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Last Time: Using Space 
Effectively

4

William S. Cleveland
The Elements of 
Graphing Data
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Alphabetical ordering Main-effects ordering
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Nomograms

1. Compute in any direction; fix n-1 params and read nth param

2. Illustrate sensitivity to perturbation of inputs
3. Clearly show domain of validity of computation
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Cartographic Distortion
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Cartograms: Distort areas

Scale area by data
[From Cartography, Dent]
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Election 2016 map

http://www-personal.umich.edu/~mejn/election/

% voted democrat
% voted republican
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Election 2016 map

% voted democrat
% voted republican

http://www-personal.umich.edu/~mejn/election/
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Election 2016 map

http://www-personal.umich.edu/~mejn/election/
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NYT Election 2016 (based on 2012)
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Statistical map with shading

[Cleveland and McGill 84]
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Framed rectangle chart

[Cleveland and McGill 84]
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Rectangular cartogram

American population [van Kreveld and Speckmann 04]
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New York Times Election 2004
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New York Times Election 2016
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Dorling cartogram

http://www.ncgia.ucsb.edu/projects/Cartogram_Central/types.html
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http://www.ncgia.ucsb.edu/projects/Cartogram_Central/types.html
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Distorting distances

Scale distance by data (airline fare)
[From Cartography, Dent]
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London underground

http://www.thetube.com/content/history/map.asp
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Comparison to geographic map

Distorted Undistorted
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Visualizing Routes
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A Better Visualization
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LineDrive [Agrawala & Stolte 2001]

Hand-drawn route map LineDrive route map
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Summary
! Space is the most important visual encoding
! Show data with as much resolution as possible
! Geometric properties of spatial transforms support 

geometric reasoning
! Use distortions to emphasize important information
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Announcements
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A2: Exploratory Data Analysis
Use Tableau to formulate & answer questions

First steps
Step 1: Pick domain & data
Step 2: Pose questions
Step 3: Profile data
Iterate as needed

Create visualizations 
Interact with data
Refine questions

Author a report
Screenshots of most insightful views (10+) 
Include titles and captions for each view 

Due before class on Oct 6, 2020
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D3 Notebooks for Next Week
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Interaction

32

Interaction between people and 
machines requires mutual intelligibility

or shared understanding
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Gulfs of execution & evaluation

Real worldConceptual model

Evaluation

Execution

Gulfs

[Norman 1986]
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Gulf of Execution
The difference between the user’s intentions and the 
allowable actions.

Gulf of Evaluation 
The amount of effort that the person must exert to interpret 
the state of the system and to determine how well the 
expectations and intentions have been met.

[Norman 1986]
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Gulf of evaluation

Real world:

Conceptual model:
x,y correlated?

Evaluation

Gulf

X Y
0.67 0.79
0.32 0.63
0.39 0.72
0.27 0.85
0.71 0.43
0.63 0.09
0.03 0.03
0.20 0.54
0.51 0.38
0.11 0.33
0.46 0.46

36

Gulf of evaluation

Real world:

Conceptual model:
x,y correlated?

Evaluation

Gulf

0

0.5

1

0 0.5 1

X

Y
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Gulf of evaluation

Real world:

Conceptual model:
x,y correlated?

Evaluation

Gulf

r = -.29

38

Gulf of execution

Real world

Conceptual model:
Draw a scatterplot

Execution

Gulf

Move 90 30
Rotate 35
Pen down
…

0

0.5

1

0 0.5 1

X

Y
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Gulf of execution

Gulf

Execution

Conceptual model:
Draw a scatterplot

0

0.5

1

0 0.5 1

X

Y

Real world

40

Gulf of Execution
The difference between the user’s intentions and the 
allowable actions.

Gulf of Evaluation 
The amount of effort that the person must exert to interpret 
the state of the system and to determine how well the 
expectations and intentions have been met.

[Norman 1986]
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Topics
Early interactive systems
Brushing and linking
Dynamic queries
Generalized selections
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Early Systems
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[Graphics and Graphic Information Processing, Bertin 81]
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Bertin Matrices
Research question

Table

1. Encode table cells visually
2. Group similar rows and columns 

to reveal patterns
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[Graphics and Graphic Information Processing, Bertin 81]
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Group similar rows and columns
Choose a row with a particular visual 

aspect. Move to extremity of matrix

Move similar rows close, opposite rows to 
bottom. (Creates two opposing groups 
and a middle group)

Repeat for columns (only in some cases)

Iterate
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[Graphics and Graphic Information Processing, Bertin 81]
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[Graphics and Graphic Information Processing, Bertin 81]
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[Graphics and Graphic Information Processing, Bertin 81]
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[Graphics and Graphic Information Processing, Bertin 81]
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Bertifier  [Perin 2014]
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Bertifier  [Perin 2014]
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Pointing
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Basic Pointing Methods
Point Selection
Mouse Hover / Click
Touch / Tap
Select Nearby Element (e.g., Bubble Cursor)
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63

64



29

Basic Pointing Methods
Point Selection
Mouse Hover / Click
Touch / Tap
Select Nearby Element (e.g., Bubble Cursor)

Region Selection
Rubber-band or Lasso
Area Cursors (“Brushes”)
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Brushing and Linking
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Focus user attention on a subset of 
the data within one graph [from Wills 95]

Highlighting
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Brushing and Linking
Select (“brush”) a subset of data
See selected data in other views

The views must be linked
by tuple (matching data points), or
by query (matching range or values)
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Brushing Scatterplots

Brushing Scatterplots, Becker & Cleveland 1982
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Baseball statistics [from Wills 95]
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Baseball statistics [from Wills 95]

select high
salaries
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Baseball statistics [from Wills 95]

select high
salaries

avg career
HRs vs avg 
career hits
(batting ability)
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Baseball statistics [from Wills 95]

select high
salaries

avg career
HRs vs avg 
career hits
(batting ability)

how long
in majors
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Baseball statistics [from Wills 95]

select high
salaries

avg career
HRs vs avg 
career hits
(batting ability)

avg assists vs
avg putouts 
(fielding ability)

how long
in majors
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Baseball statistics [from Wills 95]

select high
salaries

avg career
HRs vs avg 
career hits
(batting ability)

avg assists vs
avg putouts 
(fielding ability)

how long
in majors

distribution
of positions
played
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Linking assists to positions 
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CrossFiltering
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Dynamic Queries
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Query and results
SELECT house
FROM east bay
WHERE price < 1,000,000 AND bedrooms > 2
ORDER BY price
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Issues
1. For programmers
2. Rigid syntax
3. Only shows exact matches
4. Too few or too many hits
5. No hint on how to reformulate the query
6. Slow question-answer loop
7. Results returned as table
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[Ahlberg and Schneiderman 92]

HomeFinder
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Direct manipulation
1. Visual representation of objects and actions
2. Rapid, incremental and reversible actions
3. Selection by pointing (not typing)
4. Immediate and continuous display of 

results
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