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VISUALIZATION IN



(READ CANON LAW)



glue
multidimensional data exploration

(LIVING BY THE CANON IN 2019)
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your handout



(VISUALIZATION IN >>20 MIN)

10QVIZ.ORG



glue
multidimensional data exploration
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Figure Caption: The solid/
solid black line shows the 
optimistic case for M(stars)/
M(gas). The orange lines show 
the same quantities, for the 
fiducial case.  
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glue
multidimensional data exploration



 
“DATA, DIMENSIONS, DISPLAY”



1D: Columns = “Graphs” 
2D: Faces or Slices = “Images” 
3D: Volumes = “3D Renderings”, “2D Movies” 
4D: Time Series of Volumes = “3D Movies”

1D
2D
3D
4D

 
“DATA, DIMENSIONS, DISPLAY”



WorldWide 
Telescope

 
“DATA, DIMENSIONS, DISPLAY”



glue
multidimensional data exploration



WorldWide 
Telescope

 
“DATA, DIMENSIONS, DISPLAY”



 

mm peak (Enoch et al. 2006)

sub-mm peak (Hatchell
et al. 2005, Kirk et al. 2006)

13CO (Ridge et al. 2006)

mid-IR IRAC composite 
from c2d data (Foster, 
Laakso, Ridge, et al.)

Optical image (Barnard 1927)

 
“DATA, DIMENSIONS, DISPLAY”



AstronomicalMedicine@

3D Viz made with VolView

 
“DATA, DIMENSIONS, DISPLAY”



glue
multidimensional data exploration

CLOSER TO HOME (GLUE & MY FBI FILE)



glue
multidimensional data exploration



3D

2D

Data Abstraction

Statistics
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figure, by M. Borkin, reproduced from Goodman 2012, “Principles of High-Dimensional Data Visualization in Astronomy”

LINKED VIEWS OF HIGH-DIMENSIONAL DATA

glue
multidimensional data exploration



video by Tom Robitaille, lead glue developer 
glue created by: C. Beaumont,  M. Borkin,  P. Qian, T. Robitaille, and A. Goodman, PI 

LINKED VIEWS OF HIGH-DIMENSIONAL DATA, 
IN PYTHON

glue
multidimensional data exploration



video by Chris Beaumont, glue developer 
glue created by: C. Beaumont,  M. Borkin,  P. Qian, T. Robitaille, and A. Goodman, PI 

glue
multidimensional data exploration

LINKED VIEWS OF HIGH-DIMENSIONAL DATA, 
IN PYTHON



standard data 
loaders

custom data  
loaders

standard 
1D, 2D & 3D 

plots

custom  
plots

pl
ug

-in

Data 
File 2

Data 
File 1

Data 
File N

…

define new variables, 
import/export insights, 

interactive plots for the web, 
save state, all from GUIbu

ilt
-in

?

link data files’ 
attributes

highlight live or 
algorithmic selections 

with Boolean logic

custom buttons, features

user config.py file 
(loaders, colors, plot types, +)+o

pti
on

s

access to all matplotlib functions 
through built-in IPython terminal

run & interact with glue from  
Jupyter notebook & other tools

glueviz.org 

your handout



Communication

Cognition

*“Language” includes words & math

Data
Language*

Pictures

“Paper of 
the Future”



d3po

Communication

Cognition

enabled by d3.js (ja
vascript) o

utputs

[demo]

Many thanks to Alberto Pepe, Josh Peek, Chris Beaumont, 
Tom Robitaille, Adrian Price-Whelan, Elizabeth Newton,  

Michelle Borkin & Matteo Cantiello for making this posible. 





Video courtesy of Maarten Breddels, consulting developer

pyter

COMING NEXT: GLUE IN THE BROWSER



glueviz.org 
 





HOW Best to Visualize, with examples 
READ “The Visual Display of Quantitative Information,” Tufte 1983

Graphical Excellence

Graphical Integrity  
& “The Lie Factor”

Data-ink Ratio

Chartjunk  
& Subtraction

Multi-functioning  
graphical elements

Data density

Small multiples



Graphical Excellence – displays should...

• show the data  

• induce the viewer to think about the substance rather than about methodology, 
graphic design, the technology of graphic production, or something else  

• avoid distorting what the data have to say  

• present many numbers in a small space  

• make large data sets coherent  
• encourage the eye to compare different pieces of data  

• reveal the data at several levels of detail, from a broad overview to the fine structure  

• serve a reasonably clear purpose: description, exploration, tabulation, or decoration  

• be closely integrated with the statistical and verbal descriptions of a data set 

Edward Tufte’s Ideas 
(from “The Visual Display of Quantitative Information,” Tufte 1983.)



William Playfair (1759-1823)

Graphical Excellence



Graphical Excellence

Graphical Integrity  
& “The Lie Factor”

Data-ink Ratio

Chartjunk  
& Subtraction

Multi-functioning  
graphical elements

Data density

Small multiples

Edward Tufte’s Ideas 
(from “The Visual Display of Quantitative Information,” Tufte 1983.)



http://www.climatechange.govt.nz/science/what-is-climate-change.html
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http://www.aeronomie.be/en/topics/earthsystem/atmosphere-layers.htm

ozone layer

Graphical Integrity & “The Lie Factor”



Graphical Excellence

Graphical Integrity  
& “The Lie Factor”

Data-ink Ratio

Chartjunk  
& Subtraction

Multi-functioning  
graphical elements

Data density

Small multiples

Edward Tufte’s Ideas 
(from “The Visual Display of Quantitative Information,” Tufte 1983.)



Chartjunk & Subtraction

http://www.theusrus.de/blog/yet-another-pie-chart/



Graphical Excellence

Graphical Integrity  
& “The Lie Factor”

Data-ink Ratio

Chartjunk  
& Subtraction

Multi-functioning  
graphical elements

Data density

Small multiples

Edward Tufte’s Ideas 
(from “The Visual Display of Quantitative Information,” Tufte 1983.)



Data-ink Ratio
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Graphical Excellence

Graphical Integrity  
& “The Lie Factor”

Data-ink Ratio

Chartjunk  
& Subtraction

Multi-functioning  
graphical elements

Data density

Small multiples

Edward Tufte’s Ideas 
(from “The Visual Display of Quantitative Information,” Tufte 1983.)



Multi-functioning graphical elements



Graphical Excellence

Graphical Integrity  
& “The Lie Factor”

Data-ink Ratio

Chartjunk  
& Subtraction

Multi-functioning  
graphical elements

Data density

Small multiples

Edward Tufte’s Ideas 
(from “The Visual Display of Quantitative Information,” Tufte 1983.)



Data density



Data (over?) density

http://weatherspark.com/#!dashboard;a=USA/MA/Boston
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Edward Tufte’s Ideas 
(from “The Visual Display of Quantitative Information,” Tufte 1983.)



Notes for & re-productions of Siderius Nuncius

Galileo Galilei 
(1564-1642)

Small multiples



Composite 

Table* 

*how AG met ET, 1995
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READ “The Visual Display of Quantitative Information,” Tufte 1983
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