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Course Overview - 

Notice

! Author 

" João Moura Pires (jmp@fct.unl.pt) 

! This material can be freely used for personal or academic purposes without 

any previous authorization from the author, provided that this notice is 

maintained/kept. 

! For commercial purposes the use of any part of this material requires the 

previous authorization from the author.
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Course Overview - 

What is Visualization?

! “Communication of information using graphical information”

! Pictures were used before written language

! A picture can contain a lot of information

! A picture can be processed (by humans) more quickly than a comparable 

page of words 

" Human perceptual system makes parallel processing of pictures

! A picture can be independent of local language 
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Course Overview - 

Visualization  in everyday life 

! Visualization provides an alternative or a supplement for textual or verbal 

information

! (in many situations) Visualization provides a richer description of information than 
the word-based counterpart !

! Why?

! In what kinds of situations are visualizations effective? 

! What type of information can and cannot be visualized?

! How many different ways are there to show the same data? Which ones are best for 

particular circumstances?  

! Why should we study visualization?

12



Course Overview - 

What is the Goal of Data Visualization?

“Data visualization is not just about seeing data ! 
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and being able to make decisions based on the data”  

by John C. Hart
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Course Overview - 

Landmarks in Visualization

! Charles Minard's map of Napoleon's disastrous Russian campaign of 1812 

! Carte Figurative des pertes successives en hommes de l’armée Française dans la 
campagne de Russie 1812-1813 

! Le nombre d’hommes présents sont représentés par les largeurs des zones colorés à 
raison d’un millimètre pour dix mille hommes au travers des zones. 

! Le “rouge” désignent des hommes qui entrem en Russie, le noir ceux qui en sorte 

! Les renseignements qui on servit ….. [References]

18



October
December



Course Overview - 

Landmarks in Visualization

! Charles Minard's map of Napoleon's disastrous Russian campaign of 1812.

20



Course Overview - 

Landmarks in Visualization

! Charles Minard's map of Napoleon's disastrous Russian campaign of 1812.

20

Six different sets of data: geography, the army’s course, the army’s direction; the number of soldiers 
remaining; temperature; time.



Course Overview - 

Landmarks in Visualization

! Charles Minard's map of Napoleon's disastrous Russian campaign of 1812.

21

Six different sets of data: geography, the army’s course, the army’s direction; the number of soldiers 
remaining; temperature; time.



Course Overview - 

Landmarks in Visualization

! Charles Minard's map of Napoleon's disastrous Russian campaign of 1812.

22

Six different sets of data: geography, the army’s course, the army’s direction; the number of soldiers 
remaining; temperature; time.



Course Overview - 

Landmarks in Visualization

! Broad Street cholera outbreak, (John Snow, 1854)

23



Course Overview - 

Landmarks in Visualization

! Broad Street cholera outbreak, (John Snow, 1854)

23



Course Overview - 

Landmarks in Visualization

! Broad Street cholera outbreak, (John Snow, 1854)

23



Course Overview - 

Landmarks in Visualization

! Broad Street cholera outbreak, (John Snow, 1854)

23



Course Overview - 

Landmarks in Visualization

! Broad Street cholera outbreak, (John Snow, 1854)

23











Course Overview - 

Early visualizations

! William Playfair: Plot of National Debt over time 
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in 1801 the pie chart.



Course Overview - 

Early visualizations

! William Playfair: Plot of National Debt over time 

26

William Playfair invented three types 
of diagrams: in 1786 the line graph 
and bar chart of economic data, and 
in 1801 the pie chart.
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Early visualizations

! William Playfair: Balance trade between England and Denmark (1786)
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Early visualizations

! William Playfair: Universal Comercial History
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Course Overview - 

What is the Goal of Data Visualization?

“Data visualization is not just about seeing data ! 

Is about UNDERSTANDING data,  

and being able to make decisions based on the data”  

by John C. Hart
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Early visualizations

! Recommended readings: 

" (Matthew O. Ward et all, 2010) pages 6 - 15. 

" See the suggested links at the end. 

! Some “Landmarks”: 

" Broad Street cholera outbreak,  by John Snow, 1854. 

" Charles Minard's map of Napoleon's disastrous Russian campaign of 1812. 

" William Playfair founder of graphical methods of statistics. 

" Florence Nightingale’s “Rose” representing the causes of mortality in the army. 

" Periodic Table: Dmitri Mendeleev (1869); Julius Lothar Meyer (1870).
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https://en.wikipedia.org/wiki/Statistical_graphics
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F. J. Anscombe (1973)

4 datasets 
2 variables, 11 rows

Statistic is not enough  ! Data Vis is not enough   !
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Why (data) visualization is important?

! What is the effect of the presentation of the data on the decision making 

process?   

! Can the presentation of data impact the decision?  

! Can we say which presentations are better or more influential than others?
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Why (data) visualization is important?

! What is the the role of human preferences and training in the visualization? 

! Hypothetical clinical trial: 

! Two treatments: 50 patients with conventional and 60 with investigational 

! Two populations:  65 with good prognosis and 45 with bad prognosis 

! Two outcomes for each treatment: Response (positive) vs Fail 

! 34 clinicians 

! If a clinician sees that one treatment is better than the other, then he should stop 

the clinical treatment 

37

. Linda S. Elting, James M. Walker, Charles G. Martin, Scott B. Cantor, and Edward B. Rubenstein. 
“Influence of Data Display Formats on Decisions to Stop Clinical Trials.” British Medical Journal 
318 (1999)
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Why (data) visualization is important?

! What is the the role of human preferences and training in the visualization?

38

4 visualizations: 
Table 
Pie Chart 
Bar Graph 
Icon

Copyright © 1999, British Medical Journal

Green - Response 
Red - Fail

http://www.ncbi.nlm.nih.gov/pmc/about/copyright.html
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Why (data) visualization is important?

! What is the the role of human preferences and training in the visualization? 

! PARTICIPANTS were shown tables, pie charts, bar graphs, and icon displays containing 

hypothetical data from a clinical trial and were asked to decide whether to continue the 

trial or stop for an unplanned statistical analysis. 

! MAIN MEASURE : Percentage of accurate decisions with each type of display 

! RESULTS:  

" More correct decisions were made with icon displays (82%) than with tables 

(68%), pie charts (56%), and bar graphs (43%). 

" Most (21) clinicians  preferred the table; Several were contemptuous of the icon 

display. 

39

The visualization is key in presenting data  
but the user preferences are very involved
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Why (data) visualization is important?

! Tamara Munzner, 2015  
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Why (data) visualization is important?

! Nowadays  

! Generating a lot of data and information 

! Need to process such information 

! Need to communicate increasing levels of information 

Visualization is a cornerstone of modern knowledge discovery tools.  Applications 
often include one or more visualizations to provide different views of data to describe 

some patterns or structures. 

We need to communicate information to people in a efficient and effective manner. 
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What is the Goal of Data Visualization?

“Data visualization is not just about seeing data ! 

Is about UNDERSTANDING data,  

and being able to make decisions based on the data”  

by John C. Hart
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Interactive Data Visualization

(Data) Visualization today
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Visualization today

! Qualitative versus Quantitive
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Visualization today

! Qualitative versus Quantitive
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Lisbon
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Visualization today

! Precision versus Imprecision
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US National public debt at January 22, 2006
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Visualization today

! Precision versus Imprecision
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A 79 year old man with 5 hours of chest pain A 53 year old man with Ischaemic Heart Disease



Course Overview - 

Visualization today

! Single visualization versus Multiple visualization

49

D. L. Gresh, B. E. Rogowitz, R. L. Winslow, D. F. Scollan, and C. K. Yung. “WEAVE: A 
System for Visually Linking 3D and Statistical Visualizations, Applied to Cardiac Simulation 
and Measurement Data.” 

Heart 3D Model 
Additional parameters 

Linked parallel coordinates presentation 
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Visualization today

! Static versus Interactive

50

D. L. Gresh, B. E. Rogowitz, R. L. Winslow, D. F. Scollan, and C. K. Yung. “WEAVE: A 
System for Visually Linking 3D and Statistical Visualizations, Applied to Cardiac Simulation 
and Measurement Data.” 

In an interactive visualization the user 
can query the display and thus interact 
with the application display directly rather 
than menus 

Linked parallel coordinates presentation 



Course Overview - 

Visualization today

! Abstraction versus “real images”

51

Blood vessel configuration of the head and Brain (http://www.bodyworlds.com/) Simulation visualization of the air generated by a Harriet Jet (http://quest.nasa.gov/aero/
background/tools/)

http://www.bodyworlds.com/
http://quest.nasa.gov/aero/background/tools/
http://quest.nasa.gov/aero/background/tools/
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Visualization today

! Abstraction versus “real images”

52

Mechanism of action for yeast (image generated  by UMass Lowell UVP Software)

x-coordinate: number of atoms; 
y-coordinate: heat information; 

y = mx + b; m = -12.5 and b = 50 

Color of each point: Gibs energy

Visualization provides visual 
representation of objects that may 
include data, algorithms, results of 
computations, process and many other 
components of the application

The ability to provide rich 
descriptions of data is one of the 
strengths of visualization 
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Visualization today

! Recommended readings: 

" (Matthew O. Ward et all, 2010) pages 15 - 21. 

" See the suggested links at the end. 

! Some Highlights  

" Qualitative versus Quantitative 

" Precision versus Imprecision 

" Single visualization versus Multiple visualization 

" Static versus Interactive 

" Abstraction versus “real images”
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Modes of Visualization
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What is Data Visualization?

“Data visualization is not just about seeing data ! 

Is about UNDERSTANDING data,  

and being able to make decisions based on the data”  

by John C. Hart
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Visualization today: IEEE - VIS

! IEEE - VIS conference is a major venue for visualization from 1987 ! 

! IEEE Visual Analytics Science and Technology (VAST) 

! IEEE Information Visualization (InfoVis) 

! IEEE Scientific Visualization (SciVis) 

! http://www.aviz.fr/~bbach/vis25timeline/

57

http://www.aviz.fr/~bbach/vis25timeline/
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Visualization today: VIS 25 TIMELINE
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Interactive Data Visualization

(Data) Visualization and other fields
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Visualization and other fields

! Visualization emerges as a sub-field of Computer Graphics, and is now a new 

field that encompasses aspects from human-computer interaction, perceptual 

psychology, databases, statistics, data mining, and computer graphics, and 

others.  

! Computer graphics focus on graphical objects and the organization (and 

implementation) of graphical primitives. 

! Visualization is the application of graphics to display data by mapping data to 

graphical primitives and rendering the display. 

! In Computer Graphics the visual realism is often one major concern. In 

Visualization the focus is on finding an effective communication of information.
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Course Overview - 

Visualization Process

! What is involved in the Visualization process? 

! Type of data available for display 

! Type of the information  the Viewer hopes to extract from (exploration; confirm 

hypotheses) or convey with the display (present results)
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Visualization Process: computer graphics pipeline

! For computer graphics the stages are: 

! Modeling: 3D model 

! Viewing: virtual camera 

! Clipping: bounds of the desired image 

! Hidden surface removal & Projection: mapping to a 2D system 

! Rendering: color, illumination, etc.
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Visualization Process: the knowledge discovery pipeline

! For knowledge discovery the stages are: 

! Data: 

! Data integration, cleaning, warehousing and selection: 

! Data mining:  

! Patter evaluation 

! Rendering or visualization:

74

(*) Interactive visualization can be used at every step of  KD pipeline
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Visualization Process: visualization pipeline

! For visualization the stages are: 

! Modeling: the data to be visualized 

! Data Selection: similar to clipping 

! Data to visual mappings: the heart of the visualization is mapping data values to 

graphical entities or their attributes; may involve scaling, shifting, filtering, 

interpolating, or subsampling. 

! Scene parameter setting: (ex: color mapping) 

! Rendering or generation of the visualization
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Interactive Data Visualization

Further Reading and Summary
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Further Reading
! Recommend Readings 

" Interactive Data Visualization: Foundations, Techniques, and Applications, Matthew O. Ward 

et all, 2015, pages 1 - 38. 

! Supplemental readings: 

" Cholera map’s John Snow: 

− https://en.wikipedia.org/wiki/1854_Broad_Street_cholera_outbreak 

" Napoleon 

− https://en.wikipedia.org/wiki/Charles_Joseph_Minard 

" William Playfair: 

− https://en.wikipedia.org/wiki/William_Playfair 

" Florence Nightingale: 

− https://pt.wikipedia.org/wiki/Florence_Nightingale 

" Periodic table: 

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

78

Check - vis25timeline

https://en.wikipedia.org/wiki/1854_Broad_Street_cholera_outbreak
https://en.wikipedia.org/wiki/Periodic_table
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What you should know
! What is Visualization. 

" grocking the data => take decisions 

! Data Visualization can be extremely powerful 

" Uncover new patterns; confirm hypothesis;  

! Why Visualization is important. 

" Stats not enough; communication needs; exploratory needs  

! Key aspects of today Visualizations. 

" Interactions; visual abstractions; multiple (linked) visualizations. 

! The general steps of a Visualization Process 

" Raw data -> data -> viz structures -> images -> perception + feedback  

! The role of Perception. 

" The role and the importance of the user.

79



 Introduction to Data Visualization - 

Further Reading and Summary

80

Q&A



Course Overview - 

Interactive Data Visualization

Course Organization and Overview
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 Introduction to Data Visualization - 

Syllabus
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The Functional Art: An introduction to information graphics and visualization 
Alberto Cairo 

Visualization of Time-Oriented Data 
Wolfgang Aigner, Silvia Miksch Heidrun Schumann, Christian Tominski
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http://www.tableau.com

http://www.tableau.com
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Weekly routine

! Lectures - 1 x 2 h 

! The lab sessions - 1 x 2 h 

! Demoing and Training 

! Project developing 

! The recommended readings 

! The recommended actions 

! Meetings for student support if required
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Evaluation rules

! Two mid-term written individual tests (25% each) 

! One project (for team of two students), with several phases: 

! Specification 

! Paper (20%) 

! Code/implementation (30%) 

! (*) an oral discussion will be required to validate the project components 

! Course approval requires the following minimal grades: 

! (mean (Test1; Test2) >= 10) AND (Test1 >= 8) AND (Test2 >= 8) 

! (mean(Paper;Code&Implementation) >= 10) AND 

! Final exam may replace mean (Test1; Test2) if project is approved.
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Web Site: http://vid.ssdi.di.fct.unl.pt
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VID - Visualização Interactiva de Dados 

http://vid.ssdi.di.fct.unl.pt
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Web Site: News
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Web Site: Information
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Web Site: Information / Schedule
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Web Site: Resources / Lectures
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Web Site: Resources / Links
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Propose useful stuff
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Web Site: Summaries
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Web Site: Evaluation section
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 Introduction to Data Visualization - 

Important Dates

99

Week Subjects Event
1 Overview 
2

Introduction to Data Visualization
3 Team registration 
4 March 30 => Wednesday, March 28
5
6

Visualization Techniques
7 Test 1 
8
9
10

Advanced Topics: Evaluation; 
Research directions

Paper
11
12
13

Students Support
14 Test 2; Code and Implementation 
15 Oral Sessions Oral Sessions 
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Important Dates

! Team registration up to March 30th (week 04) 

! Project Specification: Up to April 16th (week 07) 

! Test 1: April 20th (week 07) - During the Lecture; The lab session will be 
important 

! Paper : Up to May 18th (week 11) 

! Test 2: June 8th (week 14) - During the Lecture; The lab session will for teams 
support 

! Project Code: Up to June (week 14) 

! Project Oral discussion: 11 to 15 June (week 15)
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Interactive Data Visualization

Further Reading and Summary
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Further Reading
! Recommend Readings 

" Interactive Data Visualization: Foundations, Techniques, and Applications, Matthew O. Ward 

et all, 2015, pages 1 - 38. 

! Supplemental readings: 

" Cholera map’s John Snow: 

− https://en.wikipedia.org/wiki/1854_Broad_Street_cholera_outbreak 

" Napoleon 

− https://en.wikipedia.org/wiki/Charles_Joseph_Minard 

" William Playfair: 

− https://en.wikipedia.org/wiki/William_Playfair 

" Florence Nightingale: 

− https://pt.wikipedia.org/wiki/Florence_Nightingale 

" Periodic table: 

− https://en.wikipedia.org/wiki/Periodic_table
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Check - vis25timeline

https://en.wikipedia.org/wiki/1854_Broad_Street_cholera_outbreak
https://en.wikipedia.org/wiki/Periodic_table
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What you should know
! What is Visualization. 

" grocking the data => take decisions 

! Data Visualization can be extremely powerful 

" Uncover new patterns; confirm hypothesis;  

! Why Visualization is important. 

" Stats not enough; communication needs; exploratory needs  

! Key aspects of today Visualizations. 

" Interactions; visual abstractions; multiple (linked) visualizations. 

! The general steps of a Visualization Process 

" Raw data -> data -> viz structures -> images -> perception + feedback  

! The role of Perception. 

" The role and the importance of the user.
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Recommended Actions
! Read the available information on the Web Site 

! Update your calendar (or subscribe the calendar) 

! VID RSS Feed 

! Find a partner for your team work 

! Make the registration until March 30th 

! Check the Summaries section and follow its recommendations 

! Install Tableau software 

! http://www.tableau.com/academic/students

104

https://www.google.com/calendar/ical/fct.unl.pt_59nfuac0ltlhnstch2ermdkm14@group.calendar.google.com/public/basic.ics
http://vid.ssdi.di.fct.unl.pt/summaries/summaries.html
http://www.tableau.com/academic/students

