
CSE 512 - Data Visualization 

Design & Re-Design

Jeffrey Heer  University of Washington



Last Time: 
Data & Image Models



The Big Picture

task 
questions, goals 
assumptions 

data 
physical data type 
conceptual data type 

domain 
metadata 
semantics  
conventions

processing 
algorithms

mapping 
visual encoding

image 
visual channel 
graphical marks



N - Nominal (labels or categories) 
! Operations: =, ≠ 

O - Ordered 
! Operations: =, ≠, <, > 

Q - Interval (location of zero arbitrary) 
! Operations: =, ≠, <, >, - 
! Can measure distances or spans 

Q - Ratio (zero fixed) 
! Operations: =, ≠, <, >, -, % 
! Can measure ratios or proportions 

Nominal, Ordinal & Quantitative



Position (x 2) 
Size 
Value 
Texture 
Color 
Orientation 
Shape 

Others?

Visual Encoding Variables



Bertin’s “Levels of Organization”

Nominal  
Ordinal 
Quantitative

N O Q

N O Q

N O Q

N O

N

N

N

Position

Size

Value

Texture

Color

Orientation

Shape

Note: Q ⊂ O ⊂ N



Assume k visual encodings and n data attributes. 
We would like to pick the “best” encoding among 
a combinatorial set of possibilities of size (n+1)k 

Principle of Consistency 
The properties of the image (visual variables) 
should match the properties of the data. 

Principle of Importance Ordering 
Encode the most important information in the 
most effective way.

Choosing Visual Encodings



Expressiveness 
A set of facts is expressible in a visual language if 
the sentences (i.e. the visualizations) in the 
language express all the facts in the set of data, 
and only the facts in the data. 

Effectiveness 
A visualization is more effective than another 
visualization if the information conveyed by one 
visualization is more readily perceived than the 
information in the other visualization.

Design Criteria  [Mackinlay 86]



Tell the truth and nothing but the truth 
(don’t lie, and don’t lie by omission) 

Use encodings that people decode better 
(where better = faster and/or more accurate)

Design Criteria Translated  



Effectiveness Rankings  [Mackinlay 86]
QUANTITATIVE ORDINAL  NOMINAL 
Position  Position  Position 
Length  Density (Value) Color Hue 
Angle   Color Sat  Texture 
Slope   Color Hue  Connection 
Area (Size)  Texture  Containment 
Volume  Connection  Density (Value) 
Density (Value) Containment  Color Sat 
Color Sat  Length  Shape 
Color Hue  Angle   Length 
Texture  Slope   Angle 
Connection  Area (Size)  Slope 
Containment  Volume  Area 
Shape   Shape   Volume
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Effectiveness Rankings  [Mackinlay 86]
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Shape   Shape   Volume



A1 Review



Measures: Population count, Age distribution, 
Gender ratio, Gender difference, Growth rate 

Transforms: Percentages, Counts, Proportions 

Encodings: Bar, Line/Area, Pie, Dot/Scatter, Hybrid 

Bars: Stacked, Grouped, Opposed Axes 

Extra Context: More Years, Mortality, Race, …

A1 Submission Designs



Title, labels, legend, captions, source! 

Expressiveness and Effectiveness 
Avoid unexpressive marks (lines? gradients?) 
Use perceptually effective encodings 
Don’t distract: faint gridlines, pastel highlights/fills 
The “elimination diet” approach – start minimal 

Support comparison and pattern perception 
Between elements, to a reference line, or to totals

Design Considerations



Transform data (e.g., invert, log, normalize) 

Group / sort data by meaningful dimensions 

Reduce cognitive overhead 
Minimize visual search, minimize ambiguity 
Appropriate size, aspect ratio, legible text 
Avoid legend lookups if direct labeling works 
Avoid color mappings with indiscernible colors 

Be consistent! Visual inferences should 
consistently support data inferences. 

Design Considerations



A1 Submissions



Bar Charts























Stacked Bars





















The 3rd Dimension





Simplify!











Population Pyramids











































Scatter / Dot Plots













Line & Area Charts































Ode to Playfair









Slope Graph









Sankey Diagram





Heatmaps





Pie Charts





Multi-View or Dual Axis





























Administrivia



Use visualization software to form & answer questions 
First steps: 
Step 1: Pick domain & data 
Step 2: Pose questions 
Step 3: Profile the data 
Iterate as needed 
Create visualizations 
Interact with data 
Refine your questions 
Author a report 
Screenshots of most insightful views (10+) 
Include titles and captions for each view

A2: Exploratory Data Analysis

Due by 11:59pm 

Friday, Apr 13
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Re-Design Exercise



Task: Analyze and Re-design visualization 
Identify data variables (N/O/Q) and encodings 
Critique the design: what works, what doesn’t 
Sketch a re-design to improve communication 
Be ready to share your thoughts with the class 

Break into groups with those sitting near you 
(~4 people per group)

Re-Design Exercise



Effectiveness Rankings  [Mackinlay 86]
QUANTITATIVE ORDINAL  NOMINAL 
Position  Position  Position 
Length  Density (Value) Color Hue 
Angle   Color Sat  Texture 
Slope   Color Hue  Connection 
Area (Size)  Texture  Containment 
Volume  Connection  Density (Value) 
Density (Value) Containment  Color Sat 
Color Sat  Length  Shape 
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Texture  Slope   Angle 
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Source: Good Magazine



Source: The Atlantic 300 no. 2 (September 2007)  
Number of Classified U.S. Documents



Washington Dulles Airport Map 
Source: United Airlines Hemispheres



Source: National Geographic, September, 2008, p. 22. 
Silver, Mark. "High School Give-and-Take."



Source: Business Week, June 18, 2007



Preparing for a Pandemic 
Source: Scientific American, 293(5). November, 2005, p. 50



Source: Wired Magazine, September 2008 Edition 
Music: Super Cuts (page 92)


