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Let’s start with some nice DataVis / SciVis video 

Visual explanation of exponential growth and epidemics

https://flowingdata.com/2020/03/10/visual-explanation-of-exponential-growth-and-epidemics/


The Big Data era

2008: 

[…] According to a 2008 study by International Data Corp (IDC), a market-research 
firm, 

around 1,200 exabytes of digital data will be generated this year (2010). […]

What about the information that was actually consumed in 2008? 

An example:

In 2008 American households were bombarded with 3.6 zettabytes of
information (about 34 gigabytes per person per day).

Only 5% of the information that is created is “structured”, meaning it comes
in a standard format of words or numbers that can be read by computers.

The rest are data flows less easily retrievable, understandable and usable.
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“All too much. Monstrous amounts of data.” 

The Economist. 25 Febbraio 2010 
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In 2020, there will be around 40 trillion gigabytes (∼= 40 zettabytes) of data
(From IDC report “The Digital Universe in 2020”)

“The digital universe would double every two years until 2020”

2010 -> 1.2 zettabyte

2012 -> 2.4 zettabyte

2014 -> 4.8 zettabyte

2016 -> 9.6 zettabyte

2018 -> 19.2 zettabyte

2020 ->  38.4 (∼= 40 zettabytes) 
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In 2012, only 0.5% of all data was analyzed and useful data was the 

22%.

(Source: The Guardian)
In 2012 only 22% of all the data had the potential for analysis (Source: IDC). 

By 2020, the percentage of useful data, i.e., the information that has the potential for 

analysis, would jump to 37% (Source: IDC).

2017: the 2. 90% of all data has been created in the last two years.

(Source: IBM)
In 2012 we had 2.5 billion internet users. 

In 2014 we had  3 billion 

In 2019 we have 4.1 billion people online AND 

in 2019, internet users spent 1.2 billion years online (Source Digital 2019)

https://wearesocial.com/blog/2019/01/digital-2019-global-internet-use-accelerates
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5. Internet users generate about 2.5 quintillion bytes of 
data each day.
(Source: Data Never Sleeps 5.0)

In 2012 we had 2.5 billion internet users. 

In 2014 we had  3 billion 

In 2019 we have 4.1 billion people online.

TOOLS FOR BIG DATA EXPLORATION, ANALYSIS, AND 

PROCESSING ARE NEEDED
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Using big data, Netflix saves $1 billion per year on customer retention.

(Source: Statista, Inside Big Data)

Netflix provides recommendations through big data analysis.

Which data? searches, ratings, re-watched programs, and so on. 

In 2009 Netflix invested $1 million in enhancing their recommendation algorithm. 

In 2015 Netflix invested $651 million in enhancing their technologies and 

developments 

In 2018, the budget reached $1.3 billion.
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FROM THE BEGINNINGS TO 2003 humans generated about 5 exabytes of data,

NOW in TWO DAYS we generate 5 exabytes.

5 exabytes: more than 200.000 years of DVD videos.

What kind of data?

- chat, e-mail, phone-calls, photos, …

- Unstructured data produced by processes and by communications between, e.g., 

computers, mobiles, manufacturing systems… 

Erich Schmidt, ex- CEO di Google 2010
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“It is a very sad thing that nowadays there is so little useless information,” 

Oscar Wilde’s quotation (1894)

ALL THIS DATA IS USEFUL! 

Examples:

• to understand user preferences

• to follow the behaviour of machineries and predict damages

(A Survey on Digital Twin: Definitions, Characteristics, Applications, and Design 

Implications - DOI: 10.1109/ACCESS.2019.2953499)

• to monitor persons’ health

(Human Digital Twin for Fitness Management - DOI: 10.1109/ACCESS.2020.2971576 )

https://doi.org/10.1109/ACCESS.2019.2953499
https://doi.org/10.1109/ACCESS.2020.2971576
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4V for big data

- Volume (storage of large amounts of data),

- Variety (the heterogenic nature of data),

- Velocity (the speed of acquisition, opposed to long processing time) of data,

- Value (the significance of the information carried by data).

If we “see” (understand) data we may:

- reduce their volume: discard redundant/unuseful infos;

- speed computation;

- increase value by extrapolating hidden infos;

- exploit their eterogeneity by applying ad hoc data-fusion techniques;
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So how do we deal with so much data?

… the information anxiety
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The 70s: Richard Saul Wurman (born March 26, 1935), American architect and graphic 

designer, predicts the data and information explosion and firstly mentions the Information 

architecture (IA) field.

Information architecture (IA): focuses on organizing, structuring, and labeling data and 

information in an effective and sustainable way.  

The goals of IA:

- to help users understand information and complete tasks 

understand information = how pieces fit together, how items relate and interact with 

each other

- define principles to bring information to the digital landscape

principles of information design

principles of shared information environments
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OTHER DEFINITIONS OF IA:
1 - A subset of data architecture where usable data (a.k.a. information) is constructed

and designed or arranged in a fashion most useful or empirically holistic to the

users of this data.

2 - The conceptual framework surrounding information, providing context, awareness

of location and sustainable structure.

Therefore Information Architecture helps winning the information anxiety

Information Anxiety (Wurman):

"caused by an overwhelming flood of data, much of it

from computers and much of it unintelligible."
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Source, Rowley, Jennifer. 

"The wisdom hierarchy: representations of the DIKW hierarchy". 

Journal of Information and Communication Science. 33 (2): 163–180, 2007



3/17/2020 Lezione 1 16

External World

DIKW (Data, Information, Knowledge, Wisdom) Pyramid
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UNSTRUCTURED Information: stimuli

e.g. light, parfumes, noise, colors, signals, ….

Generated in the external world

STRUCTURED Information

External
World

Communicators

Data collection and 

filtering: first coding layer
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UNSTRUCTURED Information: stimuli

e.g. light, parfumes, noise, colors, signals, ….

Generated in the external world

STRUCTURED Information

External
World

Data collection and 

filtering: first coding layer

Communicators
Preprocessing: second

coding layers

Users
Users ACTIVELY decode data 

and merge them with 

memories and experiences

Deep Understanding: users

understand and know how to use the 

information in future situations
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CONTAINS 

CONTAINS 

Information Architecture

Information Design

(Scientific) InfoVis
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WE HAVE

Information architecture organizes the information to make it useful.

Information Design

Data Visualization

Scientific Visualization

Information Visualization
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Information Design (ID) “is the detailed planning of specific information that is to be provided to a

particular audience to meet specific objectives”.

Simplifies, Integrates, Filters and Selectively Emphasizes information in a way that is user-oriented.

Inherits by dataViz and InfoViz and SciViz the exploitation of psychology and physiology principles

(e.g.: how users access, learn, and remember information; the impact of colors, shapes, and patterns,

learning styles).

Encompasses many different responsibilities and tasks, including:

a) Analysis of users' needs and learning styles

b) Selection of the most effective layouts, colors, fonts, and graphics

c) Identification of most effective navigational infrastructures

d) Application of principles of simplification, synthesis and integration

e) Testing of readability, contrast and legibility in adverse situations and for handicapped users

(Luigi Canali De Rossi: What is Information Design)
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Information 

Visualization helps us

finding the best way to 

visualize infos

INFORMATION VISUALIZATION
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Born in journalism, Information graphics or infographics are graphic visual representations of

information, data, or knowledge intended to present information quickly and clearly.

(Smiciklas, Mark. The Power of Infographics: Using Pictures to Communicate and Connect with 

Your Audiences, 2012, ISBN 9780789749499.)

STRUCTURED infos are presented through mixtures of (many) images, (many) plots and graphs,

(few) text.

Principles of perception and vision are used to transmit information and ideas.
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Data visualization is the graphical display of abstract

information for two purposes: sense-making (also called

data analysis) and communication. Important stories live

in our data and data visualization is a powerful means to

discover and understand these stories, and then to

present them to others. The information is abstract in

that it describes things that are not physical.

Stephen Few, Data Visualization for Human

Perception

Data Visualization
&

Scientific Visualization

InfoVis
& 
Infographic

Presentation
Exploration

and
Analisys

World population growth with respect to preceding year

Unstructured
data

Structured, 
Scientific

data

https://www.interaction-design.org/literature/book/the-encyclopedia-of-human-computer-interaction-2nd-ed/data-visualization-for-human-perception
https://www.google.com/publicdata/explore?ds=d5bncppjof8f9_&met_y=sp_pop_grow&hl=en&dl=en
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Visualize = “make certain phenomena and portions of reality visible and

understandable; many of these phenomena are not directly or naturally

accessible to the naked eye and many are not even visual in nature” (Joan

Costa)
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Visualizations may be:

Figurative 

Visualizations: 

they display real data.

e.g.: results of election per states / countries / cities, results of 

experiments for different algorithms

Not figurative or 

Abstract: 

they represent informations and abstract data that can’t be

measured.

e.g.: user manuals for hoven, turistic maps (where turistic spots

are highlighted, aerplane disaster, opinions about elections

Visualize = “make certain phenomena and portions of reality visible and understandable; many of

these phenomena are not directly or naturally accessible to the naked eye and many are not even

visual in nature” (Joan Costa)
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Figurative 
Visualization:

It represents real
measurable data
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Visualizationsuse conventional methods that are not related to the represented data.

Art and perception are part of the design.
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Nathan Yau.

Causes of death

https://flowingdata.com/2018/10/02/shifting-death/
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At the wikipedia page we can see many different ways to see the U.S. unemployment during

different periods and  its correlation with other factors, e.g. carceration, changes in net 

employment, presidents, ….

Compare the seen page with the one describing the Italian unemployment rate

or the youth italian unemployment rate  

WHAT DO YO NOTICE WHEN COMPARING THE PAGES?

https://en.wikipedia.org/wiki/Unemployment_in_the_United_States
https://tradingeconomics.com/italy/unemployment-rate
https://en.wikipedia.org/wiki/Youth_unemployment_in_Italy
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WHY ARE DATAVIZ/SCIVIZ SO USEFUL

https://www.ted.com/talks/hans_rosling_the_best_stats_you_ve_ever_seen

Let’s watch a video:

https://www.ted.com/talks/hans_rosling_the_best_stats_you_ve_ever_seen
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The use of    computer-supported, interactive, visual representations    of

abstract data

or

physical data 

to amplify cognition. Cognition is the acquisition or use of knowledge.

(Card, S. and Mackinlay, J. and Shneiderman, B., Readings in Information Visualization: Using Vision to 

Think, Morgan Kaufmann Publishers, 1999)

INFORMATION VISUALIZATION 

DATA and SCIENTIFIC VISUALIZATION (DATAVIZ - SCIVIZ) 

definitions
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The use of    computer-supported, interactive, visual representations    of

abstract data

or

physical data 

to amplify cognition. Cognition is the acquisition or use of knowledge.

(Card, S. and Mackinlay, J. and Shneiderman, B., Readings in Information Visualization: Using Vision to 

Think, Morgan Kaufmann Publishers, 1999)

The 
mean

The 
aim

DATA and SCIENTIFIC VISUALIZATION (DATAVIZ - SCIVIZ): 

ONE definition



DATA and SCIENTIFIC VISUALIZATION (DATAVIZ - SCIVIZ): 

ONE definition
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The use of    computer-supported, interactive, visual representations    of

abstract data

or

physical data 

to amplify cognition. Cognition is the acquisition or use of knowledge.

(Card, S. and Mackinlay, J. and Shneiderman, B., Readings in Information Visualization: Using Vision to 

Think, Morgan Kaufmann Publishers, 1999)

InfoViZ

The 
aim

DATAVIZ/SCIVIZ
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“Excellence in statistical graphics consists of complex ideas

communicated with clarity, precision and efficiency.”

Edward Tufte, “Envisioning Information″

Edward Tufte, “ The Visual Display of Quantitative Information″
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Principles of Infographics (and of Data Visualization)

Infographics, (Scientific/Data Visualizations) should:

• show the data

• induce the viewer to think about the substance rather than about methodology, graphic 

design, the technology of graphic production, or something else

• avoid distorting what the data has to say

• present many numbers in a small space

• make large data sets coherent

• encourage the eye to compare different pieces of data

• reveal the data at several levels of detail, from a broad overview to the fine structure

• serve a reasonably clear purpose: description, exploration, tabulation, or decoration

• be closely integrated with the statistical and verbal descriptions of a data set.

Graphics reveal data. Indeed graphics can be more precise and revealing than conventional 

statistical computations.
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EXAMPLE

Matt Ridley, “The rational Optimist: how prosperity evolves” (2010)

Forecasts:

- the growing fertility of women in poor regions is the reason why the earth has to 

maintain 7 billion people with forecasts of 9 billion in twenty years and even more 

in the distant future.

- in developed” countries, fertility rates are lower than 2.1.

- 2.1 = “substitution level” : if the rate drops well below 2.1, the population will 

decrease over time, if it rises too much, the population will be very young with 

catastrophic consequences – e.g. high rates of violence and crime.
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Ridley says that:

- On average, fertility rate in poor countries in the years prior to 2010 was 

decreasing

- On average fertility in rich countries is growing

- If the trend continues like this, global fertility will stand at 2.1 and the global 

population will be 9 billion, so DO NOT PANIC!

Is this true? 

Ridley's book cites data taken from United Nations (UN) and World Bank databases, 

but in the book the only trend seen is that of world population growth compared to 

the previous year. 

No other graph or picture.
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The picture in Ridley’s book

Mean world fertility rate 

(children per woman)
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It’s a web database with any sort of data.

Let’s download the nations’ fertility reates

http://data.un.org/ (search for UN data: found it while searching for UN website). 

http://data.un.org/
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I downloaded this file (.csv) 

I cleaned it to have just nations with all numbers (there was some nations with no 
numbers….)

This is the cleaned file

Let’s try to make some plot….

Which one???

5 minutes to think….
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What about pie chart?

mmm… let’s remove legends
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Let’s try another plot ?

……
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First discovery there is more than just 
nations Let’s clean again to keep only the nations. Here

Line-plot: for all the year ranges I show the fertility of each country

Children
per 
woman
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NOW?? WHICH PLOT IS BEST??
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Let’s reverse the plot. For each nation, I plot the fertility in the years

Substitution level

World mean

Children
per woman

What do you see?
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What if I only consider European countries and the 
poorest/biggest countries?



Per Country FertilityRate (Children per woman) trend from 1950 to 2030
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Now, what if we want to enforsize important details? 

we are only interested in what will happen in the future (2030)
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Developed countries
Observation countries

Poor countries

Simpler but

effective.

We only want to 

show the trend
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Other plots taken by working

on UN data
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Number of children decrease

when women go to school



Example: Anscombe’s quartet
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I II III IV

x y x y x y x y

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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APRIAMO MATLAB ED ANALIZZIAMO I DATI:

Medie e deviazioni standard uguali
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Same trend: linear fitting outputs
the same result
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If we plot them?
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II

x y

10.0 9.14

8.0 8.14

13.0 8.74

3.0 2.1

9.0 8.77

11.0 9.26

14.0 8.10

6.0 6.13

4.0 3.10

12.0 9.13

7.5 9.0

7.0 7.26

5.0 4.74

An outlier can be esily detected…
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Let’s try to use MATLAB to redo the Plots

And, if you like, 

HERE you find modifiable charts about COVID-19

----------------------------------------------------------------------------------------------------------------------

Stephen Few:

Each of the examples that appear below illustrates quantitative information that is poorly 

designed for communication.

Look at Stephen’s solutions

https://blog.datawrapper.de/coronaviruscharts/
http://perceptualedge.com/examples.php


3/17/2020 Lezione 1 65

Narrative Visualization: Telling Stories with Data

Scientific Visualization versus Information Visualization

Information Visualization
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