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An introduction to Information Visualization 2



Visualization 
and 

infographics

For data journalism

[Wall Street Journal]

3



Visualization 
and 

infographics

For data journalism

[Juan Colombata & Enzo Oliva – La Voz del Interior]
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Visualization 
and 

infographics

For data science                              

(and for companies)

[Lumen dashboard by Netflix]
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Visualization 
and 

infographics

For data science                               

(and for research)

[Stephanie Posavec – Writing without words 
http://www.stefanieposavec.com/writing-without-words]

6

http://www.stefanieposavec.com/writing-without-words


Definitions • Information visualization is the use of computer-

supported, interactive, visual representations of 

abstract data to amplify cognition [S. T. Card, 1999]
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Definitions • Information visualization is the use of computer-

supported, interactive, visual representations of 

abstract data to amplify cognition [S. T. Card, 1999]

• To visualize is to make certain phenomena and 

portions of reality visible and understandable; many of 

these phenomena are not naturally accessible to the 

bare eye, and many of them are not even of visual 

nature [J. Costa,1998]
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Related 
disciplines

• Scientific visualization concerns the visualization of scientific 

data and phenomena (usually having a spatial 

representation)

Scientific visualization                 

(Learn more with guest lecturers M. Callieri

and M. Zoppé)
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Related 
disciplines

• Scientific visualization concerns the visualization of scientific 

data and phenomena (usually having a spatial 

representation)

• In scientific visualization there is a natural relationship 

between what is represented and its representation , 

whereas in information visualization the relationship is 

conventional

Scientific visualization                 

(Learn more with guest lecturers M. Callieri

and M. Zoppé)

[Wall Street Journal, https://www.wsj.com/articles/SB10001424052748703338004575230041742556522]
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Related 
disciplines

• Visual analytics is an outgrowth of the fields of 

information visualization and scientific visualization 

that focuses on analytical reasoning facilitated by 

interactive visual interfaces [Wikipedia]

• Visual analytics brings together several scientific and 

technical communities from computer science, 

information visualization, cognitive and perceptual 

sciences, interactive design, graphic design, and social 

sciences

• The accent is more on reasoning and inference 

Visual analytics 
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Why 
visualization

• Which country has the closest unemployment rate to 

its historical minimum? 

Numerical vs graphical 

communication
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Why 
visualization

• We are a visual species. The human visual system is 

very good at identifying and analyzing patterns

• Visualizations are like cognitive artifacts (man-made 

things that aid or enhance our cognitive abilities 

[Norman, 1991])

• Visualization has to do with distributed cognition (our 

cognitive system is not only made up of our brain, 

mind, and sensors, but also of the environment around 

us, which we use to store and manipulate information, 

without having to retain all information in our mind) 

• Visualizations enable parallel processing of 

information, instead of sequential

The processing of information in 

the human brain
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Why 
visualization

• Infographics is a visual tool for communication, for the 

understanding and for the analysis [A. Cairo, The functional 

art, 2013]

• Visualization is a technology [A. Cairo, ibid.]

– Function constraints form: as the design of a technological 

object must depend on the task it should help with,  the 

graphics form should be constrained by the function of the 

presentation 
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Why 
visualization

• Infographics is a visual tool for communication, for the 

understanding and for the analysis [A. Cairo, The functional 

art, 2013]

• Visualization is a technology [A. Cairo, ibid.]

– Function constraints form: as the design of a technological 

object must depend on the task it should help with,  the 

graphics form should be constrained by the function of the 

presentation 

[A. Cairo, The Functional Art, pag. 37]
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Why 
visualization

• Infographics is a visual tool for communication, for the 

understanding and for the analysis [A. Cairo, The functional 

art, 2013]

• Visualization is a technology [A. Cairo, ibid.]

– Function constraints form: as the design of a technological 

object must depend on the task it should help with,  the 

graphics form should be constrained by the function of the 

presentation 

[A. Cairo, The Functional Art, pag. 38]
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Why 
visualization

• Infographics is a visual tool for communication, for the 

understanding and for the analysis [A. Cairo, The functional 

art, 2013]

• Visualization is a technology [A. Cairo, ibid.]

– The purpose of information visualization is insight, not pictures 

[B. Shneiderman]

[A long-standing debate: Nigel Holmes’ Diamond chart on TIME, and a minimalist version]
19



Why 
visualization

• Explanatory visualizations are tools to present

information, communicate data and messages, explain

something to somebody else

Three main purposes:  

Explanation, exploration, 

confirmation

[New York Times, How Americans think about climate change, in six maps]
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Why 
visualization

• Exploratory visualizations are tools to analyse what is 

being presented. Very often, the output of exploratory 

analysis is not only the answer to the original 

questions, but the generation of new questions

Three main purposes:  

Explanation, exploration, 

confirmation

[Matteo Loporchio, AA 2018-2019, https://mloporchio.github.io/D3IE-Italy/] 21
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Why 
visualization

• Exploratory visualizations are tools to analyse what is 

being presented. Very often, the output of exploratory 

analysis is not only the answer to the original 

questions, but the generation of new questions

Three main purposes:  

Explanation, exploration, 

confirmation

[Matteo Loporchio, AA 2018-2019, https://mloporchio.github.io/D3IE-Italy/]
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Why 
visualization

• In confirmatory visualizations, the reader has an 

hypothesis, and uses the visualization to see whether 

his/her hypothesis is true or not

Three main purposes:  

Explanation, exploration, 

confirmation

[Matteo Loporchio, AA 2018-2019, https://mloporchio.github.io/D3IE-Italy/]
23
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Use and abuse 
of 

visualizations

Visualizations can be misleading

[Business Insider, https://www.businessinsider.com/gun-deaths-in-florida-increased-with-stand-your-ground-2014-2?IR=T]
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Use and abuse 
of 

visualizations

Visualizations can be misleading

[CNN, https://edition.cnn.com/2019/10/01/politics/trump-impeach-this-map-fact-check/index.html]
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Use and abuse 
of 

visualizations

Fact checking

[http://carto.maps.arcgis.com/apps/MinimalGallery/index.html?appid=b3d1fe0e8814480993ff5ad8d0c62c32#]
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The visualization pipeline 27



DATA

PHENOMENA

data collection
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DATA VISUALIZATION

PHENOMENA

visual encoding

data collection
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RAW DATA

PHENOMENA

data collection

TRANSFORMED 
DATA

data transformation

DATA

PHENOMENA

data collection

33



VISUALIZATION

visual encoding perception

interaction

RAW DATA
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DATA VISUALIZATION

visual encoding

DATA VISUALIZATION

visual encoding

visual decoding
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VISUALIZATION
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What we will 
learn

• To decide what to visualize 

– Data abstraction, selection, and transformation

• To decide how to visualize it (encoding)

– Learning the design space and the vocabulary of 

graphical elements  

• To evaluate different solutions (decoding, perception)

– Expressiveness and effectiveness

• Practice with D3.js and Python

41



Data types, attributes, transformations 42



Data • Data = Factual information such as measurements or 

statistics, used as a basis for reasoning, discussion or 

calculation [Mirriam Webster dictionary]

– Data are generated by sensors, computers, phones, 

humans…

– Between the beginning of time and 2003, humanity 

generated roughly 5 exabytes of data [E. Schmidt, 

former Google CEO, 2010]. We now produce the same 

volume of bits every two days [A. Cairo, 2013]

– Structured vs unstructured data 
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Data items and 
attributes

• Data = collection of items and attributes of items

• Items are the objects/entities you want to analyse

• Attributes are the properties of these objects/entities

ID Gender Age Assumption date Role Seat

M. Rossi 01066 M 43 01/03/2009 Researcher Genoa

L. Bianchi 01043 F 36 15/06/2015 Senior Researcher Genoa

G. Neri 01432 M 59 01/09/1998 Research Director Pisa

T. Smith 02312 M 32 01/01/2019 Technologist Pisa

D. Verdi 00043 F 55 01/05/2005 Senior Researcher Pisa 

W. James 01203 M 48 01/03/2004 Technician Bologna

[CNR imaginary employess]

Items Attribute 1 Attribute 2 Attribute 3 …
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Data types • A table is a grid of columns and rows, with rows representing 

items and columns representing attributes

• A network is a collection of nodes representing items, 

connected by links; both nodes and links can have attributes

Tables                                       

Networks

[Mario Salinas, AA 2017-2018, 
ReviewerNet: https://reviewernet.org/]
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Attribute types • Nominal attributes are attributes whose values describe 

categories, which do not have an intrinsic ordering 

• Ordinal are attributes whose values describe categories, 

which can be ordered (and order is meaningful)

• Quantitative attributes are attributes whose values 

represent measured quantities. Their values can be 

ordered, but also the distance between values can be 

computed and has a meaning.

46

Nominal Ordinal

ID Gender Age Assumption date Role Seat

M. Rossi 01066 M 43 01/03/2009 Researcher Genoa

L. Bianchi 01043 F 36 15/06/2015 Senior Researcher Genoa

G. Neri 01432 M 59 01/09/1998 Research Director Pisa

T. Smith 02312 M 32 01/01/2019 Researcher Pisa

D. Verdi 00043 F 55 01/05/2005 Senior Researcher Pisa 

W. James 01203 M 48 01/03/2004 Researcher Bologna

Quantitative



Attribute types • Nominal attributes are attributes whose values describe 

categories, which do not have an intrinsic ordering 

• Ordinal are attributes whose values describe categories, 

which can be ordered (and order is meaningful)

• Quantitative attributes are attributes whose values 

represent measured quantities. Their values can be 

ordered, but also the distance between values can be 

computed and has a meaning.
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Nominal Ordinal

ID Gender Age Assumption date Role Seat

M. Rossi 01066 M 43 01/03/2009 Researcher Genoa

L. Bianchi 01043 F 36 15/06/2015 Senior Researcher Genoa

G. Neri 01432 M 59 01/09/1998 Research Director Pisa

T. Smith 02312 M 32 01/01/2019 Researcher Pisa

D. Verdi 00043 F 55 01/05/2005 Senior Researcher Pisa 

W. James 01203 M 48 01/03/2004 Researcher Bologna

Quantitative?



Attribute types • Good idea

• Not a good idea

How to select the appropriate 

visual representation according to 

the attribute type
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Attribute 
semantics

• Spatial and temporal attributes

– e.g., location (city) is nominal and spatial; latitude and 

longitude are quantitative and spatial  

– e.g., date of assumption is temporal

• Sequential, diverging, cyclic attributes 

– e.g., temperature is diverging (it has a zero value, and 

positive/negative values); month of the year is cyclic

• Hierarchical attributes

– e.g., type of product (clothes) with subcategories (shirt, 

skirt, trouser, sweater)   

i.e., the meaning of attributes

49



Attribute 
semantics

• Good idea

• Not a good idea

How to select the appropriate 

visual representation according to 

the attribute semantics
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Attribute 
transformation

• Selection of the attributes to visualize

• Aggregation of attributes 

– mean, max, average, sum, median, stddev…

– spatial aggregation (e.g., by province, region, country)

– aggregation by time resolution (e.g., by week, month, 

year)

• Geographical coding and decoding 

– e.g., from city names to latitude and longitude 

coordinates

• Binning 

– from quantitative to ordinal

• Re-expression

– normalization, percentage…

(Back on this, later on in the 

course)
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Fundamental graphs – Part I 52



Bar charts
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Relationship between a set of 

categories and measured 

quantities 

Bivariate data: nominal/ordinal 

(typically independent) and 

quantitative (typically dependent)

Do not confuse with histograms!
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Bar charts • Uhm…

Relationship between a set of 

categories and measured 

quantities 

Bivariate data: nominal/ordinal 

(typically independent) and 

quantitative (typically dependent)

Do not confuse with histograms!
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Histograms

Frequency of items 

Bivariate data: an independent 

variable quantized in intervals 

(bins) and a dependent variable

Do not confuse with bar charts!
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Pie charts

Show proportions and 

percentages between categories

Bivariate data: independent and 

dependent

[Data Visualization Catalogue https://datavizcatalogue.com/]
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Pie charts

Show proportions and 

percentages between categories

Bivariate data: independent and 

dependent

[Luiz Salomao]
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Pie charts

Show proportions and 

percentages between categories

Bivariate data: independent and 

dependent

• Uhm…

[https://commons.wikimedia.org/wiki/File:TuleLakeHabitats.png]
58
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Donut charts

Pie charts with center area cut out 

More focus on arc length than on 

proportion between slices 

[Data Visualization Catalogue https://datavizcatalogue.com/]
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Scatter plots

Relationship between attributes 

(and analysis of clusters, outliers, 

etc.)

Bivariate data: two independent 

quantitative attributes

[Data Visualization Catalogue https://datavizcatalogue.com/]
60
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Scatter plots

Relationship between attributes 

(and analysis of clusters, outliers, 

etc.)

Bivariate data: two independent 

quantitative attributes

[New York Times, 
https://www.nytimes.com/interactive/2016/07/05/upshot/is-sushi-healthy-what-about-granola-where-americans-and-nutritionists-disagree.html]

61

https://www.nytimes.com/interactive/2016/07/05/upshot/is-sushi-healthy-what-about-granola-where-americans-and-nutritionists-disagree.html


Slope charts

Alternative to scatter plots: each 

item is a line connecting two 

quantities  

[Coursera, Information Visualization  https://www.coursera.org/learn/information-visualization-fundamentals/home/]

62

https://www.coursera.org/learn/information-visualization-fundamentals/home/


Line charts

How a quantity changes in relation 

to another quantity

Bivariate data: one is quantitative, 

one is usually time
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Line charts

How a quantity changes in relation 

to another quantity

Bivariate data: one is quantitative, 

one is usually time

[William Playfair, 1759-1823]
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Area charts

Line charts with the area below 

the line filled up

0

10

20

30

40

50

60

70

80

90

2015 2016 2017 2018 2019

Vehicles sold per year 

66



Cloropleth
maps

How a quantity distributes across 

geographical areas/regions

Colors, shades, patterns are used 

to render the quantity associated 

with areas/regions 

Good overview (not accurate 

comparison) and beware of 

normalization  [A tour through the visualization zoo, https://queue.acm.org/detail.cfm?id=1805128]
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Symbol maps

How a quantity distributes across 

two spatial coordinates

A symbol (usually a disk or a 

square) is placed in a point and 

scaled such that its area is 

proportional to the quantity 

associated to the point

[https://mappingignorance.org/2013/12/16/the-complexity-of-drawing-good-proportional-symbol-maps/]
68
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Symbol maps

How a quantity distributes across 

two spatial coordinates

Different gliphs can be used as 

symbols

[A tour through the visualization zoo, https://queue.acm.org/detail.cfm?id=1805128]
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Fundamental graphs –To be continued 70



Additional references 71



Books
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Books
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Books
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Questions?

[https://xkcd.com/833/]
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