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Citizen Science
Millions of people all over the world contribute to important scientific rese-

arch programs even without any specific training: all that is needed
is a computer connected to the Internet and a bit of will.
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Participating on mass in serious scien-
tific research, like a team of millions

of people playing the same sport de-
spite very different levels of training,
has become a reality thanks to the In-
ternet. There were already various
examples of serious research carried
out by amateurs before the recent In-
ternet revolution, but involving rather
fewer people. One of the earlier initia-
tives was the Christian Bird Count, start-
ed in December 1900 by the National
Audubon Society, that still today gath-
ers important information on the bird
populations of North America. 
There is also a strong tradition in ama-
teur astronomy; in fact the American
Association of Variable Star Observers
(AAVSO) have been recording the mag-
nitudes of variable stars for almost a
century. By collecting frequent and ex-
cellent quality measurements of a large
number of stars, that would be other-
wise impossible, the members have
provided astronomers with a hugely im-
portant contribution. 
These projects, which enroll the help of
the public in the work of professionals,
especially those in the natural sciences,
have knock-on benefits to various com-
munities. The researchers can rapidly
execute tasks otherwise impossible, the

volunteers have the satisfaction of con-
tributing to research of interest to
them, and teachers have another pos-
sibility of introducing students to real
life scientific methods. Given the consid-
erable increase of interest in this meth-
odology, commonly referred to as "Cit-
izen Science", we'll try to give a brief
panorama of those projects involving
the study of the heavens.

Research for all tastes

Citizen science projects can be divided
into three broad categories: distributed
computing, desktop research and field
research. Distributed computing har-
nesses the potential of computers con-
nected to the web. Purpose built
programs, often in the form of screen
savers, download their tasks in so called
"work units", and, after a number of
hours of analysis, return the results and
download the next unit.
Virtually no effort is required by the vol-
unteer, apart from the initial software
installation, which perhaps gives rather
little stimulus to investigate further the
chosen project.
Rather more interesting, instead, are
the projects that require some kind of
active participation, either while seated

Some members of
the American Asso-

ciation of Variable
Star Observers

(AAVSO), one of
the first associa-

tions that promoted
Citizen Science in

astronomy. The
photograph was

taken on 23rd No-
vember 1918 at the

seventh annual
general meeting. 
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UK, stipulate that some fraction of
grants awarded be spent on public out-
reach projects.
In certain fields of investigation, the
fact that the tax payer's money is

used to fund the re-
search, makes both
politicians and sci-
entists realise the
need to make the
work appreciated by
as many people as
possible, possibly
involving them di-
rectly. In this way
they might see the
worth of their inve-
stment.

Distributed com-
puting

Amongst the first
and most famous
projects using dis-
tributed computing

is SETI@Home, the Search for Extra-
Terrestrial Intelligence, launched in May
1999. This is a screen saver, able to ac-
tivate itself automatically when no acti-
vity is registered on the computer for a

at a computer or looking at the sky. The
aim of these is to distribute work to
many thousands of people that would
otherwise occupy researchers for a
good fraction of their working lives.
Many desk projects are based on the
ability of the human eye to recognise
patterns or relevant features in images,
something with which even the most
powerful computers struggle.
The incredible increase in registered
participants in scientific fields, espe-
cially in the last ten years, is due to var-
ious factors, but most important are the
diffusion of the Internet and the avail-
ability of engaging but user friendly
computer programs. Also fundamental
was the realisation by scientists that the
millions of people connected to the web
represented an enormous potential,
both in terms of computing resources
and intellect, that was available imme-
diately and at zero cost. This has been
decisive for some projects in dealing
with the enormous quantity of data gen-
erated from both ground and space

based telescopes. Another reason for
participating is that some funding bo-
dies, for example the National Science
Foundation in the States and the Natu-
ral Environment Research Council in the
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The screen
saver
SETI@Home
activates
automatically
after some
minutes of
inactivity on
the com-
puter.

Aerial view of the Laser Interferometer Gravitational-Wave Obser-
vatory, located near Livingston in Louisiana. The two perpendicu-
lar arms of the interferometer can be seen. [Courtesy LIGO]

http://www.astropublishing.com
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number of minutes.
In this case the
computing power is
used to analyse
radio signals com-
ing from the depths
of space, in search
of alien messages.
Brief fragments of
the recordings from
the Arecibo radio tele-
scope, the largest
single dish in the
world, are distrib-
uted to volunteers
to identify features
that would be hard
to explain with nat-
ural phenomena. The fascination of the
project has resulted in more than five
million volunteers worldwide, despite
their completely passive role. This num-
ber has gained the project a place in the
Guiness World Records!
The identification of gravitational waves
from continuous sources such as pul-
sars and binary black hole systems, is
instead the goal of Einstein@Home.
This distributed computing project anal-
yses data from the Laser Interferometer
Gravitational-Wave Observatory (LIGO).
This is a gigantic laser light interfero-
meter, with arms kilometers long, built
to demonstrate the existence of gravi-
tational waves, as hypothesised by the

general theory of relativity. This is there-
fore a study of the particularly massive
objects that produce these waves. 
Along the same lines is Cosmology@
Home, designed to identify the model
that best reproduces the cosmological
parameters measured by the Hubble
Space Telescope and the Wilkinson Mi-
crowave Anisotropy Probe (WMAP), that
mapped the cosmic microwave back-
ground. Thousands of possible solu-
tions, each wrapped in single "work
units", are distributed to participants.
After some hours of analysis, at least on
fairly fast machines, the result is sent
automatically to the project server.
Here, a learning algorithm called Pico,

given a sufficiently large number
of  simulations, will produce other
models of the Universe that appro-
ximate more closely that obser-
ved. 
Lastly, MilkyWay@Home is a pro-
ject, started in 2007, that aims to
build an accurate dynamical
model of the stellar streams in the
immediate vicinity of the Galaxy,
streams due to the partial pene-
tration of a dwarf elliptical galaxy
in the direction of Sagittarius. 
Within a couple of years around
30,000 volunteers, in over 160
countries, contributed to a com-
puting power of over 50 teraflops
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Representation
of a model inves-
tigated in Milky-
Way@Home.
The location of
the Sun is indi-
cated with a
green dot, while
the blue points
are the star trails
from a nearby
dwarf elliptical
galaxy in the
constellation of
Sagittarius.

The Cosmology@Home project aims to find the model that best
describes the data from the Wilkinson Microwave Anisotropy Probe
(WMAP), which measured the tiny temperature differences in the
cosmic microwave background. [WMAP Science Team, NASA]

http://www.astropublishing.com
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ing down of the com-
puter results when
other programs are
run.

Astronomy with
the click of a
mouse

The main surveys of
the sky, like for
example the Sloan
Digital Sky Survey
(SDSS), make avail-
able enormous quan-
tities of data and
images. A large part
of the information is

extracted automatically, creating cata-
logues with the characteristics of mil-
lions of objects. Some tasks, however,
like the recognis-
ing and classifica-
tion of galaxies,
although easy for
humans, remain
relatively difficult
for computers. To
occupy hoards of
astronomers in
such an activity
for years, distract-
ing them from
more important
tasks, is obviously
unthinkable. Such
problems, how-
ever, find a solu-

(flop stands for floating point opera-
tions per second, while the tera prefix
means 1012). 
A new platform for distributed compu-
ting, called the Berkeley Open Infra-
structure for Network Computing
(BOINC) has been developed at the Uni-
versity of Berkeley. The first time this
program is used one just needs to spec-
ify the desired project, amongst a wide
range (including those mentioned
above) and the rest is automatic. The
software deals with connecting to the
relevant web site from which to down-
load data and to which the results will be
sent. If the computer is turned off calcu-
lations are interrupted, but re-start
when the computer is turned on again.
The low priority assigned to the calcula-
tions ensures that no appreciable slow-

The web page of the
Galaxy Zoo project
allows galaxies pho-
tographed by the
SDSS to be classi-
fied with a few
mouse clicks.

The Galaxy Zoo project requests the help of volunteers to classify
millions of galaxies photographed by the Sloan Digital Sky 

Survey telescope, shown in the image. [SDSS Team]

http://boinc.berkeley.edu/
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tion in Citizen Science, that is becoming
a point of contact between advanced
research and ever larger sections of the
general public. 
The Galaxy Zoo project, conceived to
satisfy just this need, requests the con-
tribution of volunteers to classify the
galaxies photographed by the SDSS.
Many of these objects, in
fact, have never been looked
at by the human eye. Step
by step, with a few mouse
clicks, you can distinguish an
elliptical from a spiral galaxy,
as well as decide whether
the image contains an arti-
fact or something unusual.
An example of this, even if
rather rare, happened to
Hanny van Arkel, a young
Dutch teacher, while check-
ing a strange object near the
galaxy IC 2497 (see insert
on page 56). 
Just in the first year of the
project, 50 million images
were distributed to 150,000
volunteers. By distributing a
given image to more than
one person it was estab-
lished that the statistical ac-
curacy of the classifications

was similar to that carried out by profes-
sionals. The results gathered have al-
ready permitted the publication of sev-
eral articles in leading journals.
The Stardust@Home project, rather, is
designed to find the proverbial needle in
the haystack. It's concerned with finding
microscopic dust grains captured from
comet 81P/Wild 2 in an ultra-low den-
sity, transparent material (aerogel), re-
turned to Earth by NASA's Stardust
mission. However, before starting the
search for cometary fragments volun-
teers have to pass some simple tests. A
minimal amount of training is in fact
needed to distinguish dust particles in
the photographs (made by focusing at
different depths within the aerogel) from
defects present in the aerogel matrix.

But to observe the sky it's 
still necessary!

Other than the passive projects and the
moderately active ones we have looked
at above, there are also, fortunately,
many others that can only be done by
getting outside and looking at the sky.
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Galactic collisions, such as NGC 6240, photographed
here by the Spitzer Space Telescope, can have complex
shapes that make them very difficult to classify by 
computers. [ESA/NASA]

This mosaic
shows some
of the pretti-
est images of
interacting
galaxies sent
to volunteers
in the Galaxy
Zoo project.
[Richard
Nowell &
Hannah
Hutchins]

to be continued on page 58

http://www.astropublishing.com
http://stardustathome.ssl.berkeley.edu/
http://www.galaxyzoo.org/


A young Dutch music
teacher, without any spe-
cific scientific training, now
has her name associated
with an unusual celestial
object.
Hanny van Arkel was clas-
sifying galaxies from the
Sloan Digital Sky Survey,
just as innumerable other
volunteers all over the
world. Looking through the
images supplied by
the Galaxy Zoo web
site Hanny, in fact,
stumbled upon a
rather bizarre image
that she posted on
the project's forum.
Drawing attention
to this "cosmic
ghost", never before
seen by human
eyes, (just as most of
the images dealt
with by the project)
the young teacher
also drew the atten-
tion of professional
astronomers.
At first it was thought
that it could be a
very distant galaxy,
but the absence of
stars, in what was al-
ready being called
"Hanny's Object", in-
dicated that it was
instead a large gas
cloud. This made
the situation more intrigu-
ing, because the cloud
must be at a temperature
of around 15,000°C to emit
the light seen, but there
are no nearby stars to pro-
vide the necessary energy.
The most likely source of
energy is radiation from a

centuries ago, albeit on a
much larger scale.
This phenomenon, com-
monly called "light echo",
was first discovered at the
start of the nineteenth
century by the Dutch as-
tronomer Jacobus Cor-
nelius Kapteyn, around
Nova Persei. The echo oc-
curs when radiation from a
very intense source hits a
distant body and causes
light to be emitted that
reaches the Earth. The

greater path traveled by
the "reflected" light can
reveal the existence of
sources that have long
been extinct. 
What Hanny saw for the
first time, probably indi-
cates a past period of in-
creased activity in IC 2497.

relatively nearby quasar;
the nucleus of a galaxy
made active by the infall
of material onto its central
black hole. The central re-
gion of the nearby spiral
galaxy IC 2497 is inactive
today, but in the past it
may have shone so
brightly that is would have
been visible with an ama-
teur telescope, even
though it is 700 million light
years away.
The intense radiation emit-

ted by the quasar would
have taken many thou-
sands of years to reach
the gas cloud, exciting it so
that it would be visible by
terrestrial telescopes. This is
an effect similar to emis-
sion features seen near su-
pernovae that exploded
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Recent observations reveal a radio jet (white contours) coming from IC 2497 and directed to-
wards Hanny's Object (green, enlarged in the inset). The large reserves of hydrogen (orange)
may be from an encounter with another galaxy. The strong absorption line of atomic hydrogen
(graph at upper right) is evidence that the activity in the nucleus of IC 2497 is strongly ob-
scured in the direction of Earth, due to gas and dust. Hanny's object appears green due to
strong line emission from doubly ionized oxygen. [ASTRON and the Isaac Newton Telescope]
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The distance between the
cloud and the galaxy, be-
tween 50,000 and 80,000
light years depending on
the projection angle, sug-
gests that the activity in
the nucleus must have
ceased a similar amount
of time ago. However,
studies at various wave-
lengths, using both ground
and space-based tele-
scopes, have recently
placed doubt on this ex-
planation. Observations by
the Westerbork Synthesis

A well aligned jet of rela-
tivistic particles, perpen-
dicular to the disk of the
galaxy, may have opened
up a gap in the opaque
interstellar medium, and
caused the enormous
16,000 light year hole seen
in this more extended
cloud. In this way, the in-
tense ultraviolet radiation
from the active nucleus
could have heated and
ionized a small region of
the cloud, situated on the
outskirts of IC 2497. 
This enormous gaseous
structure, extending for
more than 350,000 light
years to the west of the
galaxy and with a mass of
around 5 billion solar mas-
ses, could be the result of
an interaction of IC 2497
with another galaxy that
occurred a few hundred
million years ago. 
The lack of X-ray detection
of the nucleus of IC 2497
by the SWIFT satellite sug-
gests, however, that the
nucleus is completely
shielded from direct view
from the Earth.
While scientists continue to
work to understand
Hanny's Object we should
remember that this
strange object lay hidden
in the archives for years,
before being discovered
by an amateur astron-
omer with a few clicks of a
mouse. The chance ad-
venture of this young
music teacher shows how
Citizen Science is produc-
ing completely new sce-
narios that help reduce
the distance between the
amateur and the profes-
sional astronomer.

Radio Telescope (WSRT)
and Very Long Baseline
Interferometry (VLBI) Net-
work, at frequencies of 1.4
and 4.9 GHz, have shown
radio emission from the
nucleus of IC 2497 that
extends towards Hanny's
Object. This would seem to
suggest that the nucleus is
still active, but in this case
the cloud discovered by
the Dutch teacher would
not be an isolated object,
but rather part of a larger
structure. 

Hanny van
Arkel, young
Dutch music
teacher, who

while con-
tributing to the

Galaxy Zoo
project, dis-
covered the

object that
now bears her
name. [Cour-

tesy Allard 
de Witte]
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of a computer because the results can be
sent using conventional mail, as was
done in the past. During its lifetime the
AAVSO has collected around 17 million
measurements, carried out by thousands
of volunteers, contributing to numerous
research programs. The amateur obser-
vations allow the monitoring of the
brightest variable stars, difficult to study
with large professional telescopes, and
contribute significantly to the number of
Galactic novae discovered every year.

One of the simplest is GLOBE at Night,
that produces maps of global light pollu-
tion. The main goal of this project, aimed
at school students, is to raise awareness
of the need for both public and private
lighting to be more considerate to those
that enjoy looking at the night sky.
Volunteers all over the world are asked
to check the state of their local night sky,
either with the naked eye or with a kind
of exposure meter. The simplest way of
participating is by comparing the constel-
lation of Orion with seven
maps, provided by the pro-
ject, in order to select that
which best represents what
you see. All that is then
needed is to communicate
the result, along with the
relevant geographical coor-
dinates, using the project
web page.
Taking part in the activities
of the AAVSO (mentioned
above) however, requires
significantly more skill and
commitment.
This association, founded in
1911 at Harvard Observa-
tory, coordinates amateur
activities in the field of
variable stars. Collaboration
is open to all, and doesn't
necessarily require the use

The
Stardust@Home

project aims to
find microscopic

dust particles
trapped in the
aerogel matrix

used in the Star-
dust mission. The

image illustrates
the effects of the
impact of micro-
scopic cometary
particles, in this

case arriving from
the right.

[NASA/JPL]

The map shows the results on the state of light pollution from 6800 observations
collected in 2008, via the GLOBE at Night project.

http://www.aavso.org/
http://www.globe.gov/GaN/
http://www.astropublishing.com


The association
makes available
comparison charts
which indicate
the magnitude of
stars similar in
brightness to the
variable under
study, and also
conduct various
educational pro-
grams aimed
mainly at teachers
and students.

Conclusions

The main incen-
tive that attracts
thousands of peo-
ple to contribute
to Citizen Science
programs is prob-
ably just fun, but
there is also the attraction of being part
of a community. 
Participants can meet and interact in a
virtual world via the main forms of so-
cial networking (e-mail, forums, blogs)
both with the project leaders and with
other volunteers. Apart from the intel-
lectual benefits of being involved in a
project there is also the satisfaction of
contributing to the advancement of
science. 
Other incentives may be connected to
the achievement of certain objectives:
the Stardust@Home project, for exam-
ple, will add to the author list of aca-
demic papers, the name of the person
who found the grain of dust under in-
vestigation.
Teachers will find in these projects a
particularly appealing way to introduce

students to scientific methods. Citizen
Science projects reduce the distance
between scientists and the public,
sometimes managing to overcome the
indifference, or worse, diffidence, that
some show for science that can seem
far removed from their every day life.

59

WINTER 2010

CITIZEN SCIENCE GIANFRANCO BENEGIAMO

ASTROFILO
l’

Gianfranco Benegiamo was born in Ge-
nova in 1953. Having a chemistry degree
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The simplest way to take part in GLOBE at
Night is to compare the appearance of the
constellation of Orion with the seven maps
provided on the project web page. Simply

select the map that most closely resem-
bles what you see from your location.
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