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Introductions

• Instructor
■ Lyn Bartram
■ lyn@sfu.ca

• Visualization
■ Information visualization
■ Personal visual analytics
■ Perception, attention and visual representations
■ Visualization for sustainable living/Ambient visualization
■ Motion and Animation visual techniques
■ Affect and aesthetics
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Introductions: Maha

• She will introduce herself
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Data are everywhere
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• An average-priced detached home throughout 
Greater Vancouver now costs $1,470,265, 
compared to $1,764,682 in July.

• An average attached home fell by 8.6 per cent to 
$730,189

• apartments dropped by 7.8 per cent to $528,808.



Easier when we see it
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A variety of domains
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Visualization

Computer-based systems that  provide visual 
representations of data designed to help people carry out 
tasks more effectively.
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??? or 

Vorograph, IBM 2015Brake Diagram for Chevy Malibu, justanswer.com



Why do we care?



An explosion of data

• Everyday we produce ~2.5 
quintillion petabytes of data

• Amount of data produced doubles 
every two years

• 2013 - 4.4 zettabytes
• 2020 - 44 zettabytes

• 1 zettabyte = 44 trillion gigabytes!
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https://www.emc.com/leadership/digital-universe/2014iview/executive-summary.htm
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www.ibmbigdatahub.com

VALUE



IAT 355 Introduction

CSC, http://www.csc.com/insights/flxwd/78931-big_data_universe_beginning_to_explode



Data Velocity
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Between 1 and 2 exabytes of 
unique data produced per year 
(2009)

1000000000000000000 (1018) 
bytes
800 meg for every person (2003)
Printed documents only .003% of 
total
90 trillion emails



Data Growth and Volume
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Volume and Variety

• How much data goes through 
the Internet in 1 minute 
www.internetlivestats.com

• Data, documents, media, social 
media, sensed, …

• > ½ from mobile activity

• Corporate, consumer, 
government, social, criminal, 
enforcement..
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http://www.iflscience.com/technology/this-is-how-much-data-the-internet-gets-through-in-one-minute/



Variety: Heterogeneous Data

• Highly multidimensional

• A data “case” has many 
aspects – attributes –

■ DIMENSIONS
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Data Diversity

• Growth of unstructured 
and semi-structured data
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cacm.acm.org



So what is Big Data??
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Big Data is anything our 
current machine tools cannot 

yet manage?



Big Data is anything we cannot 
manage with the current 

reasoning support we have



discovery, interpretation, and communication of 
meaningful patterns in data
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Analytics



Analytics are 
everywhere
• A simple problem

■ What is the best 
breakfast cereal to 
buy for your 
family/house?

■ What properties do 
you need to 
consider?
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Traditional analysis

• Deductive
• Questions are already known
• Factors of importance are already set
• Looking for the descriptive or statistically significant answer

Or  …..

• Needle in a haystack of intermediate results



Visualization for 
analysis
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• An average-priced detached home throughout 
Greater Vancouver now costs $1,470,265, 
compared to $1,764,682 in July.

• An average attached home fell by 8.6 per cent to 
$730,189

• apartments dropped by 7.8 per cent to $528,808.



AN OLD FOLKTALE

A Snake!
A Tree 
Stump!

A Rope!

We need to examine and analyze data from multiple perspectives



From Data to Knowledge

VISUAL ANALYTICS

VISUALIZATION



Or following our general theme ….
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Visualizations make data into information

Introduction to Visual 
Analytics

Why some European countries 
(should) love asylum seekers

The Independent, Sept. 2015



Visualization 
helps us see 
patterns  that 
predefined 
analytical queries 
do not elicit

http://www.mdpi.com/1660-4601/14/9/1056



At first glance: the Cain 9-9-9 tax proposal 
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But really: It’s not just about the “data”
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A different picture 
tells a very different 
story

Tax Policy Center, 2011

http://www.rob-servations.com/1/post/2011/10/cains-9-9-9-tax-policy-explained-with-one-
chart.html#.Usw0G_aRs70



Analysis is complicated by cognitive 
limitations

• Two ways our brains manage limited short term memory:
■ Consolidate into long-term memory using rehearsal
■ forget it

• Without some way to offload information:
■ Thinking and analysis are more difficult

31



We use vision to think

• We build tools to amplify cognition.
• Example: multiplication (Card, Moran, & Shneiderman.)

■ In your head, multiply 35 x 95
■ What if you did it on paper ?
■ People are 5 times faster with the visual aid

© 2017 VIVA, All 
Rights Reserved. 32



Cognitive offloading

© 2017 VIVA, All 
Rights Reserved. 33



Data thinking 1. Which state has the highest income?
2. Is there a relationship between income 

and education?
3. Is this consistent everywhere?

Introduction to Visual Analytics
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Visualization helps 
us derive new 
questions

Introduction to Visual 
Analytics

why? 

beyond just 
what?



Scientific visualization

• the visual display of spatial data 
associated with  scientific 
processes (e.g., bonding of 
molecules)

• deals with data that has a 
natural geometric structure
(e.g. chemical data or wind 
flows)
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Information visualization

• visual metaphors for non-inherently 
spatial data such as the exploration of 
text-based document databases.
■ More abstract 

• Assign structure and position to 
information that has none

• Text
• Statistics
• Finance/Business
• Internet
• Software
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Information Visualization

“Transformation of the symbolic into 
the geometric”

(McCormick et al., 1987) 

“... finding the artificial memory that 
best supports our natural means 
of perception.''

(Bertin, 1983) 
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Spatial visualization
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https://carto.com/blog/healthcare-marketing-trend-watch-2018/https://www.nasa.gov/feature/goddard/2017/harvey-atlantic-ocean



Affective (experience) visualization
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The cognitive tool for analysis

• Visualization helps us derive 
insights and questions that even 
predefined analytical queries do 
not elicit

• Visual analysis
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http://www.nytimes.com/interactive/science/space/keplers-tally-of-planets.html?_r=0



Visual analytics

“Visual analytics is the science of analytical reasoning facilitated by 
interactive visual interfaces.” - Jim Thomas, PNNL
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“Computers are incredibly fast, accurate but stupid; Humans are incredibly slow, 
inaccurate but brilliant; Together they are powerful beyond imagination.” 

- Dr. Daniel Keim, U Konstanz



Visual Analytics
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IN-SPIRE™ Visual Document Analysis
PNNL



VISUAL ANALYTICS

45

Visual Analytics: Definition, Process and Challenges in Kerren et al. (Eds.):
Information Visualization, LNCS 4950, pp. 46 – 64, 2008. © Springer-Verlag Berlin Heidelberg 2008 

© 2017 VIVA, All Rights Reserved.



Using vision to think

• Comprehend huge amounts of data

• Emergent properties and relations

• Detect problems and inconsistencies in data

• Facilitates understanding of large- and small-scale features of the data

• Facilitates hypothesis formation: the forming of new questions and
• insights

IF….
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Visualization goals: not quite there
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What is visualization?

Computer-based visualization systems provide visual 
representations of data designed to help people carry out 

tasks more effectively.

Information Visualization: Examples

Vorograph, IBM 2015
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Visualization: 
Examples



Unemployment rates

Information 
Visualization: 
Examples



Information 
Visualization: 
Examples



Information 
Visualization: 
Examples



SARS

www.cdc.gov/mmwr/preview/mmwrhtml/mm5212a1.htm

Information 
Visualization: 
Examples



Information 
Visualization: 
Examples



Train Schedule

Information Visualization: Examples



Visualization

• Portray data, usually abstract data

• Use visual features to represent properties, quantities, attributes
■ Explicitly
■ derived

• Give rise to emergent features

• Support visual cognition and analysis

Information 
Visualization: 
Examples



Visualization from different lenses

• Geek computer graphics and user interface design concerned with 
presenting data to users by means of images 
■ A tool or method for generating images from complex multidimensional data 

fed into a computational processor
• psychologist The formation of mental visual images

■ The act or process of interpreting in visual terms 
• designer The process of putting into visual form

■ The art of assigning representational “codes” and techniques to data attributes  
and conveying meaning

■ The practice of assembling images
• artist A medium

■ Representations of data to create art, to provoke and invoke
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The dyadic model of visualization

Analyze, Explore, 
Discover

Explain, Illustrate, 
Communicate

informationProduce Consume

Make the invisible visible
IAT 814 Introduction



We’ve been doing this for a long time

Information Visualization: Examples



Tabula Peutingeriana, road map of ancient Rome

Information Visualization: Examples

Mediaeval Europe



Visualization for Communication:
Nightingale’s Coxcomb
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Napoleon’s Invasion of Russia

Information Visualization: Examples



Visualization for Discovery and Problem Solving:
Snow’s map

From Visual Explanations by Edward Tufte, Graphics Press, 1997

Illustration of John Snow’s
deduction that a cholera epidemic
was caused by a bad water pump, circa 
1854.

Horizontal lines indicate location of 
deaths.
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London Underground Map 1927
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London Underground Map 1990s
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Visualization for Clarification

• Horizontal, vertical and 45° segments

• Key insight: topology and relative location of stations



http://www.ideography.co.uk/
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Many forms 
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Why do we use/create visualizations ?

• Answer questions (or discover them)
• Make decisions
• See data in context
• Expand memory
• Support graphical calculation
• Find patterns
• Present argument or tell a story
• Inspire

Information 
Visualization: 
Examples



The value of visualization

• Capture and encode  information
■ Blueprints, photographs, sensors, seismographs, maps…metadata!

• Analyse data to support reasoning 
■ Develop and test hypotheses
■ Discover errors
■ Find patterns
■ Expand memory

• Communicate
■ Share, persuade, educate

Information 
Visualization: 
Examples



Encode information

Information 
Visualization: 
Examples



Answer (and discover) questions

• Where do the most news stories 
originate?

Newman & Gastner, PNAS

Information 
Visualization: 
Examples



Figure 2. Comparisons of the strategy evolutions for the theoretical imitation dynamic (left figures) 
and two experimental sessions (right figures).

D'Orsogna MR, Kendall R, McBride M, Short MB (2013) Criminal Defectors Lead to the Emergence of Cooperation in an Experimental, Adversarial Game. PLoS
ONE 8(4): e61458. doi:10.1371/journal.pone.0061458
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0061458



Make decisions

Information 
Visualization: 
Examples

• 2 of 13 pages sent 
to NASA by the 
company that 
made parts for the 
Challenger Space 
shuttle
■ Tufte 1997 



Challenger data

Information 
Visualization: 
Examples

• Presented to 
decision makers 
prior to launch
■ To launch or not
■ Temp in 30s

• “Chart junk”

• Finding form of 
visual 
representation is 
important
■ cf. “Many Eyes”



Discover errors and insights

• With right visualization, insight (pattern) is obvious
■ Plot o-ring damage vs. temperature



Information 
Visualization: 
Examples

Dashboard, Proctor and Gamble™



Find patterns (in the twitterverse)

Information 
Visualization: 
Examples

Tweeting the FBomb



RT: Compelling and unusual 

Information 
Visualization: 
Examples

https://www.theatlantic.com/health/archive/2013/10/a-real-time-map-of-births-and-deaths/280609/



Figure 2. Comparisons of the strategy evolutions for the theoretical imitation dynamic (left figures) 
and two experimental sessions (right figures).

D'Orsogna MR, Kendall R, McBride M, Short MB (2013) Criminal Defectors Lead to the Emergence of Cooperation in an Experimental, Adversarial Game. PLoS
ONE 8(4): e61458. doi:10.1371/journal.pone.0061458
http://www.plosone.org/article/info:doi/10.1371/journal.pone.0061458



Expand memory

• Graphical calculation example : class exercise

34
x  72
---------

Information 
Visualization: 
Examples



Find Patterns 

Information 
Visualization: 
Examples



We look at the pattern(s) 
first

Focus on individual numbers? … >2K data points!



Information 
Visualization: 
Examples

Augment memory and reasoning

1. Start out going Southwest on ELLSWORTH AVE 
Towards BROADWAY by turning right. 

2: Turn RIGHT onto BROADWAY. 
3. Turn RIGHT onto QUINCY ST. 
4. Turn LEFT onto CAMBRIDGE ST. 
5. Turn SLIGHT RIGHT onto MASSACHUSETTS AVE. 
6. Turn RIGHT onto RUSSELL ST.



Information Visualization: Examples



The Power of Visualization

Line drawing tool by Maneesh Agrawala http://graphics.stanford.edu/~maneesh/

Information Visualization: Examples



Propose argument; tell a story
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Examine alternatives
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Visualization for telling a story

Information 
Visualization: 
Examples



What are the 
voids made 
of?

Information Visualization: Examples

Inspire new inquiry



Inspire: Experiential visualization

Information 
Visualization: 
Examples
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Course Information

• Course website:
• http://www.sfu.ca/siatclass/IAT355/Spring2018/index.html

• Updates, schedule, policies and all information are kept current on this 
site. Check it!
■ List of resources and articles

• Canvas submission and discussion site
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Course policies

• Attendance

• Use of technology

• Conduct

• Plagiarism and academic honesty

• Late penalties (10% day for 2 days, 20% after)
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What you will do in this course

• Design, Build, Use, Critique 
Visualizations

• Develop an understanding of 
tools, techniques and 
methods for approaching 
visual analytics problems

• Become familiar with some of 
the programming resources 
for making visualizations

• Determine questions

• Write code
• FIND CODE and adapt
• FIND DATA

• Design right visualizations
• Build appropriate interactions
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Evaluation

Assignments 
• 2 Analysis and design (practice)  : 

20%

• 4 making (code, project): 50%

• Datavis journal: 10%

• Concept reviews: 20% 

Course Project
■ Pairs
■ You choose, and you make
■ Real-world problems
■ Data
■ Visualization
■ Assessment and report
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Topics

• Visualization Tools, techniques and Programming
■ Computer Graphics

• Information Visualization
■ Representation
■ Presentation
■ Interaction

• Visual Thinking: Perception, Cognition and Information 
Sense-Making
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