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Information Visualization

• “The ability to take data—to be able to understand it, to process it, to extract 
value from it, to visualize it, to communicate it—that’s going to be a hugely 
important skill in the next decades, ... because now we really do have 
essentially free and ubiquitous data. So the complimentary scarce factor is 
the ability to understand that data and extract value from it.”  
       
     Hal Varian (Google’s Chief Economist), The McKinsey Quarterly, Jan 2009 


• Goal: Use human perceptual capabilities to gain insights into  
large data sets that are difficult to extract using standard query languages.



What Does Information Visualization Really Do?

• Exploratory Visualization: 

• Look for structure, patterns, trends, anomalies, relationships


• Provide a quantitative overview of large, complex data sets


• Assist in identifying region(s) of interest and appropriate 
parameters for more focused quantitative analysis 



Visualization Amplifies Cognition

• Increased resources 

• Parallel perceptual processing


• Offload cognitive work to the perceptual system


• Reduced Search 

• High data density


• Greater access speed


• Enhanced Recognition of Patterns 

• Recognition instead of recall


• Abstraction and aggregation


• Perceptual Inference 


• Perceptual Monitoring via interactive medium

Cognition

Perception



Minard’s view of Napoleon’s War

*Drawn by Minard in 1869.



Minard’s Cattle Distribution (1858)
Cattle sent from all  
around France for 
consumption in Paris



Minard’s Emigrants

Immigration around 
the world



Shneiderman's Mantra

• “A Grander Goal: A Thousand-fold 
Increase In Human Capabilities” by 
Ben Shneiderman, 1997:


• “These principles are embodied 
in the Macintosh and later 
graphical user interfaces, air 
traffic control, video games, and 
other successful products. 
 
The Visual Information Seeking 
mantra extends these principles 
to database browsing: 
Overview first, zoom and filter, 
then details-on-demand 
Overview first, zoom and filter, 
then details-on-demand 
Overview first, zoom and filter, 
then details-on-demand”



Google’s View of the “The Evolution of the Web”

http://evolutionoftheweb.com

http://evolutionoftheweb.com


Where is Visualization Today?

• Abundance of Data and Software:
Visualization Software

D3: Data-Driven Documents
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Information Visualization Toolbox

Position 

Size 

Orientation 

Texture 

Shape 

Color 

Shading 

Depth Cues 

Surface 

Motion 

Stereo 

Proximity 

Similarity 

Continuity 

Connectedness 

Closure 

Containment 

Direct Manipulation 

Immediate Feedback 

Linked Displays 

Animate Shift of Focus 

Dynamic Sliders 

Semantic Zoom 

Focus+Context 

Details-on-Demand 

Output ! Input 

Maximize Data-Ink Ratio 

Maximize Data Density 

Minimize Lie factor 

Perceptual Coding Interaction 

Information Density 

• Some important components: 

• Color


• Size


• Maps


• Interaction


• Animation


• Graphs/Trees/Networks


• Text Visualization



What are Some Common Modern Methods?

• Classical data visualization focuses on comparisons, distributions, 
temporal data, discrete data:


• Pie charts, 


• histograms, 


• line graphs, 


• multi-column graphs


• scatter plots


• … 





What are Some Common Modern Methods?

• Modern data visualizing have been trying to deal with:


• 2D area, space 


• Complex temporal understanding 


• Multi-dimensional continuous data


• Hierarchical data


• Networks



2D Area: Choropleth

U.S. presidential election map 
by county

A choropleth is a map with areas patterned or shaded to represent 
the measurement of a statistical variable, such as most visited 
website per country or population density by state.



2D Area: Cartogram

Population weighed  
U.S. presidential election map

A cartogram distorts the geometry or space of a map to convey the 
information of an alternative variable, such as population or travel 
time. The two main types are area and distance cartograms. 



2D Area: Dot Distribution Map

Chicago’s racial and  
ethnic divide

A dot distribution or dot density map uses a dot 
symbol to show the presence of a feature on a map, 
relying on visual scatter to show spatial pattern



Temporal: Connected Scatter Plot

Life Expectancy and 
Fertility Rate

A connected scatter plot is a scatter plot, a plot 
that displays values of two variables for a set of data, 
with an added line that connects the data series



Temporal: Time Series

Average traffic speeds on  
Masonic Avenue, San Francisco

A time series is a sequence of data points typically consisting of 
successive measurements made over a time interval, such as the 
number of website visits over a period of several months.



Hierarchical: Dendrogram
A dendrogram is a tree diagram used to illustrate an arrangement 
of clusters produced by hierarchical clustering



Hierarchical: Ring Chart
A ring chart or sunburst chart is a multilevel pie chart that 
visualizes hierarchical data with concentric circles

Life



Network: Alluvial Diagram
An alluvial diagram is a type of flow diagram that represents 
changes in network structure over time

Change in citation networks
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FIG. 1 Significance clustering of networks. The standard ap-
proach to cluster networks is to minimize an objective func-
tion over possible partitions of the network, as in the left side
of the diagram. By repeated resampling of the weighted links
from the original network, we create a “bootstrap world” of
resampled networks. By clustering these as well, and compar-
ing to the clustering of the original network, we can estimate
the degree of support that the data provide in assigning each
node to a cluster. In the bottom network, the darker nodes
are clustered together in at least 95% of the 1000 bootstrap
networks.

law, molecular biology or medicine. In 2001, 102 neu-
roscience journals, lead by the Journal of Neuroscience,
Neuron, and Nature Neuroscience, are assigned with sta-
tistical significance to the field of molecular and cell biol-
ogy (dark orange, 84 of 102 journals are assigned signifi-
cantly). Further, Brain, Behavior, and Immunity, Jour-
nal of Geriatric Psychiatry and Neurology, Psychophys-
iology, and 33 other journals appear with statistical in-
significance in psychology (green, 6 of 36 journals are
assigned significantly) and Neurology, Annals of Neurol-

ogy, Stroke and 77 other journals appear with statistical

Time 1 Time 2

Real world networks

Significance clusters

Change over time

Time 1 Time 2

Mapping

change

Significance

clustering

FIG. 2 Mapping change in networks. An alluvial diagram
(bottom), with clusters ordered by size, reveals changes in
network structures over time. Here the height of each block
represents the volume of flow through the cluster, with signif-
icant subsets in darker color. The orange module merges with
the red module, but the nodes are not clustered together in
95% of the bootstrap networks. The blue module splits, but
the significant nodes in the blue and purple modules are clus-
tered together in more than 5% of the bootstrap networks.
With a 5% significance threshold, neither change is signifi-
cant.

significance in neurology (blue, 75 of 80 journals are as-
signed significantly). In 2003, many of these journals re-
main in molecular and cell biology, but their assignment
to this field is no longer significant (light orange, 5 of 102
journals are assigned significantly). The transformation
is underway. In 2005, neuroscience first emerges as an in-
dependent discipline (red). The journals from molecular
biology split o↵ completely from their former field and



What Else?

• Information visualization is a large and rapidly-growing field that  
brings together a diverse set of fields.



Tableau

• Tableau enables rapid data visualization through an intuitive/fast interface


