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Gaining Wisdom
from Crowds

Online games are harnessing humans’ skills to solve scientific
problems that are currently beyond the ability of computers.

CIENTISTS AT THE Universi-

ty of Washington had strug-

gled for more than a decade

to discover the structure of

a protein that helps the hu-
man immunodeficiency virus multi-
ply. Understanding its shape could aid
them in developing drugs to attack the
virus, but the scientists had been un-
able to decipher it. So they turned to
colleagues who had developed Foldit,
an online game that challenges players
to rearrange proteins into their lowest-
energy form, the form they would most
likely take in nature.

Within three weeks the 57,000-plus
players, most of whom had no training
in molecular biology, had the answer,
which was subsequently published
in the journal Nature Structural and
Molecular Biology. The University of
Washington researchers say this was
probably the first time a long-standing
scientific problem had been solved us-
ing an online game.

Adrien Treuille, an assistant pro-
fessor of computer science at Carn-
egie Mellon University, and one of the
creators of Foldit, says the game is an
example of a rather startling insight.
“Large groups of non-experts could be
better than computers at these really

Using the online game Foldit, 57,000-plus players helped scientists at the University of
Washington solve a long-standing molecular biology problem within three weeks.

complex problems,” he says. “I think
no one quite believed that humans
would be so much better.”

There are many problems in science
that computers, despite their capacity
for tackling vast sets of data, cannot yet
solve. But through the clever use of the
Internet and social media, researchers

are harnessing abilities that are innate
to humans but beyond the grasp of
machines—intuition, superior visual
processing, and an understanding of
the real world—to tackle some of these
challenges. Ultimately, the process
may help teach computers how to per-
form these tasks.
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Computers can try to figure out the
structures of proteins by rearranging
the molecules in every conceivable
combination, but such a computa-
tionally intensive task could take
years. The University of Washington
researchers tried to speed up the pro-
cess using Rosetta@Home, a distrib-
uted program developed by University
of Washington biochemistry profes-
sor David Baker to harness idle CPU
time on personal computers. To en-
courage people to run the program,
they created a graphical representa-
tion of the protein folding that acted
as a screensaver. Unexpectedly, says
Treuille, people started noticing they
could guess whether the computer
was getting closer to or farther from
the answer by watching the graphics,
and that inspired the idea for Foldit.

The game’s object is to fold a given
protein into the most compact shape
possible, which varies depending on
how its constituent amino acids are
arranged and on the attractive and
repulsive forces between them. With
a little practice, humans can use their
visual intuition to move parts of the
protein around on the screen into a
shape that seems more suitable. Play-
ers’ scores are based on a statistical
estimate of how likely it is that the
shape is correct.

Treuille has since devised a new
game, EteRNA, which reverses the pro-

ey
Since researchers
launched Phylo

in late 2010, more
than 35,000 people
have played

the game, and

they have improved
approximately 70%
of the alignments
they have been given.
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cess. Init, players are given shapes they
are not allowed to change, and have to
come up with a sequence of amino ac-
ids they think will best fit. A biochem-
istry lab at Stanford University then
synthesizes the player-designed pro-
teins. The biochemists can compare
the structures that computer models
predict with those the players create,
and perhaps learn the reasons for the
differences. Knowing the structure of
a protein helps scientists understand
its functions.

In some types of crowdsourcing,
computers perform the preliminary
work and then people are asked to
refine it. For instance, Jerome Wald-
ispuhl and Mathiue Blanchette, assis-
tant professors of computer science
at McGill University, have designed
Phylo, a game that helps them align
sequences of DNA to study genetic
diseases. Geneticists can trace the
evolution of genes by comparing them
in closely related species and not-
ing where mutations have changed
one or more of the four nucleotides
that make up DNA. Comparing three
billion nucleotides in each of the 44
genomes of interest would require
far too much computer time, so re-
searchers use heuristics to speed up
the computations, but in the process
lose some accuracy.

Phylo shows humans some snip-
pets of the computer’s solutions, with
the nucleotides coded by color, and
asks them to improve the alignments.
The challenge is that the matches
are imperfect, because of the muta-
tions, and there can also be gaps in
the sequence. Humans, Waldispuhl
explains, have a much easier time
than computers at identifying a match
that is almost but not quite perfect.
Since the McGill University research-
ers launched Phylo in late 2010, more
than 35,000 people have played the
game, and they have improved ap-
proximately 70% of the alignments
they have been given.

See Something, Say Something

Like Phylo, many crowdsourcing proj-
ects rely on humans’ vastly superior
image-processing capabilities. “A third
of our brain is really wired to specifi-
cally deal with images,” says Luis von
Ahn, associate professor of computer
science at Carnegie Mellon. He devel-
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oped the ESP Game, since acquired
by Google, which shows a photo to
two random people at the same time
and asks them to type a word that de-
scribes what it depicts; the people win
when they both choose the same word.
As they play the game, they also create
tags for the images. Scientists hope
computers can apply machine learn-
ing techniques to the tags and learn to
decipher the images themselves, but
von Ahn says it could be decades before
machines can match people. “Eventu-
ally we’re going to be able to get com-
puters to be able to do everything hu-
mans can do,” he says. “It’s just going
to take a while.”

In Duolingo, launched in late 2011,
von Ahn relies on humans’ understand-
ing of language to get crowds to dowhat
computers do inadequately—trans-
late text. Duolingo helps people learn
a foreign language by asking them to
translate sentences from that language
to their own, starting with simple sen-
tences and advancing to more complex
ones as their skills increase. The com-
puter provides one-to-one dictionary
translations of individual words, but
humans use their experience to see
what makes sense in context. If one
million people participated, von Ahn
predicts they could translate every Eng-
lish-language page of Wikipedia into
Spanish in just 80 hours.

Another skill humans bring to
crowdsourcing tasks is their ability to
notice unusual things and ask ques-
tions that were not part of the origi-
nal mandate, says Chris Lintott, a re-
searcher in the physics department
at the University of Oxford. Lintott
runs Zooniverse, a collection of citi-
zen science projects, most of which
ask people to identify objects in astro-
nomical images, from moon craters
to elliptical galaxies. In one project,
a Dutch teacher using Galaxy Zoo to
identify galaxies imaged by the Sloan
Digital Sky Survey noticed a mysteri-
ous glow and wanted to know what it
was. Astronomers followed up on her
discovery, which is now believed to be
the signature of radiation emitted by
a quasar. Another Zooniverse project
asks people to look through scanned
pages of World War I-era Royal Navy
logs and transcribe weather readings;
climatologists hope to use the data to
learn more about climate change. On



their own, some users started keep-
ing track of how many people were on
a ship’s sick list each day, and peaks
in the sick list numbers turned out
to be a signature of the 1918 flu pan-
demic. “When people find strange
things, they can act as an advocate
for them,” Lintott says. If computers
cannot even identify the sought-after
information, they are hardly going to
notice such anomalies, let alone lob-
by for an answer.

Payoffs For Players

Designing crowdsourcing projects
that work well takes effort, says von
Ahn, who tested prototypes of Duolin-
go on Amazon Mechanical Turk, a ser-
vice that pays people small amounts
of money for performing tasks online.
Feedback from those tests helped von
Ahn make the software both easier to
use and more intuitive. He hopes Duo-
lingo will entice users to provide free
translation services by offering them
value inreturn, in the form of language
lessons. Paying for translation, even at
Mechanical Turk’s low rates, would be
prohibitively expensive.

Lintott agrees the projects must
provide some type of payoff for users.
There is, of course, the satisfaction of
contributing to science. And for Zooni-
verse users, there is aesthetic pleasure
in the fact that many galaxy images
are strikingly beautiful. For Phylo and
Foldit users, there is the appeal of com-
petition; the score in Foldit is based on
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a real measure of how well the protein
is folded, but the score is multiplied by
a large number to make it like players’
scores in other online games.

The University of Washington’s
Center for Game Science, where
Foldit was developed, is exploring the
best ways to use what center director
Zoran Popovi¢ calls “this symbiotic
architecture between humans and
computers.” He hopes to use it to har-
ness human creativity by, for instance,
developing a crowdsourcing project
that will perform the efficient design
of computer chips. That is not as un-
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likely as it sounds, Popovi¢ says. The
non-experts using Foldit have already
produced protein-folding algorithms
that are nearly identical to algorithms
that experts had developed but had
not yet published.

The challenge, Popovi¢ says, is to
figure out how to take advantage of this
symbiosis. “It’s just a very different ar-
chitecture to compute on, but it’s high-
ly more productive.”
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Cyberspace

Internet Companies Halt Anti-Privacy Bills

On January 17, the English
version of Wikipedia went dark at
midnight Eastern Standard Time
for 24 hours. Visitors were greeted
with information about two bills
in the U.S. Congress pertaining to
Internet regulation—the House’s
Stop Online Piracy Act (SOPA)
and the Senate’s Protect IP Act
(PIPA)—and details about how

to reach their representatives.
Wikipedia was one of 115,000
Web sites participating in an
unprecedented cyberprotest,

but went further than most by
taking all of its material offline.
Wikipedia cofounder Jimmy
Wales estimates that 160 million
people saw its blackout banner,

which stated, “Imagine a world
without free knowledge.”

Under the proposed
legislation, if a copyright holder
discovers that a foreign site is
offering illegal copies of songs
or movies, it could seek a court
order requiring search engines
such as Google to remove
links to the site and requiring
advertising companies to cut off
payments. The bills instilled fear
in Internet companies because
the definitions of terms like
“search engine” were so broad
in the legislation that small
and large Web sites alike could
be responsible for monitoring
all material on their pages for

potential violations.

Google participated in the
protests by placing a black censor
bar over its logo on the home
page. Users who clicked on the
logo or a link below the search
box landed on a page that urged,
“End Piracy, Not Liberty,” and
were urged to sign a petition
against both bills and to share
their views on the legislation via
Facebook and Twitter. Within two
days, seven million people had
signed Google’s petition, which it
delivered to Congress.

While opponents of SOPA and
PIPA contended the legislation
would not halt pirate Web sites,
the legislation’s supporters,
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including the Motion Picture
Association of America,
numerous Hollywood studios and
media companies, and the U.S.
Chamber of Commerce, argued
the legislation was necessary to
curtail the illegal downloading
and streaming of TV shows and
movies. The public clash between
digital technology companies
and content creators prompted
many commentators to describe
the protests as a confrontation
between new and old media.
Within five days of the initial
protests, both bills were halted
in the Congress, and alternate
legislation was introduced.
—KarenA. Frenkel
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