
Multi-Dimensional  
Data Visualization 

Slides courtesy of Chris North 



• What is the Cleveland’s ranking for quantitative 
data among the visual variables: 

– Angle, area, length, position, color  



Where are we? 
! Tabular   (multi-dimensional) 

"  Spatial & Temporal  
"  1D / 2D 
"  3D 

"  Networks 
" Trees 
" Graphs 

"  Text & Documents 

# Fundamentals / Eval 
"  Navigation strategies 
"  Overview strategies 
"  Interaction techniques 

"  Design 
"  Development 
"  Evaluation 



The Simple Stuff 
• Univariate 
•  Bivariate 
•  Trivariate  



Univariate 
• Dot plot 
•  Bar chart  (item vs. attribute) 
•  Tukey box plot 
• Histogram  



Bivariate 
•  Scatterplot 
•    



Trivariate 
•  3D scatterplot, spin plot 
•  2D plot + size (or color…) 



Multi-Dimensional Data 
•  Each attribute defines a dimension 
•  Small # of dimensions easy 

• Data mapping, Cleveland’s rules 

• What about  
many dimensional  
data?    n-D 

What does 10-D  
space look like? 



Map n-D space onto 2-D screen 
•  Visual representations: 

– Complex glyphs 
–  E.g. star glyphs, faces, embedded visualization, … 

– Multiple views 
–  E.g. plot matrices, brushing histograms, Spotfire, … 

– Non-orthogonal axes 
–  E.g. Parallel coords, star coords, … 

– Tabular layout 
–  E.g. TableLens, … 

•  Interactions: 
– Dynamic Queries 
– Brushing & Linking 
– Selecting for details, … 



Glyphs:  Chernoff Faces 
•  10 Parameters: 

• Head Eccentricity  
• Eye Eccentricity  
• Pupil Size  
• Eyebrow Slope  
• Nose Size  
• Mouth Vertical Offset  
• Eye Spacing  
• Eye Size  
• Mouth Width  
• Mouth Openness  

•  http://hesketh.com/schampeo/projects/Faces/chernoff.html 



Glyphs:  Stars 
d1 

d2 

d3 

d4 d5 

d6 

d7 

http://hal.inria.fr/docs/00/78/15/04/
PDF/Fuchs_2013_EOA.pdf 



Multiple Views with 
Brushing-and-linking 

Robert Kosara: brush and linking, Parallel Coordinates:  
http://vimeo.com/13437693 



Scatterplot Matrix 
• All pairs  

of attributes 
•  Brushing  

and linking 

•  http://noppa5.pc.helsinki.fi/koe/3d3.html 



… on steroids 



Different Arrangements of Axes 
• Axes are good  

– Lays out all points in a single space 
– “position” is 1st in Cleveland’s rules 
– Uniform treatment of dimensions 

•  Space > 3D ? 

• Must trash  
orthogonality 



Parallel Coordinates 

•  Inselberg, “Multidimensional detective”  
(parallel coordinates) 

•    



Parallel Coordinates 
•  Forget about Cartesian orthogonal axes 
•  (0,1,-1,2)= 
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Star Plot 
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Parallel Coordinates with axes arranged radially 



Star Coordinates 

• Kandogan, “Star Coordinates” 
•    



Star Coordinates 
 Cartesian    Star Coordinates 
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Mapping: 
•  Items → dots 
•  Σ attribute vectors → (x,y) 



Analysis 



Table Lens 
•  Rao, “Table Lens” 

•    

http://www.ramanarao.com/papers/
tablelens-chi94.pdf 



FOCUS / InfoZoom 
•  Spenke, “FOCUS” 

• Finding correlations between the measurements and the 
occurrence of a thrombosis  



VisDB & Pixel Bar Charts 
• Keim, “VisDB” 

•     





Comparison of Techniques 



Comparison of Techniques 
•  ParCood:  <1000 items, <20 attrs 

» Relate between adjacent attr pairs 

•  StarCoord:  <1,000,000 items, <20 attrs 
»  Interaction intensive 

•  TableLens:  similar to par-coords 
» more items with aggregation 
» Relate 1:m attrs (sorting),  short learn time 

• Visdb:  100,000 items with 10 attrs 
»  Items*attrs = screenspace,  long learn time,  must query 

•  Spotfire :  <1,000,000 items, <10 attrs (DQ many) 
» Filtering,  short learn time 



Scaling up further 
•  Beyond 20 dimensions? 

1.  Interaction 
•  E.g. Offload some dims to Dynamic Query sliders, … 

2.  Reduce dimensionality of the data 
•  E.g. Multi-dimensional scaling (MDS)   …later 

3.  Visualize features of the dimensions, instead of 
the data 

•  E.g. rank-by-feature 

•  Tableau 



Rank-by-Feature 
•  Seo, et al. 



Combining multiple data types 
• Multi-Dimensional: 
•  PathBubbles: UMBC 



Exercise 
• Demographics data: 

– Multi-Dimensional attributes 
(multiple measures over time) 

– Geospatial map 

•  Static visual representation, no interaction 
(must visually relate all attributes to geospatial) 

• Design choices? 



Your solutions 



1. Small Multiples 

1976 

Multiple views:  1 or more attribute / map 

Scalability issues: perception | display 



2. Embedded Visualizations 
Complex glyphs:  For each location, show vis of all attributes 



2D vs. 3D 



3. 2D vs. 3D 

Occlusion 
shadow changes the colors? 
 Chart junk 
Patterns -> area;  
perspectives 



2D vs. 3D: text? 
•  Texts? 

•  Feiner, Augmented reality 



Mental modal vs. Features 

VIS externalization media 



Stereo, tracking, larger FOV? 
http://www.youtube.com/watch?v=I1x4-g6wbtU#t=29 

Linsen group, the effect of stereoscopic immersive environment on projection-based 
multi-dimensional data visualization. IV 2013.  

Tasks: 1. count the cluster; 2/3. find closest cluster to a specific point/cluster; 4. detect 
the densest cluster; 5. find the most distant cluster pair; 6. count the outliers; 7. find the 
closest cluster to select group of points; 8. name all of the pairs of overlapping clusters 



Time series 
•  Van wijk and van Selow 99,  

•  # of people inside and amount of power used over the 
course of each day for one full year.  







2.5D 
•  Petra Isenberg, Hybrid-image vis (2013) 

•  Today: Alex Garbarino (pathway analysis) 



2.5D 
•  Seokhee Hong 



Multi-Dimensional 
Functions 



Multi-Dimensional Functions 

•  y = f(x1, x2, x3, …, xn) 
•  Continuous: 

• E.g.  y = x1
3 + 2x2

2 - 9x3 

• Discrete: 
• xi are uniformly sampled in a bounded region 
• E.g.  xi = [0,1,2,…,100] 
• E.g.  measured density in a 3D material under range of 

pressures and room temperatures. 



Variables 
•  Independent variables 
• Dependent variables 



Relations vs. Functions 
•  Relations: 

• R(A, B, C, D, E, F) 
• All dependent variables (1 ind.var.?) 
• Sparse points in multi-d dep.var. space 

•  Functions: well behaved relations 
• R(A, B, C, D, E, F, Y)  :   Y=f(A, B, C, D, E, F) 
• Many independent variables 
• Defined at every point in multi-d ind.var. space (“onto”) 
• Huge scale:  6D with 10 samples/D = 1,000,000 data points 



Relation or function? 

Function 

Function 

Relation 

Neither Function nor Relation? 



Multi-D Relation Visualizations… 
• Don’t work well for  

multi-D functions 

•  Example: 
• Parallel coords 
• 5D func sampled on  

1-9 for all ind.vars. 



•  Typically want to  
encode ind.vars.  
as spatial attrs 



1-D:  Easy 
•  b = f(a) 

•  a → x 
•  b → y 

a 

b 



2-D:  Easy 
•  c = f(a, b) 

• Height field: 
•  a → x 
•  b → y 
•  c → z b 

a 

c 



2-D:  Easy 
•  c = f(a, b) 

• Heat map: 
•  a → x 
•  b → y 
•  c → color 

b 

a 

c 



3-D:  Hard 
•  d = f(a, b, c) 

•  Color volume:  
•  a → x 
•  b → y 
•  c → z 
•  d → color 

• What’s inside? 

a 

b 

c 



≥4D:  Really Hard 
•  y = f(x1, x2, x3, x4, …, xn) 
• What does a 5D space look like? 

• Approaches: 
• Positioning: Recursive pattern (Keim) 
• Scalable aggregation: imMens (Liu) 
• Nested coordinate frames  (Worlds within Worlds) 
• Slicing  (HyperSlice) 
• Radial Focus+Context (PolarEyez, Sanjini) 

– What we talked about before: filtering | overview  



Position on paper 
• Keim, Recursive pattern: a technique for 

visualization very large amounts of data 



•  Liu, Jiang and Heer, imMens: Real-time visual querying of big data 
–  ‘big’: one million or more data cases 
–  Bin: adjacent intervals over a continuous range 
–  Scalability issues: perception | interaction. 
–  Novelty: scalability should be limited by the chosen resolution of the 

visualized data, not the number of records.  

Aggregation: Binned plots 





Hierarchical Axes 
•  1D view of 3D function:                 (Mihalisin et al.) 

f(x1, x2, x3) 

x3 

x2 

x1 



 as in TableLens 

5D 
9 samp/D 





•  5D 
9 sample/D 



Nested Coordinate Frames 
•  Feiner, “Worlds within Worlds” 

•    



Slicing 
• Van Wijk, “HyperSlice” 

•    



Slicing 



Radial Focus+Context 
•  Jayaraman, “PolarEyez” 

•  infovis.cs.vt.edu 
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Comparison 
• Hierarchical axes (Mihalisin):    

•    

• Nested coordinate frames (Worlds in Worlds) 
•    

•  Slicing  (HyperSlice):    
•    

•  Radial Focus+Context (PolarEyez) 
•    



Comparison 
• Hierarchical axes (Mihalisin):    

• < 6d by 10 samples, ALL slices, view 2d at a time 

• Nested coordinate frames (Worlds in Worlds) 
• < 5-8d, continuous, no overview, 3d hardware 

•  Slicing  (HyperSlice):    
• < 10d  by 100 samples, 2d slices 

•  Radial Focus+Context (PolarEyez) 
• < 10d by 1000 samples, overview, all D uniform, rays 



Review (9/17) 



Review (9/17) 
• Many ways to look at tables; multi-D data; what 

are they? 
– Glyph (face; star glyphs; ) 
– Coordinates (star coordinates; parallel coordinates) 
– Table lens 



Upcoming (9/17) 
• Homework 2 (out tonight, due 9/29) 
•  Proposal due (10/20) 

– Title of your final report (begin with the title of the 
project first) 

– Meeting with the client / advisors 
– Data abstraction 
– Task abstraction 
– Initial design 
Mandatory: talk to Jian about your project topic next 

Monday / Wednesday after class 2:30-3:30pm. You 
MUST have a client.  


