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INFORMATION VISUALIZATION



Plan for PROG 02 
PROG 2-B (Due Friday 16 Oct) 5 DAYS!! 

TODAY: Visual Information Design 

Wed: Team Checking Office Hours (not a regular class) • Breakout Rooms 

DESIGN 05: Project Idea (due 19 Oct) 

Be bold and creative in your idea

ANNOUNCEMENTS



The depiction of information using spatial  
and graphical representations 

Bringing information to life, visually

WHAT IS VISUALIZATION?



 Visualize: to form a mental image or vision of. 

 Visualize: to imagine or remember as if actually seeing. 

  American Heritage dictionary, Concise Oxford dictionary 

   

WHAT IS 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)  

  

WHAT IS VISUALIZATION?



Walk 
Head north on Sather Rd 
Turn left toward Grade St 
Slight right onto Grade St 
Turn left toward Frank Schlessinger Way 
Turn left onto Frank Schlessinger Way 
Turn right onto Hilgard Way 
Turn left onto Grinnell Pathway 
Slight left onto Crescent Lawn 
Continue onto Center St 
Downtown Berkeley Station 
Richmond - Daly City/MillbraeMillbrae 
Montgomery Stop 
Walk 
Head southwest on Market St toward Annie St 
Turn left onto 3rd St 
Pass by Starbucks (on the left in 135 ft) 
San Francisco Museum of Modern Art 
151 3rd St, San Francisco, CA 94103

THE POWER OF VISUALIZATION



THE POWER OF VISUALIZATION



THE POWER OF VISUALIZATION



EXAMPLES











WHY DO WE CREATE VISUALIZATIONS?



Record information 
Photographs, blueprints, … 

Support reasoning about information (analyze) 
Process and calculate 
Reason about data 
Feedback and interaction 

Convey information to others (present) 
Share and persuade 
Collaborate and revise 
Emphasize important aspects of data

THREE PRIMARY FUNCTIONS



RECORD INFORMATION



Galileo’s drawings of the phases of the moon from 1616 

DRAWING: PHASES OF THE MOON  



Gallop, Bay Horse “Daisy” • Muybridge 1884–86
ANSWER QUESTION



Marey’s sphygmograph

OTHER RECORDING INSTRUMENTS



SUPPORT REASONING



Mystery: what is causing a cholera epidemic in London in 1854?
INFORMATION VIZ PROBLEM SOLVING



In 1864 John Snow plotted the position of each cholera case on a map

DATA IN CONTEXT: CHOLERA OUTBREAK



Used map to hypothesize that pump on Broad St. was the cause

DATA IN CONTEXT: CHOLERA OUTBREAK





2 of 13 pages of material faxed to NASA by Morton Thiokol

MAKE A DECISION: CHALLENGER



Visualizations by booster rocket manufacturer of damage to O-rings

MAKE A DECISION: CHALLENGER



Visualizations showing how low temperatures damage O-rings

MAKE A DECISION: CHALLENGER



CONVEY INFORMATION TO OTHERS



William Playfair 1786

PRESENT ARGUMENT: EXPORTS & IMPORTS



The TreeMap (Johnson & Shneiderman ‘91) 

Idea:  

Show a hierarchy as a 2D layout 
Fill up the space with rectangles representing objects 
Nested rectangles indicated levels of hierarchy 
Size on screen indicates relative size of underlying objects.

TREE MAPS



TREE MAP



TREE MAP



•Too disorderly 
•What does adjacency mean? 
•Aspect ratios uncontrolled leads to lots of skinny boxes that 
clutter 

•Hard to understand 
•Must mentally convert nesting to hierarchy descent 

•Color not used appropriately 
•In fact, is meaningless here 

•Wrong application 
•Don’t need all this to just see the largest files in the OS

TREE MAP PROBLEMS



TREE MAP SUCCESSFUL APPLICATIONS



TELL STORY: MOST POWERFUL BRAIN?



TELL STORY: MOST POWERFUL BRAIN?



TELL STORY: MOST POWERFUL BRAIN?



“What information consumes is rather obvious: it consumes the attention 
of its recipients. Hence a wealth of information creates a poverty of 
attention, and a need to allocate that attention efficiently among the 
overabundance of information sources that might consume it.” 

 — Herb Simon 

ATTENTION



DATA



Physical type (model) 
Characterized by storage format 
Characterized by machine operations 
Example:  
 bool, short, int32, float, double, string, … 

Abstract type 
Provide (conceptual) descriptions of the data 
May be characterized by methods/attributes 
May be organized into a hierarchy 
Example:  
 nominal, ordinal, quantitative, …,  
 plants, animals, metazoans, …

DATA TYPES



N - Nominal (labels) 
Fruits: Apples, oranges, … 
O - Ordered 
Quality of meat: Grade A, AA, AAA 
Q - Quantitative 
Real numbers 
Ordered, with measurable distances, or amounts 
Dates: Jan, 19, 2006; Location: (LAT 33.98, LONG -118.45) 
Physical measurement: Length, Mass, Temp, …

NOMINAL, ORDINAL, AND QUANTITATIVE



Data model 
32.5, 54.0, -17.3, … 
floats 
Conceptual model 
Temperature 
Data type  
Burned vs. Not burned (N) 
Hot, warm, cold (O) 
Continuous range of values (Q)

FROM DATA MODEL TO DATA TYPE



IMAGE



VISUAL VARIABLES

Jacques Bertin



1. A, B, C are distinguishable  
2. B is between A and C.  
3. BC is twice as long as AB.  

4. ∴ Encode quantitative variables (Q)

INFORMATION IN POSITION

A

B

C



Value is perceived as ordered 
∴ Encode ordinal variables (O) 

∴ Encode continuous variables (Q) [not as well] – can’t tell distance 

Hue is normally perceived as unordered 
∴ Encode nominal variables (N) using color

INFORMATION IN COLOR AND VALUE



N  Nominal  

O Ordinal 

Q Quantitative

BERTINS’ “LEVELS OF ORGANIZATION”

N O Q

N O Q

N O Q

N O

N

N

N

Position

Size

Value

Texture

Color

Orientation

Shape



ESTIMATING MAGNITUDE



DETECTING BRIGHTNESS

Which is brighter?



DETECTING BRIGHTNESS

Which is brighter?

(128, 128, 128) (144, 144, 144)



JUST NOTICEABLE DIFFERENCES



JND (Weber’s Law) 

Ratios more important than magnitude 

This is the smallest change in stimuli that can be perceived. 

Most continuous variations perceived in discrete steps

JUST NOTICEABLE DIFFERENCES
IS k
I
Δ

Δ =



STEVEN’S POWER LAW
pS I=

p < 1 : underestimate 

p > 1 : overestimate

relationship in psychophysics between an increased intensity or 
strength in a physical stimulus and the perceived magnitude



EXPONENTS OF POWER LAW
Sensation Exponent

Loudness 0.6

Brightness 0.33

Smell 0.55 (Coffee) - 0.6 (Heptane)

Taste 0.6 (Saccharine) -1.3 (Salt)

Temperature 1.0 (Cold) – 1.6 (Warm)

Vibration 0.6 (250 Hz) – 0.95 (60 Hz)

Duration 1.1

Pressure 1.1

Heaviness 1.45

Electic Shock 3.5



We create visualizations to 
Record information 
Support reasoning about the information 
Convey information to others 
Choose the right mark for your data 
Position good for N, O, Q, but Hue best only for N 

With careful design it is possible to display many dimensions at once

SUMMARY



BREATHE


