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Visualization Techniques
(Chapter 3)

Data Mining
COIS 4400H / AMOD 5400H
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Outline

Visualizing single attributes
Visualizing a small number of attributes
Visualizing high-dimensional data
Examples
Tufte’s Principles of Graphic Excellence
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1-D (Univariate) Data
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Box plots
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Histogram
From National Institute of Diabetes and Digestive and Kidney Diseases: Pima Indian dataset 
Binary classes (tested positive or negative for diabetes) 
All 8 attributes are numeric-valued 
768 instances 

Pima Indian Diabetes data - blood pressure
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2-D (Bivariate) Data: Scatterplot

Shows relationship between pairs of variables

price

mileage



7

Scatterplot with 3rd dimension 
(BubblePlot)
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Scatterplot with 5 dimensions
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3-D Data (projection)

price
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Visualizing in 4+ Dimensions

Multiple Views
Scatterplot matrices
Trellis plots
Parallel Coordinates
Chernoff faces
Star plots
Stick Figures 
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Multiple Views

Give each variable its own display

A B C D E
1 4 1 8 3 5
2 6 3 4 2 1
3 5 7 2 4 3
4 2 6 3 1 5

A B C D E
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Example: Visualizing Iris Data

sepal 
length

sepal 
width

petal 
length

petal 
width 

5.1 3.5 1.4 0.2 

4.9 3 1.4 0.2 

... ... ... ... 

5.9 3 5.1 1.8 
 

 

Iris setosa

Iris versicolor

Iris virginica
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Individual Attributes for Iris Data
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Scatterplot Matrix

Represent each possible
pair of variables in their
own 2-D scatterplot 
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Scatterplot Matrix for Iris Data
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• uses multiple bivariate plots 
• a pair of variables is fixed, plots are then produced based on the values of one or 

more of the other variables
• trellis plots are like mega-plots: they can be produced with any kind of 

component graph (box plots, histograms, contour plots….)

Trellis plots
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Parallel Coordinates 
• Encode variables along a horizontal row
• Vertical line specifies values

Dataset in Cartesian coordinates

Same dataset in parallel coordinates

Invented by 
Alfred Inselberg 
while at IBM, 1985
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Parallel Coordinates 
Sepal 
Length

5.1

sepal 
length 

sepal 
width 

petal 
length 

petal 
width 

5.1 3.5 1.4 0.2 
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Parallel Coordinates: 2 D
Sepal 
Length

5.1

Sepal 
Width

3.5

sepal 
length 

sepal 
width 

petal 
length 

petal 
width 

5.1 3.5 1.4 0.2 
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Parallel Coordinates: 4 D
Sepal 
Length

5.1

Sepal 
Width

Petal 
length

Petal 
Width

3.5

sepal 
length 

sepal 
width 

petal 
length 

petal 
width 

5.1 3.5 1.4 0.2 
 

 

1.4 0.2
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5.1

3.5

1.4
0.2

Parallel Visualization of Iris data
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Parallel coordinates: Olive data
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Chernoff Faces
Encode values of different variables in characteristics
of human face

http://www.cs.uchicago.edu/~wiseman/chernoff/
http://hesketh.com/schampeo/projects/Faces/chernoff.html

Cute applets:
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Chernoff faces, example
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Star plots

• spokes represent variables
• length of spoke corresponds 

to value of variable

http://www.math.yorku.ca/SCS/Gallery/bright-ideas.html
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Stick Figures

• Two variables are mapped to X, Y axes
• Other variables are mapped to limb lengths and angles 
• Texture patterns can show data characteristics
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Stick figures
census data showing
age, income, sex,
education, etc.

Closed figures 
correspond to women 
and we can see more 
of them on the left.

Note also a young 
woman with high 
income
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Snow’s Cholera 
Map, 1855

(E. Tufte, “The Visual Display of Quantitative Information”, pg. 24)
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© www.odt.org , from  http://www.odt.org/Pictures/minard.jpg, used by permission
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Alternative view of Iris Data

(E.R. Tufte, “Envisioning Information”, pg. 15)
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Bad Visualization: 
Spreadsheet with misleading Y -axis

Year Sales
1999 2110
2000 2105
2001 2120
2002 2121
2003 2124

Sales

2095
2100
2105
2110
2115
2120
2125
2130

1999 2000 2001 2002 2003

Sales

Y-Axis scale gives impression of big change
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Better Visualization

Year Sale
s

1999 2110
2000 2105
2001 2120
2002 2121
2003 2124

Sales

0
500

1000
1500

2000
2500

3000

1999 2000 2001 2002 2003

Sales

Axis from 0 to 2000 scale gives 
correct impression of small change
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Lie Factor=14.8

(E.R. Tufte, “The Visual Display of Quantitative Information”, 2nd edition)
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Lie Factor


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Tufte requirement:  0.95<Lie Factor<1.05

(E.R. Tufte, “The Visual Display of Quantitative Information”, 2nd edition)
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37(E. Tufte, “The Visual Display of Quantitative Information”, pg. 55)
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Extracting graphs from images
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Sparklines: Word-Sized Graphics
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Re-designing box plots



46(E. Tufte, “The Visual Display of Quantitative Information”, pg. 48)

Phillips curve plots
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Bivariate rugplot
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Tufte’s Principles of 
Graphical Excellence

Give the viewer 
• the greatest number of ideas 
• in the shortest time 
• with the least ink in the smallest space

• maximize the proportion of a graphic’s ink devoted to the non-redundant 
display of data

• tell the truth about the data


