Exploring & Explaining Science, with Pictures



https://www.youtube.com/watch?v=rTyVtf_0ULA
http://glueviz.org
http://worldwidetelescope.org

= MENU

TEN QUESTIONS TO ASK WHEN CREATING A VISUALIZATION

The 10 Questions

1. Who | Who is your audience? How expert will they be about the subject and/or display conventions?
2. Explore-Explain | Is your goal to explore, document, or explain your data or ideas, or a combination of these?
3. Categories | Do you want to show or explore pre-existing, known, human-interpretable, categories?
4. Patterns | Do you want to identify new, previously unknown or undefined patterns?
5. Predictions & Uncertainty | Are you making a comparison between data and/or predictions? Is representing uncertainty a concern?
6. Dimensions | What is the intrinsic number of dimensions (not necessarily spatial) in your data, and how many do you want to show at once?
7. Abstraction & Accuracy | Do you need to show all the data, or is summary or abstraction OK?
8. Context & Scale | Can you, and do you want to, put the data into a standard frame of reference, coordinate system, or show scale(s)?
9. Metadata | Do you need to display or link to non-quantitative metadata? (including captions, labels, etc.)
10. Display Modes | What display modes might be used in experiencing your display?

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. 1OQViZ O rg

Want to read about the scholarship behind 10QViz.org's questions? Write to ask for a draft of our research paper, Coltekin & Goodman 2019.


http://10QViz.org
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. 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?
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Abstraction & Accuracy

Multi-dimensional data exploration with

glue

What is glue?
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http://www.glueviz.org
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THE NEW YORK TIMES, TUESDAY, JAN UARY 25, 2022

OUT THERE | DENNIS OVERBYE

Where Our Bubble Ends, Our Understanding Begins

‘By mapping a region devoid of
gas and dust, scientists learn
"more about star formation.

JUST A BIT TOO LATE for New Year celebra-
tions, astronomers have discovered that
the Milky Way galaxy, our home, is, like
champagne, full of bubbles.

As it happens, our solar system is pass-
ing through the center of one of these bub-

‘ibles. Fourteen million years ago, according

to the astronomers, a firecracker chain of
Supernova explosions drove off all the gas
and dust from a region roughly 1,000 light-
Years wide, leaving it bereft of the material
needed to produce new generations of
stars.

As a result, all the baby stars in our
neighborhood can be found stuck on the
edges of this bubble. There, the staccato
force of a previous generation of exploding
stars has pushed gas clouds together into
forms dense enough to collapse under their
own ponderous if diffuse gravity and con-
dense enough to ignite, as baby stars. Our
$un, 4.5 billion years old, drifts through the
middle of this space in a coterie of aged
stars.

“This is really an origin story,” Catherine
Zucker said in a news release from the Har-
Vard-Smithsonian Center for Astrophysics.
“For the first time, we can explain how all
nearby star formation began.”

Dr. Zucker, now at the Space Telescope
Science Institute in Baltimore, led a team
that mapped what they call the Local Bub-

. ble in remarkable detail. They used data
~'from a number of sources, particularly
~'Gaia, a European spacecraft, that has
" mapped and measured more than a billion
stars, to pinpoint the locations of gas and
dust clouds.

Last year, a group of scientists led by
Jo@o Alves, an astrophysicist at the Univer-
sity of Vienna announced the discovery of
the Radcliffe Wave, an undulating string of

‘dust and gas clouds 9,000 light-years long
that might be the spine of our local arm of
the galaxy. One section of the wave now ap-
bears to be part of our Local Bubble.
. The same group of scientists published
their latest findings in Nature, along with
an elaborate animated map of the Local
Bubble and its highlights.

The results, the astronomers write, pro-
vide “robust observational support” for a
long-held theory that supernova explo-
sions are important in triggering star for-
mation, perhaps by jostling gas and dust
clouds into collapsing and starting on the
long road to thermonuclear luminosity.

A Astronomers have long recognized the
'flLocal Bubble. What is new, said Alyssa
.roodman, a member of the team also from

Above, an illustration of the
Local Bubble, which formed in
the Milky Way, left, when
supernova explosions drove off
all the gas and dust from a
1,000-light-year-wide region.

Local Bubble began 14 million years ago
with a massive supernova, the first of about
15; massive stars died and blew up. Their
blast waves cleared out the region. There
are now no stars younger than 14 million
years in the bubble, Dr. Goodman said.
The bubble continues to grow at about 4
miles a second. “Still, more supernovae are
expected to take place in the near future,

The team plans to go on and map more
bubbles he our Milky Way flute of
champagne. There must be more, Dr.
Goodman said, because it would be too
much of a coincidence for the sun to be
smack in the middle of the only one.

The sun’s presence in this one is none-
theless coincidental, Dr. Alves said. Opr
star wandered into the region only five mil-
lion years ago — long after most of the ac-
tion — and will exit about five million years
from now. ;

The motions of the stars are more IrTégu-
lar than commonly portrayed, as they ar?
bumped gravitationally by other stars,
clouds and the like, Dr. Alves said. :

“The sun is moving at a significantly dif-

-+ the Harvard-Smithsonian Center for Astro-
.+ (physics, is the observation that all local
\sar-forming regions lie on the Local Bub-
le’s surface. Researchers previously
yacked the tools to map gas and dust clouds

like Antares, a red supergiant star near the ; ¢ the stars
) ferent velocity than the average of the s
edge of the bubble that could go any cen- v i the solar neighborhood” he

‘B“urg’u‘?,‘;";o?ﬁ,::,’;’?f B TRl Wik enablc it to catch up and

A — passed by — the bubble.
With a score of well-known star-forming ~ Pass — or be Y g, ¥
in three dimensions. “Thanks to 3-D dust- regions sitting on the surface of the bubble, . _“It was a revelation,” Dr. Goodman said,

mapping, now we do,” Dr. Goodman said. R : ' . the next generation of stars is securely on howdko_ogy' tr}e s;m's pilt? really is com-
According to the team’s calculations, the  [FEiEL PR & .. : tap. pared with a simple circle!

New York Times
January 25,2022
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https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/Interactive_Figure2.html
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“Real Data"” (Exploration)

(Zucker et al. 2022, Nature)

“Cartoon” (Explanation)

Click to Show/Hide:

Idealized Model
for Local Bubble
Evolution

Stellar Orbits
@® Solar Orbit

- LOCAL BUBBLE

0 ‘ﬁQLOd] Z
Y[Dc] :

Traceback Time:-14 Myr
©

MILLION YEARS AGO

- Present -2 Myr -4 Myr -6 Myr 8Myr  -10Myr  -12Myr  -14Myr  -16 Myr

[try the interactive figure from Zucker et al. 2027 ]


https://faun.rc.fas.harvard.edu/czucker/Paper_Figures/Interactive_Figure2.html

Interactive Infographic: The Path to Newton
EDICTION

predictionx.org

The Path to Newton

p RED
PREVAILING BELIEF CONCERNED WITH PHENOMENA EARTH AT CENTER (© BELIEVED SUN AT CENTER) SUN AT CENTER (® BELIEVED EARTH AT CENTER)
TOOLS AVAILABLE GNOMON GNOMON GNOMON GNOMON
ASTROLABE ASTROLABE ASTROLABE
PRINTING PRESS PRINTING PRESS
= TELESCOPE
MATH AVAILABLE
PLANAR GEOMETRY PLANAR GEOMETRY PLANAR GEOMETRY PLANAR GEOMETRY PLANAR GEOMETRY PLANAR GEOMETRY PLANAR GEOMETRY m—
SPHERICAL GEOMETRY SPHERICAL GEOMETRY SPHERICAL GEOMETRY SPHERICAL GEOMETRY SPHERICAL GEOMETRY SPHERICAL GEOMETRY s
TRIGONOMETRY TRIGONOMETRY TRIGONOMETRY TRIGONOMETRY TRIGONOMETRY se—
SPRERICAL TRIGONOMETRY s—— P HER|CAL TRIGONOMETRY SPRERICAL TRIGONOMETRY SPERHICAL TRIGONOMETRY SPHRERICAL TRIGONOMETRY =
ALGEBRA ALGEBRA ALGEBRA ALGEBRA
ANAXAGOROS o TUSI COUPLE AND OTHER SPECIAL FORMS SPECIAL FORMS SPECIAL FORMS me—
510 498 BCK oCircles 8 § ...oh, and Motion LOGARITHMS LOGARITHM S se——
. Greek ou're o caused by ¥ it k —— CALCULUS m——
516 IDEAS Motion spheres, Y self- 1t just keeps Bf :
wron ; i i
miiirlﬂ jgggg?é}a ! +ben\r iz abou? ethaustmg GO‘W)OIM“V‘A Vfﬁhl‘:{’; TIA (ome on! You Objects are
ittle ; ristotle - :
Greek PLATO efernity... . orce . . 9omg can’t “aive” ; e
; motion i Aristotle is 5 set into )
push. ! 427 347 BCE ARISTOTLE ' Celestial bout but not really. 4 veally mean? | an object < motion 000h, | like ,
Correct ' Greek 383 320 BCE Plato. : and : wrong abou 1BN SINA We need to % - . . this Dutch We're gonna
Natural, not Motion Symmetry 5 Greck 3¢ terrestrial pace, time tion, 90 motion. With giant spendy is Dutc A bett
tural . T T [ i O phenomena 1 1 (AVICENNA) qW’.S 104 "\BN RUSHD NICOLE ORESME X spyqlass! neea vetter
supernatural. Nature rules. (¥ ; o and matter. 980-1037 13201382 instruments, | can Pyg > . math.
o be a cause ‘ ) Via ! - i e om—— B o (AVERROES) , rench get GREAT data. Sorry, Aristotle, This avol
= V. . A ircle € Motion is 1126-1198 - ) . : 1§ apple.
Partial THALES (el All things (irles A6 190 570 indefinite b Bigger Math first, Aristotle, gy That i
credit 624 546 BCE : : mov; ti S0 BOE the best! we Greek living in et observatories, philosoph Planets you're just above and "A 1’;\””"
Greek The ai ; their natural Greck just need Roman Egypt external better ot J orbit the wron below, it's (ould they feel
Hey, the : B &Il LS : GlLy LERE) 1 must gather more . ater. Sun, but % the same pull?
Yi : : bject: : | more! \ 9 forces observations Moti ; all matter pul?
les in th : Motion and objects place " PTOLEMY iv\{-ovm ton {-ov t . otion Sun orbits GALILEO GALILEI ‘ X
i cycles m The ; through it : i a AL-TUSI explained Earth in motion. ISARC NEWTON
‘ : change are 8! : A single 100 170 Years p TYCHO BRAHE 1564 1642 -
NV sky repeat. p s llusi : framework G 170 better astrology, i 12011274 with NICHOLAS i 16421726
N Let's track ’ | R ] ; for all Roman Egypt and | shall shave from mow, potiontis Fersian “impetus COPERNICUS 150 oot e
I > ( ; e opernicu . — i a chain of " 14731543
5 them. ‘7 L . ( ; . geometry M2 yhat | learn! (-E | ‘ 4 MehPh%‘(S? an obiect’s ‘ . theory Folish : :
BABYLONIANS N, - Question : ' 5 . VARHAWIHIRA o g Hooey! Give ¥ Wi ; ; All hodies GRAVITY
2000500 BOE L. all you N Rearranging :; stationary ey 305567 v AL-BATTANI Me- SN\ P8 e evidence This i e—— : b o on Earth GOVERNS
- (e pARMENIDES :Itm: v center of the equants, | e ! . oa8-029 QNN 0 vath. math, not e W"L‘e :Jr it have RENE DESCARTES
H e - rah ' N .
515150 BCE b EUDOXUS universe eccentrics | IBN AL-HAYTHAM philosophy. Earth’s & (circular) 1596-1650 ALL
CONNECTIONS e motion 960.357 BCR gl X - Moon e French
—>“TWEEN i The uni A Earth , ARISTARCHUS Ao Simple Jiﬁgg?,’lk;%m porbits F
e universe : Earth and in s 310-230 BCE P Fronch, The Earth
” is WAY bigger £\ Senerated ; h Greek With one circular e might
th EEI - P22 by boundless the Heavens is ‘ Spheres ith —— orbits work actually
.......................... - _ Than you ) eternity all the same... r all the v ‘e Who kv?ew & Models with better rotate I : All bodies
Teacher-Pupil or might think. ANAXIMANDER just atomy. DEMOCRITUS way function, nothing g matching math Earth JOHANNES SURIS the have inertia I must
Senior-junior AND 460-370 BCE down. Il give you could be so : data is need not KEPLER centen make
r n 610-546 BCE Greek Planets paramount I can 1571-1630
esearcher Greck Moon Su'n the Moon! ARYABH_ATA Mse{,u[? \ Accuracy is - be at rest, improve o Newton
o o0 BRAHMAGUPTA key (e.g. Ptolemy! P ublish/
move on Math can Indian T o el o \ y! Polemy! publisn!
(J . spheres del th ! - ays BHASKARA 11 ALl QUSH” EDMOND HALLEY
v p model the Tndian in a year) To the 1656-1742
N If cirdles = Universe is center universe 1180 18 printing Orbits are Britsh
- spherical i ellipse
Travel between ave PeV{K’f: P I'm ot _ Sines REGIOMONTANUS press! pses,
e i 1436-1476 not circles
cultures Some “stars spheres are sure Earth JNBICKE Zeroisa Much of oo e Some
move more sublime i h + accuracy numeral what we comets
than others “ ’ is exactly unto itself ‘ return
PYTHAGORAS in th today call —
. n the 4 predictably
570-495 BCE = calculus
Greck HipPARCHUs <€/ Ter?
190-120 BCE
Greek living
in Rome i
. 5 I N g . . A Dialogue on the L Synopsis
on the ) .|| On Aristotle’s TRANSLATION g ot pepic: | |AlShukik'ala | | Siddhanta | | Commentaries | Al-Tadhkirah De Astronomia Siderius Two Chief Two New Principles of A PILED
Published Astronomical Heavens ::f:li EI;T;TS ThePl;Ilr:\[:gest ArAyr:l::::ga Physics 3 siddhantika siddhanta MOVEMENT K;t]?:aznziﬁ mi::;ig'fa Batlamyiis Shiromani on Aristotle nglse':e i Revolutionibus Nova Nuncius Systems of the Sciences Philosophy Principia HEIEOIE
works Diaries Aristotle e &, SO TR . L Philoponus || Varahamihira | | Brahmagupta WORKS e o 0700 Ibn al-Haytham | | Bhaskara IT “1"1‘51(‘)“;“‘30 s Regiomontanus Copernicus |Johannes Kepler Gl World Galileo Descartes Jsaae Nowton Cometicae
¢. 350 BCE : : : : ¢.520 575 ¢ 628 : : ¢ 1025 e 1150 ¢ 1150-12 1496 1543 1609 1610 Gl"‘(%l;" 1638 1644 ez E‘im"l‘;“(‘)?“‘”fy

© Harvard University, created by Alyssa di Jais Drew L & Katie Peek, re-use is allowed, with attribution, version 1, 2019

demo: path-toorg o QD changem

Science and learning-connected.


http://path-to.org/newton.html
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.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?
3. 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?

Categories > & Patterns Context & Scale Predictions & Uncertainty

COVID-19: Reported Deaths (Red) and IHME Predictions (Blue)

Milky Way Giant Molecular
Bones Filaments
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And how uncertain were the uncertainties?

COVID-19: Reported Deaths (Red) and IHME Predictions (Blue)
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COVID-19: Reported Deaths (Red) and IHME Predictions (Blue)

Milky Way Giant Molecular
Bones Filaments



http://10qviz.org




"NEW" DISPLAY MODES

BONUS

AUGMENTED REALITY

TINYURL.COM/UNIVERSE-IN-MY-HAND


http://tinyurl.com/universe-in-my-hand

WHAT DO EXPENSIVE
NEW TELESCOPES DO
FOR HUMANITY TODAY?

Are mega-projects like ALMA,
LIGO, JWST, and Gaia worth
the billions?
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https://twitter.com/AlyssaAGoodman/status/1546675001755111424?s=20&t=5dXg3hHAKqrEt3aN7ji5yA
https://twitter.com/AlyssaAGoodman/status/1546675001755111424?s=20&t=5dXg3hHAKqrEt3aN7ji5yA

Alyssa A. Goodman
@AlyssaAGoodman

Here's a 1-minute video showing--in the words of
visualization hero @EdwardTufte--the "compared to
what" factor for today's amazing @NASAWebb image.
Thanks to the @WW Telescope for making this
possible, and @ADavidWeigel. | only wish @NASA and
@POTUS had shown the image this way!

WEBB
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.
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&) A David Weigel @ADavidWeigel - Jul 11
Replying to @AlyssaAGoodman and @NASAWebb

And you can zoom on the first one (SMACS 0723) interactively here in
@WWTelescope: web.wwtassets.org/specials/2022/...
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