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+did you graduate from High Schoof? 2014
ow would you define “Data Science" ? Science re data analysis
vould you define *data visualization'? Presenting data in charts, tables, g
+you at the following? [HTML coding] Ive heard of it, but don't know ho.
re you at the following? [CSS coding] I've heard of it, but den't know ho.

following? [Javascript Programming] I'm OK--basic knowledge only.

re you at the following? [Web design] Ive heard of it, but don't know ho...

at the following? [Programming in C] Ive heard of it, but don't know ho...

following? [Programming in Python] I'm OK--basic knowledge only.

wing? [Assembly or Machine Coding] Ive heard of it, but don't know ho...

reating new functionality using APIs] Ive heard of it, but don't know ho...

ulating statistics using spreadsheets] I'm pretty good.
ing astraight line to data on a graph] I'm pretty good.
at the following? to data on a graph] I'm OK--basic knowledge only.
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The "Paper" of the Future
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A 5-minute video demonsration of this paper is available

1Preamble
A variety of res

n d

onstrates that humans t
when more than one processing system (e.g. visual, auditory, touch) is used. And, related
research also shows that, no matter ho,

rch on human cogn

ommuni

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 biithely away with the linear

rative format that articles and books have followed for cent

s: inst

d, we should enric!

Much more than text is used to commuic:

ate 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 m ers. When scientists
face-toace, 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, s as o 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

st scientific

mmunicate

Cognition

Paper of
the Future
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Konrad Hinsen
Many good suggestions, but f the goal i *long-lasting rich
rocords of scientifc discourse”. a moro caroful and critcal
attitude towards electronic artfacts is appropriate. | do see

things work a few years rom now. An “exacatable figure* in
the form of an IPython notebook w

Morco Crosas

Konrad, good points: tis has been a concern for the

community working on reproducbilty. Regarding data
repositories, Dataverse handies long-term preservation and
access of data fies in the folowing way: 1) for some data
fles that the repository recognizes (such as R Data, SPSS,
STATA), which depend on a statstical package, the system
converts them into a preservation format (such as a
1ab/CSV format). Even though the originalformat i aso
saved and can be accessed, the new preservation format

o

Konrad Hinsen
That sounds good. | hope more repositores wil folow the
‘examplo of Dataverso. Figsharo in particular has a very
foront atttude, ancouraging researchers to eposit as
much as possble. That's perhaps a good strategy to
change habits, but i the long rn t coukd wel backire
when people find out in a few years that 80% of those
Goposis have become useless.

Christine L. Borgman

tinyurl.com/paperofthefuture
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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)
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example here from: Beaumont, Goodman, Kendrew, Williams & Simpson 2014; based on Milky Way Project catalog (Simpson et al. 2013), which came from
Spitzer/GLIMPSE (Churchwell et al. 2009, Benjamin et al. 2003), cf. Shenoy & Tan 2008 for discussion of HAC; astroml.org for machine learning advice/tools
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algorithm
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Number of regions

example here from: Kaynig...Lichtman...Pfister et al. 201 3, “Large-Scale Automatic Reconstruction of Neuronal Processes from Electron Microscopy
Images”; cf. Shenoy & Tan 2008 for discussion of HAC; astroml.org for machine learning advice/tools (Note: RF=Random Forest; CRF=Conditional Random Fields.)
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Movie: Volker Springel, formation of a cluster of galaxies. Millenium Simulation requires 25TB for output.
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New Thinking on, and with, Data Visualization

oo

Alyssa A. Goodman, Michelle A. Borkin, Thomas P. Robitaille

As the complexity and volume of datasets have increased along with the capabilities of modular, open-source, easy-to-implement, visualization tools, scientists'
need for, and appreciation of, data visualization has risen too. Until recently, scientists thought of the "explanatory" graphics created at a research project's
conclusion as "pretty pictures" needed only for journal publication or public outreach. The plots and displays produced during a research project - often
intended only for experts - were thought of as a separate category, what we here call "exploratory" visualization. In this view, discovery comes from exploratory
visualization, and explanatory visualization is just for communication. Our aim in this paper is to spark conversation amongst scientists, computer scientists,
outreach professionals, educators, and graphics and perception experts about how to foster flexible data visualization practices that can facilitate discovery and
communication at the same time. We present an example of a new finding made using the glue visualization environment to demonstrate how the border
between explanatory and exploratory visualization is easily traversed. The linked-view principles as well as the actual code in glue are easily adapted to
astronomy, medicine, and geographical information science - all fields where combining, visualizing, and analyzing several high-dimensional datasets yields
insight. Whether or not scientists can use such a flexible "undisciplined" environment to its fullest potential without special training remains to be seen. We
conclude with suggestions for improving the training of scientists in visualization practices, and of computer scientists in the iterative, non-workflow-like, ways
in which modern science is carried out.

Comments: Submitted as an invited "Perspectives” Paper for PNAS, in conjunction with the 2018 Sackler Colloquium

License: http://arxiv.org/licenses/nonexclusive-distrib/1.0/
Categories
Primary: Instrumentation and Methods for Astrophysics (astro-ph.IM)
Cross lists: Astrophysics k% Instrumentation and Methods for Astrophysics &)

This article is currently submitted.

View Article

tinyurl.com/newVizthinking
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Data Scientist: The Sexiest
Job of the 21st Century

by Thomas H. Davenport and D.J. Patil

FROM THE OCTOBER 2012 ISSUE
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hen Jonathan Goldman arrived for work in June 2006 at LinkedIn, the business

networking site, the place still felt like a start-up. The company had just under 8
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