maranhão, Rodrigo Menegat, Art direction: Alberto Cairo
Google + Agéncia Lupa

https://noepicentro.news/
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https://noepicentro.news/


https://noepicentro.news/

Design: Vinicius Sueiro, Tiago Maranhão, Rodrigo Menegat, Art direction: Alberto Cairo
Google + Agéncia Lupa

https://noepicentro.news/


Combining narrative and pedagogy



https://data.europa.eu/en/publications/datastories/high-value-datasets/index.html 

https://data.europa.eu/en/publications/datastories/high-value-datasets/index.html


Visualization is just one type of Data sensification



Data physicalization http://yvonnejansen.me/dataphys
Introduction to the field https://id.iit.edu/news/form-follows-data/

http://yvonnejansen.me/dataphys
https://id.iit.edu/news/form-follows-data/


https://www.sculpting-vis.org/

https://www.sculpting-vis.org/


 

Data sonification https://twitter.com/NU_CfD/status/1346455054568595463 

https://twotone.io/
https://twitter.com/NU_CfD/status/1346455054568595463


Resources 



Extra readings 
https://tinyurl.com/mr2st327

https://tinyurl.com/mr2st327


https://serialmentor.com/dataviz/ https://r4ds.hadley.nz/

Books freely available online

https://serialmentor.com/dataviz/


Perception, cognition, and visual design



https://www.buildingsciencegraphics.com/

https://www.buildingsciencegraphics.com/


Visualization design with Excel

Data Visualization in Excel, by John Schwabish

And these websites:

https://stephanieevergreen.com/how-to/

https://peltiertech.com/blog/

https://stephanieevergreen.com/how-to/
https://peltiertech.com/blog/


Alberto Cairo

OpenVisualizationAcademy.com

Data Narrative and Design

Thank you!

Data.Europa Academy • Visualising data for impact

http://www.openvisualizationacademy.org

