
2014-04-03

Multivariate visualization II
C. Andrews

Thursday, April 3, 14



Multivariate questions

Which items are most alike?

Which items are most exceptional?

How can these items be combined into logical groups based on 
similarity?

Few, “Now You See It”
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Scatterplot matrix

http://ericksondata.com/wp/2012/150-varieties-of-hops/
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http://bl.ocks.org/mbostock/4063663
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Trellis plot
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Small multiples

Heer et al., “A Tour Through the  Visualization Zoo”

Thursday, April 3, 14



Multidimensional scaling
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Dust & Magnet

Yi, Melton, Jacko, Stasko, “Dust & Magnet: Multivariate Information Visualization using a Magnet Metaphor”
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Parallel Coordinates in D3

http://bl.ocks.org/jasondavies/1341281
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http://davis.wpi.edu/xmdv/
http://davis.wpi.edu/xmdv/


Parallel Sets

Kosara et al. “Parallel sets: Interactive exploration and visual analysis of categorical data” 
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Aside: Simpson’s paradox
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Radar chart

...or
star plot
polar chart
spider chart
cobweb chart
web chart...

Wikimedia Commons
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http://en.wikipedia.org/wiki/Radar_chart
http://en.wikipedia.org/wiki/Radar_chart


Star Coordinates2. Star Coordinates 
Inselberg points out very appropriately that 

orthogonality uses up space rapidly [5]. On the other 
hand what orthogonality provides to the users, for 
example in two-dimensional scatter plots, is the ability 
to easily find exact data values for each point by simple 
projections over the coordinate axes. This task becomes 
more difficult in three dimensions. In fact on a static 2d 
projection of a 3d scatter plot, a data point may 
correspond to any data value parallel to the view axis. 
Only with the aid of interactive 3d transformations such 
as rotations and translations can users make sense of the 
data distribution. Star Coordinates in principle attempts 
to extends this idea to dimensions higher than 3. 

2.1. Basics 
The basic idea of Star Coordinates is to arrange the 

coordinate axes on a circle on a two-dimensional plane 
with equal (initially) angles between the axes with an 
origin at the center of the circle (Figure 1). Initially, all 
axes have the same length. Data points are scaled to the 
length of the axis, with the minimum mapping to the 
origin and the maximum to the other end of the axis. 
Unit vectors are calculated accordingly. 

The Star Coordinate (SC) system is basically a 
curvilinear coordinate system, which can be formally 
mapped to the Cartesian Coordinates (CC) by defining a 
two-dimensional point representing the origin 
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dimensional vectors 
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representing the axes. The mapping of a data element 
(Dj) from a dataset D to a point (Pj) in the two-
dimensional Cartesian Coordinates is determined by the 
sum of all unit vectors ( )yixii uuu ,=  on each coordinate 
multiplied by the value of the data element for that 
coordinate, as shown below: 
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This is simply an extension of typical 2d and 3d 
scatter-plots to higher dimensions with normalization. 
However, it introduces some ambiguity, as do 3-
dimensional visualizations. A single data point may 
correspond to a number of data values. The approach 
taken here is to provide operations on the visualization 
that will help users resolve these ambiguities as it is 
done in most 3-dimensional visualizations. Large 

scattered real datasets also decrease this ambiguity 
problem by the way data is distributed. Clusters or 
patterns in the datasets are preserved in the resultant 
visualization. In the following section some basic 
operations that increase users’ data understanding are 
described.  

 C1 

C2 

C3 

C4 C5 

C6 

C7 

C8 

P 

dj1 
dj2 dj3 

dj4 

dj5 

dj7 
dj6 dj8 

 

Figure 1. Calculation of data point location 
for an 8-dimensional  dataset. 
2.2. Operations  

Users can apply a number of transformation and 
selection operations on the visualization. The set of 
transformations is currently limited to single- and multi-
axis scaling and rotation.  

Scaling transformations allow users to change the 
length of an axis, thus increasing or decreasing the 
contribution of a particular data column on the resultant 
visualization. This makes it a natural interaction to 
collapsing and expanding hierarchical clusters. To scale 
users simply pick the end point of an axis and push or 
pull towards or away from the origin. The data values 
are remapped to the new axis length.  

Rotation transformations change the direction of the 
unit vector of an axis, thus making a particular data 
column more or less correlated with the other columns. 
To rotate, users pick the axis from any point on it and 
drag to set the new direction to be the vector from the 
origin to the drag point. Rotation changes only the 
direction of the unit vector. Both rotation and scaling 
can be applied on multiple selected axes to examine the 
combined effects of multiple columns at once. 

Users can also query data values of a particular data 
point by moving the mouse over the point, which 
displays all corresponding data values. Users can mark 
data points by either selecting individual ones or by 
selecting all in a rectangular area. Marked data points 
are painted in a different color making them easier to 
follow when new transformations are applied thereafter. 
This is a useful operation for examining how clusters 
are redistributed under new parameters as a result of the 
transformations.  

Users can also select value ranges on one or more 
axes and mark the corresponding data points in the 
visualization. This operation allows users to understand 
how particular factors play a role in the distribution of 
data.  

3. Applications 
Star Coordinates has been evaluated on a number of 

real datasets. It has been found to be particularly useful 
in gaining insight into hierarchically clustered datasets. 
Figure 2 shows an example dataset that contains car 
specs (e.g. mpg, cylinders, weight, acceleration, 
displacement, origin, horsepower, year, etc.) on 
approximately 400 cars manufactured world-wide.  
After playing (scaling, rotating, turning off some 
coordinates) for a while with the “cars” dataset the user 
easily discovers that there are 4 major clusters in the 
data as shown in the top of the figure. 

Figure 2. Cluster analysis on car specs.  
Scaling the “origin” coordinate moves only the top 

two clusters, which indicates that these clusters 
represent the origin of the cars, specifically European 
and Japanese cars. Down-scaling the origin further 
reveals that these two clusters join one of the other 
clusters (American-made cars of similar specs.) forming 
a new cluster, which can be identified as low weight, 
low displacement, high acceleration cars. The remaining 
cluster thus represents American-made heavy, low 

acceleration, high displacement cars. Within few 
minutes users can identify how the data is clustered and 
gain an understanding of the basic characteristics of 
these clusters. 

 

 

 
Figure 3. Multi-factor analysis on city 
criteria. 

Another application where Star Coordinates proved 
useful is multi-factor analysis for decision-making. The 
example in this case is the “places” dataset, which 
contains ratings of major American cities with regards 
to a number of criteria such as climate, transportation, 
housing, education, arts, recreation, crime, health-care, 
and economics. The user arranges the coordinates in 
such a way that the coordinates for important desirable 
factors are pulled together in one direction and negative 
factors in the opposite direction. In the example in 
Figure 3, recreation, arts, education are grouped together 
with about the same importance (i.e. scaling factor). 
Climate is given special attention by increasing its 
scaling factor, yet it is made almost perpendicular to the 
other factors. This makes it easier to distinguish points 
with regards to the effect of the climate. Crime on the 
other hand is arranged so that it points almost in the 

Kandogan, “Star Coordinates: A Multi-dimensional Visualization Technique with Uniform Treatment of Dimensions”
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Heatmap

policeanalyst.com
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http://policeanalyst.com/creating-heat-maps-from-excel-pivot-tables-with-conditional-formatting/
http://policeanalyst.com/creating-heat-maps-from-excel-pivot-tables-with-conditional-formatting/


Heatmap
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Table Lens

Rao and Card, “The Table Lens: merging Graphical and Symbolic Representations 
in and Interactive Focus + Context Visualization for Tabular Information”
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Table Lens

Rao and Card, “The Table Lens: merging Graphical and Symbolic Representations 
in and Interactive Focus + Context Visualization for Tabular Information”

Rao, Card, Color Plate 1

Rao, Card, Color Plate 2

6
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Table Lens

https://www.youtube.com/watch?v=qWqTrRAC52U
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Chernoff Faces

Each attribute of the 
face can be mapped 
to a data value.
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Chernoff Faces

Chernoff, “The Use of Faces to Represent Points in K-Dimensional Space Graphically”
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Fossil data
inner diameter of embryonic chamber
total number of whorls
number of chambers in first whorl
number of chambers in last whorl
maximum height of chambers in first whorl
maximum height of chambers in last whorl
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Yau, “Flowing Data”
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Stars
These are essentially star charts with the axes snipped at the variable’s 
value.

Yau, “Flowing Data”
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Stars

Yau, “Flowing Data”
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Dense pixel displays

Concept: Condense values down to single pixel and then create a 
filled shape to represent a dimension of the data

It’s Hammer Time!
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c. Grouping Arrangement

Figure 6: Eight-dim. data displayed with the three different Visualization Methods (1000 Data Items)

a. Basic Visualization Technique
b. 2D-ArrangementKeim, “Designing Pixel-Oriented Visualization Techniques: Theory and Applications”
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20 years of daily stock data for 50 stocks
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Dense pixel displays
20 years of daily stock data for 50 stocks
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Pixel bar charts
Concept: Fill in bar charts with information about individual elements
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Height encoding Width encoding

Step one: Make more room by switching to width encoding
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Pixel bar charts
Concept: Fill in bar charts with information about individual elements

Step two: Color each pixel based on some attribute of the data point
Order the pixels to show patterns
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Each pixel is a customer
Color is amount spent by that   

customer
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Pixel bar charts
Concept: Fill in bar charts with information about individual elements

Step three: Extend this by making it a 2D space
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Pixel bar charts
Concept: Fill in bar charts with information about individual elements
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Color
(a) dollar amount spent
(b) number of visits
(c) sales quantity

Ordering
y-axis  dollar amount spent
x-axis number of visits
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Linked views

Improvise
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http://www.cs.ou.edu/~weaver/improvise/index.html
http://www.cs.ou.edu/~weaver/improvise/index.html


http://stats.oecd.org/OECDregionalstatistics/

Linked views
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http://stats.oecd.org/OECDregionalstatistics/
http://stats.oecd.org/OECDregionalstatistics/


Dynamic Queries

http://indexity.net/vis/hw/
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http://www.nytimes.com/interactive/2012/11/02/us/politics/paths-to-the-white-house.html?_r=0
http://www.nytimes.com/interactive/2012/11/02/us/politics/paths-to-the-white-house.html?_r=0


Multivariate questions

Which items are most alike?

Which items are most exceptional?

How can these items be combined into logical groups based on 
similarity?

Few, “Now You See It”

Thursday, April 3, 14
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