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What happens when we have a high number of 
dimensions?

And that was just to represent a low number 
of dimensions
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Visual Exploration of Large Structured Datasets. Wills. Proc. New Techniques and Trends in 
Statistics (NTTS), pp. 237–246. IOS Press, 1995.

Linked Plots

Multidimensional Visualization



When one visualization won’t cut it…
Multidimensional Visualization



With dc.js, crossfilter, and d3.js
Multidimensional Visualization
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With dc.js, crossfilter, and d3.js
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My Tutorial on Creating Dashboard Visualizations
https://thor-project.github.io/dashboard-tutorial/
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Parallel Coordinate Plots

Positive Correlation Negative (inverse) Correlation No Correlation

Multidimensional Visualization



Lets take an example where we have many variables to display... 
Each user is represented by a circle

user a

user z

user a

user z

2 Dimensions 3 Dimensions
Size indicates number of logins per day

Parallel Coordinate Plots



As we get to higher levels of dimensions, we’ll have problems. Our choice of visual encoding will affect the visual 
availability of each dimension to the user. 

4 Dimensions
Color indicates users department

5 Dimensions
Transparency indicates consistency in logins

user a

user z

user a

user z

Parallel Coordinate Plots



Parallel coordinates are a visualization technique employed when a large number of dimensions need to be displayed 
(often without a temporal element) and where each of those dimensions can be equally important in the decision 
making process.

Not so easy to spotEasy to see

In the scatter plots here, it’s easy to see correlation between downloads and uploads, 
but with the other dimensions that’s difficult.



Positive Correlation Negative (inverse) Correlation No Correlation

Parallel Coordinate Plots



2 Dimensions 
Uploads 
Downloads

Parallel Coordinate Plots



2 Dimensions 
Uploads 
Downloads

1 User

Parallel Coordinate Plots



2 Variables 
Uploads 
Downloads

11 Users

Parallel Coordinate Plots



2 Dimensions 
Uploads 
Downloads

11 Users

user a

user z

Parallel Coordinate Plots



3 Dimensions 
Uploads 
Downloads 
Logins per day 

11 Users

Parallel Coordinate Plots



4 Dimensions 
Uploads 
Downloads 
Logins per day 
Std. deviation in logins per day

11 Users

2

-2

Parallel Coordinate Plots



5 Dimensions 
Uploads 
Downloads 
Logins per day 
Std. deviation in logins per day 
Department

11 Users We use color for department since it’s categorical information.

2

-2

We can keep adding more parallel lines, and comfortably have 
around 20 dimensions for many users displayed at once. 

Parallel Coordinate Plots



Clustering Outlier DetectionCorrelation Distribution

Parallel coordinates provide an efficient way to visualize many variables, along with 
their associated clusters, anomalies, value distributions and correlations. 

Parallel Coordinate Plots
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• static item aggregation 

• task: find distribution 

• data: table 

• derived data 

– 4 quantitative attributes 
• median: central line 
• lower and upper quartile: 

boxes 
• lower upper fences: 

whiskers 

– outliers beyond fence cutoffs 
explicitly shown

pod, and the rug plot looks like the seeds within. Kampstra (2008) also suggests a way of comparing two

groups more easily: use the left and right sides of the bean to display different distributions. A related idea

is the raindrop plot (Barrowman and Myers, 2003), but its focus is on the display of error distributions from

complex models.

Figure 4 demonstrates these density boxplots applied to 100 numbers drawn from each of four distribu-

tions with mean 0 and standard deviation 1: a standard normal, a skew-right distribution (Johnson distri-

bution with skewness 2.2 and kurtosis 13), a leptikurtic distribution (Johnson distribution with skewness 0

and kurtosis 20) and a bimodal distribution (two normals with mean -0.95 and 0.95 and standard devia-

tion 0.31). Richer displays of density make it much easier to see important variations in the distribution:

multi-modality is particularly important, and yet completely invisible with the boxplot.
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Figure 4: From left to right: box plot, vase plot, violin plot and bean plot. Within each plot, the distributions from left to

right are: standard normal (n), right-skewed (s), leptikurtic (k), and bimodal (mm). A normal kernel and bandwidth of

0.2 are used in all plots for all groups.

A more sophisticated display is the sectioned density plot (Cohen and Cohen, 2006), which uses both

colour and space to stack a density estimate into a smaller area, hopefully without losing any information

(not formally verified with a perceptual study). The sectioned density plot is similar in spirit to horizon

graphs for time series (Reijner, 2008), which have been found to be just as readable as regular line graphs

despite taking up much less space (Heer et al., 2009). The density strips of Jackson (2008) provide a similar

compact display that uses colour instead of width to display density. These methods are shown in Figure 5.
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Multidimensional Visualization



A Simple Example | Student Test Results

Multidimensional Visualization

Math

Physics

English

Religion

Math Physics English Religion

Table Scatter Plot Matrix

Math Physics English Religion

85
90
65
50
40

95
80
50
40
60

71
60
90
95
80

65
50
90
80
90
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Math Physics English Religion

85
90
65
50
40

95
80
50
40
60

71
60
90
95
80

65
50
90
80
90

Table Parallel Coordinates

Math Physics English Religion

100
90
80
70
60
50 
40
30
20
10

0     

A Simple Example | Student Test Results

Multidimensional Visualization
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Math Physics English Religion

85
90
65
50
40
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40
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71
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50
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80
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Table Glyph

A Simple Example | Student Test Results

Multidimensional Visualization

Math
Physics

English
Religion
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Math Physics English Religion
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Table Glyph

A Simple Example | Student Test Results

Multidimensional Visualization

Math
Physics

English
Religion

Teacher

Arrange Spatially



What about topological data?



Graphs/Networks



Graphs/Networks

Cerebral: Visualizing Multiple Experimental Conditions on a Graph with Biological Context. Barsky, Munzner, 
Gardy, and Kincaid. IEEE TVCG (Proc. InfoVis) 14(6):1253-1260, 2008.]

http://www.cs.ubc.ca/labs/imager/tr/2008/cerebral/
http://www.cs.ubc.ca/~barskya
http://www.cs.ubc.ca/~tmm
http://www.cmdr.ubc.ca/~jennifer/
http://rkincaid.net/


Graphs/Networks

https://cambridge-intelligence.com

https://cambridge-intelligence.com


Graphs/Networks

https://cambridge-intelligence.com

https://cambridge-intelligence.com


Graphs/Networks
Matrix Representations

https://bost.ocks.org/mike/miserables/



Graphs/Networks
Hive Plots

http://jsfiddle.net/7a7b5dwp/



Graphs/Networks
Hive Plots

http://jsfiddle.net/7a7b5dwp/ http://jsfiddle.net/eamonnmag/vso70qnr/



Trees

Cut Level 0.3 4 Clusters

View as treemapDendrogram Search



• split by 
neighbourhood 

• then by type  

• colour by price 

• neighbourhood 
patterns 
– where it’s expensive 

– where you pay much 
more for detached 
type

35

Configuring Hierarchical Layouts to Address Research Questions. Slingsby, Dykes, and Wood.  IEEE Transactions on 
Visualization and Computer Graphics (Proc. InfoVis 2009) 15:6 (2009), 977–984.

Treemaps Partitioning



• switch order of splits 

– type then 
neighbourhood 

• switch colour 

– by price variation  

• type patterns 

– within specific 
type, which 
neighbourhoods 
are inconsistent
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Configuring Hierarchical Layouts to Address Research Questions. Slingsby, Dykes, and Wood.  IEEE Transactions on 
Visualization and Computer Graphics (Proc. InfoVis 2009) 15:6 (2009), 977–984.

Treemaps Partitioning



Validation & User Testing
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Validating your visualisation…
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Validating your visualisation…

Domain situation
Observe target users using existing tools

Visual encoding/interaction idiom
Justify design with respect to alternatives

Algorithm
Measure system time/memory
Analyze computational complexity

Observe target users after deployment ( )

Measure adoption

Analyze results qualitatively
Measure human time with lab experiment (lab study)

Data/task abstraction
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“Visualization can surprise you, but doesn't scale well. 
Modelling scales well, but can't surprise you.”

 Hadley Wickham

The elephant in the room… scaling up
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One of the biggest challenges in HEP, Biology, chemistry, 
and business is scale. 

Our screens have a limited number of pixels. And our data 
is often much larger. 

You can do two things to get around this.

The elephant in the room… scaling up
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GPU usage and 
WebGL

Not yet compatible across all 
browsers, and not everyone 

has a dedicated GPU.

Reduce the 
problem space

Try and get users to focus 
queries as soon as possible 
to reduce the amount of 

data to be visualised.

As done in imMens from 
Jeffrey Heer’s lab in 

Washington. Renders billions 
of data points at 50 fps in 

the browser.

Provide ways to aggregate 
information in to meaningful 

overview visualisations…

Solutions
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Munzner.  A K Peters Visualization Series, CRC Press,  Visualization Series, 2014.
Visualization Analysis and Design.

More??
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http://antarctic-design.co.uk/biovis-workshop15/

Tutorial on D3

Tutorial on Dashboard Visualizations
https://thor-project.github.io/dashboard-tutorial/

Visualization Survey Sites
Set Visualization - http://www.cvast.tuwien.ac.at/SetViz

Time Series Visualization - http://survey.timeviz.net/

Parallel Coordinates Visualization

Periodic Table of Visualizations

Data Vis Catalogue

Further Links

http://www.cvast.tuwien.ac.at/SetViz
https://pdfs.semanticscholar.org/b85c/cac3e7c217416263edcc6c55db508b5c4c0d.pdf
http://www.visual-literacy.org/periodic_table/periodic_table.html#
http://www.datavizcatalogue.com/


Eamonn Maguire 
CERN 

Data Visualization and suggestions for CMS 
CERN 

August 25th 2016

Questions 

@antarcticdesign 
eamonnmag@gmail.com

mailto:eamonnmag@gmail.com

