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RECAP

you have learned about

• visual channels and marks

• that their perceptual properties matter



RECAP



RECAP
DATA TYPES

ORDINAL (ranking)

NOMINAL (categorical)

QUANTITATIVE (numerical)
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OTHER VIEWS ON DATA TYPES
• 1D (linear) 

• Temporal

• 2D (maps)

• 3D

• nD (relational)

• Trees (hierarchies)

• Networks (graphs)

Shneiderman: The Eyes Have It

Past Future

vis examples later



ANOTHER VIEW



TODAY
How to turn something  like this … into a muti-dimensional data representation



SOME INSPIRING EXAMPLES















BACK TO THE BASICS



DATA TABLES -
TERMINOLOGY

index to look up values



WHAT COULD BE 
THE KEY HERE?



WHAT DATA TYPE IS 
SUITABLE FOR A KEY?



KEYS VS. VALUES
key attributes are also sometimes called:

• independent attribute

• dimension

value attributes are also sometimes called:

• dependent attribute

• measure



LEVELS
= unique values for a categorical or ordered attribute

CONFERENCE: 
InfoVis, Vis, SciVis, VAST

YEAR:
1990 – 2015

PAPER.TITLE:
>2500 different



ATTRIBUTES
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THE DATA CUBE

Country Year Child mortality Births per woman

Afghanistan 2014 68.1 4.8

Afghanistan 2013 69.9 5.1

France 2014 3.6 2.0

France 2013 3.6 2.0

USA 2014 5.7 5.9

USA 2013 1.9 1.9



Country Year Child mortality Births per woman

Afghanistan 2014 68.1 4.8

Afghanistan 2013 69.9 5.1

France 2014 3.6 2.0

France 2013 3.6 2.0

USA 2014 5.7 5.9

USA 2013 1.9 1.9

MULTI-ATTRIBUTE DATA –
OUR VIEW TODAY

n attributes

d items (data points)

n x d matrix



ARRANGING TABULAR DATA
In Space



WHY ARRANGING DATA



QUANTITATIVE VALUES



APPROACH

Let’s start with two attributes: 
country & income per person

Country Income per 
person

Afghanistan 850

France 29500

US 41000



1. FIND A LAYOUT

income per person

Afghanistan

France

US

$0 $200k

Country Income per 
person

Afghanistan 850

France 29500

US 41000



2. CHOOSE A VISUAL 
ENCODING & MARK

E.g. position + circle

income per personAfghanistan France US

$0 $200k



Female percentage of 
every team
Each dot represents 
one of 2,862 teams in 
DC and Marvel.



1. FIND A LAYOUT

income per personAfghanistan France US

$0 $200k

How do we extend this to 3 data attributes?

Country Income per 
person

Life 
expectancy

Afghanistan 850 57

France 29500 81

US 41000 78



1. FIND A LAYOUT

income per person

Afghanistan

France
US

$0 $200k

200 years

Country Income per 
person

Life 
expectancy

Afghanistan 850 57

France 29500 81

US 41000 78



SCATTERPLOTS

• two quantitative values

• horizontal and vertical spatial dimensions

• mark type = point



when marks are sized, the chart is often called a bubble chart or bubble plot





Why choose a scatterplot?

What can you show with them?



TASKS

• find trends

• find outliers

• show distribution

• show correlation

• locate clusters



how many items are reasonable to put on a 
scatterplot?



GLYPHS
marks can be replaced with 
glyphs

glyphs are themselves 
composed of multiple marks

http://rosuda.org/software/Gauguin/gauguin.html

https://engineering.purdue.edu/~elm/projects/gpuvis.ht
ml



GLYPHS
• Small composite visual 

representations of multi-
dimensional data points

• Characterized generally 
by lack of reference 
structures (grid lines, 
axes labels, …)

From Ward, 2002
A taxonomy of glyph placement strategies for multidimensional data visualization



EXAMPLE: CHERNOFF FACES
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Herman Chernoff, The Use of Faces to Represent Points in K-Dimensional Space Graphically, 1973.

http://links.jstor.org/sici?sici=0162-1459(197306)68:342<361:TUOFTR>2.0.CO;2-2


CHERNOFF FACES
• features of a human face 

encode data values (e.g. slant 
of eye brows, size of eyes, …)

• reasoning: humans are good 
at differentiating faces and 
reading face features

• problem: chernoff faces have 
generally been found not to 
be very effective



EXAMPLE: STAR GLYPHS

• Lay out dimension in radial fashion

• Draw each point as a ring

Afghanistan

life expectancy

income

children per woman

(not real data, here)



STAR GLYPHS

From: Ward  Multivariate Data Glyphs: Principles and
Practice. Handbook of Data Visualization (2008)



http://www.studioterp.nl/its-gettin-hot/



SHOW CATEGORICAL DATA
Using Regions: Separate, Order, and Align



CATEGORICAL VALUES

• spatial position is an ordered magnitude visual 
channel

• categorical attributes are unordered identities 
(no magnitude)

cannot be encoded with spatial position

• BUT: can be differentiated with a spatial region



REGIONS

• contiguous bounded areas

• distinct from one another

• need to be separated, ordered, and aligned 



LIST ALIGNMENT
ONE KEY



LIST ALIGNMENT

separate into regions by key

E.g. length + rectangle

income per personAfghanistan France US

$0 $200k

Ok, this is weird



ALIGN

income per person

Afghanistan

France

US

$0

$200k

align regions of key categorical values along one 
axis in a common frame



ORDER

income per person

Afghanistan

France
US

$0

$200k

• using a derived attribute such as alphabet 

• and/or using dependent data values



BAR CHARTS

income per person

Afghanistan

France
US

$0

$200k

DATA one quantitative value attribute, one categorical key attribute

ENCODE line marks, express value attribute with aligned vertical position (length), 
separate key attribute with horizontal position

TASK lookup and compare values

SCALE key attribute: dozens to hundreds of levels



https://pudding.cool/2017/03/incarceration/index.html



https://wattenberger.com/wdvp

Be careful with 3D bar charts. Only use them when you know what you are doing.



https://reimaginethegame.economist.com



ALTERNATIVE 
ALIGNMENT Stacked bar chart

• each bar is a composite glyph
• each bar part encodes a value
• composite glyphs arranged as 

a list according to primary key
• color used to distinguish 

secondary key
• typically used for absolute 

values (use a normalized 
stacked bar for proportions)https://www.ec.gc.ca/indicateurs-indicators/default.asp?lang=en&n=1BCD421B-1



STACKED BARS VS. 
NORMALIZED STACKED BARS



STACKED BARS
• ADVANTAGE

– can compare totals and 
lowest level well

• DISADVANTAGE

– upper levels of secondary 
key require comparison 
against non-aligned scale



STACKED BARS
DATA MD table; one quantitative value attribute, two categorical key attributes

ENCODE bar glyph: length-encoded subcomponents for each level of secondary key 
attribute
separate bars by category of primary key

TASK part-to-whole relationship, lookup values, find trends

SCALE key attribute (main axis): dozens to hundreds of levels
key attribute (stacked glyph axis): several to one dozen



http://www.benscott.co.uk/wdvp/



STREAMGRAPH

https://datavizcatalogue.com/methods/stream_graph.html



DATA MD table; one quantitative value attribute (e.g. counts), one ordered key 
attribute (e.g. time), one categorical key attribute (e.g. film)

DERIVE order of layers is derived from a quantitative attribute

ENCODE use derived geometry to show layers across time, layer height encodes 
count

SCALE key attributes (time, main axis): hundreds of time points
key attributes (short axis): dozens to hundreds





DOT CHART/PLOT

income per person

Afghanistan

France
US

$0

$200k

income per personAfghanistan France US

$0 $200k



https://informationisbeautiful.net/visualizations/who-old-are-you/



LINE CHART

augment with line connection marks

emphasize the ordering and show trends

should not be used with categorical keys

income per person

Afghanistan

France
US

$0

$200k

does this make sense?
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https://www.alyssafowers.com/portfolio/#/running-hot-and-cold/





ASPECT RATIO SELECTION



BANKING TO 45°

TO FACILITATE PERCEPTION OF TRENDS, 
MAXIMIZE THE DISCRIMINABILITY OF LINE 
SEGMENT ORIENTATIONS 

TWO SEGMENTS ARE MAXIMALLY DISCRIMINABLE WHEN THEIR AVG ABSOLUTE ANGLE IS 
45

OPTIMIZE THE ASPECT RATIO TO BANK TO 45

[Cleveland]



ASPECT RATIO = 1.17

ASPECT RATIO = 7.87



ALTERNATIVE METHODS

[TALBOT ET AL, 2011]

Practical advice:

CHOOSE AN ASPECT RATIO THAT 
EMPHASIZES THE IMPORTANT DETAILS 
FOR YOUR TASK



MATRIX ALIGNMENT
Two keys



https://ldld.samizdat.cc/2016/tag/catalog/



HEATMAP



HEATMAP

http://www.ra.cs.uni-tuebingen.de/software/RPPApipe/doc/documentation.htm



HEATMAP
DATA Table; two categorical key attributes, one quantitative value attribute

ENCODE 2D matrix alignment of area marks, e.g. with diverging color map

TASK find clusters, outliers; summarize

SCALE items: ~1 million (on 1000x1000px), categorical attribute levels: hundreds, 
quantitative attribute levels: 3-11



CLUSTERED HEATMAP

http://www.ra.cs.uni-tuebingen.de/software/RPPApipe/doc/documentation.htm



https://toyokeizai.net/sp/visual/tko/landprices3/en.htm
l



CLOROPLETH MAP

Uses heatmap idea



BACK TO OUR ORIGINAL 
EXAMPLE

now with 4 attributes

Country Income per 
person

Life 
expectancy

Children per
woman

Afghanistan 850 57 7.1

France 29500 81 1.9

US 41000 78 2.1



income per person

Afghanistan

France
US

$0 $200k

200 years

Suggestions?

Country Income per 
person

Life 
expectancy

Children per
woman

Afghanistan 850 57 7.1

France 29500 81 1.9

US 41000 78 2.1



ADD ANOTHER VISUAL ENCODING

income per person

Afghanistan

France
US

$0 $200k

200 years

+ circle area

Problem:
Does not scale well to more attributes



ADD ANOTHER VISUAL ENCODING

income per person

Afghanistan

France
US

$0 $200k

200 years

+ value

Problem:
Does not scale well to more attributes



ADD AN AXIS

income per person

Afghanistan
France

US

$0 $200k

200 years

Problems:
Occlusion, perspective distortion, does not scale
Not usually recommended



ADD AN AXIS 

income per person

Afghanistan

France US
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children per woman

Afghanistan

France US
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SCATTERPLOT MATRIX

This idea scales relatively well

Image Source: Wikipedia





SPATIAL AXIS ORIENTATION
An additional design choice



rectilinear parallel radial



parallel coordinates

income per person

Afghanistan

France US

lif
e 
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p
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n
cy

Back to our original example



Parallel Coordinates

income per person

Afghanistan

France
US

lif
e 
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p
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ta
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parallel coordinates

• show correlations 
between neighboring 
axes
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Original Example from Inselberg 1997



THE ORDER OF AXES MATTERS

Eurographics 2013, STAR Report
J. Heinrich, D. Weiskopf



REDUCE CLUTTER - HIGHLIGHT CLUSTERS

Revealing Structure within Clustered Parallel 
Coordinates Displays, InfoVis 2005

Lots of work on this. For example:



HOW TO DRAW THE LINES

Goal: avoid ambiguity

Eurographics 2013, STAR Report
J. Heinrich, D. Weiskopf



COMBINE WITH OTHER VISUALIZATION TECHNIQUES

Parallel Tag Clouds to Explore Faceted Text Corpora (Collins et al., VAST 2009)



THERE IS MUCH MORE ON THIS…
Start here if you want more information





RADIAL AXES



EXAMPLE: STAR PLOT

• = radial line chart



PIE CHARTS



POLAR AREA CHARTS



HOW DO PEOPLE READ 
PIE CHARTS?

https://eagereyes.org/blog/2016/an-illustrated-tour-of-the-pie-chart-study-results



HOW DO PEOPLE READ 
PIE CHARTS?

https://eagereyes.org/blog/2016/an-illustrated-tour-of-the-pie-chart-study-results



WHAT IT ONE DIMENSION IS TIME?



READINGS
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