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Today
• Introduction 
• Syllabus 
• Class overview 
• Visualization libraries (1/2) 
• Homework
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Big Data
• 2.5 x 1018 bytes/min 
• 90% of world data 

created in last 2 
years

www.domo.com
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Classical Definitions
“... the artificial memory that best 
supports our natural means of 
perception.”   

[Bertin 1967] 
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Classical Definitions
“Transformation of the 
symbolic into the 
geometric”   

[McCormick et al. 1987] 
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Classical Definitions
“The use of computer-
generated, interactive, visual 
representations of data to 
amplify cognition.”  
  
[Card, Mackinlay, & Shneiderman 1999] 
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More Definitions
“Creation of images that convey salient 
information about underlying data and 
processes”  
[Hansen & Johnson, 2005] 
“Communication of information using 
graphical representations”  

[Ward et al., 2010]
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More Definitions
"Computer-based visualization 
systems provide visual 
representations of datasets 
designed to help people carry 
out tasks more effectively.”   

[Munzner, 2014]
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Visualization Objectives
•Record information  
•Analyze data to support reasoning  
•Confirm hypotheses  
•Communicate ideas to others 
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Why Visualize?
To record information
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Anscombe, 1973

Why Visualize?
To show data in detail
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Why Visualize?
To point out interesting things
MTHIVLWYADCEQGHKILKMTWYN
ARDCAIREQGHLVKMFPSTWYARN
GFPSVCEILQGKMFPSNDRCEQDIFP
SGHLMFHKMVPSTWYACEQTWRN
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Why Visualize?
To point out interesting things
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Why Visualize?
To communicate information

Minard, 1869 (from https://www.edwardtufte.com/tufte/minard) 

https://www.edwardtufte.com/tufte/minard
https://www.edwardtufte.com/tufte/minard
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Why Visualize?
To communicate information

nature.com sciencemag.com

http://nature.com
http://nature.com
http://sciencemag.com
http://sciencemag.com
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Why Visualize?
•To analyze data

2016 US Presidential Election
NYTimes 2018
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Syllabus
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Web Page & Syllabus

h"ps://www.cs.purdue.edu/homes/xmt/classes/CS490-VIZ-Fall2020

https://www.cs.purdue.edu/homes/xmt/classes/CS490-VIZ-Fall2020
https://www.cs.purdue.edu/homes/xmt/classes/CS490-VIZ-Fall2020
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Basic Facts
• Lectures: T/Th 1:30 pm - 2:45 pm
• Office hours: T 10 am - 12 pm
• Performance evaluation:

• 5 (programming) assignments (total: 60%) 
• Midterm exam: 20% 
• Final project: 20%
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Learning Objectives
1. Know main visualization techniques and 

understand their use cases 
2. Discern strengths and weaknesses of existing 

visualizations 
3. Design effective visualizations in a principled 

and structured fashion 
4. Program interactive visualizations using open 

source software
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Textbook
Visualization Analysis and Design  
by Tamara Munzner 
AK Peters Visualization Series 
CRC Press, Nov. 2014. 

Required
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Communication
• Discussions and Q&A’s will be on Piazza 

• Sign up!
https://piazza.com/purdue/fall2020/cs49000viz/home

https://piazza.com/purdue/fall2020/cs49000viz/home
https://piazza.com/purdue/fall2020/cs49000viz/home
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Software
•Python libraries
• matplotlib.pyplot:

• standard general-purpose data visualization library  
• fairly low-level plotting control

• seaborn:  
• high-level interface to matplotlib 
• primarily meant for statistical data visualization

https://matplotlib.org/
https://seaborn.pydata.org/index.html
https://matplotlib.org/
https://seaborn.pydata.org/index.html
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Software
•Python Libraries
• b           :  
• high-level visualization library 
• creates javascript code: visualization runs on 

web browsers

https://docs.bokeh.org/en/latest/index.html
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Software
•D3 (Data Driven Document):  
• javascript library for web visualization 
• non-trivial to use 

•                      : widely adopted commercial 
visualization tool (no programming)
•will be used for Project 5
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Lateness Policy
• Assignments due by given deadline 
• 5 extension days granted to each student 
• 20% penalty for each late day 
• No submission accepted past 3rd late day
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Final Project
• Individually or in pair of students
•Roadmap:

1.Select dataset 
2. Identify question(s) to answer or task(s) to 

perform with visualization 
3.Sketch a visualization solution  
4.Final presentation with live demo during dead 

week.
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Topics Overview



CS49000-VIZ Intro to Data Visualization / Fall 2020; Lecture 1: Introduction

This week: Visualization Libraries
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Methodology
•what is shown?
–data abstraction

•why is the user looking at it?
–task abstraction

•how is it shown?
–idiom: visual encoding and interaction
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Why?

How?

What?
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Trends

Actions

Analyze

Search

Query

Why?

All Data

Outliers Features

Attributes

One Many
Distribution Dependency Correlation Similarity

Network Data

Spatial Data
Shape

Topology

Paths

Extremes

Consume
Present EnjoyDiscover

Produce
Annotate Record Derive

Identify Compare Summarise

tag

Target known Target unknown

Location 
known
Location 
unknown

Lookup

Locate

Browse

Explore

Targets

Why?

How?

What?
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Marks and Channels
Magnitude Channels: Ordered Attributes Identity Channels: Categorical Attributes

Spatial region

Color hue

Motion

Shape

Position on common scale

Position on unaligned scale

Length (1D size)

Tilt/angle

Area (2D size)

Depth (3D position)

Color luminance

Color saturation

Curvature

Volume (3D size)

Channels: Expressiveness Types and E!ectiveness Ranks

T. Munzner, VAD 2014
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What: Data Abstraction
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Why: Tasks Abstraction
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Design GuidelinesT. Munzner VAD 2014

Merchant for the Brunswick Review
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Tables
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practice

chologists, and statisticians have stud-
ied how well different encodings facili-
tate the comprehension of data types 
such as numbers, categories, and net-
works. For example, graphical percep-
tion experiments find that spatial po-
sition (as in a scatter plot or bar chart) 
leads to the most accurate decoding of 
numerical data and is generally prefer-
able to visual variables such as angle, 
one-dimensional length, two-dimen-
sional area, three-dimensional volume, 
and color saturation. Thus, it should 
be no surprise that the most common 
data graphics, including bar charts, 
line charts, and scatter plots, use posi-
tion encodings. Our understanding of 
graphical perception remains incom-
plete, however, and must appropriately 
be balanced with interaction design 
and aesthetics.

This article provides a brief tour 
through the “visualization zoo,” show-
casing techniques for visualizing and 
interacting with diverse data sets. In 
many situations, simple data graphics 
will not only suffice, they may also be 
preferable. Here we focus on a few of 
the more sophisticated and unusual 
techniques that deal with complex data 
sets. After all, you don’t go to the zoo to 
see chihuahuas and raccoons; you go 
to admire the majestic polar bear, the 
graceful zebra, and the terrifying Suma-
tran tiger. Analogously, we cover some 
of the more exotic (but practically use-
ful) forms of visual data representation, 
starting with one of the most common, 
time-series data; continuing on to sta-
tistical data and maps; and then com-
pleting the tour with hierarchies and 
networks. Along the way, bear in mind 
that all visualizations share a common 
“DNA”—a set of mappings between 
data properties and visual attributes 
such as position, size, shape, and col-
or—and that customized species of vi-
sualization might always be construct-
ed by varying these encodings.

Each visualization shown here is 
accompanied by an online interactive 
example that can be viewed at the URL 
displayed beneath it. The live examples 
were created using Protovis, an open 
source language for Web-based data 
visualization. To learn more about how 
a visualization was made (or to copy 
and paste it for your own use), see the 
online version of this article available 
on the ACM Queue site at http://queue.
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Time-Series Data: Figure 1a. Index chart of selected technology stocks, 2000–2010. 

Source: Yahoo! Finance; http://hci.stanford.edu/jheer/files/zoo/ex/time/index-chart.html
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Time-Series Data: Figure 1b. Stacked graph of unemployed U.S. workers by industry, 2000–2010.

Source: U.S. Bureau of Labor Statistics; http://hci.stanford.edu/jheer/files/zoo/ex/time/stack.html

Self-employed Agriculture

Other Leisure and hospitality

Education and Health Business services

Finance Information

Transportation and Utilities Wholesale and Retail Trade

Manufacturing Construction

Mining and Extraction Government

Time-Series Data: Figure 1c. Small multiples of unemployed U.S. workers, normalized by industry, 2000–2010.

Source: U.S. Bureau of Labor Statistics; http://hci.stanford.edu/jheer/files/zoo/ex/time/multiples.html

Time-Series Data: Figure 1d. Horizon graphs of U.S. unemployment rate, 2000–2010.

Source: U.S. Bureau of Labor Statistics;  http://hci.stanford.edu/jheer/files/zoo/ex/time/horizon.html

Heer et al., 2012
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Trees
T. Munzner, VAD 2014

http://www.cs.umd.edu/hcil/VisuMillion/



CS49000-VIZ Intro to Data Visualization / Fall 2020; Lecture 1: Introduction

Networks/Graphs
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Colors

Colin Ware
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Maps
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Focus + Context

T. Munzner, VAD 2014
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Interaction

T. Munzner, VAD 2014
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Multiple Views

http://ncva.itn.liu.se/explorer/mdim-explorer
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Text

Jonathan Feinberg
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Reduction

Ingram and Munzner, 2015
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Visualization Tools
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Design Studies

T. Munzner, VAD 2014
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Next Lecture: Visualization Libs
•Read VAD Chapter 1
• Install and experiment with your 

visualization library


