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Apology/Disclaimer

Images of “The Radcliffe Wave” in this talk are
embargoed by Nature until January 8, 2020.
Please do not record or share them.

Talks slides will be posted at Alyssa Goodman’s
web site after January 8.



hegige -chker tomorrow at 2 PM

talk*by Cat
- » > 5 =

- .



The Radcliffe Wave



Y Alyssa @‘
Calypso Calypso
Art Q‘)\ Science @ °
— 1001
€ - Illllll-l E 1000
PR3 'C}' = oo 0
(Hi)stories C]g Math M= / = aaa
— ’ Climate Star Data Teaching Scientific Galactic
Change Formation Visualization & Outreach Computing Structure
RADCLIFFE INSTITUTE
@ FOR ADVANCED STUDY
HARVARD UNIVERSITY
Radcliffe Institute
WorldWide . Undiscovered
Telasconse WorldWide
Ambassadors
=0 WHDSI = Bl S1QSS
ISRI and .Star DATACCUIMATEQHARVARD
II C Formation Fetch! with Climate+Data
‘ 'y @Harvard
. ISM & Star Ruff Ruffman TP
Initiative in Astronomical Formation -— 4t
Innovative Medicine LT
Computing TR
E‘?“ EAMLESS AUTHOREA Take-a-Sweater ?
QRSO The ‘Paper’ of z‘
ThasAr 1‘ T the Future PrebicTionX
u ers
Astronom . i
10 Questions y Predlctlon
e Ak Visualization
of Numbers N ADS
Astronomy “The TIMELINE Pl ==
I Rewind CONSORTIUM Sl o (A
Dataverse Ay e ol B L
The Timeline ohn Snow
: J The Path to Newton
Consortium & Cholera

glue

I%?g|ue Open Data

CO®MNPLETE

The COMPLETE Survey of -
Star-Forming Regions

'\

“Radcliffe Wave”



Alyssa
Art q? Science .
\ itlia .’D %88(1)

AN f ‘;) - o 0o 0
(Hi)stories |[ | o 2415 ana :
" Climate Star Data Teaching Scientific Galactic
Change Formation Visualization & Outreach Computing Structure

r
Ambassadors

Climate+Data

of Numbers

TTamto12pm

“glue

Open Data

predllion
Monday

glue

John Snow
LOIruruuiIm

& Cholera

The COMPLETE Survey of
Star-Forming Regions

\/\

“Radcliffe Wave”

Nessie-Bones

The Path to Newton



Y Alyssa @‘
Calypso Calypso
Art Q‘)\ Science @ °
— 1001
€ - Illllll-l E 1000
PR3 'C}' = oo 0
(Hi)stories C]g Math M= / = aaa
— ’ Climate Star Data Teaching Scientific Galactic
Change Formation Visualization & Outreach Computing Structure
RADCLIFFE INSTITUTE
@ FOR ADVANCED STUDY
HARVARD UNIVERSITY
Radcliffe Institute
WorldWide . Undiscovered
Telasconse WorldWide
Ambassadors
=0 WHDSI = Bl S1QSS
ISRI and .Star DATACCUIMATEQHARVARD
II C Formation Fetch! with Climate+Data
‘ 'y @Harvard
. ISM & Star Ruff Ruffman TP
Initiative in Astronomical Formation -— 4t
Innovative Medicine LT
Computing TR
E‘?“ EAMLESS AUTHOREA Take-a-Sweater ?
QRSO The ‘Paper’ of z‘
ThasAr 1‘ T the Future PrebicTionX
u ers
Astronom . i
10 Questions y Predlctlon
e Ak Visualization
of Numbers N ADS
Astronomy “The TIMELINE Pl ==
I Rewind CONSORTIUM Sl o (A
Dataverse Ay e ol B L
The Timeline ohn Snow
: J The Path to Newton
Consortium & Cholera

glue

I%?g|ue Open Data

CO®MNPLETE

The COMPLETE Survey of -
Star-Forming Regions

'\

“Radcliffe Wave”



Climate
Change

////////////// / |TON SSTQURQNT 555"%33“

P ERDALY RORST (31T

. -
- -
]
. : :
: .
: P, B : ’ ‘
-
- :
A
' L)
-‘ : .q ’
» - - .-
X .
. .
-
b »
4
;

—— _,.—.‘

|



https://graphics.axios.com/2018-06-18-four-globes/index.html?initialWidth=848&childId=av-2018-06-18-four-globes-JZ3MQ&parentTitle=How%20much%20Earth%20has%20warmed%20since%20a%20NASA%20scientist's%20warning%2030%20years%20ago%20-%C2%A0Axios&parentUrl=https://www.axios.com/how-much-earth-has-warmed-since-hansen-testified-b6f8fdb4-484e-477f-b8b6-6ee320994dc0.html

Temperatures before and after Hansen's Senate testimony

Temperature anomaly (°F), 1901-2000 baseline

1988-2017

Data: NASA's Goddard Institute for Space Studies; Graphic: Harry Stevens/Axios



https://graphics.axios.com/2018-06-18-four-globes/index.html?initialWidth=848&childId=av-2018-06-18-four-globes-JZ3MQ&parentTitle=How%20much%20Earth%20has%20warmed%20since%20a%20NASA%20scientist's%20warning%2030%20years%20ago%20-%C2%A0Axios&parentUrl=https://www.axios.com/how-much-earth-has-warmed-since-hansen-testified-b6f8fdb4-484e-477f-b8b6-6ee320994dc0.html
https://www.axios.com/how-much-earth-has-warmed-since-hansen-testified-b6f8fdb4-484e-477f-b8b6-6ee320994dc0.html
https://www.axios.com/how-much-earth-has-warmed-since-hansen-testified-b6f8fdb4-484e-477f-b8b6-6ee320994dc0.html
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“...how traditional and modern approaches to visualizing information are
best combined to leverage human creativity in our quest to understand
the world around us...”
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Pictures

see Alves;,.Zuckef, Goodman, Speagle, Meingast,
RobitaillegFinkbeiner, Schlafly & Green 2020

i
p— see felicefrankel.com
: -~
(Januargelease in Nature) o~
l' ’ .


https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/radwave.html
https://felicefrankel.com

P;u thorea

+ Add author X Re-arrange authors

A 5-minute video demonsration of this paper is available at !

1 Preamble

A variety of research on human cognition demonstrates that humans learn and communicate best
when more than one processing system (e.q. visual, auditory, touch) is used. And, related
research also shows that, no matter how technical the ’ﬂ?‘.',t'?f:éﬂ, most humans also retain ang
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 1o 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 talkks 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 o
access underlying data, in real-time, so as to test out various what-if scenarios, and to explain
findings more clearly. This short article explains—and shows with demonstrations—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

Konrad Hinsen

Many good suggestions, but if the goal is “long-lasting rich
records of scientific discourse®, a more careful and critical
attitude towards electronic artifacts is appropriate, | do see
t concerning videos, but not a word on the much more
critical situation in software. Archiving source code is not
sufficient: all the dependencies, plus the complete build
environment, would have to be conserved as well to make
things work a few years from now. An "executable figure® in
the form of an IPython notebook wil.

Merce Crosas

Konrad, good points; this has been a concern for the
community working on reproducibility. Regarding data
repositories, Dataverse handles long-term preservation and
access of data files in the following way: 1) for some data
files that the repository recognizes (such as R Data, SPSS,
STATA), which depend on a statistical package, the system
converts them into a preservation format (such as a
tab/CSV format). Even though the original format is also
saved and can be accessed, the new preservation format
gua...

Konrad Hinsen

That sounds good. | hope more repositories will folow the
exampie of Dataverse. Figshare in particular has a very
different attitude, encouraging researchers to deposit as
much as possible. That's perhaps a good strategy to
change habds, but in the long run it could wel backiire
when people find out in a few years that 909% of those

doposts have become useless

Christine L. Borgman
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https://authorea.com/users/23/articles/8762/_show_article
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“...how traditional and modern approaches to visualizing information are
best combined to leverage human creativity in our quest to understand

the world around us...”
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Galileo Galilel
1564-1642

ver b e d VNG YU TOw

On the third, at the seventh hour, the stars were arranged in thi
wence. The eastern one was 1 minute, 30 seconds from Jupiter
: closest western one 2 minutes; and the other western one w3

st *O - * We

i minutes removed from this one. They were absolutely on tl
me 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

n 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 on¢
d this one 6 minutes from the westernmost one. Their magnitude
:re nearly equal; the one closest to Jupiter appeared a little smalle
an the rest. But at the seventh hour the castern stars were only
) seconds apart. Jupiter was 2 minutes from the nearer easten

ast * Xk O 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 1s seen

Last * o X Wes|

a the adjoining figure. The eastern one was 2 minutes and the
gestern one 3 minutes from Jupiter. They were on the same straigh(
ine with Jupiter and equal in magnitude.

On the seventh, two stars stood near Jupiter *~h to the easr

Notes for & re-productions of Siderius Nuncius




Galileo Galilel
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with advice from Owen Gingerich and D:

Galileo’s New Order, A WorldWide Telescope Tour by Goodman, Wong & Udomprasert 2010



Galileo Galilel

January 11, 1610

Galileo’s New Order, A WorldWide Telescope Tour by Goodman, Wong & Udomprasert 2010
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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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http://www.worldwidetelescope.org/webclient/default.aspx?wtml=http://www.worldwidetelescope.org/wwtweb/ShowImage.aspx?reverseparity=False&scale=18.5163711997&name=Bar-pt1-pl003_sm&imageurl=https://farm4.staticflickr.com/3820/11760827015_cb3707ebfa_o.jpg&credits=alyssa+goodman+(All+Rights+Reserved)&creditsUrl=&ra=54.3098782184&y=625&x=798&rotation=-179.802212007&dec=31.431266374&thumb=http://farm4.staticflickr.com/3820/11760827015_c769e30f70_q.jpg&wtml=true#/place=Open_Collections.Bar-pt1-pl003_sm.0&ra=3.62066&dec=31.43127&fov=19.44308
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LINKED VIEWS OF HIGH-DIMENSIONAL DATA

/

/ 2D

3D Data Abstraction

Statistics

100
75 E—

50
25
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

LINKED VIEWS OF HIGH-DIMENSIONAL DATA,
IN PYTHON
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Sehsecy

video by Tom Robitaille, lead glue developer
glue created by: C. Beaumont, M. Borkin, P. Qian,T. Robitaille, and A. Goodman, PI
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video by Chris Beaumont, glue developer
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. g multidimensional data exploration
L] ..
e °
L]

define new variables, o tandard
standard data import/export insights, “ oD s

loaders interactive plots for the web, oo ® 1D, 2D & 3D
save state, all from GUI plots

built-in

link data files’ hlghllght |iVG O.I'
algorithmic selections

custom data with Boolean logic custom

loaders custom buttons, features plots

attributes

plug-in

Kt

TN/ : : : :
\é"'w' access to all matplotlib functions '@ g run & interact with glue from
IPTy through built-in IPython terminal Jupyter notebook & other tools

user config.py file

+options

(loaders, colors, plot types, +)

glueviz.org


http://glueviz.org

GLUE PLOTS ¢ GLUE DATA SETS ¢ GLUE TOOLS
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The Path to Newton ¥

PREDICTION

The Path to Newton

PREAMBLE:

Isaac Newton's theory of gravity was truly revolutionary. For the first time in
history, all motion -- from celestial bodies in Space to objects on Earth -- could be The Path to Newton
mathematically described and predicted. Newton’s theory necessitated new

EARL AN Al
[S) ) %)
PrebicTionX

mathematics, Calculus, as well as a trove of empirical observations from which to ok ;

derive and against which to test the math. The observations required

MATH AVAILABLE

instruments, the instruments required inventors, and the inventors required T e —— o

ideas, models, and conceptual systems that tried to make sense of the world and

816 D8RS

its physical phenomena. Over millennia, the ideas that led to Newton’s built on

earlier ideas through critique, amendment, and refutation. Newton'’s theory of |||
gravity was not quite like the other ideas that drove our understanding of how
the Universe moves forward, though--it was a monumental paradigm shift, from

a world described by empirical rules, like those Kepler had discovered, to a world sanows

that could be predicted a priori--with no prior data about a system.

BETwEEN 10ERs TN

The Path to Newton is an attempt to demonstrate (some) of history behind how
Newton knew what he knew and thought what he thought about motion. For
many centuries, motion of objects in the Heavens (what we now think of as

celestial mechanics) was considered categorically distinct from motion of objects

A Taanki
fim abhaysh

Posnes
otk

G | TaiATON | wisbart | Kb
MoVMENT | | i

Atosie
Tabes
Works :

on Earth (what was known as kinematics and, later, dynamics), so the Path

focuses on philosophical and mathematical conceptions of the Universe and of
how and why objects move on Earth, in order to explain how an ultimately
unified theory of motion came to be.

Steps along the Path were facilitated by material technologies and greatly
affected by religious doctrine, cultural exchange, and the migration and
translation of ideas. The Path highlights the cultures, thinkers and tinkerers who
wrestled ideas about motion into the stories, cosmologies, mathematics, tools,
and data that lay before Newton as he worked. Each person highlighted along
the Path stands in for a constellation of factors, often groups of people, that led
to the historical recording or transmission of key ideas. While The Path employs
these contributors as representatives and access points to seminal ideas and

innovations necessa icti of gravity, the immensity of the
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Isaac Newton's theory of gravity was truly revolutionary. For the first time in

history, all motion -- from celestial bodies in Space to objects on Earth -- could be The Path to Newton Pé;slc;.o»}x
mathematically described and predicted. Newton’s theory necessitated new 5 : = . e - ; o :

mathematics, Calculus, as well as a trove of empirical observations from which to ok

derive and against which to test the math. The observations required — —

instruments, the instruments required inventors, and the inventors required et o
ideas, models, and conceptual systems that tried to make sense of the world and o < ﬁ —

its physical phenomena. Over millennia, the ideas that led to Newton’s built on

earlier ideas through critique, amendment, and refutation. Newton'’s theory of

gravity was not quite like the other ideas that drove our understanding of how |||
the Universe moves forward, though--it was a monumental paradigm shift, from

a world described by empirical rules, like those Kepler had discovered, to a world | :
that could be predicted a priori--with no prior data about a system. P - y = 7.~* — —
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The Path to Newton is an attempt to demonstrate (some) of history behind how
Newton knew what he knew and thought what he thought about motion. For
many centuries, motion of objects in the Heavens (what we now think of as
celestial mechanics) was considered categorically distinct from motion of objects
on Earth (what was known as kinematics and, later, dynamics), so the Path
focuses on philosophical and mathematical conceptions of the Universe and of
how and why objects move on Earth, in order to explain how an ultimately
unified theory of motion came to be.
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Steps along the Path were facilitated by material technologies and greatly
affected by religious doctrine, cultural exchange, and the migration and
translation of ideas. The Path highlights the cultures, thinkers and tinkerers who
wrestled ideas about motion into the stories, cosmologies, mathematics, tools,
and data that lay before Newton as he worked. Each person highlighted along
the Path stands in for a constellation of factors, often groups of people, that led
to the historical recording or transmission of key ideas. While The Path employs
these contributors as representatives and access points to seminal ideas and
innovations necessa icti of gravity, the immensity of the
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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.

10QViz.org
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“Seeing, Exploring, Explaining, and Sharing our Universe”
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“...how traditional and modern
approaches to visualizing
information are best combined to
leverage human creativity in our
gquest to understand the world
around us...”



Seeing, Exploring, Explaining, and Sharing our Universe

OPEN DATA OPEN CODE OPEN SCIENCE

& opena
PEN # dustmaps .
comomaL - Docs » dustmap modules © Edit on GitHub
nr W.Blo s dustmap modules
Installation =
Examples bayestar (Green et al. 2015, 2018) =
/doi.org/10.1 542 Available Dust Maps
B dustmap modules class dustmaps .bayestar.BayestarQuery(map_fname=None, max_samples=None, .
Jon=tbayestar2019)  fsource .
bayestar (Green et al. 2015, 2018)
. dustmaps.map_base.DustMap
bh (Burstein & Heiles 1982)
: chen2014 (Chen et al. 2014) Queries the Bayestar 3D dust maps (Green, Schlafly, Finkbeiner et al. 2015, 2018). The 2y
Introduction Figures (®) Cheok for update; maps cover the Pan-STARRS 1 footprint (dec > -30 deg) amounting to three-quarters of
iphas (Sale et al. 2014) “ -
the sky.
| €

1enz2017 (Lenz, Hensley & Doré
2017) __init__(map_fname=None, max_samples=None, version="bayestar2019")

Included in the Following
Collections

Ten Simple Rules marshall (Marshall et al. 2006)

en Data

Parameters: e map_fname (Optional[ str ]) - Filename of the Bayestar map. Defaults
pg2010 (Peek & Grave: R
to None , meaning that the default location is used.

e Eell-dimeiiton 20413) max_samples (Optional[ int ]) - Maximum number of samples of the

sileitegal Ml & Baks map to load. Use a lower number in order to decrease memory usage.
Lz Defaults to None , meaning that all samples will be loaded.

fetch_uti version (Optional[ str ]) - The map version to download. Valid
map_base versions are *bayestar2019' (Green, Schlafly, Finkbeiner et al. 2019),
healpix_map bayestar2017" (Green, Schiafly, Finkbeiner et al. 2018) and

SIGNIN
‘bayestar2015' (Green, Schlafly, Finkbeiner et al. 2015). Defaults to

*bayestar2015* .
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Welcome to the Gaia Archive

Gaia is an ambitious mission to chart a three-dimensional map of our Galaxy, the Miky Way, in the process
revealing the composition, formation and evolution of the Galaxy. Gaia will provide unprecedented positional
and radial velocity measurements with the accuracies needed to produce a stereoscopic and kinematic census
of about one billion stars in our Galaxy and throughout the Local Group. This amounts to about 1 per cent of the

Galactic stellar population
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Gai an ADQL (Astronomical Data i problem repor
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