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Results: Science Communication’s Future

Ideally, how will scientists share their results with each other and the public in 50 years? In January, we
asked young scientists to use their imaginations and send us their best ideas. We heard from nearly 150
readers, many of whom share a vision of a world in which scientific results are online, interactive, and
easily accessible to both scientists and the public. A sample of the best responses can be found below. To
allow for as many voices as possible, in some cases we have printed excerpts of longer submissions (indi-
cated by ellipses) and lightly copyedited original text for clarity. To read the complete versions, as well as
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many more, go to http://scim.ag/NextGen6_Results.

Submit Now: Science Time Travel

Add your voice to Science! Our new NextGen VOICES survey is now open:

You can travel back in time to share one piece of scientific knowledge from today. Where do
you go? Describe the date and place you choose, the information you share, and how it might

change the course of history.
To submit, go to http://scim.ag/NextGen7

Thanks to Jon Tennant at the Department of Earth and Engineering, Imperial College London, for submit-

ting this question.

Deadline for submissions is 17 May. A selection of the best responses will be published in the 5 July issue
of Science. Submissions should be 250 words or less. Anonymous submissions will not be considered.

Please submit only once.

NextGen Speaks

FEBRUARY 12, 2063. TODAY | UPLOADED
my manuscript to the reviewing system of
the General Platform. I chose my subsec-
tion such that it will end up with the right
reviewers.... Luckily, manuscripts can’t get
rejected anymore, but [ wonder
what remarks, suggestions,
and initial ratings my paper
will receive and how much

I will need to revise. What's

most exciting is whether

after revision, my paper
will be selected for a jour-
nal: From the General Platform,

journals make weekly selections of new and
important papers that best suit the interest of
their subscribers. ... I hope my paper will be
selected by a widely read journal. Maybe the
journal will also publish an additional com-
ment! Still, most important are the comments

and ratings readers will give my paper, since
even without journal selection, it will remain
available on the General Platform.... As the
ratings are given anonymously, papers are
really graded for their worth, and I will get
a good sense of what my paper contributes to
the field. Well, let’s stop hoping and wait for
the reviews!

ANNELINDE R. E. VANDENBROUCKE
Cognitive Neuroscience Group, Psychology Department,

University of Amsterdam, 1018 XA, Amsterdam, North Hol-
land, Netherlands. E-mail: a.r.e.vandenbroucke@uva.nl

IN THE NEXT 50 YEARS, | BELIEVE THAT BREAK-
throughs in visualization of huge data sets
will revolutionize the way science is commu-
nicated, making results much more accessible
to scientists and the public alike. Genomics
gives a perfect example of where visualization
may be heading. In coming decades, I believe
that laypeople will be able to upload per-
sonal genomic data (which will soon be easily

affordable) onto a data-rich genome browser,
which displays many levels of information in
navigable format. The browser may, for exam-
ple, present a three-dimensional view of a
DNA helix, bundled onto histones and stud-
ded by proteins and polymerases, that may
be uncoiled and queried by
voice or touch. From any
DNA region of inter- #
est, users will be able to  j
toggle articles, blogs,
and social media posts,
as well as demographic,
lifestyle, and disease-
related histograms. Portions
of the browser might light up to announce new
scientific findings, with confidences of indi-
vidual results noted via some standardized cri-
teria. Software developers and scientists will
provide various specialized viewer plugins
that people can run as apps. All this will give
the public unprecedented access and exposure
to cutting-edge science. Big data browsers
will by no means be limited to genomics; we
already see their prototypes in tools such as
Google maps, which may soon support tog-
gling and viewing of geological and climate
data. These tools will fundamentally alter the
way scientific findings are disseminated and
will go a long way toward improving trust and
dialogue between scientists and nonscientists.
MATTHEW OBERHARDT
Departments of Computer Science and Molecular Biology/

Biotechnology, Tel Aviv University, Tel Aviv, 69978, Israel.
E-mail: mattoby@gmail.com

ONCE SCIENTIFIC FINDINGS ARE SUBMITTED
to communication portals, machine intelli-
gence will distill scientific results into pack-
ets relevant to every demo-
graphic: other scien-
tists, informed citizens,
teachers and students,
and children. These
packets will be made
into annotated, high-
definition, holographic
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A new era for
insomnia treatment?

interactive, multimedia presentations appro-
priate for each demographic. Specialized
devices, equipment, methods, and procedures
will be virtually simulated to create a tactile
experience for the audience, especially for
education and training. Successive publica-
tions get consolidated into a timeline of sci-
ence communication, both at the individual
scientist level and at the level of the larger
area/field. Conferences for specialized and
general audiences will bring people together,
but virtual participation will be the norm.

ANIL KUMAR CHALLA
Department of Genetics, University of Alabama at
Birmingham, Birmingham, AL 35294-0024, USA, E-mail:
anilkchalla@gmail.com

IDEALLY, AS SCIENTISTS, WE CAN HOPE FOR A
greater scientific understanding by the gen-
eral public as myths are
replaced by facts. This
should lead to a greater
allocation of space in
newspapers, television,
Internet webzines, and
social media for sci-
ence. More knowledge-
able discussion among the
general public would lead to an improvement
in scientific research and funding. ...
K. CHRISTIAN KEMP
Center for Superfunctional Materials, Department of Chem-

istry, Pohang University of Science and Technology, Pohang,
790-784, Korea. E-mail: ckemp@postech.ac.kr

...IN 50 YEARS' TIME...SCIENCE COMMUNI-
cation will be in some form of social media,
most likely, personalized blog posts that
are updated and edited by
individuals, or highly
targeted short message
links that automati-
cally seek out the right
audience at the right
time, like heat-seeking
missiles, to achieve high-
est impact....

FREDROS O. OKUMU

Environmental Health and Ecological Sciences Thematic
Group, Ifakara Health Institute, Dar es Salaam, Tanzania.
E-mail: fredros@ihi.or.tz

Meodeling solar
magnetism

...RESEARCHERS SHOULD NOT HAVE TO WAIT
to share results (even negative ones) until
the entire project is established with enough
data to be worthy of publication in a jour-
nal. Experiments and their results could be
posted one by one in a forum or

database-like environment,
with proper acknowledg-
ment and enough pro-
tection for the respective
researcher.... Groups
working on similar proj-
ects could communi-
cate, share thoughts, gener-
ate ideas, or even combine efforts, hence
accelerating the project and the publication
process.... The real essence of scientific
research would be captured and tailored to
the fact that in this day and age, the world
has no boundaries.

YASMINE MUSTAFA MOHAMED

Department of Biology, American University in Cairo, New
Cairo, 11835, Egypt. E-mail: y_mustafa@aucegypt.edu

...PERHAPS SCIENCE COMMUNICATION
should completely abandon the research
paper as we know it. Ideally, scientific com-
munication would be a single, completely
open, digi-pedia combined with a simple
rating system and powerful search engine.

Textbook-like, hier-
archical organization
of content would end
with links to primary
data of any type, topic
forums, and tutorials, all
unrestrictedly posted by the
user. Articles, experimental techniques, pri-
mary data, researchers, and institutes would
each be subjected to mass ratings
by the reader.... Points of con-
tention would be quantified and
used as an additional sorting fac-
tor to identify critical questions.
Negative data would be commu-
nicated and confirmed. Ratings
would act as guides for reward-
ing achievement in all aspects of
the scientific process. ...

SCOTT ALLEN LACADIE
Berlin Institute for Medical Systems Biology,
Max Delbriick Center for Molecular Medi-

cine, 13092, Berlin, Germany. E-mail: scott.
lacadie@mdc-berlin.de

THE UBIQUITY OF SMARTPHONES,
robotic assistants, and wear-
able sensors will usher in an
era of Big Data never before
seen: Scientific publications
won’t be written
so much as aggregated
from an unceasing sup-
ply of images, assays,
raw numbers, and com-
posite text edited with
e-mail-screening soft-
ware. Once reports are
“published” (physical print-

ing will have mostly ceased, so this word
sounds arcane), you’ll be able to view an
AutoCAD-like experimental layout using
any heads-up display, perhaps projected
onto your lab goggles. When you stare at
an empty wall or table, a full experimen-
tal manifold will expand in front of you—
outlines tracing equipment, animals, and
reagents, showing experiments in real time.
Tactile gloves will provide haptic feedback
in real time; you’ll “touch™ and manipu-
late the objects you see. Dedicated media
professionals will incorporate the best
experimental animations into an annual
movie, available for download at any public
Sci-terminal. Digital awards, like today’s
Oscars or Emmys, will signify the high-
quality research, driving tenure decisions
and funding.

MICHAEL A, TARSELLI

Biomedisyn Corp, Woodbridge, €T 06525, USA. E-mail:
mtarselli@biomedisyn.com
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...IN 50 YEARS, WE CAN
diversify our audience by
refocusing our nations’
education systems. We
can integrate the current

methods of sharing results

into curricula of secondary
schools and undergraduate pro-
grams. ... Researchers must take on an addi-
tional responsibility: They must orient their
published results toward not only the knowl-
edgeable but also the curious. They need not
alter the technicality of their results; instead,
they can draft secondary articles focusing on
the applications of their research. ... Teachers
and professors who keep their students up to
date on current scientific developments will
foster a sense of determination and purpose
in the next generation of scientists. Within 50
years, several generations will have grown
up surrounded by scientific innovation. The
general population will finally constitute the
majority of a scientist’s audience.
VIKAS ARAGAM

College of Arts and Sciences, University of Pennsylvania, Phil-
adelphia, PA 19104, USA. E-mail: vikasar@sas.upenn.edu

..I ENVISION A FUTURE
of...scientists who as eas-
ily construct an exquisite
phrase as a well-planned
experiment. Ideally,
we will be a generation
of savvy bloggers, social
media personalities, and pas-
sionate public speakers. We will do this out
of interest, but also by necessity. The fate of
research funding rests on our ability to com-
municate science topics widely and well,
both to our peers and to the public. We can-
not afford to let other people speak for us; we
must be trained to speak for ourselves.

ERIN E. COFFEY
Department of Anatomy and Cell Biology, Neuroscience

Graduate Group, University of Pennsylvania, Philadelphia, PA
19104, USA. E-mail: coffeye@mail.med.upenn.edu

...EVERY LABORATORY WILL HAVE FAN PAGES ON
social media platforms, and scien-
tists will share their insights
on a daily basis with the gen-
eral public on current issues.
I see, in 50 years, a situa-
tion where crowd funding
of research is the main fund-
ing instrument that will reward
scientists with stronger public
engagement skills. ... PATRICK KOBINA ARTHUR
Department of Biochemistry, Cell, and Molecular Biol-

ogy, University of Ghana, Legon-Accra, Ghana. E-mail:
parthur@ug.edu.gh

GOVERNMENTS SHOULD
buy all the major publica-
tion houses and release
their information for
free, while maintaining
the journal structure at
public expense. The costs
would be ftrivial relative to

the tax revenues captured from the growth
spurred by the open-access policy. I cannot
think of a better way for the world’s govern-
ments to spend a few billion dollars up-front
and several hundred million per year.

CHAD BRICK

Sumitomo Bakelite Carporation, Kobe, Japan. E-mail:
chad_brick@sumibe.co.jp

...AS THE POTENTIAL OF UNLIMITED ONLINE
publishing becomes clear, we
will see a greater number
of publications that end in
negative, unexpected, or
less interesting results.
From the perspective of
students, who have lim-
ited time, the publication of
experiments that they should
avoid would be remarkable. For researchers
with limited funds, it would be invaluable,
and to those organizations providing funds,
it would be of great commercial interest as
it provides a means of ensuring they do not
keep funding research that has already been
carried out.... RODDY GRIEVES
Centre for Cognitive and Neural Systems, University of

Edinburgh, Edinburgh, EH8 9]Z, UK. E-mail: r.m.grieves@
stir.ac.uk

...IN THE FUTURE, SCIENCE WILL DICTATE
policies. Governments will ask for scientific
reports every time there is the need for a new
law. Voters will have exten-
sive scientific knowledge
and will make their daily
life decisions based on
science’s latest find-
ings.... How will science
gain such importance in
society? Because tomorrow’s
scientists, research institutes, and universitics
will open their lab doors to the general public,
as well as to designated political and civil rep-
resentatives, on a regular basis! A visit to a lab
will be just like any other way of spending a
free afternoon; to many, more interesting than
amuseum, a park, or even retail therapy...
ANA NEVES-COSTA

Cell Biology of the Immune System Unit, Institute of
Molecular Medicine, Lisboa, 1700-202, Portugal. E-mail:
ancosta@fm.ul.pt

TECHNOLOGY WILL PUSH THE BOUNDS OF
science communication in the next half-
century. We’ll share our results via Star Trek—
like holodeck simulations: 3D interactive
environments where we can walk through a
molecule to see its structure, or traverse sim-
ulated forests to understand
changes in biodiversity.
These technologies will
help the public under-
stand science by making
it real—they can feel the
effects of increasing CO,
on their skin, rather than
just staring at a graph of yearly temperature
changes. But the core of science communica-
tion won’t change; our ability to explain com-
plicated concepts using regular language and
our passion for scientific discovery can only
be conveyed when we talk with someone face
to face. ...
ALLISON COFFIN
Department of Integrative Physiology and Neuroscience,

Washington State University, Vancouver, WA 98686, USA.
E-mail: allison.coffin@wsu.edu

...TRYING TO READ ALL THE PAPERS ON, SAY,
autism or brown dwarfs 50 years from now (or
even today) will be impossi-
ble....You'd spend too much
time manually prowling
databases for what is rel-
evant.... You want truly
personalized structure,
integration, and filters? You
want it fast? Cut out the mid-
dle man....Individuals will each
possess their own private brain Internet cache,
and when a new experiment is performed,
the cache will update. The way each update
is processed will be unique to each individ-
ual, because plasticity—what is perceived as
important enough to remodel dendrites, thus
linking past with present experiences—is
unique. Plus, you can buy a special filter to
keep from turning into a zombie.

JUSTIN JEE
Sackler Institute of Graduate Biomedical Sciences, New York

University, New York, NY 10016, USA. E-mail: justin.jee@
med.nyu.edu

Letters to the Editor

Letters (~300 words) discuss material published
in Science in the past 3 months or matters of
general interest. Letters are not acknowledged

upon receipt. Whether published in full or in part,
Letters are subject to editing for clarity and space.
Letters submitted, published, or posted elsewhere,
in print or online, will be disqualified. To submit a
Letter, go to www.submit2science.org.
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STATISTICS

Great Refresher or First Course

Evelyn J. Lamb

(4 ‘Nixon couldn’t have won. I don’t
know anyone who voted for
him.”” In a chapter of Naked Sta-

tistics subtitled “Garbage in, garbage out,”

Charles Wheelan uses this apocryphal quote

by the late (politically liberal) film critic Pau-

line Kael to illustrate selection bias. We all
recognize that a survey of our friends or co-
workers is not representative of Americans as

a whole, but we don’t always think about the

fact that scientists and pollsters must work

hard to fight against the same bias when they
collect data. Wheelan (an economist at Dart-
mouth College) follows Kael’s quip with the
story of a poll, conducted by the magazine

Literary Digest during the 1936 U.S. presi-

dential campaign season, that predicted that

The reviewer blogs at http:/blogs.scientificamerican.com/
roots-of-unity. E-mail: rootsofunityblog@gmail.com

BROWSINGS

Views of the Cordilleras and Monuments of the
Indigenous Peoples of the Americas: A Critical Edition.
Alexander von Humboldt. Vera M. Kutzinski and Ottmar Ette,
Eds. ]. Ryan Poynter, Translator. Giorleny D. Altamirano Rayo
and Tobias Kraft, Annotators. University of Chicago Press,
Chicago. 2012. 658 pp. $65, £42. ISBN 9780226865065.

Humboldt does not retrace the itinerary of his 1799-1804
voyage to the Americas, nor does he organize the 69 plates and
62 commentaries along historical, cultural, or thematic lines.
Instead—weaving together art, science, and his readings—
he presents multifaceted perspectives on objects, ruins, and
landscapes (such as Air Volcano of Turbaco, mud volcanoes
near Cartagena, Columbia, above) that he encountered. In
their introduction, the editors discuss Humboldt's cosmopolitan
stance on world cultures, including his rejection of beliefs that
the New World was a continent without history or civilization.

www.sciencemag.org

Naked Statistics
Stripping the Dread

Republican Alf Landon would
beat Democrat Franklin Roos-

A |
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effective when he bases them on real data.
I grew weary of the implausible scenarios
involving broken-down buses, which some-
times sounded like the far-fetched word prob-
lems of my high school math and
physics classes.

Throughout the book, Whee-
lan weaves a common thread

from the Data

evelt. The poll had been sent to
an astounding 10 million sub-
scribers to the magazine and
automobile and telephone own-
ers, who in 1936 tended to be
wealthier than average Ameri-
cans. The sample was huge, but it was also
skewed. Wheelan comments, “As polls with
good samples get larger, they get better, since
the margin of error shrinks. As polls with bad
samples get larger, the pile of garbage just
gets bigger and smellier.”

Statistics is in the spotlight right now. As
data become increasingly easy to collect and
analyze, media consumers are bombarded
with more and more number-based infor-
mation. Nate Silver’s “victory” in the 2012
election showed that fairly simple statistical
analysis of polls could far
outperform political pun-
dits at predicting the results
of close races. But it also
revealed how ignorant many
people are of statistics.
Wheelan’s accessible, enter-
taining book comes at an
opportune time for helping
the public interpret the num-
bers they read in the media.

Naked Statistics hits the
typical first-year statistics
topics—median, variance,
the central limit theorem,
regression analysis, and so
on—with an emphasis on
what each subject means for
the average citizen. The early
chapters will be a refresher
course for many readers, but
the following ones on data
collection and regression
cover ground not often seen
in popular writing on the sub-
ject. Some examples are very
familiar to those of us in the
world of math and science
communication, but they
often bear repeating. The
half-chapter on the Monty
Hall problem offers one of
the better expositions of the
seeming paradox I have read.
Wheelan’s examples are most

SCIENCE

by Charles Wheelan
Norton, New York, 2013.
302 pp. $26.95, C$28.50.
ISBN 9780393071955.
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of skepticism. He encourages
readers to consider alternate
explanations for correlations
between two variables before
leaping to a causal conclusion.
Are test scores consistently ris-
ing at a high school because the teachers and
principal are unusually effective? Or are the
worst students dropping out?

In his discussion of recall bias, Whee-
lan describes a study of diet and cancer risk
based on women’s recollections of what their
diets had been in the past. Women who had
been diagnosed with cancer reported eat-
ing higher-fat diets. But as Wheelan empha-
sizes, it wasn’t actually a study about how
diet affects cancer rates: “This was a study of
how getting cancer affects a woman’s mem-
ory of her diet earlier in life.” Women with
cancer had recalled eating a higher-fat diet
because, consciously or not, they associated
high-fat diets with a higher risk for cancer.
Examples like this are part of why the book
was described in the New York Times as “the
most important health book of the year” (/).
Health news is among the most common
sources of statistics that most people encoun-
ter—and one in which their decisions have
the weightiest consequences.

Wheelan’s book goes beyond the typical
mantra of “correlation does not imply cau-
sation.” One of its most important messages
is that statistics can never prove causation.
They provide evidence that can be bolstered
or undermined by common sense, the dis-
covery of a mechanism, or further studies,
but an article that suggests a causal relation-
ship based on a regression analysis is over-
selling the science.

In a data-saturated world, statistics are
often used to manipulate people. Lobby-
ists on both sides of hot-button issues such
as gun control, genetically modified food,
and federal spending use numbers to back
up their claim, often cherry-picking data sets
or implying a causation when there is only a
correlation. A more numerate population will
be less likely to fall for statistical sleights-of-
hand. Naked Statistics can help.
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