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Traditionally, travel from exploration to explanation is called
“Scholarly Publishing” if its dry, and “Public Outreach,” if it’s beautiful.
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It’s much harder to go the other way.
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And, the best roads are two-way:. Exp lain
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COLLABORATION
- This is all possible, and happening now.

Not for everyone, though.

see “New Thinking on, and with, Data Visualization”
(Goodman, Borkin & Robitaille arxiv.org/abs/1805.11300)

Learn more in our next episode. . .
“CONNECTING DATA, LANGUAGE AND PICTURES”

collaborative

architecture
software

development


https://arxiv.org/abs/1805.11300

Want a fuller story? Try “The Road from Explanation to Exploration, and Back”

\ AG’s talk at the 2018
NAS Cybernetic Serendipity Colloquium
links below

Arthur M. Sackler

COLLOQU A

OF THE NATIONAL ACADEMY OF SCIENCES

Creativity and Collaboration: Revisiting Cybernetic

Alyssa Goodman Serendipity

Harvard
s - 3 . This colloquium was held March 13-14 2018 in Washington, DC
Smlthsonlan InStltUtlon Organized by Ben Shneiderman, Maneesh Agrawala, Alyssa Goodman, Youngmoo Kim, and Roger Malina

Our ambition is to redirect the history of ideas, restoring the Leonardo-like close linkage between art/design and
science/engineering/medicine. We believe that internet-enabled collaborations can make more people more creative

more of the time.

Slides & video: scholar.harvard.edu/agoodman/presentations/road-exploration-explanation-and-back
Just video: tinyurl.com/AGExploreExplain


https://scholar.harvard.edu/agoodman/presentations/road-exploration-explanation-and-back
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“CONNECTING DATA, LANGUAGE AND PICTURES”
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glue

multidimensional data exploration

plotly

d3po is a project designed to allow an astronomer (or an
interactive, publication-quality figure that has staged buii
can be previewed at d3po.org, and represents a figure fro:
figure describes how metalicity affects color in cool stars,
dragging in the scatter plots to understand the power of lin

Right now we are in search of alpha testers, who have figure:
their hands a little dirty (No javascript skills needed). In futur
figures interactively. We are also exploring implementation of
version expected in January 2014.

Installing your own d3po server

git clone git@github.com:adrn/d3po.git
cd d3po

virtualenv --no-site-packages venv
source venv/bin/activate

pip install -r pip-requirements.txt
python run.py

Aulthorea e @ HELP  EXPLORE .

Format v Insert - @ m® P M v saved & share %

The "Paper" of the Future

Authorea preprint  02/21/2017 DOI: 10.22541/au.148769949.92783646

Alyssa Goodman (Harvard University)

Josh Peek (Space Telescope Science Institute)

Alberto Accomazzi (Har i ian Center for Astr ics (CFA))
Center for Astrophysics (CFA))
Christine L. Borgman (UCLA - University of California, Los Angeles )

Chris (Har

Hope How-Huan Chen (Harvard University)

Merce Crosas (Harvard University)

00=0090600

Christopher Erdmann (North Carolina State University)

And 3 more...

° Add Collaborator Manage

A 5-minute video demonstration of this paper is available at this YouTube link.

1Preamble

Avariety of research on human cognition demonstrates that humans learn and communicate best when more than
one processing system (e.g. visual, auditory, touch) is used. And, related research also shows that, no matter how
technical the material, most humans also retain and process information best when they can put a narrative "story" to
it. So, when considering the future of scholarly communication, we should be careful not to do blithely away with the
linear narrative format that articles and books have followed for centuries: instead, we should enrich it.

Much more than text is used to commuicate in Science. Figures, which include images, diagrams, graphs, charts, and
more, have enriched scholarly articles since the time of Galileo, and ever-growing volumes of data underpin most
scientific papers. When scientists communicate face-to-face, as in talks or small discussions, these figures are often
the focus of the conversation. In the best discussions, scientists have the ability to manipulate the figures, and to
access underlying data, in real-time, so as to test out various what-if scenarios, and to explain findings more clearly.
This short article i d shows with d —how scholarly "papers" can morph into long-
lasting rich records of scientific discourse, enriched with deep data and code linkages, interactive figures, audio,
video, and commenting.

Cognition

Paper of
the Future

Language
Data Pictures

Communication

Longuoge” inducdes wrds & math

Fig.1
The Paper of the Future should include seamless linkages amongst data, pictures, and language, where "language” .

includes both words and math. When an individual attempts to unde d each of these kinds of information, different
cognitive functions are utilized: communication is inefficient if the channel is restricted primarily to language, without
easy interconnection to data and pictures.
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Discovery year

Four Centuries of R'ﬁ(}:overy A Chasm in Mass | Little Siblings | Close Cousins | The Strangers
A\

After Galileo discovered the first four moons of Jupiter, it took nearly three hundred years to discover the next one.

WATCH a DEMO video, and find S/W links,
on 2 YouTube o« tinyurl.com/PotF-Demo

many thanks to Alberto Pepe, Josh Peek, Chris Beaumont, Tom
Robitaille, Adrian Price-Whelan, Elizabeth Newton, Michelle
Borkin & Matteo Cantiello for making the PotF posible.


https://www.authorea.com/users/23/articles/8762-the-paper-of-the-future
https://www.authorea.com/users/23/articles/8762-the-paper-of-the-future
https://www.authorea.com/users/23/articles/8762-the-paper-of-the-future
https://tinyurl.com/PotF-Demo
https://tinyurl.com/PotF-Demo

PUBLISHING’S INTERACTIVE CUTTING-EDGE & (AUGMENTED) FUTURE

To learn more about .

AAS WorldWide Telescopelie
Visit tinyurl.com/wwt-homgpage | . . :
See the overviewvideo:- -~ . £ - ’i
, CLICK, DRAG, ZOOM & 1
|
|
|

_tinyurl.com/wwt-overview
To learmrabout the Radcliﬁ:e Wave:
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Visit tinyurl.com/radwave
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AUGMENTED REALITY )t - . ' —

PROPOSED TO NSF This interactive 3D visualization of the Radcliffe Wave is available in the online version of the published Nature article. It was built using the
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http://tinyurl.com/RadWave
https://www.nature.com/articles/s41586-019-1874-z

PUBLISHING'S INTERACTIVE CU

main.pdf x
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FIG. 1.— Density n =5 cm™ iso-surfaces in the Perseus-Taurus region as derived from 3D-dust extinction observations. The coordinates are the 3D galactic
x —y—z coordinates (see footnote 1). Overlaid is our spherical shell model (Eq. 5). The positions of Perseus and Taurus and the sun are indicated.

It is useful to express the results in terms of gas density.
We first derive a conversion factor which we use to convert
the reported dust opacity density s, into gas Hydrogen nuclei
particle density 7 (units: cm™3). The gas column density and
dust extinction are related through the wavelength-dependent
extinction curve, A, /Ny, where A, is the dust extinction at
wavelength A and Ny is the H nuclei column density. For the
Gaia G-band, A = 673 nm (central wavelength), Ag /Ny =4 x
1022 mag cm? (reference XXX). In terms of the dust opacity
t6/Nu =3.7x 10722 cm?2. Following the definition of s, we
get

-1

AL

If,—‘}> = @
H pc

Dividing by AL we obtain the gas density (averaged over the

1 pc3 resolution element):

AN;
n=EH=8805xcm_3.

ANy = sy (

(3)

2

tion of the 3D position, (x,y,z).

The gas density obtained via Eq. (3) is approximate as it
includes several approximations. First, it assumes an extinc-
tion curve A, /Ny that is independent of position. In practice,
there may be variations in the dust properties which result in
deviation from the canonical extinction curve. Second, it in-
cludes uncertainties involved in the derivation of the origi-
nal 3D dust map of ?, e.g., their assumptions on the priors,
etc. (see ? for more details XXX). The derived densities are
accurate probably to within a factor of 2-3. With these uncer-
tainties in mind, we note that this is a unique opportunity to
explore observationally the 3D density structure of the ISM in
the solar neighborhood.

3.2. Characterizing the shell profile

Radially-averaged mean density: In §4 we explore the
3D density structure in the Perseus-Taurus region, and dis-
cuss a large 3D-shell structure, extending from the Taurus
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TEN QUESTIONS TO ASK WHEN CREATING A VISUALIZATION

The 10 Questions

+]9 1 &)+

Who | Who is your audience? How expert will they be about the subject and/or display conventions?

Explore-Explain | Is your goal to explore, document, or explain your data or ideas, or a combination of these?

Categories | Do you want to show or explore pre-existing, known, human-interpretable, categories?

Patterns | Do you want to identify new, previously unknown or undefined patterns?

Predictions & Uncertainty | Are you making a comparison between data and/or predictions? Is representing uncertainty a concern?
Dimensions | What is the intrinsic number of dimensions (not necessarily spatial) in your data, and how many do you want to show at once?
Abstraction & Accuracy | Do you need to show all the data, or is summary or abstraction OK?

Context & Scale | Can you, and do you want to, put the data into a standard frame of reference, coordinate system, or show scale(s)?
Metadata | Do you need to display or link to non-quantitative metadata? (including captions, labels, etc.)

Display Modes | What display modes might be used in experiencing your display?

© 0V N ULhAWN =

—_

r. Now, visit the 10QViz conversation! There’'s so much more to talk about. r.

; ,
Curious about the origins of 10QViz? Try the About page. Arzu Coltekin

Want to learn how best to use and participate in 10QViz? Try the How to page. 10QViz co-founder
Want to read about the scholarship behind 10QViz.org's questions? Try Coltekin & Goodman 2018. (with Alyssa Goodman)
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TEN QUESTIONS TO ASK WHEN CREATING A VISUALIZATION

The 10 Questions

.Who | Who is your audience? How expert will they be about the subject and/or display conventions?

. Explore-Explain | Is your goal to explore, document, or explain your data or ideas, or a combination of these?

. Categories | Do you want to show or explore pre-existing, known, human-interpretable, categories?

. Patterns | Do you want to identify new, previously unknown or undefined patterns?

. Predictions & Uncertainty | Are you making a comparison between data and/or predictions? Is representing uncertainty a concern?

. Dimensions | What is the intrinsic number of dimensions (not necessarily spatial) in your data, and how many do you want to show at once?
. Abstraction & Accuracy | Do you need to show all the data, or is summary or abstraction OK?

. Context & Scale | Can you, and do you want to, put the data into a standard frame of reference, coordinate system, or show scale(s)?

. Metadata | Do you need to display or link to non-quantitative metadata? (including captions, labels, etc.)

. Display Modes | What display modes might be used in experiencing your display?
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r. Now, visit the 10QViz conversation! There's so much more to talk about. r.

Curious about the origins of 10QViz? Try the About page.
Want to learn how best to use and participate in 10QViz? Try the How to page.
Want to read about the scholarship behind 10QViz.org's questions? Write to ask for a draft of our research paper, Coltekin & Goodman 2019.




The 10 Questions

Who | Who is your audience? How expert will they be about the subject and/or display conventions?

Explore-Explain | Is your goal to explore, document, or explain your data or ideas, or a combination of these?

Categories | Do you want to show or explore pre-existing, known, human-interpretable, categories?

Patterns | Do you want to identify new, previously unknown or undefined patterns?

Predictions & Uncertainty | Are you making a comparison between data and/or predictions? Is representing uncertainty a concern?
Dimensions | What is the intrinsic number of dimensions (not necessarily spatial) in your data, and how many do you want to show at once?
Abstraction & Accuracy | Do you need to show all the data, or is summary or abstraction OK?

Context & Scale | Can you, and do you want to, put the data into a standard frame of reference, coordinate system, or show scale(s)?
Metadata | Do you need to display or link to non-quantitative metadata? (including captions, labels, etc.)

Display Modes | What display modes might be used in experiencing your display?
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"DATA, DIMENSIONS, DISPLAY"
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"DATA, DIMENSIONS, DISPLAY"

1D: Columns = “Graphs”
2D: Faces or Slices = “Images”
3D: Volumes = “3D Renderings”, “2D Movies"

4D: Time Series of Volumes = “3D Movies”
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Glue (/Users/aagoodman/Dropbox/Talks/2021/Rubin DSFP/COMPLETE Perseus.glu)
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Temperature Foreground amplitudes from Commander, Planck Data [Feb 2015]



http://www.cosmos.esa.int/documents/387566/425793/2015_FGAmpl/a3cec4dc-7e13-45df-b5d2-01df97905bc0?t=1423087421731

WIDE DATA DISCOVERY: THE RADCLIFFE WAVE
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EVEN "BIGGER & WIDER" DATA: ORION IN GLUE

[ Open Data Export | # Add/edit arithmetic attributes. Selection Mod: \ Error Console

Data Collection

Data R
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reference = 13co
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To slide through any cubes in image
viewers that show the same data as
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Alyssa A. Goodman
Harvard-Smithsonian Center for Astrophysics & Radcliffe Insitute for Advanced Study
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“LINKED-VIEWS, IN GLUE”

Alyssa A. Goodman
Harvard-Smithsonian Center for Astrophysics & Radcliffe Insitute for Advanced Study



LINKED VIEWS OF HIGH-DIMENSIONAL DATA.,
IN PYTHON glue

video by Tom Robitaille, lead glue developer
glue created by: C. Beaumont, M. Borkin, A. Goodman (PI), T. Robitaille, C. Zucker, et al.



LINKED VIEWS OF HIGH-DIMENSIONAL DATA

/
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0

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



http://adsabs.harvard.edu/abs/2012AN....333..505G

i /glue multi-dimensional linked-data exploration

Home Install Documentation Team Get involved Plugins glue-con events Consulting services

Glue is an open-source Python library to explore relationships within and between related datasets

A

Linked Visualizations Flexible linking across data Full scripting capability

With Glue, users can create scatter plots, Glue uses the logical links that exist Glue is written in Python, and built on
histograms and images (2D and 3D) of between different data sets to overlay top of its standard scientific libraries (i.e.,




5 LINKED VIEWS OF HIGH-DIMENSIONAL DATA, i glue
IN PYTHON B8

Help O @ 3M™MQ Y @ « L] = o) 60%[%) EE SunMar11 6:42PM Alyssa Goo

s Data Manager Plugins
Glue
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multidimensional data exploration

-l-"fgglue

glue-ing data '

define new variables,
standard data import/export insights,
loaders interactive plots for the web,
save state, all from GUI

built-in

link data files’

attributes algorithmic selections

custom data with Boolean logic

loaders custom buttons, features

plug-in

user config.py file

(loaders, colors, plot types, +)

+options

glueviz.org

™)

standard
1D, 2D & 3D
plots

custom
plots

run & interact with glue from
Jupyter notebook & other tools



http://glueviz.org

Glue (/Users/aagoodman/Dropbox/Talks/2021/Rubin DSFP/COMPLETE Perseus.glu)

Glue (/Usersfaagoodman/Dropbox/Talks/2021/Rubin DSFP/COMPLETE Perseus.glu)
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Linked Views of High-dimensional Data

Glue (J
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SEE “DATA, DIMENSIONS, DISPLAY"” AND “BIG DATA, WIDE DATA"” FOR MORE ON THIS EXAMPLE
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glue-ing tools |
Glue: multe - Xploration

Home Install Documentation Team Get involved Plugins glue-con events Consulting services

Glue Plugins

Glue is designed to make it easy to customize various aspects via plugins, including customized data viewers on top of the standard ones,
readers/writers for new file formats, and more. Developers are building glue plugins for a variety of fields from astronomy to medicine. The
items below are currently available on the GitHub repository and most include instructions and sample data on how to install and use.

Plugins

e-aladin: Experimental Aladin Lite viewer plugin

ospatial: Experimental plugin to support satellite imagery
e-h5part: Experimental plugin to deal with h5part data

\upyter: Jupyter interface for Glue
medical: Experimental Glue medical plugin
olue-openspace: Experimental OpenSpace plugin

e Dliisirm FAr 2D viiAAIAre tieimer Dh
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COMING NEXT: GLUE IN THE BROWSER

A Output View X

#| screencast2.ip X

B + X O B » m C Code v Python3 O
; Mode: move+

ol IIIll

| . . . : :
sggﬁtii.ons gluesolutions, inc. Home  Gallery OurTeam  TheSoftware glue-con  Social Impact  WorkingwithUs &

]

| Cf?glue'con On behalf of the glue and glupyter communities, glue solutions,
o inc. helps host a series of hackathon get-togethers known as

"glue-con."

Upcoming Events

glue-con 2021 (online) [program will focus on Juptyer and web integration]

Past Events

glue-con 2020 (CCA/AMNH) [program/outcomes]
glue-con 2019 (CfA) [site] [program/outcomes]

glue-con 2018 (CfA) [program/outcomes]




A Glue

Docs » Glue Documentation O Edit on GitHub

Glue Documentation

[=]

: u stable
. scarchios
Installing and running glue u
Getting started multiaimensional data exploration

Advanced User Interface Guide
Using the IPython terminal in Glue

Working with Data objects

e
=]

Starting Glue from Python
Glue is a Python library to explore relationships within and among related datasets. Its main

Visualizing Astronomical Dendrograms .
features include:

Introduction to customizing/extending

s ¢ Linked Statistical Graphics. With Glue, users can create scatter plots, histograms and images
List of available plugins (2D and 3D) of their data. Glue is focused on the brushing and linking paradigm, where
Configuring Glue via a startup file selections in any graph propagate to all others.

Flexible linking across data. Glue uses the logical links that exist between different data sets to
overlay visualizations of different data, and to propagate selections across data sets. These links

Customizing your Glue environment

Distributing your own plugin package . . . .
are specified by the user, and are arbitrarily flexible.

dcu:to';iZi:g the coordinate system of a Full scripting capability. Glue is written in Python, and built on top of its standard scientific
ata objec . L . . - .
libraries (i.e., Numpy, Matplotlib, Scipy). Users can easily integrate their own python code for
Programmatically configuring viewers data input, cleaning, and analysis.

Writing a simple custom data viewer

Watching data for changes



http://glueviz.org
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Alyssa A. Goodman
Harvard-Smithsonian Center for Astrophysics & Radcliffe Insitute for Advanced Study


http://www.edwardtufte.com/tufte/books_vdqi

SEEING MORE OF THE UNIVERSE €=

“THE WISE WORDS OF EDWARD TUFTE”

Alyssa A. Goodman
Harvard-Smithsonian Center for Astrophysics & Radcliffe Insitute for Advanced Study


http://www.edwardtufte.com/tufte/books_vdqi

The wise words of Edward Tufte

Key concepts from
The Visual Display of Quantitative Information, Tufte 1983

Graphical Excellence Data-ink Ratio

Multi-functioning
Graphical Integrity

graphical elements
& “The Lie Factor”

Data density
Chartjunk

& Subtraction Small multiples


http://www.edwardtufte.com/tufte/books_vdqi

FOWARD TUF TES IDEAS

from The Visual Display of Quantitative Information, Tufte 1983

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
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Graphical Integrity & “The Lie Factor”

50 km?
Space Station
Space Shuttle
50 km? Rocket
|00 km
MESOSPHERE
50 km
50 km
STRATOSPHERE
50 km? e
|0 km

E

http://www.aeronomie.be/en/topics/earthsystem/atmosphere-layers.htm

Extra heat is
kept in the air by
‘greenhouse gases’
produced from
human activity. Some sunlight
is bounced back
into space.
p,
4
Some heat
is released
into space.
l.’
Less heat ' 4 ’ | Some heat is
is able to naturally kept in
be released by gases in the air
into space. like water vapour.

http://www.climatechange.govt.nz/science/what-is-climate-change.html


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

Utility classes should nothave a |
public or default constructor. = 0.014

Missing a Javadoc comment. =
4.998

N More than X parameters. = 0.424 |
Avoid nested blocks. = 0.192 |

Method length is X lines (max |
allowed is X). =0.027

'X'is followed by whitespace. = l/

i'x' is a magic number. = 1.027 |

11.625 !
‘X' should be alone on aline. = 0.027 :_;A_v_ﬂ:,’;' e nnesder eg%\év;th FmEnE:
Avoid inline conditionals. = 0822[ | Missing package documentation
|'X' construct must use '{}'s. = 3.574 | naas 02
Bamart ratcher i do ot i _ALine has trailing spaces. = 36.026
. ' 'X' should be on the previous line. =
0.041 I 0.055
Expression can be simplified. = ‘ Variable X' must be private and
0178 have accessor methods. = 0.027
'X' is not preceded with whitespace. |, Name "X' must match pattern 'X'. =
= 7.695 1.89
Empty statement. = 0.014 | Array brackets at illegal position. =
0.014
Line is longer than X characters. = oSt Sy =" T
6312 ust have a egsoz'r]\e statement. = “

'X' should be onanewline.=3.177 Expected Xtag for'X'. =3.163

'X'is not followed by whitespace. = | 'i-.;_?'y' Expected an @return tag. = 1.054 i
6.463 'X' hides a field. = 0.082 “
TODO = 0.055 File length is X lines (max allowed "
is X).=0.014

Parameter X should be final. = |
10.804

http://www.theusrus.de/blog/yet-another-pie-chart/
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FOWARD TUF TES IDEAS

from The Visual Display of Quantitative Information, Tufte 1983

Graphical Excellence Data-ink Ratio

Multi-functioning
Graphical Integrity

graphical elements
& “The Lie Factor”

Data density
Chartjunk

& Subtraction Small multiples
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Small multiples
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On the third, at the seventh hour, the stars were arranged in thi
mence. The eastern one was 1 minute, 30 seconds from Jupiter
' closest western one 2 minutes; and the other western one ws

st *O - *x We

 minutes removed from this one. They were absolutely on t!
ime straight line and of equal magnitude.

On the fourth, at the second hour, there were four stars arou
apiter, two to the east and two to the west, and arranged precise

‘ast x *» O b s X We

m a straight line, as in the adjoining figure. The casternmost wi
istant 3 minutes from the next one, while this one was 40 second
om Jupiter; Jupiter was 4 minutes from the nearest western onc
d this one 6 minutes from the westernmost one. Their magnitude
e nearly equal; the one closest to Jupiter appeared a little smalle
an the rest. But at the seventh hour the castern stars were only

3 seconds apart. Jupiter was 2 minutes from the nearer easter

ast * Xk O X X Wes

ne, while he was 4 minutes from the next western one, and thi
sne was 3 minutes from the westernmost one. They were all equal
and extended on the same straight line along the ecliptic.

On the fifth, the sky was cloudy.

On the sixth, only two stars appeared flanking Jupiter, as is seen

Last * o * Wes!

a the adjoining figure. The eastern one was 2 minutes and th¢
yestern one 3 minutes from Jupiter. They were on the same straighy
ine with Jupiter and equal in magnitude.

Qn the-seventh, two stars stood near Jupiterwh 1o the easr

Notes for & re-productions of Siderius Nuncius




Table 1: Summary of VLA NH3 Observations in Low-Mass Dense Cores as of 1994

(double-boxed sources to be observed in this proposal)

Relationship of Comments
Source Central Outflow  Year of VLA NHj3 (all observations are by the
Source Obsv’n. to Central current proposers. unless
Source otherwise indicated)
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CUMPUSHT E
TABLE”

Torrelles et al. 1985.
1989

improve sensitivity and extend
map with proposed observations

improve sensitivity with
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TMC-1A
(=L1534)
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prep.

e
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*hOW AG met ET, 1 995 Woollen and Loren 1987,
L1689N NO NO 1985 @ * Star shown at left (w/outflow) not
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New Sources to be Observed in this Proposal

1995 infall candidate

1995 infall candidate
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from left: Jonathan Corum, Edward Tufte,
Alyssa Goodman, Mike Bostock (2015)

strong extended sub-mm
1995 continuum, no known point

source

*determination is unclear from existing data




The wise words of Edward Tufte

Key concepts from
The Visual Display of Quantitative Information, Tufte 1983

Graphical Excellence Data-ink Ratio

Multi-functioning
Graphical Integrity

graphical elements
& “The Lie Factor”

Data density
Chartjunk

& Subtraction Small multiples


http://www.edwardtufte.com/tufte/books_vdqi

SEEING MORE OF THE UNIVERSE &+ EIND THE FuLL
SERIES ON

Tube
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