
Announcement
● No regular class on Monday 

Feb20 
● Instead, come to the lecture by 

Paolo Ciuccarelli 
http://www.densitydesign.org/ 

● Monday (Feb20) at 4:30pm 
● Tuesday (Feb21) at 5pm 
● CFA Building Room 111

http://www.densitydesign.org/


Design Critique





CodeSwarm
http://bit.ly/vis-codeswarm
In your breakout group, discuss the following questions:
• Who is the intended audience?
• What questions does this visualization answer? 
• What data is represented in this visualization? Be 

specific.
• How is each data type visually encoded?
• What could be the goals of the designer?
• Can you read the data precisely?
• This visualization was much publicized in the open 

source community. Why do you think that happened?
• Why do you like / dislike this visualization?



Data
February 15, 2017



What is Data? 

Where does it come from? 

What does it represent?



3 Key Activities … 

Data collection/generation. 

Data transformation/processing. 

Data analysis and visualization.



Data Collection/Generation 

Big topic! Not addressed in this course. 

Many data collection methods (e.g., sensors, logs, 
experiments, human-generated data, surveys) 

Many many data sources available on the internet



Data Transformation/Processing 

Big topic! Not fully addressed in this course. 

Data transformed in many ways (aggregated, collated, 
subsetted, filtered, reshaped, change of scale, etc.) 



Data Analysis/Exploration 

Being able to familiarize with your data: investigate 
questions you may have or generating new questions is a 
crucial skill! 

This process is called “Exploratory Data Analysis (EDA)”. 

One major goal of visualization is to support EDA.



Data Abstraction
Provide a language to describe data in a way that is 
meaningful and useful to visualization design. 

e.g., is it a table, a network, or unstructured data? 

e.g., is it spatial (geographical), temporal, or spatio-
temporal?



Why Data Abstraction?

Data is typically described with domain language. 

But in order to search for suitable visual representations we 
need to translate them into more abstract structures we 
know how to encode. 

In turn, this narrows down the design space.



Example
Friendships in Facebook: network data. 

Interactions between proteins: network data. 

Connection between terrorists: network data.

Visit Visual Complexity to see a very large number of examples of network visualizations.

http://www.visualcomplexity.com/vc/


Example
Animal movement: spatial data. 

Election results in counties: spatial data. 

Simulation of air turbulence: spatial data.



Data Semantics

Basil, 7, S, Pear



Data Types
Structural or mathematical interpretation of data

Data Types

Items Attributes Links Positions Grids



Items & Attributes
Item: individual entity, discrete

e.g., Patient, Car, Stock, City
“independent variable”

Attribute: measured, observed, 
logged property

e.g., Patient: height, blood 
pressure  
Car: horsepower, make
“dependent variable”

Item: Person Attributes

Cell



Other Data Types
Links

Express relationship between two items
Friendship on Facebook, Interaction between proteins

Positions
Spatial data -> location in 2D or 3D
Pixels in photo, Voxels in MRI scan, latitude/longitude

Grids
Sampling strategy for continuous data
How many Voxels in MRI scan



Dataset Types



Tables
Flat Table

one item per row
each column is attribute
unique (implicit) key
no duplicates

Multidimensional Table
indexing based on multiple keys

Item

ValuesKeys
Attributes



Multidimensional Tables

Keys: Patients

Keys: Genes



More in Lecture on Tables & High-Dimensional Data

Visualizing Tables

http://neuralengr.com/asifr/journals/
http://bl.ocks.org/jasondavies/1341281


NETWORKS AND TREES

NODES

LINK

Trees have a hierarchical 
structure where each 
node has only one parent. 

Nodes and links can also 
have attributes, e.g., in a 
social network each node 
can be characterized by 
gender, age, income.



Visualizing Graphs

Node-Link Diagram Matrix Treemap (Implicit Tree Visualization)

More in Lecture on Graphs & Trees

http://atlas.cid.harvard.edu/explore/tree_map/import/show/all/0901/2012/
http://bl.ocks.org/mbostock/4062045
http://bost.ocks.org/mike/miserables/


CONTINUOUS FIELDS Measurements from a 
CONTINUOUS DOMAIN

Being a SPATIAL FIELD has 
far-reaching implications on 
what visualization  idioms are 
available and suitable.



GEOMETRY



CLUSTERS, SETS, LISTS (Collection of items)







Attribute Types 

Categorical (e.g., gender, race, eye color) 

Ordinal (e.g., edu level, position in a race) 

Quantitative (e.g., age, height, weight) Attributes

Attribute Types

Ordering Direction

Categorical Ordered

Ordinal Quantitative

Sequential Diverging Cyclic

Attributes

Attribute Types

Ordering Direction

Categorical Ordered

Ordinal Quantitative

Sequential Diverging Cyclic

Attributes

Attribute Types

Ordering Direction

Categorical Ordered

Ordinal Quantitative

Sequential Diverging Cyclic

Attributes

Attribute Types

Ordering Direction

Categorical Ordered

Ordinal Quantitative

Sequential Diverging Cyclic



Item/Element/ 
(Independent) 

Variable



Attribute/
Dimension/

(Dependent) 
Variable/
Feature



Semantics



Keys?



Attribute 
Types?



Categorical
Ordinal

Quantitative





Sequential: e.g., age, height, weight. 

Diverging: e.g., temperature, altitude. 

Cyclic: e.g., hour, week, year.



Hierarchical Attributes

Some attributes may have an internal 
hierarchical structure  

For instance: dates, spatial regions, 
taxonomies.



Derived Data

It is almost never the case that the data you receive will be 
visualized without manipulation. 

There are many ways data can be transformed to better fit 
the task at hand. 

And it the designer’s responsibility to choose which data 
structures and segments work best.


