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DATA
Set of values of qualitative or 
quantitative variables. 


Data (singular is datum) require 
interpretation to be meaningful



Data abstracAon

Data-viz are depend of the kind of data we have as input.


We need two ingredients to design a good viz:


Data type - its structural or mathematical interpretation


Data semantics - its real-world meaning

Visualization Analysis and Design Ch. 2



Data semanAcs
Metadata

1 Bob M Blue

2 Alice S Red

ID Name Shirt Size Favorite 
color

1 Bob M Blue

2 Alice S Red



Data types

Structural or mathematical interpretation of data


Different from data types in programming



Items & aEributes

Item: individual entity, collections of attributes.


Attributes can be measured, observed and logged.

ID Name Shirt Size Favorite 
color

1 Bob M Blue

2 Alice S Red

Item: Person



AEribute types

• What kind of measurements can we perform with attributes?


• Initiated by S.S Stevens in 1946



Categorial (Nominal) type

• Could be simply called labels


• No quantitative value


• List of choices in survey


• Classes in machine learning

http://www.musicgenreslist.com/

http://www.musicgenreslist.com/


Ordered: Ordinal type

• The order is important <, >


• Difference between elements is not really known but we can rank them


• Ordinal scales are typically measures of non-numeric concepts like 
satisfaction, happiness, discomfort, etc.



QuanAtaAve: Interval
• Variables are classfied into ordered categories


• Direct measure of comparison between values


• Problem: no true zero

[IGN]



QuanAtaAve: RaAo
• All characteristics of nominal, ordinal and interval variables


• Meaninful zero point


• add, subtract, divide and multiply two ratios


• Most useful type of variable for statistics


• Example: Height or weight





Other data types
Links 

Express relationship between two items: friendship on Facebook, followers on Twitter


 Positions


Location in 2D or 3D for spatial data: geolocalization of best restaurants


 Grids


Sampling strategy for continuous data: voxels in MRI scan, sensors in a city



Dataset types



Tables
Flat Table


one item per row


attributes are stored in columns


Mental image of Relational database 
(e.g. MySQL)


Multidimensional table


indexing on multiple keys

ID Name Shirt Size Favorite 
color

1 Bob M Blue

2 Alice S Red

unique key



Example: Parallel Coordinates

http://bl.ocks.org/syntagmatic/2420080


Networks / Trees

A graph G(V,E,W) consists of:


a set of vertices V (nodes)


a set of edges E (links)


a set of weights W associated to the links

Undirected

A B
friends with

Directed

A B
follow

Networks with hierarchical 
structure are called trees


Each child one has only one 
parent node. 


No cycles

A

B C

D



Node-link diagram

Kirell Benzi



Other graph viz

Adjacency matrix
Treemap



Discrete vs conAnous
In mathematics, a variable may be 
continuous or discrete.


Continuous variable can take on 
infinitely uncountable values

Discrete variable has a finite set of 
possible values


Sampling - how frequently do you take 
the measurements?


Interpolation - how to show values in 
between sampled points?

http://unbiasedresearch.blogspot.ch/2016/04/because-most-things-change-continuous.html


Fields and grid types
Data is sampled and interpolated from 
continuous domain into cells 
(tessellation)


Examples: temperature, pressure, 
voxels (3D pixels)


Measured or simulated

[Freytag 2006]
[Wikipedia]

https://www.researchgate.net/publication/222705393_Field_modeling_with_sampled_distances/figures?lo=1


SpaAal datasets

Explicit spatial positions


Fixed shapes


Cannot choose to where to draw 
points, lines, curves, regions, etc.


Not a data viz topic

https://fstoppers.com/bts/how-smithsonian-created-insanely-accurate-3d-model-president-obama-48294


Sets, Lists, Clusters

Set: unique items unordered


List: ordered with possible duplicates


Cluster: group of similar items

http://www.win.tue.nl/~wmeulema/research-overview.php
http://caleydo.org/publications/2013_infovis_lineup/


What about unstructured data?
No predefined data model


Mixed media: rich-text with images, videos


We have to transform into structured data:


Natural Language Processing


Text mining (keywords, ontologies, categories)


Features extraction

https://artsexperiments.withgoogle.com/tsnemap/


Data acquisiAon

Datasets curated by others


Third-party services: APIs


Web scraping



Public datasets

https://www.kaggle.com/datasets
https://github.com/caesar0301/awesome-public-datasets


Third-party services: APIs
Search for a developer section or API 
on the service you want


Register for free or paid to access the 
service with an API key


Look for a client library in your favorite 
programming language


Download data

Read the legal terms on what you can and cannot do with the data

https://developer.spotify.com/web-api/get-artists-top-tracks/


Web scraping
If an information is visible on a 
browser, it can be downloaded


Extracting information from the DOM 
is painful and should be considered 
only on last resort


Depend on the layout, change can 
happen without notice


Use a library: Scrapy (Python)

Don’t be evil!

https://scrapy.org/


Data formats

One of the most common data format that we encounter on the web is 
JSON: JavaScript Object Notation (.json)


The other common format for datasets is CSV: Comma separated value 
(.csv)



CSV example
Flat table view with column names


Easy to append data


CSV has no standard encoding


No standard column separator and multiple 
character escaping standards. 


String is the only type supported for cell 
values



JSON example

Can hold complex data structure with 
nested fields


Parsing is difficult and should never be 
done by hand


Cannot append data easily

{
  "firstName": "John",
  "lastName": "Smith",
  "isAlive": true,
  "age": 25,
  "address": {
    "streetAddress": "21 2nd Street",
    "city": "New York",
    "state": "NY",
  },
  "phoneNumbers": [
    {
      "type": "home",
      "number": "212 555-1234"
    },
    {
      "type": "office",
      "number": "646 555-4567"
    }
  ],
  "children": [],
  "spouse": null
}



JSON Lines

Valid JSON per line


Can hold complex data structure with nested fields


Append data easily


Support streaming

{"name": "Gilbert", "wins": [["straight", "7♣"], ["one pair", "10♥"]]}
{"name": "Alexa", "wins": [["two pair", "4♠"], ["two pair", "9♠"]]}
{"name": "May", "wins": []}
{"name": "Deloise", "wins": [["three of a kind", "5♣"]]}



Tips
Don’t aim for the perfect dataset: 
complete, accurate, up to date. It doesn’t 
exist.


Collecting and cleaning data can take up 
to 80% of your time.


Backup and version the data you have.


Clean the data, take your time to learn the 
dataset.


If you don’t know about some aspects of 
the data: ask, don’t assume.


