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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



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



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



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



I spend more than half of my 
time integrating, cleansing and 
transforming data without doing 
any actual analysis. Most of the 
time I’m lucky if I get to do any 
“analysis” at all. 

Anonymous Data Scientist 
[Kandel et al. ’12]



Missing Data  no measurements, redacted, …? 
Erroneous Values misspelling, outliers, …? 
Type Conversion  e.g., zip code to lat-lon 
Entity Resolution  diff. values for the same thing? 
Data Integration  effort/errors when combining data 

LESSON: Anticipate problems with your data.  
Many research problems around these issues!

Data Quality Hurdles



Exploratory Process 
1  Construct graphics to address questions 
2  Inspect “answer” and assess new questions 
3  Repeat… 

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

Show data variation, not design variation [Tufte]

Lesson: Iterative Exploration



A1 Review



Measures: Population count, Gender ratio, Growth 
rate, Age, Difference between years or genders 

Transforms: Percentages, Counts, Proportions 

Marks: Bar, Line/Area, Dot/Scatter, Pie, Other 

Bars: Stacked, Grouped, Opposing Axes 

Extra Context: Other countries, other years, 
mortality data

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 
Use human-friendly units (10M or 10,000,000?)

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



Bar Charts



Age, Year



Population Count

















Population Percentage















Age Binning





Age, Sex, Year



Population Count





































Population Percentage















Age Binning







Growth Rates

















Sex Ratios











Simplification







Lines / Area





























Dot / Scatter Plots













Circular Charts











Other!





















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 
Use human-friendly units (10M or 10,000,000?)

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





Administrivia



A2: Exploratory data analysis (Tue 1/28) 
1. Choose dataset and identify questions of interest  
2. Analysis 

- Start by cleaning data… 
- then get a broad overview. Sanity check the shape 

of things and look for any quality issues. 
- Dive deeper to answer specific questions and 

explore interesting features as they come up. 

Deliverable: A sequence of annotated visualizations that 
clearly communicate your findings. 

Updates



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 
Color Hue  Angle   Length 
Texture  Slope   Angle 
Connection  Area (Size)  Slope 
Containment  Volume  Area 
Shape   Shape   Volume



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)


