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Editorial

This volume contains the papers presented at the Second Colloquium on
Future Professional Communication in Astronomy, which was held at the
Harvard-Smithsonian Center for Astrophysics, in Cambridge, Massachusetts
(USA) on April 13–14, 2010. This meeting provided an open forum to dis-
cuss the state and evolution of professional communicating and in particular
publishing in astronomy.

The meeting was attended by 44 people representing nine different coun-
tries, including representatives from the major astronomical publishers and
learned societies, editors, librarians, scientists, as well as archive and informa-
tion system managers.

The program included 19 lively talks covering a wide range of topics, in-
cluding: the state of the art in publishing and the role of learned societies, the
future of scholarly communication in the era of the web, communicating as-
tronomy to the public, the role of journals and archives in data curation and
preservation, the future of librarianship, bibliometrics and other evaluation
criteria, and scholarly recommendation systems.

The keynote speaker of the Colloquium was John Huchra, the Robert O.
& Holly Thomis Doyle Professor of Cosmology and the Senior Advisor to
the Provost for Research Policy at Harvard University, who spoke about “As-
tronomical Publishing: Yesterday, Today and Tomorrow.” John revisited the
role of publishing in astronomy and asked the question “Why do we publish,”
setting the stage for a lively debate during the remainder of the conference.

Publishers and officers of learned societies described their current efforts
and future plans to enrich the electronic scholarly papers, respond to open ac-
cess mandates, control costs, and collaborate with external archives to provide
valuable services to the astronomical community.

Scientists, librarians and archivists voiced their thoughts and desires on
wide-ranging topics including open access models, the evolving role of libraries
and services in astronomy, and the experience of the 2009 International Year
of Astronomy.
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viii Editorial

Both this colloquium and its precursor, FPCA-I, were the brainchildren
of Prof. André Heck, who, as the prolific author of over 1,500 papers, knows
a thing or two about scholarly communication. Over the past two decades,
André has authored and edited several seminal books about the sociology of
organizations and collaborations in astronomy and related fields. This collo-
quium and book would not have been possible without his intellectual and
material contribution, for which we are all very grateful.

We are grateful to the following sponsors who provided much needed mate-
rial support for the meeting: the Smithsonian Astrophysical Observatory, the
American Astronomical Society, EDP Sciences, Wiley-Blackwell, IOP Pub-
lishing, Springer, and Elsevier.

The Local Organizing committee worked tirelessly to make sure the Collo-
quium would be a success. LOC members were Alberto Accomazzi, Giovanni
Dimilia, Paul Grant, Michele Hall, Edwin Henneken, Wendy Roberts, Donna
Thompson and Su Tuttle.

Cambridge A. Accomazzi
April 2011
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Additional Colloquium Talks

Four of the talks given at the colloquium did not produce contributions
included in this book. A brief overview of the talks is given below.

Astronomy Journal Publishing: Serving the Community

Ray Boucher, Wiley-Blackwell

Wiley-Blackwell publishes journals of behalf of more than 750 publishing
partners which include the journals of the Royal Astronomical Society. The
talk outlined how we interact with our respective communities: authors, lib-
raries, readers and societies. Current trends and future opportunities were
also discussed.

Publishing in Greater Depth: Article of the Future
and Beyond

David Clark, Elsevier Publishers

With Elsevier’s Article of the Future, we have begun the step of changing how
the research article is presented. Elsevier are focusing both on how articles are
prepared and how the material can be developed, including greater support
for data formats and mathematics, to deeper interlinking with the rest of the
literature. We are also looking at how we can better work with others to make
scientific articles, and their derivatives, more discoverable and usable.
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xii Additional Colloquium Talks

The Present and Future of the Astrophysical Journal

Ethan Vishniac, McMaster University

In the last decade the form and organization of The Astrophysical Journal
have changed significantly in response to changes in the expectations and
needs of the astronomical community. These include the gradual loss of inter-
est in the printed version of the journal, the need for successful publication
of more complicated data products, the increased demand for transparency
in data processing, and the steadily increasing size of the journal. The talk
discussed some of the more significant changes and their success, the major
challenges, and the prospects for continued change over the next decade.

The SCOAP3 Open Access Publishing Model

Salvatore Mele, CERN

The High-Energy Physics community has spearheaded Open Access with over
half a century of dissemination of pre-prints culminating in the arXiv system
and is now pushing forward with an Open Access model which goes beyond
the present, often controversial, proposals with a novel practical approach:
SCOAP3. In the SCOAP3 model, libraries federate to explicitly cover the costs
of peer-review rather than implicitly supporting it via journal subscriptions.
The talk described the history of innovations in Open Access in High-Energy
Physics, the advantages they have generated as a context for the SCOAP3
model, as well as the status of this initiative, in the wider context of a user-
driven evolution of scholarly communication in the field.
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FPCA-II Opening Comments

André Heck

Strasbourg Astronomical Observatory, 11, rue de l’Université,
F-67000 Strasbourg, France
andre.heck@astro.unistra.fr

Summary. This introductory talk reflects on history, sets up pieces of context, and
puts forward a few issues to be hopefully addressed during the meeting.

1 Introduction

The first FPCA meeting took place 3 years ago at the Royal Academy in
Brussels where it was organized in collaboration with Léo Houziaux. It had
been motivated by a convergence of facts and trends in the world of publishing
and more generally in the realm of astronomy professional communication.
There were also comments and interrogations heard more and more frequently
from within the astronomy community that could have been summarized by
one question: Where are we heading to in terms of publishing our results and
communicating what we are doing?

The Brussels FPCA-I colloquium has been historical in the sense that, for
the first time in astronomy, virtually all major players in the field were gath-
ered together and talked to each other: publishers, editors, archive managers,
officers of learned societies, as well as scientists and librarians involved and/or
concerned by the evolution of the professional communication processes.

2 History

Of course, this was not the first time such matters were tackled. For in-
stance, the series of volumes entitled Organizations and Strategies in Astron-
omy (OSA) (Heck 2000–2006) included a number of chapters dealing with
astronomy communication in the broad sense. There were also specific books
on information handling and communication in astronomy (Heck 2000, 2003;
Heck & Madsen 2003). Quite a few FPCA-I attendees had contributed to
those masterpieces. There were also dedicated meetings, such as the 1996 col-
loquium on Strategies and Techniques of Information in Astronomy (Heck &
Murtagh 1996).

A. Accomazzi (ed.), Future Professional Communication in Astronomy II, 1
Astrophysics and Space Science Proceedings 1, DOI 10.1007/978-1-4419-8369-5 1,
c© Springer Science+Business Media, LLC 2011

andre.heck@astro.unistra.fr


2 A. Heck

As to electronic publishing itself, the story had started earlier with the first
international colloquium on the theme1 held about 20 years ago in Strasbourg
(Heck 1992). Other reviews on electronic publishing were produced subse-
quently (see e.g. Heck 1997 and chapters in the OSA series).

At FPCA-I in Brussels, many interesting issues and technicalities were
discussed – then on a background of renewal of contracts between learned
societies and publishers. The proceedings (Heck & Houziaux 20072) include
also the summaries of an Editor’s Forum moderated by Helmut Abt and of
a Publisher’s Forum moderated by Terry Mahoney, as well as Notes from the
Meeting by Mike A’Hearn who was then Chairman of the AAS Publications
Board.

From these, I feel appropriate to echo here a point often forgotten: There
was widespread agreement, after much discussion, that the biggest “cost”
of publishing is in the time of the scientists who write the papers and the time
of the scientists who referee the papers. For a variety of reasons, these “costs”
are never accounted for in the “cost of publishing”. I shall come back to this
later on.

3 Why Another Meeting?

While FPCA-I could be considered a success, I was still in the dark regarding
a number of basic questions I had beforehand – and that have not been cleared
up since. This is partially motivating, 3 years later, this second meeting, most
kindly organized by Alberto Accomazzi and his team.

Let me first point out that professional communication is much broader
than just publishing. Sharing of knowledge encompasses also lectures, courses,
demonstrations, press conferences, for instance. Astronomy professional com-
munication can be schematized as in Figs. 1 and 2.

The main pending issues coming to my mind are the following ones:

– Again, where are we heading to in terms of publishing? Were the business
models presented at FPCA-I applied? Were they successful? It seems that
the main purpose of our commercial partners is quite legitimately to make
more money – while giving us still more work though. I’ll tell hereafter a
little story about this.

– Open Access models failed to convince me so far, perhaps because OA
is a label used to cover quite different things. For instance, a couple of
weeks ago, I was demonstrated a system boasted as OA while it was in
fact an institutional bibliographical system with formatting capabilities.
Openness was left to individual authors in charge of securing authorization
for accessing each of their papers if they wanted to make them visible.

1 The buzzword shifted from desktop publishing to electronic publishing between
the time the meeting was launched and when it took place.

2 Available online at http://astro.u-strasbg.fr/~heck/fpca_toc.htm

http://astro.u-strasbg.fr/~heck/fpca_toc.htm
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Information sharing
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. acceptance of proposals

(data collected)
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Education

Knowledge transfer

. positions

Print
Voice
e-tools
Graphical arts
Films, videos,
CDs,DVDs
Etc.

How?

(from newsletters to
books)

Publications

Professional journals
(refereed and

non-refereed)

Semi-professional
publications

Grey literature

Magazines

Conferences, meetings
(oral presentatins,
posters, demos,...)

Lectures

Web visibility
e-publishing
On-line serviecs
Preprint servers
Etc.

Observatories
Research centres
Universities
Academic institutions

Planetariums
Popular observatories
Amateur associations
Cultural hubs

Exhibitions
Etc.

(Heck 2003)

Who?

Other scientific
communities

Deciders
News media

Amateur astronomers
Society at large

Outside worldIntra-professional communication

Astronomy professional
community

why?

Media

Fig. 1. The astronomy-related communication process (Adapted from Heck 2003).

– At the time of FPCA-I, librarians were in an adaptive phase and we will
certainly hear at this meeting what happened meanwhile.

– As to communication in the broad sense, was IYA2009 actually a success?
Some voices claim discreetly that it came short of the expectations it
raised, one of the explanations put forward being that, over the recent
years, the public and the press grew weary of sensationalistic press releases
about everything and nothing. Actually the concomitant Darwin Year 2009
did not fare better.

– I must confess that I have seen too many instances, including during
IYA2009, where communicating astronomy with the public did not go
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Observing/Collecting data from approved programs

Observational
+reduced data

Other disciplines,
technologies

& methodologies

Libraries,
Yellow-page

services,
Other

resources

Databases and archives

Education

(Heck 2003)Public outreach

Amateur astronomers

Proposals

Expert committees
Selection

Validation/Referees

Professional
publications

(paper, CD-ROM,
electronic)

Think tank
Studies (incl. theoretical ones)

Fig. 2. A schematic view of the astronomy information flow (From Heck 2000).

beyond romantic gaping at the skies and extasis in front of beautiful im-
ages. This is a real issue as we have too many prospective students coming
to us with a wrong idea of the day-to-day research activities. They are
disappointed and leave.

Hence the need of educating students in the way research is actually car-
ried out, and properly carried out. This is why I was very happy to see
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AAS President John Huchra tackling those issues in his column in the AAS
Newsletters.3 Please do have also a look at the AAS Statement on Professional
Ethics.4

Ethics can still be a real issue in our scientific publications. Let me tell
a recent personal experience. Earlier this year, I had a paper submitted to
a journal that looked quite normal, with an editor-in-chief and co-editors
covering three continents. My paper went through two referees who did their
job. They were right in asking me to clarify a couple of points and, as it is
often the case, I had also to answer a couple of lousy comments. But my paper
was easily accepted. This implied that its integrity should have been preserved
from then on, except perhaps for a bit of language cosmetics to improve my
English – something quite ok with me.

When getting the proofs however, I realized that some references had been
added, references to papers not really relevant to my own article. Were they
authored by friends of the editor-in-chief? I don’t know. In any case, I with-
drew my paper since, as a matter of principle, I am not publishing in journals
where such practices are taking place. So ethics can still be an issue in this
twenty-first century, and perhaps even more so because of the flexibility and
potentially easy alteration of the electronic material.

This incident led me to investigate something else. What is the situation
regarding ERA archives, i.e. archives of discussions between editors, referees
and authors? I ran a quick survey. Not everybody answered, but I got a
feedback from the main journals (Fig. 3). Obviously the situation could still
be improved and streamlined.

4 Alsatian Maids in Paris

Since most of the talks at this meeting will be about papers in journals, let
me say a few words about books – edited books or monographs.

One of my research projects dives into local history in Strasbourg. This
implies decyphering old documents for which I had to follow courses of German
paleography, a place where one can meet people from different backgrounds.
One of these was a retired historian, Jean Haubenestel, who wrote a book
telling the story of Alsatian maids in Paris (Fig. 4).

Who could be interested in the story of Alsatian maids in Paris? This is
exactly what he was told by the publishers he approached and who turned
him down. You might have experienced similar reactions with some of your
projects. But this gentleman decided to go ahead on his own. He got a good
printer-binder, advertized the book on his web site, left the usual 30–40%
margin to book distributors, got things straight with the income tax office
(where some 10% on earnings have to be left) and . . . he is making money.

3 See, e.g., AAS Newsl. 146 (May/June 2009) and 148 (September/October 2009).
4 Cf. AAS Newsl. 151 (March/April 2010) p. 8–9.
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Fig. 3. ERA archives (between editors, referees and authors).

Just like for our specialized books in astronomy, his commercial publishers
would have been quite happy to sell a few hundred copies on which he would
have got peanuts in terms of royalties. Guess how much Haubenestel is selling?
He is currently reaching 4,000 copies and he is going to print another thousand.
For a book on Alsatian maids in Paris. And there is no blue literature inside,
even if the book cover is a (possibly involuntary) masterpiece of subliminal
messages.

In a similar approach, I had asked one of my publishers what would be his
conditions for producing a book I have currently in the making. In line with
what many publishers are doing now (i.e. taking no risks and requesting a
financial participation from the authors or from their institutions), he favored
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Fig. 4. Alsatian maids in Paris: a very successful example of classical self-publishing
(Reproduced with permission).

an electronic publication in exchange of few thousands Euros/Dollars. In the
discussion, he claimed that another book of mine did not sell as much as they
had hoped for, something understandable since they had run no significant
advertizing campaign, considered as too expensive.

In the agreement proposed, I would have had no complimentary paper
copy in my hand, nor any royalties, after handing over all my research, plus
all the money requested. Remember what was said at FPCA-I about the cost
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of publishing being borne mainly by the scientists. So why should my work
and money pay for the heavy machinery of a commercial publisher just to put
my book on the web, something I can do myself?

Haubenestel’s example with his Alsatian maids is something we should
ponder.

Fig. 5. The complaint of the publishing astronomer.
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5 A Few Final Words

To conclude this, let me quote a recent comment from a contributor to the
books I produced (and who has himself an extensive international experience
as author, editor and translator): Publishers are not noted for their common
sense, to which I would add that they seem frequently disconnected from the
actual markets. And I could give more examples. All in all, my Complaint of
the Publishing Astronomer (Fig. 5) remains valid today.

One might think that, perhaps because of my age, I am the one discon-
nected from the markets and the related phenomenology. A couple of weeks
ago, I was in a train going from Aberdeen to Edinburgh in Scotland. A young
lady sat in front of me, pulling out a baby Dell laptop and a book on neu-
ral networks. She was 21, German from Berlin, obviously bright, studying
in Aberdeen, going for an interview in Edinburgh for a PhD position, being
interested in condensed matter and other issues. To cut a long story short,
at some stage, we started talking of this conference. And without me saying
anything related, she said No, electronic publications only? This would be a
mistake. Paper is a support complementary to the other ones. This is what I
have been repeating myself for 20 years.

There are several other points from my introductory talk at FPCA-I (Heck
2007) that could be reminded here, such as

– the dramatic advances on brain research that will undoubtedly condition
at medium term the way we communicate; our eyes-screens-hands trilogy
might soon disappear;

– those magnetic bombs used now in any conflict to wipe out communica-
tions and memory storage of the enemy; paper can burn, but electronic
information can vanish in a flash;

– the need for evaluation measures adapted to multimedia;
– the fight against hidden plagiarism facilitated by the flexibility of electronic

material.

The talks at this FPCA-II conference, starting with the keynote address
by John Huchra, are reviewing the current state of the art in astronomy
professional communication, as well as providing sound insights into what is
expecting us in the years to come.

Acknowledgement. I am grateful to Uta Grothkopf for a careful reading of this paper.
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Astronomical Publishing: Yesterday, Today

and Tomorrow

John Huchra

Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge,
MA 02138, USA
huchra@cfa.harvard.edu

Summary. Just in the last few years scientific publishing has moved rapidly away
from the modes that served it well for over two centuries. As “digital natives” take
over the field and rapid and open access comes to dominate the way we communicate,
both scholarly journals and libraries need to adopt new business models to serve their
communities. This is best done by identifying new “added value” such as databases,
full text searching, full cross indexing while at the same time retaining the high
quality of peer reviewed publication.

1 Introduction/History

My personal interest in astronomical publishing, beyond that of an author,
goes back nearly 25 years to first a stint as chair of the American Astronomical
Society Publications Board, followed by terms on the AIP Publishing Policy
Committee, the PASP Editorial Board, a stint as a Scientific Editor for the
Astrophysical Journal, a term on the Board of Directors of Harvard Business
School Publishing, and also a stint as the Vice Provost for Research Policy at
Harvard when open access to all scholarly publications came to the fore.

The history of publishing, especially scholarly periodicals, is a relatively
short one in our usual astronomical terms of Gigayears and even short in terms
of the history of writing. The earliest recorded writing or script dates back to
the early Bronze Age, 6600–3500 BCE, with the Vinca script from southern
Europe, cuneiform from Sumer ∼3500 BCE, hieroglyphs from Egypt starting
around 3200 BCE, and the Chinese Jia-gu wen from ∼1500 BCE. The earliest
“records” were primarily financial in nature (not scientific!) and date back to
∼600 BCE in both cuneiform and hieroglyphics.

The first scientific periodicals date to fewer than 400years ago; both the
English Philosophical Transactions of the Royal Society, and the French Jour-
nal des Sçavans began publication in 1665. Astronomy did not get its own
periodical for another century – probably the first astronomical periodical was

A. Accomazzi (ed.), Future Professional Communication in Astronomy II, 11
Astrophysics and Space Science Proceedings 1, DOI 10.1007/978-1-4419-8369-5 2,
c© Springer Science+Business Media, LLC 2011

huchra@cfa.harvard.edu
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Fig. 1. The four major astronomical research journals.

His Majesty’s Nautical Almanac, which began publication in 1767. The United
States entered the game about a century after that with both the initiation of
the US Naval Observatory Nautical Almanac in 1852 and the start of the As-
tronomical Journal by Gould and Keeler in 1849. There has been large growth
in the number and diversity of scientific journals since the eighteenth century.
Currently there are over 24,000 refereed journals and probably over 150,000
total periodicals including laboratory and observatory reports and popular
magazines.

Today there are four major print journals in Astronomy (Fig. 1), The
Monthly Notices of the Royal Astronomical Society which began publication
in 1827, the aforementioned AJ, the Astrophysical Journal initiated in 1895
by George Ellery Hale and acquired by the American Astronomical Society in
the 1970s, and Astronomy & Astrophysics which was formed from the merger
of six European journals in 1969. There are over 300 additional astronomy
and astrophysics related journals or periodicals, including those that cover
astronomy education research. The Wolbach Library at CfA subscribes to
322 serials.

The growth in the field is also evidenced by the growth in the number
of refereed papers. A nice study by John Hearnshaw (2009) documented the
number of publications by decade through the twentieth century and then
the growth in the number of papers by year and by journal for the last two
decades (Figs. 2, 3 and 4). Astronomical publishing rates were fairly flat until
the 1960s, when they significantly accelerated almost certainly due to the
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Fig. 2. Refereed papers per decade (From J. Hearnshaw (2009). With permission).

Fig. 3. Refereed papers published per year (From J. Hearnshaw (2009). With per-
mission).

combination of the advent of space observatories, the growth in the numbers
and types of ground based observatories and the availability of government
support for the sciences that came with the founding of the NSF and NASA
in the mid-late 1950s.
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Fig. 4. Refereed papers in five major astronomy & astrophysics journals (From
J. Hearnshaw (2009). With permission).

2 Why Do We Publish?

Any discussion of the future of astronomical publishing requires examination
of why we publish. It is important to remember that the Primary reason is
to transfer information. We are here at CfA which is part of the Smithsonian
Institution, whose mission is the “Increase and Diffusion of Knowledge.” The
American Astronomical Society also recognizes this and now has that as part
of its mission statement:

The Society, through its publications, disseminates and archives the
results of astronomical research. The Society also communicates and
explains our understanding of the universe to the public.

Individuals have the usual additional reasons for publishing, which include
career advancement (publish or perish), i.e. to obtain credit and precedence
for research leading to employment and sometimes tenure. Publications are
necessary to obtain support, e.g. grants, and, in some cases, cash (writing
for hire). How much these drive the process of publication depends on both
research field (instrumentalists do not publish much in the traditional sense,
rather they publish in metal, plastic and semiconductors), and on location
(astronomers working in industry or teaching colleges are subject to different
criteria for advancement). Theorists publish, in numbers of papers per unit
time, more than observers, who in turn publish more than instrumentalists.
But, fundamentally, we publish to communicate – the title of this workshop.

How will this evolve? Do we expect change in the “why” of publishing? The
primary reason won’t, at least for the foreseeable future. The secondary rea-
sons might, for example, due to demographic shifts or career shifts. The nature
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of tenure is changing, and most astronomers actually are not in traditional
academic tenure or tenure track positions. The latest demographic studies
for the Decadal Survey find that only ∼40% of astronomers work at research
universities and an additional ∼15% are at small colleges. Even among those
at research universities, a significant fraction are in research or soft money
positions as opposed to line faculty jobs. The criteria for employment are
changing as well, and, as we will discuss later, the way we do research is also
fundamentally changing.

3 Publishing Models

Again, no discussion of the future of astronomical publishing would be com-
plete without understanding the business models that are in use. It is also
likely that these will have to evolve as additional stresses are placed on
publishers, libraries and authors. There is a fundamental principle here that
publishing is not free, especially if refereeing is required, copy editing is used
to enforce stylistic criteria and check the grammar of authors and journals
adhere to the principles of archiving and curation that are natural parts of
the scientific process. There are five basic business models in use today:

1. Primarily subscription charges to libraries and individuals. This is a model
often adopted by for profit publishers but also societies or organizations
with limited other resources (e.g. the AIP).

2. User pays, primarily page or article charges.
3. Single Payer (often a benefactor or an organization that self publishes).
4. Mixed models (a combination of subscription income, page charges,

abstract sales, e.g. the AAS).
5. Open Access (often also a benefactor, e.g. the DOE supporting ArXiv).

In examining these models, we need to understand the value added by the vari-
ous services provided by the publisher (refereeing, editing, curation, electronic
access, cross linking, the prestige of a refereed journal), and balance their costs
against the available income sources. Editing costs money, good editing more.
Publication speed also more, and archiving more too. Are authors and their
institutions, and their governments willing to pay? My personal experience
as an editor is that I’ve never seen a paper that could not be improved by
the work of an impartial, knowledgeable referee. There will continue to be
the challenges, though, of finding good referees, maintaining standards and
keeping both time to print and the cost to libraries and users for the journals
down.

It is also important for publishers to remember what is driving the open
access movement, including the drivers for universities and other organiza-
tions to want to retain the copyright to material created by their faculty and
staff, and the drivers for authors to use open access journals. The two largest
for organizations are costs. Who can forget the “journals crisis” of the 1990s
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and early twenty-first century which brought long-term extreme increases in
subscription costs (averaging between 10% and 20% per annum) for institu-
tional subscriptions? Library budgets simply do not increase at those rates;
at universities they are often driven by overhead on contracts and grants and
the overall research budget for astronomy, at least in the US, has not grown
at 15% per year.

Not to be forgotten are the per article charges to reproduce material,
often papers you yourself have written, depending on the publisher’s “author
agreement,” for courses. “Fair use” allows a small number (usually considered
to be less than 10) of copies to be made for instructional purposes, but if you
want to had out copies of an article to 200 freshmen, it could cost you or your
university several thousand dollars. And even those author agreements that
give you the right to reproduce generally will still require payment if you use
not your own work but that of the woman down the hall.

Finally open access can offer benefits to individual authors. Prime among
them is speed. Articles can be posted to ArXiV before being refereed so if
there is a race for primacy, as in some fields of astronomy such as theoretical
cosmology, this route may be preferred. But let us not forget altruism, in this
case the desire to ensure that one’s work is available to any interested reader,
especially the academic poor, those not at rich and diverse institutions or
those at third world institutions, as well as the public.

4 And Things Change

Even more important than business models and open access are other changes
that will affect the future of our publications. One is just people. Figure 5
shows the membership of the AAS as a function of time. Note that the mem-
bership of the AAS has grown nearly 80% since 1984 while the US population
as a whole has only grown 25% in that same period. As Helmut Abt will
discuss later (Abt 2011), the number of papers is fairly well predicted by the
number of astronomers.

Another change, also driving demographics, is resources for research. The
balance around the world is changing and changing rapidly. The NSF’s Science
and Engineering Indicators 2010 provide an indication of the changes to come.
Figure 6 shows that while there has been measured growth in the number
of researchers in the US and the EU, the numbers in the more advanced
Asian nations are growing rapidly. In the 1990s the publication rate of the
EU surpassed that of the US, but again, the publication rate of science and
engineering articles from Asia is growing much faster than either (the US has
essentially been flat for a decade) and is poised to surpass both regions in the
next decade. And this is despite the lack of growth in Japan, one of Asia’s
previous powerhouses. Figure 7 shows why. The growth rate in R&D support
in China, Malaysia and Singapore is more than triple that of the US and the
EU. We get what we pay for.
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Fig. 5. Membership in the American Astronomical Society since 1984 (the gap
at 2004 is due to an incomplete count that year). Total membership includes full,
junior, associate, and emeritus, plus international and educational affiliates. Only
total, full and junior are plotted here.

Astroph a.k.a. ArXiv has had a tremendous impact on astronomical
communication, especially in rapidly changing fields like cosmology. The num-
ber of papers posted to astroph per year now exceeds the number of refereed
papers published in the big four or five (Figs. 8 and 9) and has a doubling
time of only ∼10 years. And the total number of papers contained in astroph
as of April 12, 2020 was 108,557 with an additional 12,631 cross-referenced to
astronomy, a total of over 120,000 papers freely accessible, many if not most
of which are also in the refereed literature. But there are some, including some
very heavily cited review papers, that only appear on astroph. And this trend
is increasing in several subfields of astronomy, especially those where rapid
publication is valued more than refereed publication.

The way we do science is also changing. One easily noticeable change is in
the number of authors per paper. Since 1985 the average number of authors on
an observational paper has jumped a factor of 2 from ∼4 to ∼8. Even theorists
work in larger groups with the average number of authors per paper jumping
from two to four over the same period. The major astronomical problems
we now attack are more complex and require a broader range of skills and
knowledge to solve. This drives us to work in larger groups. We are becoming
more like physics every year. And despite the debates that may take place
over the philosophy and sociology of astronomy (White 2007; Kolb 2007),
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Fig. 6. Growth in the number of researchers (left) and in the number of articles
produced (right) as a function of selected geographical regions (From the NSFs
Science and Engineering Indicators 2010).

Fig. 7. Growth rate of R&D expenditures for selected countries (From the NSF’s
Science and Engineering Indicators 2010).
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Fig. 8. The number of papers per year posted to astroph. Top curve (blue) are
astronomy and astrophysics papers, bottom curve (red) are cross referenced papers,
usually from physics.

Fig. 9. New methods of accessing the literature!
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this change is happening and is successfully producing science. The days of
the lone astronomer sitting underneath her or his telescope working at the
forefront of the field are essentially over.

Lastly, and importantly, the way we access information is changing. Very
few people read the journals in hardcopy, the number of individual subscribers
to the AAS journals is less than 4% of the membership, and all reports are that
library access in place has significantly declined. Most people read journals
on line and many do not even know that the way they do this is through
their library’s subscription. Younger people are even further removed from the
hardcopy. Look at the growth in ArXiv submissions and readership. We are
turning into a nation of “Digital Natives” (Palfrey & Gasser 2008), connected
24/7. My teenage son is certainly there, my students are there and even my
postdocs have crossed the line into total wireless connection.

Open access movements are growing, with more than 4,700 certified open
access journals world-wide (see the Directory of Open Access Journals pro-
duced by the Lund University Libraries as reported in the Chronicle of Higher
Education, Feb. 19, 2010). The economic downturn has driven universities to
push hard for open access for the reasons noted earlier. And open access
has great educational benefits as well as benefits for basic research. (A dis-
claimer: I work for Harvard University which now has a strong internal open
access policy aimed at providing free use for non-profit purposes – education
and research – to content produced by university staff and faculty). And the
government has entered the debate by asking for comments on proposed reg-
ulations regarding access to content produced with Federal resources. Most
people tend to forget that US Federal Employee and certain state employees
are already “exempt” from copyright, i.e. their work cannot be copyrighted
so by definition is freely available. This has not, as I can again tell you from
personal experience as a Smithsonian employee and civil servant, hindered the
ability of Feds to publish.

Congress, the Executive Branch and the Judiciary have been of two minds
on this issue. On one hand they want to protect intellectual property rights
(patents, copyrights) to provide proprietary use of material for gain and com-
petitive advantage – its good for industry and individuals. On the other hand,
they believe that there should be free access to information paid for by the
taxpayer – which will also lead to economic gain and competitive advantage.
It is quite possible in any compromise that we could get the worst of both
worlds. Fortunately the problem is now under study and most (but not all)
of the parties involved have gotten together to examine solutions to the open
access question that will provide such access without destroying the economic
basis for refereed scholarly publishing (see the report of the AAU Roundtable
on Scholarly Publishing for a review of the problem and a list of recommen-
dations, AAU 2010).
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5 The Future (The Tomorrowland of Publishing)

So where do we go from here? And better, how can we prepare for the future?
There are only a few drivers: New ways of Communicating, Changes in the
Way We Work, Changes in the World, and lastly Changes in the Resources
Available. Perhaps there will also be legal or legislative issues, but I cannot
predict even in the short term what those might be. The others we understand
and can plan to address them.

First we should remember (1) Why are we publishing? And (2) Who are
the users? If we keep the answers to those questions in mind, we can have a
much clearer view of what we need to do.

Next, we can predict, based on recent past performance, important trends.

1. There will be an increasing move towards open access and very rapid pub-
lication. “Tenure” based on only refereed publications is becoming less
important, especially as more astronomers are employed outside major re-
search universities. There are already major articles only on ArXiv.

2. Publishers will need to move towards mixed business models with page or
article charges. This is not as crazy as you might think as we are moderately
close to a single payer model now, either through page charges or through
overhead supported library subscriptions.

3. Publishers should also identify “value added” components for their jour-
nals – e.g. full text searches, completely linked cross references, curation of
data included in publications. Generally speaking, individual authors are
not capable of archiving either their papers or their data, and universities
lack the expertise (and will) to do this for all fields.

4. Publishers should continually work to identify new ways of providing ser-
vices to their users. Activities like the value-added components noted above
can provide publishers with the competitive advantage they need to pro-
duce a product of sufficient value that they can recoup the costs of publi-
cation and curation.

The Digital Natives are coming, it is only a matter of time! (and perhaps we
should learn Chinese. . .)
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Summary. It is now a commonplace observation that human society is becoming a
coherent super-organism, and that the information infrastructure forms its emerging
brain. Perhaps, as the underlying technologies are likely to become billions of times
more powerful than those we have today, we could say that we are now building the
lizard brain for the future organism.

1 Preamble

. . . the highest level of the ant colony is the totality of its membership
rather than a particular set of superordinate individuals who direct
the activity of members at lower levels.

Höldobler and Wilson (1990)

2 The Super-Organism

For millennia the only means of intra-species cross-generational communi-
cation was chemical; information was transferred via genes in a Darwinian
process. The structure for some very complex systems have been transferred
by these means.

An example would be the reaction to high temperatures. Even single celled
organisms avoid excessively hot regions; those which don’t get cooked and
don’t survive. Fast forward a few eons and we have cooperative structures of
50 trillion cells (e.g. humans) which can very rapidly self mobilize to move a
finger away from a frying pan.

A second example, indicating just how complex this chemical communica-
tion channel can be is that primates (including humans) are innately afraid
of snakes (Hebb 1955). To quote Pinker (1997) “People dread snakes with-
out ever having seen one. After a frightening or painful event, people are
more prudent around the cause, but they do not fear it; there are no phobias
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for electrical outlets, hammers, cars, or air-raid shelters.” Ancient creatures
which had an insufficient fear of snakes became lunch rather than becoming
our ancestors. The agglomeration of this genetically transmitted information
has been called the “collective unconscious” (Jung 1935).

Creatures can learn: bees, for example can learn which color flowers are
the best sources of food, and they can communicate, as bees do with their
“waggle dance,” communicating the distance and relative position (to the sun)
of a food source. The information needed to perform this dance appears to be
entirely genetically transmitted, there is no evidence for a learned component
(von Frisch 1967).

Humans, certainly, are capable of learning communication techniques. The
development of language, aided by Darwinian processes (Pinker 1994) repre-
sents a phase transition in the information transfer process across time which
is evolution. It became possible for parents to tell their children “eat this
mushroom, but not that one!”

This phase transition enabled humans to form large coherent groups where
information could be maintained and shared, thus problems could be solved by
distributed efforts. Over time, sophisticated bodies of knowledge were built.

The next phase transition in the information transfer process was the
development of writing. While oral transmission is powerful, and has provided
us with, as an example, the core ideas behind religion, modern civilization is
clearly too complex to be achieved without writing.

Writing, along with the two major enabling inventions, paper and print-
ing, has formed the basis for the information transfer system for our globally
connected human society. This society, viewed as an entity onto itself, a super-
organism, has capabilities far beyond those of single individuals. An example
of these capabilities might be the industrial revolution, which was designed
and implemented without any central direction.

We are living in another period of phase transition, one that will happen
much faster than the previous ones. The time span for phase transitions has
been getting shorter by about a factor of 100 each time; implying that the
current one will be consummated within a single human lifetime.

The technical underpinnings for the current phase transition are very rapid
communication (beginning, perhaps, with the telegraph) and electronic stor-
age. Together our electronic communication and memory network now form
a coherent entity, a Super-Brain (Heylighten and Bollen 1996), for the super-
organism which is human society.

Although pure communications networks have existed substantially longer
(telegraph, telephone, radio, television), it is the addition of electronic mem-
ory which makes the computer network the fundamental technical advance.
Within the past few decades computer networks have coalesced to form a sin-
gle entity (in graph/network studies forming the giant component is usually
viewed as a phase transition, Newman 2003).

With this the human society super-organism has developed the functional
equivalent of a brain, but we are clearly just at the beginning of the process.
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In the past 60 years the power of the information technologies behind the
transition has increased by a factor of (about) a trillion; if this can continue
for another 60 years, or indeed (Kurzweil 2001) increase more rapidly, the
evolving super-organism might well be incomprehensible to us today.

The exponential growth of technical capabilities is not guaranteed, Moore’s
law, for example, appears to have reached its physical limits (in the number
of transistors on a chip). The nano-bio-cyber convergence currently occurring
suggests, however, that the growth will continue, or, following Kurzweil (2001),
accelerate.

The nature of the changes are still in the realm of science fiction; Stapledon
(1930) foresaw the fate of the “last men,” after which (evolutionarily) humans
became a new race:

The system of radiation which embraces the whole planet, and includes
the million million brains of the race, becomes the physical basis
of a racial self. . .

But chiefly the racial mind transcends the minds of groups and individ-
uals in philosophical insight into the true nature of space and time,
mind and its objects, cosmical striving and cosmical perfection....

For all the daily business of life, then, each of us is mentally a dis-
tinct individual, though his ordinary means of communication with
others is “telepathic.” But frequently he wakes up to be a group-
mind. . .

Of this obviously, I can tell you nothing, save that it differs from
the lowlier state more radically than the infant mind differs from
the mind of the individual adult, and that it consists of insight
into many unsuspected and previously inconceivable features of
the familiar world of men and things.

3 Architecture

It appears that we humans, like the Krell (MGM 1956), will be (or indeed
are) increasingly interconnected with an electro-mechanical system of almost
unimaginable power. Already we communicate near telepathically with almost
anyone on the planet, at almost any time, via cell phone; already our memories
are tremendously augmented by internet search engines.

While we cannot know exactly what the future will bring, we can intuit
some things concerning the elements of our new environment, based on past
trends. The elements we construct will be extraordinarily complex; each with
a multitude of design decisions. This is unlike the exact sciences, where there
is a single correct description of a physical reality; it is more like architecture,
there is no single exactly correct bridge or building design.

Certainly there are architectural elements which persist, such as a key
stone in building arches. Perhaps the closest analog to the information entity
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we are now constructing, (the super-brain?) is a city. Cities are constructed
by the long term and large scale combined efforts of people. Cities are not
explicitly designed, but they grow as a result of numerous mostly inde-
pendent efforts. Even without explicit design cities normally have a num-
ber of design elements in common, such as neighborhoods, or sidewalk cafes
(Alexander et al. 1977).

Major elements in all cities are places to get things. These are often the
end points of complex webs of activity. An example could be a bakery, which
combines efforts by fertilizer providers, seed salesmen, farmers, millers, truck-
ers, and others to provide bread. Major elements in the information structure
we are building are places to get information. These also are the end points
of complex webs of activity. An example could be the Smithsonian/NASA
Astrophysics Data System (ADS; Kurtz et al. 1993, 2000, 2005). The ADS
combines the efforts of lens designers, rocket scientists, astronomers, publish-
ers and others to provide astrophysics research information.

There are substantial differences in how these design elements are instan-
tiated. There can be bakeries, hardware stores, dress shops, toy stores, etc.;
and there can be Wal-Mart or Target. Both systems have their advantages.
In the world of information there can be specialized providers, such as ADS,
PubMed, The Internet Movie Database, Flightstats, etc; and there can be
Google or Bing. Again both systems have advantages.

4 Vectors of the Mind

Context is an important criterion; asking to get one’s tank filled will get an
altogether different result at Diver Jim’s Belmont Scuba Co than it will if
asked at the gas station next door. Likewise the query “plasma diagnostics”
will get a different result on PubMed than on ADS.

Even when one can narrow down a request, for a product, or information,
to a specific realm, context is still important. A typical hardware store, for
example, will have hundreds, if not thousands of different fasteners (nails,
screws, glue, tape, . . . ); which product to purchase depends critically on ex-
actly what the current problem is. Likewise the ADS has thousands of papers
on a topic such as “weak lensing,” which paper to read depends critically on
the exact current problem.

Context is usually provided by people. A customer chooses to go to a
hardware store (instead of, say, a cheese shop) to solve some problem, which
is described to a clerk. The clerk has substantial expertise in the specific
problem domain, and suggests one, or several possible solutions, taking into
account the actual needs and abilities of the customer.

In the information world the customer still chooses between providers,
ADS or PubMed, for example, but there is no equivalent to the clerk; this
function is performed by the information service. Because the actual needs and
abilities of each “customer” vary greatly for the exact same query (a beginning
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student will often be better served by different information than would be best
for a world renowned expert) the information system will need to be able to
adapt to, and perhaps sense, the larger context of queries.

4.1 Global Measures

Linear Algebra Techniques

Clearly information systems perform functions which were previously per-
formed by humans, or by groups of humans. This requires techniques to model
the thoughts and behavior of people and groups of people. Psychologists and
Sociologists have been developing these techniques for decades.

Thurstone (1934) used eigenvector techniques to build an orthogonal vec-
tor space model for human thought. These techniques have become very widely
used; psychometrics and marketing for example depend heavily on them. They
have also been used to model the idea space of documents. Ossorio (1966)
used a psychological testing approach to model individual opinions concerning
the relevance of documents. Kurtz (1993) reverse engineered a set of classi-
fied documents to build a model of the thought process of a librarian classi-
fier. Perhaps the most successful of these methods is latent semantic analysis
(LSA; Deerwester et al. 1990) which builds the vector space based on the co-
occurrence of words in documents.

These eigenvector techniques have also been used in many different classifi-
cation problems (Murtagh and Heck 1987); such as with astronomical spectra.
Kurtz (1982) first applied the method to stellar spectra, and Connolly et al.
(1995) rediscovered it for galaxy spectra. While the methods have been used,
they have not found great success, compared to partitioning line ratio dia-
grams (Baldwin et al. 1981) or color-magnitude diagrams (Golay et al. 1977).
This is likely because, while the techniques are linear, the underlying physics
is highly non-linear (Kurtz 1982).

Human thought is also highly non-linear; representing it by a linear vector
space is bound to cause problems. Although the success of LSA as an indexing
method for text demonstrated that very local measures of nearness can be
effectively defined, more generally these are not metric spaces. As an example,
human perceptions do not follow the Schwartz or triangle inequality. The
perceptual distance between a dog and a vacuum cleaner is made shorter by
the introduction of a third point, a mechanical dog; a mechanical dog is a
kind of dog, and a mechanical dog is a kind of vacuum cleaner (Kurtz 1989).

Social Network Techniques

By analyzing the connections between entities (people, documents, molecules,
traffic jams, . . . ) one can build powerful descriptive and predictive models
(Barabasi 2003; Newman 2003). Many of the techniques were developed for the
social sciences (Wassermann and Faust 1994) and are now widespread. Fifteen
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percent of the papers published in 2009 by Physical Review E address aspects
of network problems, as do 26% of papers published in PLOS Computational
Biology, for example.

The structure of information networks contains information about the in-
telligent processes which created them. Obtaining the underlying structure
from the network is called community detection, and is similar to techniques
for cluster analysis or classification.

Fortunato (2010) reviews these methods. Currently the most popular
method is that of Girvan and Newman (2002) and the “best” (according
to Lancichinetti and Fortunato 2009) is that of Rosvall and Bergstrom (RB
2008). RB have used their algorithm on citation data to show the interrela-
tionships between the major fields of science; their map may very profitably
be compared with the similar map of Bollen et al. (2009a) who show a similar
structure based on usage data and pre-existing field classifications.

The RB algorithm has been used by Kurtz et al. (2007) and Henneken et al.
(2009) to map the subfields of astronomy, based on both citation data and on
shared keywords for journal articles. Attempts to build a similar map from
usage data have not, thus far, been successful, perhaps because of the very
broad readership patterns of many astronomers.

Another measure obtainable from a network graph is the “importance” of
the individual nodes. Importance is normally called centrality in this context,
and there are several different centrality measures. In a friendship network,
where people are the nodes and they are linked to other people by friendship,
the person with the most friends would be the person with the highest degree
centrality. Note that friendship is directional: I may consider you my friend,
but that does not mean that you consider me a friend; thus the concepts of
in-degree and out-degree. In a citation network the paper with the highest
in-degree is the most cited paper, while review articles would have very high
out-degree.

Betweenness centrality is another “importance” measure. In a friendship
network the most central people are those with friends in many different,
otherwise autonomous cliques; in a journal to journal citation network the
most central journals are the interdisciplinary journals (Leydesdorff 2007),
like Science or Nature, which are between otherwise autonomous fields, such
as astronomy and neuroscience. Betweenness centrality is a key measure in
an information flow network; the high betweeness centrality nodes facilitate
information transfer between fields.

The currently most used centrality measure is the expected occupation
time for each node when visited by a random walk, where the agent randomly
follows links from node to node. This is normally called eigenvector centrality,
as the result is the same as the first eigenvector of the node-node connectivity
matrix (Bonacich 1972). Google’s famous Page-Rank algorithm (Brin and
Page 1998) is essentially eigenvector centrality, with clever implementation
details.
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There are several other centrality measures. Kurtz and Bollen (2010) give
a brief introduction; Koschützki et al. (2005) a detailed discussion.

4.2 Local Measures

While measures which solve for globally optimum measures are clearly desir-
able and useful, they are often not feasible. This is especially true in situations
where the data is inherently highly multipartite. Journal articles, for example,
may be connected by citations, but they may also be connected by having the
same author, or having been read by the same reader, or concerning the same
subject matter, or the same astronomical object, or . . . .

An interesting question is how much is lost if one uses local measures,
instead of attempting a global solution. Some recent work discusses this.

Eigenfactor (West et al. 2010a) is a useful measure of scholarly journals; it
is available in the Thompson-Reuters Web of Science, and finds frequent use
by librarians in making purchasing decisions. The Eigenfactor is essentially
eigenvector centrality, measured on the journal to journal citation graph.

Davis (2008) pointed out that the Eigenfactor journal rankings in a subfield
(medicine is what Davis used) are very similar to rankings derived from simple
citation counts. In their two dimensional comparison of 39 different network
measures Bollen et al. (2009b) showed eigenvector centrality near to in-degree,
but not identical. West et al. (2010b) showed convincingly that the Eigenfactor
produces rankings which are significantly different from plain citation counts.

While eigenvector centrality is clearly different from simple in-degree, and
in cases such as Eigenfactor likely better, the fact remains that the differences
are small. This suggests that in many instances very similar results may be
had using much simpler measures.

The ADS second order operators (SOO: Kurtz 1992; Kurtz et al. 2002)
make use of local measures in the multipartite space to achieve specific re-
sults. The SOO are not a ranking or clustering methodology, per se, rather
the SOO are relational operators which one uses to build custom rankings.
Two examples of their use, both taken from the ADS Topic Search (adsabs.
harvard.edu/cgi-bin/TopicSearch), will serve as an illustration. Here we
will use the language of networks, Kurtz et al. (2005) use the language of
lists of attributes. Both examples find information about a technical topic,
while this can be almost anything, for concreteness we’ll use the topic “weak
lensing.”

Example 1 starts by taking the article to article citation graph, where
articles (nodes) are (directionally) connected by citations (links). First we
take the subset of nodes which concern the topic, weak lensing; next we sort
the nodes in the subset by their in-degree centrality, and retain only the top
N (say 200). Next we form a super-node which is the sum of the individual
top 200 nodes, and we sort the entire graph on the out-degree centrality to
the super-node. The top of this list are articles which cite a large number of

adsabs.harvard.edu/cgi-bin/TopicSearch
adsabs.harvard.edu/cgi-bin/TopicSearch
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articles on weak lensing which are, themselves, highly cited. In other words
we have found review articles on weak lensing.

Example 2 starts with the article-reader bipartite graph, where an article
is connected to a reader if that person has read that article. Again we initially
restrict the articles to ones concerning the topic weak lensing, then we sort
that list on an attribute of the article (now that attribute is the publication
date), and take the most recent 200. Again we form a super-node with the 200
articles, and sort the reader nodes by out-degree to this super node. We take
the readers with high out-degree to the article super-node (persons who have
read recent papers on weak lensing) and form a reader super-node. Finally we
sort all the articles in the (non restricted) graph on in-degree from the reader
super-node. The top of this list are the currently most popular papers among
persons working in the field of weak lensing.

Notice how these constructions solve many of the problems associated with
trust (Josang et al. 2007). Only directly relevant, and well regarded papers and
individuals are used; ADS further restricts the readers by removing persons
who come from external search engines, who usually do not share the goals of
professional researchers (Kurtz and Bollen 2010).

The SOO were first implemented in the ADS in 1996; they are used
throughout the system, and form much of the basis for the myADS notifi-
cation service (myads.harvard.edu).

4.3 Recommender Systems

If direct queries to an information system, such as ADS, can be viewed as
consciously recalling data from the collective memory, then recommender sys-
tems might be likened to having memories pop into your head. Recommender
systems as a research and application field cover an enormous range of differ-
ent areas (cf. recsys.acm.org) focusing mainly on commercial uses; here we
will concentrate on the recommender systems for scholarly literature.

In a scholarly field, such as astrophysics, the information is denser, and
the use sparser, than in many other fields. For example The Videohound’s
Golden Movie Retriever lists about 30,000 movies; the ADS contains more
than four times this number of papers which contain the word cosmology in
the abstract. The peak usage for a scholarly article is usually the first day
it becomes available (so there can be no usage information) and decreases
rapidly. The typical 10 year old article from a major journal is downloaded
once per month.

The ADS is building a set of recommenders based on the article currently
being read, in the future we will also create recommenders based on the article
viewing history of the reader. While the exact details are yet to be determined,
the systems use nearly all the techniques described in this section, as well
as the CLUTO (Zhao and Karypis 2004) clustering software. Kurtz et al.
(2009) and Henneken et al. (2010) describe the initial implementation; which
is intended for use by active researchers.

myads.harvard.edu
recsys.acm.org
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Briefly, we use the text and references in an article to find a set of recent
articles which are very similar to the target article in subject matter. These
articles are then used with the SOO to find recommendations using the
words/keywords, citations, usage, authors, and astronomical objects.

5 The Scholarly Brain

In addition to having immensely enhanced memories, we now also have im-
mensely enhanced perception. The new data intensive science (Gray 2007)
rests not simply in the mechanical extension of our perception, as begun by
Galileo and van Leeuwenhoek, but on the automated perception and analy-
sis of huge data sets. The ATLAS experiment at CERN has a raw data rate
of 60TB/s (Klous 2010), about 50 trillion times the information handling
capacity of humans (Fitts 1954).

The underlying technologies are being developed to satisfy the needs of
huge systems, like the LHC experiments, but ever larger systems of sensor
networks are being created to take advantage of the new capabilities. For
these systems to combine their impact, they need to be able to communi-
cate with each other; they need to share a language (Kurtz 1989, 1992). The
shared language need not be native to any particular system or experiment
(Hanisch 2001), but needs to be universally understood, like medieval Latin,
or English today. This standardization is taking place across all scientific and
technical fields, examples are the International Virtual Observatory Alliance’s
Simple Application Messaging Protocol (SAMP; Taylor et al. 2009) or the
Open Access Initiative’s Object Re-use and Exchange (OAI-ORE) protocol
(Van de Sompel et al. 2009).

Automated memory and automated perception are combining to form au-
tomated ideas. Standardized data descriptors along with semantic tagging of
text (Accomazzi 2010) produce a new environment, in which inference en-
gines, similar to the stochastic/syntactic procedures used to analyze bubble
chamber tracts (Fu and Bhargava 1973) are able to discover new, important
associations and patterns.

These systems will be able to model and predict the behavior of humans
(Barabasi 2010). Indeed Ossorio (1967, 1977) spent a good fraction of his
career using his methods to model the behavior of specific humans. The role
of these systems will not be to model individual human behaviors, but will be
to act as the functional core for our collective intelligence.

This collection of machines will not provide the totality of the brain for
the emergent super-organism which is human society; the higher functions,
the cognitive layer, will be provided by the sum of all people. The machines
will provide the core functionality, the lizard brain. Analogous with our own
evolution there will be innate capabilities, like our instant reaction to heat,
and anomalies, like our fear of snakes.
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Individual scholarly disciplines have long functioned as semi-autonomous
super-organisms. The memory function (on paper) being journal articles in
university libraries. With the advent of the internet scholars are rapidly trans-
forming their work habits to take advantage of the possibilities (Borgman
2007). New technologies effecting the speed of information transfer (Ginsparg
1994), and the ability to directly and effectively access huge datasets
(Szalay and Gray 2001) have already been created, and more are coming
daily. The scholarly literature has been fully digital for more than a decade.
The idea that a discipline, such as astronomy, already functions as a coherent
super-organism, with electronic memory and perception systems is not at all
far fetched.

Millions of years before he imagined it would occur, we are beginning to
implement Stapledon’s (1930) racial mind, beginning first not with the human
race, but with the sub races of astronomers, bio-chemists, economists, particle
physicists, etc. With this scholarly brain we are achieving “insight into many
unsuspected and previously inconceivable features of the familiar world of men
and things.”
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Verlag.



34 M.J. Kurtz

Klous, S, for the ATLAS collaboration (2010) Event Streaming in the Online System:
Real-Time Organization of Atlas Data, report number ATL-DAQ-PROC-2010-
017, Geneva: CERN.
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Summary. The International Year of Astronomy 2009, celebrating the 400th
anniversary of Galileo’s first look at the night sky through a telescope, was arguably
the most successful public-outreach event in the history of science. Thousands of
professional and amateur astronomers, public-information officers, writers, publish-
ers, teachers, and informal educators from 148 countries worked tirelessly to share
the wonders of astronomy with millions of people, from rural schoolchildren to the
President of the United States. How to build on IYA2009 was the theme of “Commu-
nicating Astronomy with the Public 2010,” a conference held in Cape Town, South
Africa, in March 2010. I report some of the highlights from CAP2010 and consider
the extent to which the IYA2009 helped us address global challenges in astronomy
communication.

1 The International Year of Astronomy 2009

At the triennial General Assembly of the International Astronomical Union
(IAU) in July 2003, outgoing IAU president Franco Pacini of Arcetri Observa-
tory proposed that 2009 be designated the International Year of Astronomy.
His idea was to celebrate the 400th anniversary of Galileo’s first look at the
night sky through a telescope, which brought about a fundamental change in
humankind’s perception of the universe. Four hundred years of telescopic as-
tronomy have led to a remarkably detailed understanding of the origin, struc-
ture, and evolution of the universe – and of Earth’s place in it – something
certainly worth celebrating!

Unlike other “years of science,” such as the World Year of Physics 2005,
the focus of astronomers’ IYA2009 activities would not be global collabora-
tions in research – after all, there were plenty of those in astronomy already –
but a global effort to reach out to students and the public. Pacini envisioned
IYA2009 as an opportunity to spread awareness of astronomy’s role in en-
riching all cultures, to nourish a scientific outlook in society, and to increase
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public support for scientific research, improve science education at all levels,
and attract young people to careers in science, technology, engineering, and
mathematics.

Delegates at the 2003 IAU meeting supported Pacini’s proposal, which
ultimately led to a collaboration between the IAU and the United Nations
Educational, Scientific and Cultural Organization (UNESCO), which endorsed
the idea in 2005. UNESCO in turn presented the proposal to the UN General
Assembly, which formally declared 2009 the International Year of Astronomy
in December 2007.

Even before the official UN vote, astronomers worldwide had begun plan-
ning IYA2009 activities. The IAU Executive Committee, under the leader-
ship of president Catherine Cesarsky of the European Southern Observatory,
served as the overall coordinating body. The committee’s role was not to tell
others what to do, but to marshal the resources of the global astronomical
community – both professional and amateur – and to serve as advisors and
enablers of IYA2009 events and activities at the national, regional, and local
levels. Early on, there was hope that the IAU would raise millions of dollars
from governments, foundations, other institutions, and private donations, but
those hopes were dashed when the global economy went into a tailspin in late
2008, just as the IYA2009 planning effort was reaching a crescendo. Still, the
IAU was able to raise nearly EUR 663,000 (USD 860,000) to support a mini-
mally staffed IYA2009 Secretariat and to partially underwrite a dozen major
projects.

Astronomy is experiential – anyone with a telescope can see what Galileo
saw. The IYA2009 slogan was “The Universe: Yours to Discover.” So, nat-
urally, a prime goal of IYA2009 was to give as many people as possible a
chance to look through a telescope, especially those who’d never had such an
opportunity before. Undoubtedly, the highest-profile “star party” of IYA2009
was the one held on October 7th at the White House in Washington, DC.
President and Mrs. Obama welcomed hundreds of local schoolchildren to the
presidential mansion to enjoy an evening of hands-on astronomy activities and
stargazing.

But IYA2009 was so much more than a series of “Galileo moments.” By the
time the year-long celebration was over, 148 countries (“National Nodes”) had
become involved, with 111 of them building special IYA2009 websites in their
local languages. This is remarkable, as the IAU has only 70 national members!
Forty observatories, space agencies, and other organizations around the world
also built dedicated IYA2009 websites. Some 33 commercial enterprises, 22
media organizations, and 11 task groups contributed to the effort too. One
group, for example, labored to remind event organizers that 2009 was also the
400th anniversary of Johannes Kepler’s monumental work Astronomia Nova,
in which the brilliant contemporary of Galileo introduced his first two laws of
planetary motion.

Amateur-astronomy clubs, planetariums, science museums, and even indi-
vidual astronomers hosted countless small events, but much of the global effort
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was focused on 12 Cornerstone Projects and 16 smaller Special Projects. All
are described online.1 Full disclosure: I chaired the Galileoscope Cornerstone
Project, in which we developed a high-quality, low-cost refractor capable of
showing all the objects Galileo observed but much more clearly than he ever
saw them. About 180,000 Galileoscopes were distributed worldwide during
IYA2009, and through 2010 and into 2011 sales continued at a brisk pace.

In the aggregate, the countries, organizations, groups, and individuals in-
volved in IYA2009 raised and spent nearly EUR 18 million (USD 23 million).
How many people did we reach? During two global star parties – 100 Hours
of Astronomy in April and Galilean Nights in October – some three mil-
lion people looked through telescopes. An estimated ten million viewers saw
the PBS-TV special 400 Years of the Telescope. The main IYA2009 website
attracted 1.3 million unique visitors; undoubtedly the 111 national and 40 or-
ganizational websites attracted millions more. At least seven million citizens
participated in stargazing activities in Japan, and 45 million watched the July
2009 total solar eclipse in China on television or online. Most Galileoscopes
went to schools, museums, planetariums, and astronomy clubs, where each was
used by an average of about ten people during IYA2009, so around 1.8 million
people glimpsed the Moon, Jupiter, Saturn, or another celestial spectacle with
one of these small telescopes. Adding all the other projects pushes the number
of people reached by IYA2009 activities to over 815 million worldwide, mak-
ing IYA2009 arguably the largest and most successful public-outreach effort
in the history of science (Russo and Christensen 2009).

2 Communicating Astronomy with the Public

If the thinking head of IYA2009 was the IAU Executive Committee and its
IYA2009 Secretariat, the working arm of the effort was IAU Commission 55,
Communicating Astronomy with the Public. Most of the planning at the na-
tional and international levels took place under the auspices of C55 through
a series of meetings that trace their origin to a 2002 gathering in Tenerife,
Canary Islands, organized by Terry Mahoney of the Instituto de Astrof́ısica
de Canarias. That meeting, Communicating Astronomy, brought together a
spectrum of astrocommunicators:

– Producers of astronomical information, i.e., mainly research scientists.
– Public information officers connected with observatories, space agencies,

space-science missions, and universities.
– Mediators, e.g., science reporters and writers from print and broadcast

media; staff members from museums, planetariums, and national parks;
operators of commercial and nonprofit websites focused on astronomy;
and educators at all grade levels.

1 www.astronomy2009.org
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A follow-on meeting in Washington, DC, in 2003 was called Communicating
Astronomy to the Public and was focused more narrowly on astronomy
education and public outreach (EPO). Editors and managers of astrophysics
journals, abstract services, and other types of researcher-to-researcher com-
munication who had attended the 2002 meeting sat this one out; they
subsequently attended Future Professional Communication in Astronomy I
and II, which dealt more directly with issues of concern to them. A prin-
cipal outcome of the 2003 meeting in DC was the Washington Charter for
Communicating Astronomy with the Public. I’ll say more about this below;
for now, I simply want to call your attention to the change of preposition:
Communicating Astronomy to the Public had morphed into Communicat-
ing Astronomy with the Public, acknowledging that science communication
(indeed, any communication) is effective only when it’s a two-way street.

Commission 55 got its start around the time of the Communicating As-
tronomy with the Public (CAP) 2005 meeting in Garching, Germany, when
the IAU approved the creation of a CAP working group. The following year,
at the next IAU General Assembly, the working group was promoted to a
commission under Division XII, Union-Wide Activities. C55’s officers and
organizing committee were given (and accepted!) responsibility for the now-
approximately-biennial CAP meetings and, more significantly, for undertaking
the worldwide planning effort for IYA2009. In addition, with support from the
European Southern Observatory, C55 launched a new print and online quar-
terly magazine, CAP Journal, featuring best practices in astronomy education
and public outreach.

Not surprisingly, the next CAP meeting, in Athens, Greece, in late 2007,
was devoted entirely to preparing for IYA2009. By this point many countries
had identified institutions to serve as National Nodes as well as astronomers
at those institutions to serve as national leaders, or Single Points of Contact
(SPoCs). Also, thanks to a crucial meeting at Garching in early 2007, many
of the Cornerstone Projects had begun to take shape under the leadership of
enthusiastic (some would say masochistic) volunteers. After CAP2007, nearly
every large national gathering of professional and/or amateur astronomers,
such as the meetings of the American Astronomical Society and the Astro-
nomical Society of the Pacific (ASP), included sessions on getting ready for
IYA2009. The proceedings of CAP2007 and the 2008 ASP meeting (Gibbs
et al. 2008) served as IYA2009 handbooks for organizers, and the number of
volunteers signed on to help with projects large, medium, and small soared
into the thousands and, by the time IYA2009 was over, tens of thousands.

3 CAP2010: Beyond IYA2009

Even though IYA2009 would last only 1 year, its founders and organizers
worked from the outset to forge a sustainable network of EPO professionals
and volunteers whose efforts could continue indefinitely – though, for practical



4 Communicating Astronomy Beyond IYA2009 41

(and mental health!) reasons – not at the same level of intensity as during
IYA2009 itself. This was one reason why C55 took on much of the work of co-
ordination: there was already a sizable group of CAP “regulars” from around
the world, many were key players in IYA2009 projects, and they’d be around
afterward to carry on.

Thus, naturally, the subject of the CAP2010 meeting in Cape Town, South
Africa, was how to build on IYA2009’s unprecedented success and continue en-
hancing scientific literacy worldwide through astronomy education and public
outreach. More than 150 participants – including many SPoCs and project
chairs – attended, representing 45 countries and six continents (Fig. 2). A ma-
jority spent an extra few days and nights in the region to visit the South
African Astronomical Observatory in Sutherland, where we were treated to
clear, unseasonably temperate skies.

Over the course of more than 60 presentations at CAP2010, a small number
of themes emerged as the main “lessons learned” during IYA2009:

– There is a worldwide hunger for astronomy information, especially in un-
derdeveloped and still-developing countries.

– Stargazing has universal appeal, and people everywhere recognize the value
of dark skies.

– The global “marching army” of amateur astronomers plays a crucially
important role in communicating astronomy with the public.

– Money sure helps, but it isn’t always necessary!
– Every medium can be effective, but real communication is two-way, so

new media (e.g., Web 2.0) and in-person engagement between astronomy
communicators and the public works best.

Among the greatest legacies of IYA2009 are the many alliances forged
among the various astronomical communities involved in the effort, such as
between professionals and amateurs. Event and project organizers enjoyed
much success during IYA2009 and have no interest in losing momentum nor
cutting back on their frequent and positive interactions with their collabora-
tors across the globe. Thus another common theme at CAP2010 was a pledge
to continue much of the work of IYA2009 indefinitely, branded with a revised
logo in which the words “International Year of Astronomy 2009” are replaced
by the words “Beyond International Year of Astronomy” (Fig. 1).

Most IYA2009 websites remain up and running as part of the year’s legacy,
and many of the projects introduced in 2009 are being continued in 2010–11
and, if all goes according to plan, beyond. To cite just one example, As-
tronomers Without Borders, the international organization that made 100
Hours of Astronomy happen April 2–5, 2009, stepped up to coordinate Global
Astronomy Month in April 2010 and hopes to repeat the celebration annually.

The American Astronomical Society established a Working Group on Pro-
Am Collaboration for scientific research in the late 1990s, and only a little
more than a decade later, professionals routinely work with amateurs in many
branches of astronomy, including asteroid studies, gamma-ray-burst follow-up,
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Fig. 1. The logos for the International Year of Astronomy 2009 (left) and its legacy,
Beyond International Year of Astronomy (right).

and exoplanet characterization. In the wake of IYA2009, when professionals
and amateurs worked together on huge numbers of EPO activities, delegates
at CAP2010 agreed that C55 should promote further growth in this area
by establishing a Working Group on Pro-Am Collaboration for astronomy
communication. A subcommittee of C55 is developing a proposal that will
draw heavily from the experience of the highly successful Night Sky Network.
This project of the ASP and NASA’s Jet Propulsion Laboratory involves
professional astronomy communicators giving members of astronomy clubs
the training and tools they need to do effective informal education and public
outreach.

But amateur astronomers aren’t the only ones who need help learning
how to be effective communicators. An increasing number of professional as-
tronomers are being asked, or are volunteering, to explain astronomy to the
public, the media, representatives of funding agencies, and/or government of-
ficials. Despite their good intentions, these scientists often find themselves
poorly prepared to handle the questions they get asked. Training for a career
in research and university-level teaching doesn’t give one the skills needed
to talk to ordinary citizens about science. At CAP2010 several speakers de-
scribed programs whereby they provide communications training for scientists,
for example, in summer workshops or weekend classes held in conjunction with
scientific-society meetings. Many delegates left the conference intent on setting
up similar programs in their own countries. Indeed, there was strong sentiment
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(not surprisingly) that communications training should be incorporated into
regular graduate – and perhaps even undergraduate – education in astronomy.

4 The Washington Charter

As the conferees at CAP2010 discussed how to capitalize on the success of
IYA2009 and further the cause of communicating astronomy with the public,
they realized that they had already laid the groundwork for the next step back
in 2003, when they created the Washington Charter. The document commits
individuals and institutions involved in the global astronomical enterprise to
support public communication, whether or not they are directly involved in it
themselves. In 2003 and 2004 a modest effort was undertaken to attract sig-
natories to the Charter but without much success as various parties objected
to some of the wording. Taking their concerns into account, a small group at
CAP2005 revised the text into its present form, reproduced in its entirety here:

The Washington Charter for Communicating Astronomy
with the Public

As our world grows ever more complex and the pace of scientific discovery
and technological change quickens, the global community of professional as-
tronomers needs to communicate more effectively with the public. Astronomy
enriches our culture, nourishes a scientific outlook in society, and addresses
important questions about humanity’s place in the universe. It contributes
to areas of immediate practicality, including industry, medicine, and security,
and it introduces young people to quantitative reasoning and attracts them to
scientific and technical careers. Sharing what we learn about the universe is an
investment in our fellow citizens, our institutions, and our future. Individuals
and organizations that conduct astronomical research – especially those re-
ceiving public funding for this research – have a responsibility to communicate
their results and efforts with the public for the benefit of all.

RECOMMENDATIONS

For Funding Agencies:

– Encourage and support public outreach and communication in projects
and grant programs

– Develop infrastructure and linkages to assist with the organization and
dissemination of outreach results

– Emphasize the importance of such efforts to project and research managers
– Recognize public outreach and communication plans and efforts through

proposal selection criteria and decisions and annual performance awards
– Encourage international collaboration on public outreach and communi-

cation activities
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For Professional Astronomical Societies:

– Endorse standards for public outreach and communication
– Assemble best practices, formats, and tools to aid effective public outreach

and communication
– Promote professional respect and recognition of public outreach and com-

munication
– Make public outreach and communication a visible and integral part of

the activities and operations of the respective societies
– Encourage greater linkages with successful ongoing efforts of amateur as-

tronomy groups and others

For Universities, Laboratories, Research Organizations, and Other Institu-
tions:

– Acknowledge the importance of public outreach and communication
– Recognize public outreach and communication efforts when making deci-

sions on hiring, tenure, compensation, and awards
– Provide institutional support to enable and assist with public outreach

and communication efforts
– Collaborate with funding agencies and other organizations to help ensure

that public outreach and communication efforts have the greatest possible
impact;

– Make available formal public outreach and communication training for
researchers

– Offer communication training in academic courses of study for the next
generation of researchers

For Individual Researchers:

– Support efforts to communicate the results and benefits of astronomical
research to the public

– Convey the importance of public outreach and communication to team
members

– Instill this sense of responsibility in the next generation of researchers

A concerted effort to attract endorsements began after CAP2005, netting
support from 20 professional societies and 11 research institutions, but un-
fortunately no funding agencies. Then things ground to a halt as everyone
associated with C55 turned their full attention to IYA2009. There has been
essentially no promotion of the Washington Charter for the last 5 years. That
is about to change, and in the wake of the extraordinarily successful IYA2009,
we expect a renewed emphasis on the Charter to generate many more endorse-
ments in the coming months and years. As a result, communicating astronomy
with the public will go from being a “necessary evil” to being a fundamental
part of what astronomers do in the course of their careers – to the benefit of
both the public and the profession.
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5 Links to More Information

Almost all the presentations made at CAP2010 are available online as PDFs
or PowerPoint files. They can be downloaded from the Programme page of
the CAP2010 website:
http://www.communicatingastronomy.org/cap2010/programme.html

The same is true for presentations made at CAP2007, which focused on
preparations for the International Year of Astronomy 2009:
http://www.communicatingastronomy.org/cap2007/programme.html

More general information about IAU Commission 55 and the Communi-
cating Astronomy with the Public meetings is available on the C55 website:
http://www.communicatingastronomy.org

Communicating Astronomy with the Public Journal:
http://www.capjournal.org

Main International Year of Astronomy 2009 Website (with links to all
IYA2009 projects): http://www.astronomy2009.org

ESCOnet Science Communications Courses:
http://www.esconet.org/Visitors/Welcome.html
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Summary. Scientific publishing has undergone tremendous changes in the last
decade, and it is still evolving rapidly. This article describes some of the issues that
are facing scientific publishers, and shows some examples of what one of the com-
mercial publishers, Springer, has done and is working on, in order to stay abreast of
these changes and to embrace the new technologies that become available. Springer
has moved rapidly into the digital age and has by now digitized almost all its journal
content and a significant part of its book content. We have developed new capabili-
ties that make use of the new technologies available and are in the process of further
utilizing these new possibilities. Web products like AuthorMapper, SpringerProto-
cols, and Social Networking sites explore some of these new capabilities. We will
continue to explore enhancements of our scientific publishing efforts to provide new
possibilities for communicating scientific research.

1 Introduction

This article describes some of the past, current, and projected efforts at Springer to
utilize the new capabilities provided by the recently emerged Internet technology.

Springer is an old publishing company, founded in 1846 as a family business. It
is by now the largest publisher of scientific/technical books and the second largest
publisher of scientific/technical journals.

In recent years, the publishing system has changed dramatically due to the
Internet. The whole publishing paradigm is changing, because of new publishing
capabilities and access methods, that are available to almost everybody. Springer
has adopted these new technologies very quickly by providing electronic articles for
its journals and books, and by collaborating with Abstracting & Indexing (A&I)
Services very early on. The following sections describe some of the efforts in moving
into the Internet age and how it affects traditional publishing.

2 Going Digital

The most obvious change was to provide content in digital form that traditionally
was published on paper. By 1996, Springer was publishing all new journal content
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Fig. 1. Development of electronic content at Springer.

in electronic form. By 2004, we were digitizing all back issues of our journal in order
to provide the complete Springer journal literature in electronic form. By 2009, all
our books were available in electronic form and we were working on digitizing older
books as much as feasible (see Fig. 1).

One aspect of the availability of content in electronic form was the possibility to
make the content available much sooner than the printed version. We provided this
early access through our Online-First system, where articles were put online before
they were even bundled in issues, right after they were accepted for publication, and
the typesetting was completed. This provided our readers with much earlier access
to their literature.

Another important aspect of the digital era are the online A&I services. Springer
collaborated very early on with these online A&I services and provided electronic
metadata in a consistent format. This greatly facilitates the capability of the A&I
services to index our data quickly and accurately.

Online search systems are very important for a publisher. They provide our users
in different disciplines dedicated search capabilities that are tailored to the particular
field. Overall however, one search system has become the most used: Google. On the
order of 60% of all referrals to content on the Springer website come from Google.
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3 The Changing Role of Publishers

In the print era, the publishers were the main (if not only) means of publishing
scientific articles. Scientists would either subscribe to relevant journals themselves,
or visit their library to read the journals. To a small degree mailing preprints to fellow
scientists helped spread the news about an article, but that was small compared to
the distribution of the literature through journals.

With the Internet all that changed. It is now very easy to publish articles online.
In some disciplines (e.g. Physics and Astronomy) most articles are published first
online in a preprint or institutional manuscript repository, not by commercial or
society publishers. This has forced the publishers (both commercial and society) to
review their position and to look at other services that they can provide to add value
to their journals. There are two broad categories of services that publishers provide
as added value:

1. Improvements on the article content.
2. Other services.

3.1 Improvements on the Article Content

a. Typesetting/Formatting/Content Presentation
Publishers were always involved in providing the formatting for presenting ar-
ticles in a well formatted style. This includes copyediting, formatting of tables,
reference lists, figures, etc. This continues to be an important part of the pub-
lishing process. This part of the publishing process lends itself to improvements
based on new technologies like animated content, downloadable data, active
calculations, etc (see Sect. 4).

b. Content
This part of the publishing process involves ensuring reliability and accuracy of
the content of the articles. This activity includes the peer review process. The
peer review process is an essential part of the scientific publishing endeavor,
provided by the publisher. The scientific community monitors what is being
published through this process, helps to improve published articles, and tries to
prevent publication of unsubstantiated or incorrect information.
Another part of monitoring the content of scientific journals is the detection of
plagiarism. In recent years it seems as if plagiarism has been happening more
frequently. This is probably due to the fact that the availability of electronic con-
tent makes it very easy to copy material that was published elsewhere. Springer,
together with other publishers is working on a system that can detect plagiarism
in submitted articles, before they are being published. This is done under the
umbrella of CrossRef and called CrossCheck.

c. Metadata
Providing consistent and accurate metadata for published articles is another
service that publishers provide. By now the established format for metadata is
XML. Providing XML metadata that are properly parsed and formatted is an
important aspect of publishing, since the A&I services rely on these metadata
to provide their search capabilities accurately and in a timely fashion.
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3.2 Web Services

The second broad area that publishers are involved in are additional services.
Following are some examples of services that Springer is providing.

a. Springer.com
This is the platform that contains the general information for all our books
and journals. It provides a search capability on the book and journal level. It
has subscription information, information about editorial issues, information for
librarians, and much more. It is the first stop for any user who is looking for
content or article submission information.

b. SpringerLink.com
This is the platform that holds the content of our journals and books. It provides
a sophisticated search capability for all Springer content. The new version of
SpringerLink has many new capabilities relating to content discovery, like finding
related articles, citations, etc.

c. New Web Services

1. AuthorMapper
This service allows users to execute any query for content in SpringerLink,
and then map where the authors of the found articles are located (see Fig. 2).
This allows you to find geographic locations of research groups and individual
authors. This system is freely available for everybody.

Fig. 2. Screen shot of AuthorMapper search for “Superheavy Elements”, clearly
(among others) showing the locations of the Joint Institute for Nuclear Research,
Dubna, Russia, GSI Darmstadt, Germany, Fermilab, Illinois, USA, and SLAC,
Stanford, California, USA, the four major sites for research on superheavy elements.
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Fig. 3. Screen shot of SpringerProtocols.

2. SpringerProtocols
SpringerProtocols is the largest subscription-based electronic database of
reproducible laboratory protocols in the Life and Biomedical Sciences (see
Fig. 3). Compiling protocols from Humana’s successful book series Methods
in Molecular Biology, Methods in Molecular Medicine, Methods in Biotech-
nology, Methods in Pharmacology and Toxicology, and Neuromethods, as well
as from a vast number of Laboratory Handbooks, such as The Biomethods
Handbook, The Proteomics Handbook, and the Springer Laboratory Manuals,
SpringerProtocols offers researchers access to nearly thirty years worth of
time tested, easily reproducible, step-by-step protocols for immediate use in
their lab. Written by renowned experts in the field with an emphasis on both
comprehensiveness and ease of use, each protocol is organized in an easily
reproducible recipe style, and offering helpful tricks of the trade in an in-
valuable “notes” section, SpringerProtocols is an invaluable resource for the
modern research laboratory. All SpringerProtocols are written by experts in
the field identified and reviewed by distinguished editors in their specific sub-
ject areas. Prior to publication each protocol is reviewed for clarity, accuracy,
and consistency by the subject editor, a member of our prestigious editorial
board, and Springer’s in-house editorial staff. There are currently over 20,000
protocols in the database.

3. SpringerMaterials
SpringerMaterials is based on the Landolt-Börnstein New Series, the unique,
fully evaluated data collection in all areas of physical sciences and engi-
neering (see Fig. 4). SpringerMaterials also comprises the Dortmund Data
Bank Software & Separation Technology, a Database on Thermophysical
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Fig. 4. Screen shot of SpringerMaterials.

Fig. 5. Screen shot of SpringerImages.

Properties and the Linus Pauling Files, a Database on Inorganic Solid Phases
and chemical safety data. SpingerMaterials is expanded and updated on a
quarterly basis and offers advanced search & navigation functionalities.

4. SpringerImages
SpringerImages is a growing collection of scientific images that spans the
scientific, technical and medical fields, including high-quality clinical im-
ages from images.MD (see Fig. 5). The continually updated collection –
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Fig. 6. Screen shot of the Exemplar output for the query “Black Hole”.

currently over 2 million images – gathers photos, graphs, histograms, figures,
and tables, and is available to libraries and their patrons via a searchable
online database. The SpringerImages interface enables users to search faster,
more broadly and more accurately, through captions, keywords, context and
more, even jumping from the image to the source article. Users can create
personalized image “sets,” and can easily export images for use in their own
presentations or lectures.

5. Exemplar
Exemplar searches over 1,900 journals from Springer’s collection to find au-
thentic examples of how a word or phrase is used in published literature (see
Fig. 6). Comprehensive coverage includes both current and archival content
in all major subject areas including the life sciences, medicine, engineering,
mathematics, computer science, business, and law, contributed by some of
the world’s leading academics in these fields. Exemplar is continuously up-
dated with new content as it is published.
Exemplar is for:
Authors who want suggestions on how to express themselves or want to
confirm how a particular word or phrase is used in published literature.
Teachers who are looking for authentic phrases and sentences for teaching
and testing.
Editors and reviewers who want to confirm whether or not a particular
turn of phrase is justified by usage.

6. SpringerNetworks
Springer has developed a generic social network platform. Societies that are
interested in using such a social network site for their users can utilize this
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Fig. 7. Screen shot of the society website “The NeuroNetwork”.

capability. A couple of examples are “The NeuroNetwork”, a social network
for studies of the brain (see Fig. 7), and the JMS Network a site for the
Journal of Materials Science.

4 Future Directions

4.1 Business Model

As explained above, the whole publishing area has been changing radically in the last
decade. This means that we as a publisher have to re-evaluate our business model.
One of the most important aspects of this re-evaluation is how publishers get paid
for the value added services that they provide. A large part of this evaluation centers
on the possibility of Open Access models for journals. In this model, the authors
(or societies or libraries or funding agencies affiliated with the authors) pay for the
cost of publishing. They retrain the copyright for the articles published with Open
Access, and the articles are made available for everybody worldwide without access
restrictions.

Some web services (like SpringerProtocols) are made available on a subscription
basis. Others (like AuthorMapper and Exemplar) are available for free as a general
service by Springer.

The changes in the business model of publishing are slow and will take much more
time before we will reach a stable new publishing environment. It will require a lot of
cooperation between authors, societies, libraries, funding agencies, and publishers.
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4.2 New Technologies

There are many new technologies available already now, and many more are being
developed. All major publishers are working continuously to utilize these new capa-
bilities. There is too much being developed to describe it here, and everything is too
much in flux to provide any kind of comprehensive or detailed descriptions. Here
are just a few highlights of things that are being developed or thought about:

1. All data tables downloadable in database formats.
2. Spreadsheet-like active data tables.
3. Active mathematical formulas. You can plug in your own parameters and get the

results of the calculation with your parameters.
4. Animations of simulations with user specified parameters.
5. 3D images.
6. Semantic networking and clustering for finding related articles.

5 Conclusions

The world of publishing is changing rapidly. All the players in this field need to
cooperate to make sure that the direction in which we are going leads us to a better
publishing model. The new technologies have the potential to provide a much better
vehicle for disseminating the results of scientific research, we just have to find the
right model for utilizing these technologies. They also have the potential to enable
scientists from developing countries to be much better involved in cutting edge
research. Hopefully we will be able to use these new capabilities in order to further
research and enable everybody who is interested in participating.
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Summary. Quick dissemination of validated scientific results is an important
aspect of academic publishing. Over the years, the electronic editions of journals
have become the primary vehicle for achieving that objective. To streamline the pro-
duction of the journal Astronomy and Astrophysics, it has appeared useful to change
from the classical “page-numbering system” to a more flexible “article-numbering
system”. In this paper, we recount the setting up of the “page-numbering system” in
the publishing process of A&A. We also provide a quick review of publishing trends
for the journal.

1 Introduction

EDP Sciences is a medium-sized French publishing company. It is a subsidiary
of learned societies that works closely with the scientific world. It is involved
in the communication and dissemination of science to specialist audiences (re-
searchers, engineers, students etc.) and non-specialist audiences alike (general
public, decision makers, teachers etc).

EDP Sciences produces and publishes international journals, books and
Internet sites with a predominantly scientific or technical content. The edi-
torial activities of the company cover astrophysics, applied and fundamental
physics, mathematics, electronics, materials sciences, life sciences, and med-
ical fields. More information about EDP Sciences may be found in the pre-
vious proceedings of the colloquium on the Future Professional Communi-
cation in Astronomy, Brussels, 10–13 June 2007, published by the Belgian
Royal Academy of Sciences, Letters and Fine Arts in its in 8◦ Memoirs series
(Vol. XXVII, n◦ 2047, 2007).

Since 2001, the journal Astronomy and Astrophysics has been published
by EDP Sciences.

A. Accomazzi (ed.), Future Professional Communication in Astronomy II, 57
Astrophysics and Space Science Proceedings 1, DOI 10.1007/978-1-4419-8369-5 6,
c© Springer Science+Business Media, LLC 2011
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2 About A&A

A&A was founded forty one years ago by the joining of some European
journals. Now the A&A consortium includes 23 countries from Europe and
South America, and each of them nominates a Director. The journal is owned
by the Board of Directors with the copyright ESO. Scientists from sponsoring
countries do not pay publication costs when publishing in A&A.

A&A publishes all new results of astronomical research, regardless of the
technique used to obtain them, and accepts papers from any origin, i.e., it is
not restricted to serving the sponsoring countries of the Journal.

The whole review process is overseen by two editors-in-chief and an edi-
torial team of 10 scientific editors, assisted by language editors because most
papers in A&A were written by non-native English speakers.

Astronomy and Astrophysics is a broad journal:

– About 2,000 articles from 60 countries
– 17,000 printed pages (about 19,000 published pages but some sections are

electronic only)
– the Astronomy & Astrophysics ISI impact factor for 2008 is 4.153
– A&A is read in over 160 countries around the world.

A&A also has a dedicated website1 with around 56,998 visits per month
(15% Direct Traffic, 42% Referring sites and 43% Search Engines) and 80,000
PDF files/120,000 abstracts downloaded per month.

3 A Living Journal

It is interesting to note that the website is now a vector of life for the journal.
For the last few years, A&A has had a press release service that both

produces its own press releases and collaborates on other institutes’ press
releases. The texts of the press releases, as well as the related articles, are
freely available on the Press Releases web page (Fig. 1). The PRs are available
on the A&A web site, via the A&A emailing list dedicated to journalists, via
the web sites.2

With the agreement of the A&A Board of Directors, A&A publishes A&A
Highlights. The highlights are intended to complement the press releases. They
are directed at the astrophysical community rather than the general public, as
press releases are. These are papers selected by the Editors of A&A, who wish
to attract the readers’ attention to some work in the issue that they find par-
ticularly exciting and/or intriguing for those outside the speciality. The high-
lights are available at the same time as the article is published electronically,

1 http://www.aanda.org
2 lphgalileo.org and urkalert.org

http://www.aanda.org
l
u
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Fig. 1. Screen capture of the press releases service.

in both HTML and PDF formats. They are available from the homepage of
the A&A web site, as well as directly through a link in the table of contents
or in the TOC email (Fig. 2).

The editors regularly choose some figures that may be printed on the
cover of the print volume. The editorial office has proposed to improve the
visibility of the figures on the Web table of contents and to keep on selecting
these figures. There are now several enhanced figures on the table of contents,
which is formatted in two columns.

We can also cite the experience of the SWYA school.3 SWYA was an “As-
tronomy and Astrophysics School” whose direct purpose was to teach students
how to express their scientific results and how to write scientific papers for
different purposes (journals, proceedings, thesis manuscripts, etc.).

All of these services contribute to increasing the visibility of the Journal.

3 http://www.swya.org/

http://www.swya.org/
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Fig. 2. Screen capture of the table of contents.

4 Astronomy and Astrophysics: Electronic First

Early on, A&A articles received a DOI identifier and were indexed in CrossRef.
But there was also a permanent collaboration with the main ADS and CDS
databases, for example with links to stellar objects or electronic tables pro-
vided by the CDS or links to the ADS data input.

Over the years, the electronic version of the journal has become the main
source of fast access to validated results. Since the Scientific community con-
siders the Electronic version of the journal as the main version, we have started
to transfer certain sections of the journal to an exclusively electronic version.
We also have subscriptions for the online version only, and the number of such
subscriptions is rising (Fig. 3).

The A&A site has more and more services for readers. We can point out:
“Articles from the same author” or “Related articles” which provides a hy-
perlink to articles having a common author or common keywords in the EDP
Sciences database; “Alert me when my article is cited” and so on.

Another example is Dexter. The ADS has developed the Java applet
Dexter, which helps users in the process of generating data points from
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Fig. 3. Some of the specific services are highlighted on this screen capture.

published figures. Dexter has been adapted by EDP Sciences to work with
A&A articles.

All the exchanges between the main databases and the EDP Sciences plat-
form are summarized in Fig. 4. The exchange format is XML. All data are in
XML with different DTD, depending on the different applications. Different
tools have been developed to take into account these different DTDs.

5 A&A Has Made the Transition to Article Numbering

Quick dissemination of scientific results is an important aspect of academic
publishing. To streamline the production of A&A, it has been useful to
change from the classical “page-numbering system” to a more flexible “article-
numbering system”.

In the new article numbering system, the page number is simply replaced
by an article number. Manuscripts accepted for publication appear in the
currently open A&A volume as soon as they are ready to be made public.
A&A users can see on the Journal website how the open volume is being filled
up every day with newly published manuscripts. The A&A website displays
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Fig. 4. Metadata spreading.

the published papers in the usual manner as before, with a table of contents
divided into sections. At the closure date of the volume, its content is sent to
the printer.

The Board of A&A have chosen to mark articles according to their class of
publication using a roman letter: L for Letter, A for Article, E for Editorial,
C for Corrigendum, etc. This letter is associated with a number based on the
sequence in which the article is ready for publication in that volume of A&A.

Example:
L2 for the second letter in volume 509
A55 for the 55th article in volume 509
Citation
Jutzi, M., Michel, P., & Benz, W. 2010, A&A, 509, L2
Janiuk, A., & Yuan, Y-F., 2010, A&A, 509, A55

Citation is nearly the same, but the page number is replaced by the article
number: L2, A55. This is a number preceded by a roman letter signifying the
publication class.

The page numbering is internal to each manuscript. The first page is always
1. The page number is located at the bottom of each page and takes the form
“Page n of N” where N is the total number of pages in the manuscript. The
paper’s reference is repeated as the running title of even-numbered pages.

Consequences:
on the tools:
– ADS, CDS take into account this new notation in the notation of the bib-
code: 2010A&A. . . 509A. . . 55Z
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– Bibtex:
...
volume = 510,
pages = {A2-+},
...
-/+ in LATEX means that the pagination is not a simple pagination
like 1-10.

The electronic version of an issue was already available around 3 or 4 weeks
before the subscribers receive the printed issue. With the article number,
articles are online around 10–15 days earlier. A&A is now printed by volume,
approximately once a month. There is no longer a weekly issue.

6 About Open Access

Open Access (OA) means free, unlimited access to published peer-reviewed
results of scientific research. A&A has already made a first move (Fig. 5):

– articles are in OA for 7 days after their initial publication.
– letters and electronic-only sections are in OA
– three years after publication, the contents of A&A are in full OA
– the discussion about Toward full open access is ongoing, and the Board is

examining this question.
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Summary. The Astronomical Society of the Pacific (ASP) has been publishing the
proceedings of conferences in astronomy and astrophysics for more than 20 years.
The ASP Conference Series (ASPCS) is widely known for its affordable and high
quality printed volumes. The ASPCS is adapting to the changing market by making
electronically published volumes available to subscribers around the world, including
papers in the Astrophysics Data System (ADS) database, and allowing authors to
post papers on e-print archives. We discuss the role of the printed book in our future
plans, and how electronic publishing affects the types of products and services we
offer. Recently there has been increasing pressure in the academic world for open
access (electronic copies of scholarly publications made freely-available immediately
after publication), and we discuss how the ASPCS is responding to the needs of the
professional astronomical community, the ASP, and humanity at large. While we
cannot yet provide full open access and stay in business, we are actively pursuing
several initiatives to improve the quality of our product and the impact of the papers
we publish.

1 Background

The Astronomical Society of the Pacific Conference Series (ASPCS) publishes
the proceedings of professional conferences and symposia in astronomy and
astrophysics. Scholarly publishing is changing rapidly, and the ASPCS is
adapting to the changing market in a number of ways described in this con-
tribution. We also reported on the ASPCS’s future initiatives and policies
regarding open access at the recent Library and Information Services in As-
tronomy meeting (LISA VI) held in Pune, India on 12–13 February 2010
(Jensen, Moody, & Barnes 2010).

A. Accomazzi (ed.), Future Professional Communication in Astronomy II, 65
Astrophysics and Space Science Proceedings 1, DOI 10.1007/978-1-4419-8369-5 7,
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The Astronomical Society of the Pacific, an international, nonprofit,
scientific and educational organization, has served the professional, amateur,
and educational astronomical communities since 1885. The ASP was born
following a meeting between astronomers from the Lick Observatory and
members of the Pacific Coast Amateur Photographic Association shortly af-
ter the New Year’s Day total solar eclipse in 1889. Edward Holden, Lick’s
first director, complimented the amateurs on their service to science and pro-
posed to continue the good fellowship through the founding of a Society “to
advance the Science of Astronomy, and to diffuse information concerning it.”
The ASP continues this mission today, partly through the Publications of the
Astronomical Society of the Pacific (PASP), the ASP Conference Series, and
Mercury magazine.

In 1988, Harold McNamara, the PASP editor at the time, founded the ASP
Conference Series at Brigham Young University. Over more than 20 years, the
ASPCS has published 420 volumes. We currently publish about two Confer-
ence Proceedings volumes per month. These volumes now contain more than
30,000 papers by 35,000 authors from countries around the world. ASPCS con-
tributions describe a wide array of research covering all aspects of astronomy
and astrophysics, and include volumes on public education and outreach in as-
tronomy, astronomical publishing and archiving, computer software and data
processing, summaries of space missions, and so forth. The ASPCS represents
a unique publication venue for a range of topics, not all of which are usually
published in the regular journals. For many of our authors, the ASPCS article
is the only published version of their work, making a professional, high-quality
publication very desirable. Recently the ASPCS has initiated a Monograph se-
ries, where appropriate reference materials can be published. The ASPCS has
developed a reputation among professional astronomers for their affordable,
high-quality printed volumes.

The way the professional astronomical community uses published mate-
rials today is vastly different than when the ASPCS printed its first volume
more than 20 years ago. Most astronomers access materials through on-line
subscriptions to journals, find bibliographic information and links through the
Smithsonian’s Astronomical Data System (ADS) funded by NASA, and read
pre-prints on the arXiv.org server. Astronomers today rarely venture to the
library to retrieve a specific article that can be found more quickly on-line.
In spite of the popularity of electronic articles, the printed ASPCS volumes
remain popular. It is still easier to come up to speed in a field by brows-
ing one of the topical ASPCS books than it is to get the same overview by
searching for and retrieving individual articles on-line. Astronomical confer-
ences provide a timely snapshot of progress in a field, and the ASPCS volumes
capture that snapshot both for meeting participants and those who did not
attend. Although on-line use of the ASPCS volumes has increased dramat-
ically, the demand for printed books has remained relatively stable. While
many libraries have cut their subscriptions for printed books to save money
or space, almost all have maintained subscriptions to our electronic books,
and conference attendees still like to have the printed books on their shelves.

arXiv.org
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2 The Advantages of Open Access

The goal and desire of most astronomers is to have their work reach as wide an
audience as possible. Open access, as we use the term in this paper, refers to
rapid and public distribution of an article, so that anyone in the world with a
computer and an Internet connection could easily find and read the article as
soon as it is published. Such open access benefits the author, the astronomical
community, and the rest of society. The typical astronomer works in academia
or in the public sector; those organizations usually reward their employees
with higher ranks and increased salaries (e.g., by awarding tenure) based, at
least in part, on the number and impact of their scholarly publications. It is
therefore in the author’s best interest to have her work seen, read, and cited
as often as possible. Open access enhances the impact of the author’s work,
particularly in places around the world that may not have subscriptions to
the journal in which the article was published.

The astronomical community also benefits from open access. Organizations
could save money on subscriptions if articles were available for free. More
importantly, astronomers without subscription access would no longer have
to wait 2 or more years for articles to enter the public domain. In the words
of Heather Joseph in the LISA V conference, “open access to the results
of scholarly research has the potential to help individual researchers vastly
increase the visibility, usefulness and impact of their work. Perhaps even more
importantly, its potential benefits extend far beyond individual researchers to
institutions, the scholarly community, and to society as a whole” (Joseph
2007).

The astronomy community is relatively unique in the academic world
in that it has well-developed open-access services that are already in wide
use. Astronomers can freely post and access electronic copies of their papers
(“e-prints”) via arXiv.org, and the ADS provides an extensive searchable
database of the astronomical literature. Access to these services has not re-
duced demand for the scholarly journals, which still provide an authoritative
version of the final work blessed by the peer-review process and the good
names of the journals and the organizations that publish them. The journals,
which generally hold the copyright on the articles, have not prevented authors
from posting versions of their work on-line with arXiv.org.

In the book “The Access Principle: the Case for Open Access to Research
and Scholarship,” Willinsky (2006) makes a strong case for open access. He
starts by defining the “open access principle” as follows: “a commitment to
the value and quality of research carries with it a responsibility to extend the
circulation of this work as far as possible, and ideally to all who are inter-
ested in it and all who might profit by it.” In his book, Willinsky outlines
the advantages of open access to scientists and to humanity in general, and
points out that open access increases the impact of research. Willinsky even
argues that open access is a fundamental right, and that the benefits of sci-
ence to humanity should never be restricted to those with the most resources.

arXiv.org
arXiv.org
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It is important to remember, however, that open access alone is not sufficient.
For the full impact of scholarly work to be realized, we must have the technol-
ogy to interface to the material. Not only do we need computers and Internet
connections, but we also need archive servers, data protection systems, so-
phisticated indexing and database software, and cooperation of people in the
computer and publishing worlds.

The ASPCS falls somewhere between the less-formal e-prints and the final
journal articles. ASPCS articles are formally published and cited, so authors
are expected to produce a polished and well-written proceedings article. Arti-
cles are not generally refereed; rather ASPCS articles are selected by editors
and conference organizers, who choose the contents of their meetings and are
responsible for the quality of the proceedings submissions. The ASPCS main-
tains high standards for the quality of the publications, and our volumes have
a strong reputation as being the definitive conference series for the astronom-
ical community. ASPCS articles are widely circulated and cited among the
astronomical community.

Because conference presentations often represent work in its early stages,
it is a unique window into the status of a field at the cutting edge. Conference
Series articles are often the first publication of a new result or data set. We ex-
pect that many authors will publish the final results in refereed journals after
the results have been refined and confirmed, but many other types of confer-
ence contributions only appear as Conference Series articles. It is therefore
crucial that ASPCS articles be published quickly and be widely accessible,
because their value and relevance will often decline with time, particularly if
the final versions are printed in refereed journals. Other types of contribu-
tions, such as review articles or papers on topics like software development
or public outreach, are not usually published in refereed journals; for these
contributions, the ASPCS represents the only publication of the work, and
it is therefore important for these to be made publicly available to maximize
their impact. The ASPCS allows authors to post their papers with e-print
servers, and frequently grants permission for authors to reprint copies of their
work elsewhere, while at the same time maintaining proprietary subscription
or purchase access for a period of 2 years. After 2 years, all ASPCS articles
are available for free via the ADS server.

The ASPCS recognizes the value of open access both to the astronomical
community and to humanity. Immediate open access of our volumes would
increase the impact of a meeting, effectively sharing the results with a wider
audience. It would allow participation in the field by people who would not
normally be invited to a meeting or could not attend the meeting for finan-
cial or other reasons, such as students, interested amateurs, or the public.
Increased readership would potentially increase support for the ASP as well,
by drawing increased attention to its other missions (e.g., education and pub-
lic outreach). It is not economically feasible, however, to provide full open
access to Conference Series volumes at the present time. We have reduced our
proprietary time from 3 to 2 years, but further reductions in the proprietary
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time will require revisions to our business model to maintain the revenues
required to continue publishing a high-quality volume. In Sect. 6 we discuss
the detailed implementation of open-access plans for the ASPCS, and identify
some of the difficulties with a full open-access business model.

Open access is necessarily a digital endeavor, since no other technology
for distributing information can approach electronic publishing if the goal is
rapid, free, and universal access. This places open access issues squarely at the
interface between traditional printing and electronic publishing. It is therefore
helpful to review how other organizations and governments are dealing with
questions of open access and electronic publishing.

3 U.S. Government Policy on Open Access

In the United States, there is increasing pressure to make work sponsored by
the government using public funding freely available to the public within a
year of the original publication. This seems reasonable enough, provided that
public funding is also provided to cover the costs associated with publishing
the work. Many journals are published and marketed by non-profit scholarly
organizations or for-profit companies, and publishers in general have resisted
efforts by the U.S. government to take control of the products they currently
produce and market. Companies and non-profit organizations add value to
the final published work in several important ways. They provide reviews of
the work by peer referees, publish and market printed versions, make elec-
tronic versions accessible via web services, and provide long-term archiving
and reprinting services. Some of these services can be provided by the public
sector, but at present, publishers cannot stay in business without charging
authors and readers for the products and services they provide.

The U.S. federal government has instituted an open access policy with
research funded by the National Institute of Health (NIH). Initially, the NIH
asked authors to post electronic copies of their papers on an NIH server on a
voluntary basis. After a trial run of several years, they found that compliance
was quite low. Authors were frequently confused about the legality of posting
papers for which the journal publishers held the copyright. Last year, NIH
began requiring authors to post e-prints to the PubMed Central open access
server as soon as they are accepted for publication; papers are made freely
available no more than 1 year after publication. Scientists in many fields are
watching this experiment with great interest. If it turns out to be successful, it
is possible similar policies could be applied to other U.S. government-funded
research, such as that funded through the National Science Foundation (NSF)
or National Aeronautics and Space Administration (NASA).

In January 2010, the U.S. government Office of Science and Tech-
nology Policy released their “Report and Recommendations from the
Scholarly Publishing Roundtable”(2010). The report identified the following
shared principles: peer review, adaptable business models, increased access,
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sustainable archives, and creative reuse of results. The report stopped short
of recommending full open access, but rather advised that the stakeholders
(public and private) work together to develop policies. The report recom-
mends free access to the “version of record” after an embargo period of 1 year
or less. The report further encourages innovation in establishing new business
models and ensuring the digital preservation of materials. Many of these
suggestions are already very much a part of publishing in astronomy, with the
notable exception that the embargo period for the U.S. astronomical jour-
nals published by the American Astronomical Society (AAS) is 2 years. The
ASPCS and PASP embargo period was recently changed to be 2 years as well.

4 Open Access and Publishing in the Private Sector

Publishing scholarly work involves much more than just printing an au-
thor’s paper or posting it on a web site. “Publishers are there . . . to support
the authority, quality, accessibility, longevity, and recognition of scholarship”
(Willinsky 2006). These are important tasks, and they do not come free. It
takes the efforts of dedicated professionals to ensure that scholarly works are
published, marketed, and preserved. In the astronomical community, the cost
of these services is usually covered by a combination of charges to the authors
and to the readers.

The AAS publishes two of the preeminent journals in astronomy: the As-
trophysical Journal (including the Letters and Supplement series) and the
Astronomical Journal. The AAS is a non-profit organization that publishes
these journals on behalf of the international astronomical community. To fund
the editorial process including referee reviews and printing, authors pay page
charges, and the AAS sells subscriptions to pay for distribution and archiving.
The AAS does not use journal revenues to pay for other Society expenses. To
maintain a viable subscription service, AAS journals have a 2 year propri-
etary period. As of the present time, the AAS has not prevented authors from
posting electronic versions of their papers on eprint servers such as arXiv.
org (Huchra 2010).

The pressure on the AAS to comply with a potential U.S. government man-
date along the lines of the NIH policy prompted John Huchra, President of the
AAS, to address publication issues on the front page of the AAS Newsletter
(Huchra 2010). In the same newsletter, Kevin Marvel wrote that “a gov-
ernment mandate will disrupt our publishing model and require significant
changes to how we manage our journals” (Marvel 2010). In the newsletter
article, Huchra argues that the AAS cost split between author and subscribers
is fair and close to optimal, and acknowledges the need for quality in publica-
tion (including peer referees) and for providing long-term, reliable access. He
notes that the contributors and readers of the AAS journals are distributed
around the globe.

arXiv.org
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The ASP faces many of the same challenges as the AAS. Like the AAS
journals, the PASP pays for publication with a combination of author page
charges and subscription revenues. The ASP Conference Series depends on in-
come from conference participants, subscribers, and additional sales to pay for
publication. The ASP is an international organization, and it is unclear what
effect future U.S. government policy changes will have on ASP publications.

The issue of electronic publishing and open access (or pricing for electronic
access) is much larger than scientific or scholarly publishing. Recent newspaper
headlines recount the battles between book publishers, who need to make
money, and book sellers, who discount book prices as low as possible to attract
buyers. The crux of the issue is that consumers seem to think that electronic
publications should be free – or as close to free as possible – while authors and
publishers must recover their costs and make a profit to survive. Many readers,
even in the astronomical community, fail to recognize that the majority of the
cost of publishing is not in printing costs, which are typically only a minor
fraction of the cost of bringing a publication to market (in whatever form).
As reported in the New York Times just before the LISA VI conference,
“publishers have managed to take control – at least temporarily – of how
much consumers pay for their content” (Rich 2010). It seems at present that
book sellers like Walmart or Amazon will not always be able to reduce prices
for electronic books at publishers’ and authors’ expense.

5 The Future of the ASP Conference Series

The ASP Conference Series is used extensively by professional astronomers all
around the world. ASPCS volumes are the recognized standard in astronomy
conference proceedings. Many volumes present a comprehensive overview of
the current status of research in a particular field and contain cutting-edge
results not found elsewhere. The ASPCS Conference Series is often used to
collect results from specific satellite missions, astronomical instruments, or
experiments. Organizers of recurring meetings often choose the ASPCS for
consistency in quality and support. The PASP publishes peer-reviewed articles
covering a wide array of topics in astronomical research. It is particularly
popular as a location to publish review papers, overviews of astronomical
instrumentation, new observing or data processing techniques, and results of
scientific missions or surveys.

A survey of 639 refereed articles published by Harvard Center for Astro-
physics (CfA) astronomers conducted in 2008 by Michael Kurtz of the CfA
showed that the PASP was the seventh most cited source among astronomical
journals and the ASPCS was the eighth most cited, and the only conference
series in the top ten. Approximately 60% of the articles surveyed made ref-
erence to one or more ASPCS articles. A recent survey of ASP members
and professional astronomers showed that as many people read the printed
Conference Series books as access electronic versions. The distinctive blue and
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white hard-back volumes remain popular. We also track visits to the electronic
article repository on the web (http://www.aspbooks.org and http://www.
aspmonographs.org). People from 195 countries and territories visited the
ASPCS web site last year, which provides access to electronic versions of all
our articles. Most visits were from the United States, but significant num-
bers also came from the United Kingdom, Germany, India, Canada, Italy,
Japan, France, Spain, Australia, and many other countries, for a total of
nearly 150,000 visits in a 12 month period. The ASP publications are reach-
ing a wide international audience.

The ASPCS publishes on average 24 volumes per year. While the variation
from year to year is significant, we appear to have a stable demand on the part
of conference organizers. During 2009 and 2010, because of the global economic
recession, fewer astronomical conferences were organized. We planned for a
reduction in the number of published volumes, but are finding robust demand
in spite of the economy. It appears that the conferences that are going forward
are still publishing proceedings volumes, and that the conference organizers
recognize the printed ASPCS volume as a way to guarantee the impact of a
conference. We expect to publish approximately 30 volumes in 2010.

The ASP Conference Series is completing a period of transition. During the
past couple of years, the ASPCS has added and enhanced access to electronic
volumes and provided subscriptions to libraries interested in both electronic
and print editions. Last year, Joseph Jensen took over as the new Managing
Editor of the Series, relieving J. Ward Moody, who served as Managing Editor
from 2004 to 2009. The transition of Managing Editor was accompanied by a
relocation from the office at Brigham Young University where the series was
born to a new office at Utah Valley University, a few miles down the road
from BYU. Dr. Jensen brings to the ASPCS a renewed commitment to the
quality and relevance of the Conference Series. His primary goals, which are
shared by the entire ASPCS staff, are to publish volumes more quickly, to
reduce the amount of work required of authors and editors, and to maintain
the high quality for which the Conference Series is well-known.

To achieve these goals, the ASPCS has released new versions of the LATEX
style files and templates, including a new updated set of detailed instructions
to go with them. These new files will allow authors and editors to spend more
time assembling their volume and less time trouble-shooting formatting errors.
ASPCS will continue to use LATEX for publication of its volumes because it
produces a high-quality and consistent printed product. To further improve
the quality of the publication, ASPCS is encouraging more use of color in
printed volumes, and is taking advantage of reduced printing costs for color
books. To help get books published more quickly, the ASPCS has made various
changes to the standard contract form to encourage editors to complete their
work in a timely fashion. The new expectations are implemented in a set of
financial incentives (e.g., price discounts) for authors and editors who complete
their work and publish within 6 months of the conference or symposium. This
will benefit authors and meeting organizers by increasing the impact of their

http://www.aspbooks.org
http://www.aspmonographs.org
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meeting, reducing its cost, and preventing the editing process from dragging
on for an extended period of time, impacting other aspects of their work.

The ASP has recently conducted a survey of professional astronomers, ed-
ucators, and other astronomy enthusiasts. Of those that read, reference, and
publish Conference Series articles, most refer to ASPCS articles a few times
per year and publish once every few years. Interestingly, just as many ASPCS
readers pick up printed volumes – either their personal copies or from the
library shelves – as read electronic versions on-line. We suspect that the per-
sistent popularity of the printed book in a world with nearly instantaneous
access to electronic searching and reading is the fact that flipping through a
printed volume is still the most enjoyable and efficient way to get an overview
of a particular field in astronomy. This is particularly important for graduate
students looking for thesis ideas, post-doctoral fellows entering a new field of
research, or senior astronomers catching up on a field neglected due to admin-
istrative or teaching duties. The ASPCS will continue to print and market the
high-quality volumes that have been so instrumental in establishing the repu-
tation and brand recognition of the Conference Series. At the present time, we
do not plan to provide “print on demand” services, although printing small
numbers of the books is becoming increasingly affordable given advances in
digital printing technology. The on-line versions of ASCPS articles are partic-
ularly popular when accessed through the ADS archive and search tools. The
ASPCS will continue to develop its products for use through this important
research tool, and look for ways to improve access to those who find the article
titles and abstracts freely available through ADS but do not have access to
the full volumes during the first 2 years through an institutional subscription.

The survey also provided important feedback to the ASPCS staff regarding
which qualities and services the community finds most important and useful.
Among the most important characteristics, our users widely agree that the
value of the ASPCS is in providing an archival record of the conference or
symposium. Equally important to our readers is electronic open access. These
characteristics were far more important to our users than such things as the
type of binding or format of the printed book.

For future development, survey respondents suggested that open access is
more important than providing meeting proceedings in other formats (tran-
scripts, audio, or video recordings). At the present time, the ASPCS does
not plan to provide services such as web-hosting of presentation materials for
practical reasons. Maintaining publication quality and avoiding copyright in-
fringement would make publishing presentation materials or slides legally and
technically challenging, while providing little of real value to the readers of
our series; presentations are easy for authors to provide, but difficult for read-
ers to interpret and practically impossible to reference properly. We are now
actively promoting full-color printing of volumes, which has recently become
more affordable due to advances in printing technology. We also offer publi-
cation of ancillary materials, such as poster contributions, in the electronic
version of the volume. The ASPCS is simplifying the process of producing



74 J.B. Jensen et al.

a volume to help authors and editors get their work into circulation faster,
thereby enhancing its impact and value to humanity. By constantly upgrad-
ing and enhancing our printed and electronic products, we expect to remain
a popular choice among meeting organizers for many years to come.

6 The ASP Conference Series and Open Access

How is the ASP Conference Series responding to the increasing pressure to
provide free access to our articles? In some ways, publication of our proceed-
ings volumes is no different than other professional journals. The majority of
the cost of publication is not printing, but providing all the other services
related to assembling the volume in a format that can be printed, archived,
searched, and accessed electronically. Like other professional journals in as-
tronomy, the ASPCS shares publication costs fairly equally between authors
and readers. Making publications available for free would require redistribut-
ing production costs and/or significantly reducing revenues. As a non-profit
organization, the ASP depends on Conference Series revenues to help fulfill
its institutional objectives, including publishing scholarly articles, supporting
astronomy education, and building bridges between the professional astronom-
ical community and the public. For the ASPCS to become a fully open-access
publication, a new source of revenue would have to be identified, and a new
business model adopted. Without sales income, the ASPCS, if not the ASP,
would go out of business.

At present, the ASPCS revenue comes from three roughly-equal sources:
sales to conference participants or conference organizers, institutional sub-
scriptions, and sales of books (electronic or print) after the conference. This
distribution of cost-sharing between authors and readers is achieved by having
a 2-year period during which articles (including abstracts) are listed in the
ASP and ADS databases, but are only fully accessible to purchasers of the
book or institutions with subscriptions to the series (the subscription access
period has now been changed to 2 years). If we were to make articles freely
available from the date of publication, we would lose half to two-thirds of our
revenue stream. Subscriptions would have no value, and most post-conference
readers would choose not to buy a book they could read for free on-line. The
situation for the PASP is similar. About half the PASP revenue comes from
subscriptions, so full open-access would result in a 50% loss of income.

Could we pass the full cost of publication on to conference organizers and
participants? If the price per book for conference participants were doubled or
tripled, we can be fairly certain that a significant fraction of conference orga-
nizers would choose not to publish. Our price would no longer be competitive
with commercial publishers. The survey of ASPCS authors and readers showed
that the top two reasons people choose the ASP Conference Series for their
meeting proceedings publication were the low cost of publishing with us and
the reputation of the publisher. We publish about 24 volumes per year, and
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reducing this number significantly to the handful of conferences that could get
funding to cover the full cost of publication would likely drive the Conference
Series out of business. It is just not equitable to expect the authors and con-
ference participants to shoulder the full burden of paying for the proceedings
volume.

Could we reduce publication costs enough to make open access feasible?
Only about one-third of our publication cost is for printing, so going to an
electronic-only format cannot save enough money to make up for the 50% or
60% shortfall in revenue that would result from loss of subscriptions and sales.
Such a large cut would require a significant reduction in other services, many
of which are still required to support an open-access electronic publication.
Open access is not just about posting articles on a web server; it requires
searchable, durable archives, inclusion in databases like ADS, and promotion
to make sure the best conferences are represented in the series. Cutting these
kinds of services would do more damage to the community than good. In fact,
development of the hardware and software needed to support a full open-access
publication could easily cost as much on a continuing basis as we would save
by discontinuing the printed books.

Can the ASP find other sources of income to pay for publication expenses?
First of all, the institutional libraries that support the ASP via subscriptions
have very limited budgets, and a factor of two or three increase in subscription
prices for a product that would be available for free is an obvious dead-end.
It is possible that other public-minded non-profit organizations could make
contributions to support the ASP, but at present we know of no such organi-
zation willing to pick up the tab for the readers of our books and journals. We
would also need such support to be committed for the long-term if we want
to remain in business through the inevitable economic ups and downs. What
about the U.S. government? If they impose requirements on scholarly orga-
nizations like the ASP, it is reasonable to expect they would provide funding
to make it happen. The ASP is an international organization, however, with
authors and readers around the globe. We shouldn’t expect the U.S. citizen
to pay for international open access, nor would we expect government funding
to necessarily be stable over the long term. None of these possibilities seems
to be as equitable as the current system.

Our printed books are still very much in demand, and we must balance
quality against publication cost. The ASP exists to serve the astronomical
community with high-quality publications to increase the impact of confer-
ences and the work of individual authors. At present, we feel that providing
open access to Conference Series volumes and PASP journal articles will result
in financial damage that would prevent the ASP from achieving its mission.
There are some important ways we can move towards the goal of increasing
impact, however, without adopting a fully open access model. First, we will do
everything we can to increase the quality and timeliness of our publications.
We have taken several initiatives to do just that, as described in Sect. 5. Of
prime importance is reducing the time between the conference and publication
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of the proceedings. If we can significantly reduce this time – to 6 months, on
average – we will be able to increase the impact of the publications. We have
also reduced the embargo period for PASP and ASPCS from 3 to 2 years. We
hope that reducing the proprietary period while increasing publication speed
will satisfy authors, subscribers, and the many readers around the world, while
still maintaining the revenue needed to allow the ASP to fulfill its mission.
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Summary. I explored the growth of astronomical research in the US, UK, and
four productive European countries to see if there has been any leveling off. I
counted pages in the four major astronomical journals, and corrected for for-
mat changes and for contributions from other countries. The four European coun-
tries were France, Germany, Italy, and the Netherlands. In each area there has
been no reduction in output. However, the data show that the UK lags behind
the US by 10± 1 years and the four European countries lag the US by 12± 1
years.

1 Introduction

Since the 1930s the astronomical publication rate in the US has grown by 8.8%
per year, but the population has increased by only 1.1% per year. At what
stage will the publication rate be reduced to the rate of population increase?

In astronomy most (55%) of the research papers have appeared in just four
journals that have impact factors >2.0, namely Astronomy & Astrophysics
(A&A), Astronomical Journal (AJ), the Astrophysical Journal (ApJ), and
the Monthly Notices of the Royal Astronomical Society (MNRAS). Also, that
has been true for 40 years, so we can easily trace the growth of research
in Europe, UK, and US during that time. This is much more difficult and
uncertain to do in other sciences.

2 The United States

I counted the numbers of pages per year in AJ and ApJ (including the Letters
and Suppl.) during each fifth year from 1959 to 2009. I corrected for the
changes in format to 1,000-word pages and corrected for foreign input. For
the ApJ, Fig. 1 (top curve) shows that the American contribution varied from
90.9% in 1959 to 51.0% in 2009.
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Fig. 1. (Top) The fraction of American papers, as judged by the addresses of the first
authors, in ApJ as a function of time. The fitted curve is F = 92.3−0.017 (Y− 1950)
− 0.012 (Y− 1950)2 with a cross-correlation of 0.983. (Bottom) The fraction of UK
papers in MNRAS as a function of time. The fitted curve is F = 72.2 − 0.538
(Y− 1950) − 0.00235 (Y− 1950)2 with a cross-correlation of 0.965.

Since 2000 much tabular material was published on-line only in American
journals. In fact, in 2009 the on-line tables were equivalent to 30.6% of the
printed pages. The counting was corrected for that. Long on-line tables are far
less frequent in MNRAS and A&A. The ApJ pages, printed plus on-line equiv-
alent, showed a growth of 6.2% per year without any evidence of a leveling
off, as will be shown below.

For AJ I collected data in the same way. Figure 2 (top curve) shows the
fraction of the AJ published by American authors. The fitted curve ranged
from 85.1% in 1959 to 59.1% in 2009. In 2009 the on-line pages were equivalent
to 59.1% of the printed pages. The AJ pages, printed plus on-line, showed a
growth of 6.7% per year with no evidence of a leveling off.

Figure 3 (left curve) shows the result of combining the ApJ and AJ, and di-
viding by the appropriate US population in each year. The population ranged
from 177,829,628 in 1959 to 305,529,237 in 2009, an increase of 71.8% in 10
years. There is no evidence for a leveling off in pages per million people. I will
comment later on the other two curves in Fig. 3.
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Fig. 2. (Top) The fraction of American papers in AJ as a function of time. The fitted
curve is F = 86.6 − 0.116 (Y− 1950)− 0.00594 (Y− 1950)2 with a cross-correlation
coefficient of 0.915. For FGIN, their contributions in A&A are shown; the fitted
curve is 69.8 − 0.335 (Y− 1950) with a cross-correlation coefficient of 0.785.

3 The United Kingdom

Most of the astronomical papers published in England, Scotland, Wales, and
Northern Ireland were printed in the MNRAS. Again I corrected for format
changes to 1,000-word pages. As shown by the bottom curve in Fig. 1, the
UK contributions in MNRAS varied from 72.0% in 1959 to 32.3% in 2009.
That means that MNRAS publishes a much larger fraction of foreign papers
than the American journals. However, the US was not a major contributor to
MNRAS, namely 7.9% in 2009.

The population of UK varied from 51.94 million in 1959 to 61.13 million
in 2009, a change of only 17.7%. Dividing the UK 1,000-word pages by the
populations gives the results shown in Fig. 3 (middle curve). This too shows
no evidence of leveling off, but recent reports (Cleary 2010) state that the
UK is withdrawing from most of the large telescope projects in 2010–2012.
That suggests that the UK government feels that it has over-extended its
commitments to astronomical research and the curve may level off in coming
years.

The UK curve in Fig. 3, relative to the US curve, shows a lag of 10± 1
years.
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Fig. 3. The left curve shows the combined ApJ and AJ output in American 1,000-
word pages, printed plus on-line, per million people in the US. The fitted curve
is −11.2 + 1.88 (Y− 1950) + 0.00618 (Y− 1950)2 . The middle curve represents
the UK output in the same units. The fitted curve is 5.81 − 0.279 (Y− 1950) +
0.0343 (Y− 1950)2. For the FGIN output, unlike the other two curves, we combined
their contributions in A&A, AJ, ApJ, and MNRAS. The fitted curve is 11.4 −
0.686 (Y− 1950)+0.0371 (Y− 1950)2. The data points for the UK and FGIN curves
are not shown to avoid confusion, but they are given in a related paper in press
(Abt 2010).

4 Europe

A&A started in 1969 when seven countries terminated their national journals
and started to publish “Astronomy & Astrophysics, A European Journal”.
Participation has now grown to 23 countries, including ones in South America.
But some of those countries are still developing major astronomical facilities,
such as Bulgaria and Croatia. Rather than include all their populations and
their few papers, I counted only four: France, Germany, Italy (after 1972),
and Netherlands. These will be abbreviated FGIN. I originally considered
including Spain as one of the four major countries in Europe, but I was advised
that its large current publication rate started only a decade ago and that it
would be better to include the Netherlands.

I counted pages from FGIN and converted them to 1,000-word pages. Then
I counted the contributions in A&A from FGIN. Figure 2 shows that they
contributed from 63.4% of the A&A pages in 1969 to 50.0% in 2009. Even
in 2009 the on-line contributions were trivial. The combined populations of
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FGIN ranged from 141.49 million in 1969 to 221.59 million in 2009, a growth
of 56.6% in 10 years. The numbers of 1,000-word FGIN pages per million
people are only 43% of those of the US to a current value of 59 1,000-word
pages per million.

However, many Europeans still publish in UK and US journals. So I
counted the numbers of FGIN papers in AJ, ApJ, and MNRAS. Recently
the FGIN contributed 6% of the AJ papers, 10% of the ApJ papers, and 20%
of the MNRAS papers. When we add the FGIN pages in A&A, AJ, ApJ,
and MNRAS, we get the curve shown in Fig. 3. Before comparing that curve
with the US curve, we should add the US contributions in A&A (5.4%) and
MNRAS (7.9%). After that is done, we find that the FGIN publication rate
lags that of the US by 12± 1 years. There is no evidence of a leveling off of
the European output.

In a recent study (Abt 2007) I found that the numbers of papers in five sci-
ences (astronomy, chemistry, geophysics, mathematics, and physics) depend
only on the numbers of scientists in their appropriate societies (e.g. American
Astronomical Society, American Chemical Society, etc,). The relations are lin-
ear and constant with time. Therefore one way for the UK and FGIN countries
to catch up to the US is to employ more astronomers.
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Summary. Over the past two decades, every scholarly publisher has migrated at
least the mechanical aspects of their journal publishing so that they utilize digi-
tal means. The academy was comfortable with that for a while, but publishers are
under increasing pressure to adapt further. At the American Astronomical Society
(AAS), we think that means bringing our publishing program to the point of being
fully digital, by establishing procedures and policies that regard the digital objects
of publication primarily. We have always thought about our electronic journals as
databases of digital articles, from which we can publish and syndicate articles one at
a time, and we must now put flesh on those bones by developing practices that are
consistent with the realities of article at a time publication online. As a learned soci-
ety that holds the long-term rights to the literature, we have actively taken respon-
sibility for the preservation of the digital assets that constitute our journals, and in
so doing we have not forsaken the legacy pre-digital assets. All of us who serve as the
long-term stewards of scholarship must begin to evolve into fully digital publishers.

1 Introduction

Scholarly communication has evolved in interesting ways for millennia. From
Archimedes writing letters on scrolls to his correspondents, to Neil deGrasse
Tyson tweeting to his followers, scholars have discussed not only the issues of
their disciplines and the insights of their research, they have (at least re-
cently) discussed how other scholars communicate as well (Odlyzko 2002;
Heuer et al. 2008; Renear and Palmer 2009). However, in this paper I won’t
talk about blogs, wikis, txts, tweets, youtubes, crowd-sourced GPS-enabled
climate-sensitive thoroughly-modern mobile droidbots – and all that jazz. I
intend to confine my remarks to formal communications: information that
is published in the things we recognize today as the peer-reviewed journals.
It is worth stating plainly that at the AAS, we are primarily concerned with
communications that benefit professional astronomers. For the purpose of this
paper, that means I won’t worry about how we might address audiences other
than researchers.
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I’m also going to assume that the notion of formal communication as we
know it is basically a good thing, because it comprises other good things: peer
review is a good thing, consistency is a good thing, permanence (durability,
longevity) is a good thing. I acknowledge that there are voices crying out
against some of these things – “peer review must die”, e.g. – and certainly
there is nothing wrong with questioning fundamental tenets. But let me make
an observation.

Archimedes wrote to his colleagues in a form that is structurally very
much like communications between scholars today. We can read modern trans-
lations of Archimedes, and they seem familiar to us; the same is true for
works of Euclid or Eratosthenes or Galileo. The information has certainly
been durable (although in the case of Archimedes, not without some close
calls; Netz and Noel 2007). What is remarkable, however, is how consistent
the form is, whether written in parchment scrolls, bound codices, printed
books, or LATEX files. In spite of hyperventilated claims that “digital changes
everything”, formal communication has survived format changes intact for
thousands of years. My point is not to belittle Web 2.0 style communications;
my point is not that formal communications are better somehow; my point is
that formal communication is not going away.

As a specific instance of formal communication, scholarly journals have a
number of merits for the organization of these communications. They provide
an initial selection of articles through different editors with different aims and
scopes; they offer a range of editorial temperaments; they provide peer review;
and they are a platform for the methodical organization, normalization, and
preservation of information. In addition, as a publisher of scholarly journals,
the AAS offers scholars a sensible approach to intellectual property, and it
offers to the research community a rational and sustainable business model.
Every one of these things – every single one – is technology-neutral. We’ve
done them all along, we’re still doing them, and at the American Astronomical
Society, we think we should keep doing them.

2 Publishing Initiatives at the AAS

The AAS has actively pursued innovation and modernization in its publi-
cations. Indeed, the venerable Astrophysical Journal (ApJ) itself is some-
times described as having been born in order to communicate the new sci-
entific insights that were forming in the wake of the invention of spectroscopy
(Osterbrock 1995). When the ApJ needed to publish more data tables, a Sup-
plement series was created in 1954. When speedier publication of new results
was indicated, the Letters were published on a faster schedule (Chandrasekhar
1967). When technology drove us beyond the printed page, the ApJ added
videos in 1992, and the AAS began to distribute digital data on CD-ROM in
1993.
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The AAS began to take its publications in their entirety into the digital
regime with the abstracts for the Society’s 180th meeting in Columbus in
1992; by the 182nd meeting in Berkeley in 1993, the abstracts were published
on the World Wide Web. The Society had embarked on collaborations, also
in 1992, with its publisher at the time, The University of Chicago Press, and
with a project called STELAR (Study of Electronic Literature for Astronom-
ical Research) which was associated with the National Space Science Data
Center at Goddard Space Flight Center (Warnock et al. 1993). After a period
of morphological instability and accretion, STELAR gave way to ADS, the
Astrophysics Data System (Kurtz et al. 2000), which had been developing in-
dependently in another part of the universe (Cambridge, Massachusetts). The
large research journals followed into the digital realm through the mid-1990s
(Boyce 1998), and after nearly 20 years, we are preparing once again to update
the Bulletin of the AAS (which has served as the print home for the meeting
abstracts).

The present-day journal publishing initiatives at the AAS have three main
strategic drivers: to provide more underlying numerical materials in the jour-
nals, to manage the evolution of print, and to adjust the business model ac-
cordingly. Since 1990, the Society and its publishing partners have effected the
“digitalization” of all the major facets of the publication process: manuscript
preparation and submission by authors, peer review, production and delivery,
and preservation.

In the near term, we anticipate that enterprise-scale printing will be phased
out in the next 2–3years, as the library subscribers to the journals stop acquir-
ing the print products. We are going to be looking to web-to-print solutions so
that customized print products can be specified by the customers themselves,
thus allowing the AAS to focus on the larger issues of professional scholarly
communication. In the meantime, we are thinking about a business model
for the Society that offers only online subscriptions, and we are preparing to
charge authors in 2011 based on the quantities of digital material that are sub-
mitted, rather than based on the number of typeset pages of the authors’ text.

The AAS’ interest in providing data sets explicitly dates back to at least
1954, when the ApJ Supplement was born. In the age of computer networks,
the research environment has been significantly enriched by direct live con-
nections among resources. We can no longer limit our attention to data “in
the journal” or attached explicitly to articles. Now, journal articles can refer
to raw data held in archives and data centers, either at the author’s initiative
or through the addition of query tools in the online article.

3 The View Toward the Future

There are so many exciting things we might do with our journals to en-
rich formal communication among scholars. We are all interested in connect-
ing our journals’ consumers with the full range of resources that support
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(and may extend) the research they are reading about. We have made some
good steps already, but what we have accomplished with our journals to date
has been done with a relatively small number of partners, mostly through
bilateral collaborations. That’s good, but it isn’t sustainable. If we want to
create a healthy and stable and scalable formal scholarly communication en-
terprise in the future, we have to put systems in place that utilize standards,
because the alternative – having to manage NxN system interfaces through
bilateral agreements – is fiscally intractable.

Efforts to deliver more machine-readable data in the journals will resonate
with energies now being applied to next-generation web technologies that
are intended to facilitate machine interactions: the Semantic Web, or the
computable web. We don’t have to build the applications for the journals,
and at the AAS we don’t plan to; we just have to make our content accessible
via transparent interfaces so the data can be harvested by users for their
preferred applications and services. Even doing so, there are crucial questions
regarding data that we obtain with journal articles.

1. How should we obtain it, and what are agreeable formats to get from
authors?

2. How can we improve the online presentation, especially for complex data
objects? What does a “good” user interface for databases look like?

3. For preservation purposes, is any policy more proactive than byte preser-
vation feasible? Where should this kind of data reside for curation? Should
it be the same place as for delivery, or might distinct repositories be prefer-
able?

For some purposes, the underlying data is actually the article text. We have
seen an increase in interest in mining the text of the journals themselves as
a data set, and we anticipate more of this will happen as people and their
software agents become more facile with large corpuses of text. We could
argue that many of the rendering enhancements we envision for the online
journals qualify as attempts to deliver essential information elements as if
they were data. For instance, presenting the math via MathJax can be seen
as making the math itself more computable.

Publishers have all done respectable enough jobs of “digitalizing” the ma-
jor elements of the formal communication process. There is a host of fairly
unspectacular tasks left to do, the details in which devils reside. Some of the
tasks are obviously complicated, such as making all those live connections to
external data resources. Some of them seem straightforward, but aren’t. For
instance, switching a paginated journal so that it utilizes article numbering
sounds easy, but it is fiendishly complicated because it affects bibliographic
coordinates and every system that uses them (Chaix 2011).

Much of the work we have to do going forward will be difficult and time-
consuming, mostly because it involves so many other parties, parties that we
are obliged to work with. It’s the price of interconnectedness. The intercon-
nectedness of the present and future holds promise as well as many challenges.
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In principle, everything interacts; that’s the promise. In practice, everything
has to interact; that’s the challenge, to be able to find partners and tech-
niques that permit the interconnections to arise in ways so that programs are
sustainable.

But what concerns me most is that our view toward the future has to
be much larger, much more inclusive and comprehensive, than it is today. We
face significant challenges, and after a few decades of evolution of the network,
we have to confront a host of external pressures that are not technological,
and quite a few of them at the same time.

Some of the external pressures are not new. Publishers of the scholarly
literature are concerned with broad dissemination, and we routinely involve
secondary providers to aid in discovery and delivery. We have to engage the
“new secondaries”, which in astronomy means arXiv and ADS for the most
part, but in an inclusive and comprehensive world also has to include individ-
ual institutional repositories too numerous to count. There are government
mandates; open access comes to mind first, but mandatory deposit of digital
content is a non-trivial consideration for the national libraries that require it.
The scholarly literature is long-lived, and we will always be concerned with
conservation and preservation.

In the future, metrics like the impact factor might persist for journals, but
it seems reasonable that these may decline in favor of metrics that focus on in-
dividuals and teams and research organizations. The community is trying hard
to bridge that gap, although not with much success I dare say. Nevertheless,
I expect these problems will be solved someday, and we will be able to judge
the quality of the contributions of organizations or departments or campuses,
and of different research teams and coalitions, and maybe even of individual
scientists. At that point, journals will no longer proxy for such entities, and
the impact factor et al. will not be so interesting. At the same time, jour-
nals will instead be favored for things like speed of publication, equanimity of
peer review, and the transparency of the journal’s databases to processes that
compute individual metrics and scores. In the meantime, we will continue to
confront statistics that are poorly conceived or unreliable (Adler et al. 2008;
Arendt 2010).

Some of the external pressures are unrelated to scholarly publishing. Infor-
mation overload will get worse before it never gets better. And this evolution
in formal communication is happening in a global technological environment
that appears to most people to be quite easily switched on, thanks to the
effectiveness of advertising and promotion in our modern digital world. As a
result, our customers keep asking questions like “How hard can it be?”, and
our genteel scholarly dialog is drowned out by crowd-sourced cacophony. We
will be defending the value propositions of formal communication for a long
time.

Let me come back to the idea that our view toward the future has to
be more inclusive and comprehensive. In many ways, the world has gotten
smaller as globalization has come about. Communication of huge quantities
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of information is virtually instantaneous thanks to countless kilometers of
optical fiber and phalanxes of orbiting satellites. It is possible to travel almost
anywhere on the surface of the Earth, quite quickly and inexpensively. These
changes have happened fairly rapidly, and in a short span – much less than
a lifetime – we have enjoyed a dramatic expansion of our viewpoints. (That
larger number of viewpoints and opportunities, by the way, also results in
many more sources of information to manage, and more partners to interact
with. So in terms of our potential collaborations, the world has also gotten
quite a bit bigger.)

However, enjoying expanded viewpoints is not the same as a broadened
perspective. Our policies are catching up, but most of our assumptions about
the cultural norms that govern the behavior of scholars are rooted in a homo-
geneous past. The formal communication that has been discussed in this essay
is all Western, or at least not any more Eastern than Constantinople. The big
small world in which we now communicate challenges us, and thinking only
about the West isn’t thinking big enough. At the AAS, we are cognizant of
the need to adjust our scope and our sensibilities so that we accommodate re-
search and economic engines in Asia, although I think it is fair to say that we
do not yet know what all the ramifications of these adjustments will be. How-
ever, I do believe that it is a critical part of becoming a fully digital publisher
that we are capable of embracing scholarly practices the world around.

We have certainly embraced the technological innovations of the past sev-
eral decades, the academy has started to adjust attitudes and policies about
scholarly communication, and we are beginning to recognize how crucial a
broader perspective will be. As fully digital publishers, aided by new tech-
nologies and new policies and a broad perspective, we gain the attitudes and
the flexibility to meet the present and future challenges of scholarly commu-
nication. All of us who serve as the long-term stewards of scholarship need to
evolve into fully digital publishers.

I’m grateful for careful readings of drafts by Peter Boyce and Rebecca
Jensen; this paper benefits from their suggestions. The AAS has benefited
from suggestions and help from all quarters for many years. Recently, I’ve
been able to have stimulating discussions with the AAS editorial and devel-
opment teams, and in the Executive Office with our Working Group on Com-
munications. Over the years, I’ve enjoyed fruitful conversations with many
innovative colleagues in publishing. And we all have the pleasure of working
with a research community full of creativity and new ideas.
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Summary. Open Access, defined as the free provision of information by science
publishers, is not likely to be mandated by law anytime soon in the United States.
A collaborative effort, initiated by the House Science Committee, to come to some
consensus within the scientific publishing enterprise has resulted in the release of the
so-called “Roundtable Recommendations”. These will serve as a working model mov-
ing forward on fundamental shared starting points for both publishers and authors
as well as the Open Access community. The AAS’ delayed open access model for
publishing is flexible, supportive of our discipline and equitably distributes the cost
of publishing to authors and readers. The AAS can support this flexible model be-
cause it is not dependent on journal revenues for the support of its member-focused
activities.

1 Introduction

It should not come as a surprise that people want access to information for free.
People would like to have most things for free, from the proverbial free lunch to
registration giveaways at meetings. However, human commerce is based on the
concept of exchange. If we get something, we have to give something. The cre-
ation of money as a tangible representation of value allowed one to exchange a
unit of value instead of one’s own personal labor or some other physical good,
like chickens. The value of things change over time, driven both by simple sup-
ply and demand, as learned in basic economics, but also in more complicated
ways, such as through consumer perceptions and technological innovation.

For millennia, preserved information or knowledge, in the form of the
written word, has had substantial value. Nearly since writing was invented
as a way to preserve, disseminate and consume information, whole buildings
were dedicated to the storage and preservation of written, and subsequently
printed, information. The buildings were substantial (the library of Alexandria
or, today, the Library of Congress) because preserved information, preserved
knowledge has substantial value. Yet that value has changed substantially
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each time technology has enabled a new way to reproduce knowledge and dis-
seminate it. We have moved from scratchings on clay tablets, to writing on
scrolls, to writing on stabilized animal skins, to writing on paper to printing.
Each change nearly always eradicated the prior technology, while usually de-
creasing the cost of production. It is nearly impossible to find a handwritten
book these days and even personal letters have become a rarity.

We are deep into a new revolution in the preservation and dissemination of
knowledge: the digital age. Revolutions are difficult to navigate. Emotions are
high. Visionaries claim to know how things will settle out, with some being
right, and all the rest being wrong. All we know for sure is that we are in
the midst of a substantial change and that we must navigate it carefully
as publishers because we impart value to the knowledge we preserve and
disseminate. It has yet to be seen if the digital revolution will turn that belief
upside down or not.

One movement afoot during this revolution is the so-called ‘Open Access’
movement or initiative. Open Access means different things to different peo-
ple, but we like to summarize it in the following way: Open Access is the desire
to have the consumer of information or knowledge give nothing in order to
access the information or knowledge. This concept stands in stark contrast to
the basic definition of human commerce above (give something to get some-
thing), but it is not impossible to think that the new technologies available to
us, combined with new business models for publishers might allow this goal to
be achieved. That is why the American Astronomical Society is not opposed
to the Open Access movement. We are however very cautious about rapid
changes to our business model, as we feel that the preservation and dissem-
ination of knowledge that we provide is of significant value to our discipline
and human knowledge in general.

Hence, we have paid very close attention to recent developments in the
United States, where both the Congress and the Administration have taken
an interest in codifying the Open Access movement in the form of laws or
regulations. Such efforts, if made quickly and without cooperative participa-
tion of all parties potentially impacted, could have deleterious results on the
preservation and dissemination of astronomical knowledge. The issue is too
important to ignore.

This short contribution is meant to provide a synopsis of some recent de-
velopments specific to the US government and to detail some positive actions
taken by publishers, librarians and consumers of knowledge to sit down to-
gether and frame out some general guidelines to help our nation’s leaders
make sensible decisions.

2 Current Status

A number of different proposals for mandating Open Access have appeared
in legislation in Congress since 2000, none of which resulted in an actual law
or regulation. In 2004, NIH began an effort called Pub Med Central, to be
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a central repository for government funded research results twelve months
after they appeared in scientific journals. Many publishers, especially non-
profit publishers, endorsed this delayed access model and Pub Med Central,
as the case that taxpayer funded research should be available to the taxpay-
ers is a solid one. Further, the twelve month delay before posting allowed
the revenue earned through subscriptions to remain secure. For without some
revenue, the value added to scientific publications by publishers, through peer-
review, copyediting, preservation, indexing and all the digital enhancements
and linking so necessary in the digital age would not be possible. Subscrip-
tions are an obvious way to pay for these enhancements and there could be
others.

In 2009, the US Congress, via the House Science Committee sponsored a
roundtable discussion on Open Access, which we will detail below. In Decem-
ber 2009, the US President, via the Office of Science and Technology Policy
undertook a call for comments on specific issues surrounding Open Access.
This call, the submitted comments and other applicable administration com-
ment and detail is available as of today online1. In late January 2010, the
roundtable report was issued and is available online2. Based on the input the
OSTP received, which included the roundtable report and individual com-
ments submitted from publishers and individuals, it is clear that sometime
this year (2011) the OSTP will announce a “Proposed Rulemaking” in the
Federal Register3 with the intent of issuing a formal rule on Open Access.
More on this below.

3 The Roundtable: Justification

The roundtable effort began based on discussions initiated by interested
parties and the House Science Committee. They were initiated because it
was felt that there was substantial common ground that should serve as a
basis for all parties to begin to work together on the issue of access to schol-
arly work. Obviously, economic pressures apply to all parties. Readers want
things as cheap as possible, libraries have limited budgets to pay subscription
fees and the process of peer review and publication along with preservation
all cost money as well. It is also clear that scholarly publication is here to stay
and plays a vital role in science and scholarship. It is unclear if the revolution
we are living through will change the process of scholarly publication, which
it could, but for the foreseeable future, scholarly publication as we know it is
here to stay.

1 http://www.whitehouse.gov/blog/2010/03/08/public-access-policy-update
2 http://www.aau.edu/policy/scholarly_publishing_roundtable.aspx?

id=6894
3 http://www.gpoaccess.gov/fr/
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It is also true that disruptive and unsustainable transitions in business
models, especially for publishers, could easily disrupt scholarship and the
scholarly publishing ecosystem now established. Margins are low, especially
for non-profits, and some publishers may not have the financial reserves to
survive an abrupt business transition (this is not true for the AAS).

Finally, it is also true that strong reactions and polarization on this issue
have prevented discussion of sensible and shared solutions. Since government
was stepping forward as a valuable partner, the various communities involved
decided to accept the invitation of the House Science Committee to form a
roundtable to seek common ground and explore possible future solutions and
develop shared recommendations.

4 The Roundtable: Process

The charge to the roundtable, which was officially convened by the Committee
on Science and Technology of the US House of Representatives, in coordination
with the White House Office of Science and Technology Policy (OSTP) was
“to explore and develop an appropriate consensus regarding access to and
preservation of federally funded research information that addresses the needs
of all interested parties.”

The Roundtable was composed of three academic administrators (three
provosts and an association executive), three librarians representing academic
libraries, two learned society publishers, one commercial publisher and an
open access start up publisher along with three researchers from library and
information science. The group opted to establish rules of participation that
mandated that they participate in the process as knowledgable individuals,
not as official representatives of organizations and that they refrain from pub-
lic disclosure of their deliberations, among other less important guidelines.
They further agreed on some simple shared principles:

– Peer review must continue its critical role in maintaining high quality and
editorial integrity.

– Adaptable business models will be necessary to sustain the enterprise in
an evolving landscape.

– Scholarly and scientific publications can and should be more broadly ac-
cessible with improved functionality to a wider public and the research
community.

– Sustained archiving and preservation are essential complements to reliable
publishing methods.

– The results of research need to be published and maintained in ways that
maximize the possibilities for creative reuse and interoperation among sites
that host them.
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5 Roundtable: Core Recommendations and Reactions

After months of discussion and interaction, the group issued a set of
recommendations (available online at the web address presented earlier
in this paper) in early January 2010. Although not all participants felt they
could sign onto the recommendations, only two participants did not sign onto
the set of recommendations. They issued separate statements also available
at the AAU-hosted roundtable website.

The core recommendations were:

– Government should develop public access policies to scholarly work funded
by government investment.

– The group urged an expeditious, but cautious approach.
– The desired outcome of the development of government policy should be

free public access to publicly funded work.
– Public access should happen as soon as possible after publication.
– The group could not develop a specific regulatory or legislative solution.
– As the government proceeds, the process should be consultative, involving

all parties.
– The group felt that the policies should be flexible enough to allow field-

dependent variation and agency-specific embargo periods.
– Care should be given to defining the ‘Version of Record’.
– Any systems developed for providing public access should ensure interop-

erability

Additionally, the group felt that balance was important. Specifically, it is
necessary to validate the need for and potential access to scholarly articles,
while preserving the essential functions of scholarly publishing (peer review,
preservation, etc.). All stakeholders will have points of view on these matters
that need to be considered and all parties should collaboratively participate
with the government as a partner.

Reaction so far to the roundtable’s recommendations have been measured.
Most stakeholders have respect for the roundtable approach, support the gen-
eral principles and support the recommended consultative process. However,
societies and for-profit publishers have reservations about intellectual prop-
erty and copyright issues as well as trepidation about government intervention
in a long-established business. Advocates of a legislative mandate were disap-
pointed because no specific recommendation was provided by the roundtable,
though that was not central in their charter.

It is not yet clear what sustained impact the roundtable effort will have,
yet it was an important change from the polarized, vocal squabbling that has
characterized this debate for several years. As with any revolution, emotions
run high, yet it is often the measured voices that prevail. It was important to
provide a forum for these voices and we feel the roundtable was a substantial
step on the path to a new future.
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6 Next Steps

Sometime this year (2011) the Office of Science and Technology Policy will
likely issue a notice of a proposed rule-making. After this takes place, there
will be 60 days provided for public comment and then 30 additional days for
reply comments (and new original comments). Such rule-makings are often
preceded by a notice of inquiry. However, it is not clear if the call for com-
ments in January were counted as a notice of inquiry or not, but the general
consensus in Washington today is that it did, in fact, count as the notice of
inquiry for this probable rule-making. The concept of the rule-making pro-
cess was designed to allow government to formulate better rules by ensuring
that all those impacted by the rule are able to provide their perspective. As
any politician knows, often the best solution is a compromise that keeps most
people happy. The initial rule-making could be followed by a further proposed
rule-making if the submitted comments require a drastic change to the pro-
posed rule. Though this is not common (and the process can repeat again).
Eventually the rule will be developed and published in the Federal Register
as a ‘report and order’ (R&O), which stands as a valid regulation unless chal-
lenged in court. As a side note, any given rule and order can be amended
with additional rules and orders over time, leading us to envision an Escher
woodblock print, but let’s hope this analogy will not apply to this rule.

Conversations with the OSTP at the highest levels indicate that they have
received many serious comments, which they are parsing carefully before pro-
ceeding. Given the many other issues confronting the White House, we do not
expect any action before June 2011 and would not be surprised if nothing
happened until September or even later. Delays in any step of the process
would delay the final rule issuance and activation.

7 AAS Perspectives

As of 1 April 2010, the AAS has published approximately 110,000 articles in
the AAS journals. Of these, fully 102,000 are available at no cost right now. We
do not charge for access to our back content, though we do preserve copyright
to ensure the preservation and proper use of our content over time. The AAS
also has a delayed open access policy, which limits access for 24months for its
scientific journals and publishes the fully open access Astronomy Education
Review. We are an open access publisher already.

We have a complex and robust article provision system, that is augmented
by trusted partners. Our electronic articles (e.g. fully digital content) are
hosted by our publication vendors, Institute of Physics Publishing (IOP) and
the American Institute of Physics (AIP), all of which are linked to by the
Astrophysics Data System (ADS) hosted at the Smithsonian Astrophysical
Observatory and funded by NASA. Backfile scans, e.g. digital images of
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printed content, back to volume 1, number 1 are hosted by ADS as well. Digital
object identifiers (DOIs) and all applicable metadata have been assigned to
all articles and indexed appropriately.

As stated above, we do maintain copyright on all of our articles (not writ-
ten in full by civil servants as part of their employment). It is our position
that free-to-read does not mean free-to-redistribute or reuse. It is not appro-
priate for third parties to make revenue from the content produced by our
authors and published by the Society. By maintaining copyright, the Society
can ensure the general use of articles in perpetuity. The estates of authors (or
authors themselves) will not be able to prevent or limit access to knowledge
published in our journals by withdrawing them from circulation. This is the
primary reason the copyright assignment by our authors is required. The So-
ciety wishes to ensure, to the fullest extent possible, the long-term access to
the knowledge published in its journals.

Although we do require authors to assign copyright to the Society, we
grant substantial rights back to the authors. These include the right to grant
or refuse permission for third party republication while alive (the Society
requires republication requestors to obtain this permission from the authors),
the right to use all or part of the article in future and derivative works of
their own, the right to make copies of all or part of the article for use for
educational or research purposes and the right to place the article, in final
published form, on their own or their institution’s web pages with a link to
the version of record.

The AAS business model is robust and probably unique. We are focused
on our key stakeholders, the scholars and authors who perform the research
and write the articles and the librarians and readers who want access to our
authors’ work. We do not use journal proceeds to pay for Society activities,
only publication costs and administration. We ensure that the authors pay
for peer review, production, archiving and technology development through
so-called ‘page’ charges or author charges. The librarians and readers pay for
publication and dissemination and distribution as well as DOI assignment and
archiving through subscription fees. We set both author charges and subscrip-
tion fees annually, based on the forecast costs and publication volume for our
journals. It is an iterative process that results in a justified, rational and fair
distribution of expense to the interested communities.

However, although we are not against Open Access, we are concerned
about substantial and rapid change being forced upon our robust, fair, open
and rational business model. We also feel that this distributed model provides
a significant robustness to variable effects in both communities. If research
dollars become tight, or funds for subscriptions are a challenge to produce, we
can adjust to these realities. We have done so in the past and are prepared
to do so in the future. If all subscription fees were taken away immediately,
our authors would see a substantial increase in the fees they would pay in the
new author-pays plan, but the fees would not even come close to doubling.
This is because the Society does not use journal proceeds to fund Society
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programs. This is a deeply held philosophical stance that we are unlikely to
give up, specifically because it allows us to publish our journals on behalf of
our communities at the lowest possible expense to all.

Further concerns for us include the reality that nearly 60% (roughly) of
articles published in our journals are from overseas and mandated US Open
Access would set up two classes of author and two classes of papers. This does
not advantage scholarship. Finally, although we maintain a talented lobbying
staff member to interact with the government to benefit our scientific discipline
(following all registration and financial rules governing lobbying our govern-
ment), we think there is substantial risk to moving to a model where federal
funding is relied upon for scholarly publication. Even a cursory study of US
government commitment to funding obligations shows substantial variability.
One need only mention the superconducting supercollider to set off eye-rolls
and exasperated sighs. The US votes on expenditures annually, meaning that
funding commitments can change on that timescale as well.

In our submission to the OSTP public comment period, we focused on a
few key points. First, a proprietary period, even a short one, acknowledges the
value and importance of the scientific publishing process. Second, the version
of record should be the version made publicly accessible. Third, any reposi-
tories that the government endorses, should be capable of delivering complex
digital research reports and have inherent growth capability in this regard
as that content changes and evolves. Finally, a twelve month proprietary pe-
riod is achievable under the AAS model without much financial risk and was
implemented in January 2011.

8 Conclusion

A process is underway in the United States that will lead to the imposition
of government rules mandating some form of open or public access to pub-
lished research results funded in whole or part by US taxpayer dollars. The
AAS, which has a unique business model that we feel serves our discipline
well, is prepared to modify our business model in accordance with govern-
ment mandate, but we urge caution and an open, collaborative and iterative
process to produce the best possible policy. Although we are in the midst of
a technological revolution that may very well result in a completely new sci-
entific publishing paradigm, the AAS believes that central components of the
publishing process, preservation and peer-review, will always be important to
scholarship and human advancement.

A unique roundtable process, sponsored by the US House of Representa-
tives has set a high mark for collegial, constructive discussion of core issues sur-
rounding the Open Access issue. The recommendations from this roundtable
will have far reaching impact and the report produced is worthwhile reading.

Looking back historically, we have to wonder how scholarly resources such
as the Library of Alexandria were paid for and whether the populace of that
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small city on the Nile delta demanded open access to the scrolls and the
valuable knowledge they contained. Who wouldn’t want to learn about and
make use of the Pythagorean theorem, for example? we are sure that no
matter if they did or didn’t, the scribes that authored those scrolls were just
as concerned about the preservation of their work as we are with our own
journals and we are sure a robust business model paid for their production and
preservation. Media may change, but the fundamental value of scholarship and
knowledge will be with us forever. At least digital media appear more robust
to fire, when archived responsibly with a goal of the permanent expansion of
human knowledge.
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Summary. “You don’t look like a librarian” is a phrase we often hear in the
astronomy department or observatory library. Astronomy librarians are a breed
apart, and are taking on new and non-traditional roles as information technology
evolves. This talk will explore the future of librarians and librarianship through
the lens of some of the recent talks given at the sixth “Libraries and Information
Services in Astronomy” conference held in Pune, India in February 2010. We will
explore the librarian’s universe, illustrating how librarians use new technologies to
perform such tasks as bibliometrics, how we are re-fashioning our library spaces in
an increasingly digital world and how we are confronting the brave new world of
Open Access, to name but a few topics.

1 Introduction

“You don’t look like a librarian” is a phrase we hear so often that Ruth
Kneale, systems librarian at the National Solar Observatory, decided to write
a book with this title (Kneale 2009), after so many years of blogging on the
issues surrounding this phrase with frequent regularity.1 Our popular culture
is fascinated by the image of the librarian. An advertisement for a Sony ebook
reader states “Sexier than a librarian.” Noah Wyle plays a librarian who goes
on several Indiana-Jones-type adventures in a series of made-for-TV-movies.
And, last but not least, a long time ago in a galaxy far far away, there is even a
Jedi librarian with whom Obi Wan Kenobi himself has a mild altercation over
the existence of some astronomical data in the archive. Unfortunately, many
of these portrayals, paradoxically even the “futuristic” ones, make librarians
seem out-of-touch with modern technology and modern culture.

These entertaining portrayals aside, real librarians in astronomy libraries
in all corners of the world are doing innovative and critical work to support the

1 http://desertlibrarian.blogspot.com
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missions of the organizations they serve. To explore them, we will take a look
at astronomy librarianship through the lens of some of the issues and projects
discussed at the recent “Libraries and Information Services in Astronomy
(LISA) VI” conference held in Pune, India at the Inter-University Centre for
Astronomy and Astrophysics in February 2010. Excellent histories of the LISA
conferences by Brenda Corbin and Uta Grothkopf may be found in Volume 7
of the Organizations and Strategies in Astronomy series (Corbin & Grothkopf
2006) and in the proceedings of the fifth LISA conference (Grothkopf & Corbin
2007)2. Videos of many of the talks may be seen on the LISA VI website.3 The
proceedings of the conference will be published by the Astronomical Society of
the Pacific Conference Series. Finally, we will conclude with further thoughts
and observations about the image of librarians today and what it may mean
for the future.

2 The LISA VI Conference

Astronomy librarians, appropriately, are a very international and diverse
crowd. More than 90 participants from more than 18 countries attended LISA
VI. The theme of the conference was “21st Century Astronomy Librarianship:
From New Ideas to Action” and the six major topics discussed were: The Fu-
ture of Librarianship, Metrics, Open Access, Data Curation and Preservation,
Virtual Communities and Use and Access. While taking the reader on a tour of
the highlights of the “official” themes, we will explore some of the subcurrents
running through the presentations that describe the constant adaptation and
evolution of astronomy librarians and the diverse ways they serve their local
communities. These examples, in no way, represent all that librarians do, but
rather a subset of interesting and successful projects.

2.1 The Future of Librarianship

Discussions on the future of librarianship focus on the new and emerging roles
that librarians play within the knowledge spheres of their organizations. In
addition, they grapple with the role of the print collection in an increasingly
electronic environment. Managing both print and online collections simultane-
ously with a matrix of heterogeneous user expectations and the re-envisioning
of the library as a place are two subcurrents that run throughout these dis-
cussions.

Advice on managing change, both practical and psychological, was offered
by Jane Holmquist, librarian at Princeton University. Departmental science
library collections at Princeton have been merged and housed in a new state-
of-the-art building designed by Frank Gehry. Jane’s situation is becoming

2 http://www.eso.org/sci/libraries/lisa.html
3 http://libibm.iucaa.ernet.in/conf/index.php/LISA/conf
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more prevalent as universities centralize services. Librarians from the Univer-
sities of Oslo and Helsinki are also managing change brought about by similar
consolidations within their local academic cultures.

Jill Lagerstrom’s poster on “If it’s not on the web it must not exist” used
the opportunity of a major renovation at the Space Telescope Science Institute
to find out how much of the print collection is available online, and how much
is indexed by the ADS.

The frontier of “E-science” is being explored by librarians. Lee Pedersen of
Brown University chronicled her conversations with faculty about the storage,
dissemination, manipulation, protection and publication of the data generated
by their research.

Librarians are increasingly involved in “Communicating astronomy with
the public.” Francesca Brunetti, of the INAF Osservatorio Astrofisico di
Arcetri, argued that librarians provide the right mix of skills for this task:
scientific authority and accuracy to the public, and the ability to deal with
people of different ages, skills and heterogeneous educational backgrounds.

2.2 Metrics

Librarians use publication statistics to analyze the scientific productivity
and impact of their organizations, scientific instruments (such as telescopes),
groups of people, topics/subjects or even individual scientists. The managers
of the organizations that we serve need this information for decision-making
purposes and to show funding agencies that money has been put to good
use. Fortunately, methods have been developed to construct these metrics ef-
ficiently and wisely, and librarians are well versed in their practice. Discussion
surrounding this topic deals not only with metrics projects and methods, but
also with the shortcomings of information products (journal websites, ADS,
Web of Science) when it comes to performing tasks such as these, which need
to be done as accurately and systematically as possible.

Christopher Erdmann at the ESO Library has developed two software
tools, FUSE and telbib, to manage the workflow specific to constructing bib-
liographies for citation analysis. FUSE is a full-text searching utility which has
features more sophisticated than any publisher’s website. Telbib is a content
management system that generates next-generation bibliometric statistics.

Eva Isaksson looked at how departmental mergers at the University of
Helsinki have affected productivity and impact statistics using the ISI citation
database. When an astronomy department merges with a physics department,
does this affect the measure of the department’s overall performance?

Nishtha Anilkumar examined the types of research used by doctoral stu-
dents in their theses at the Physical Research Laboratory in Ahmedabad,
India. Longitudinal statistics on the use of Open Access materials, non-
subscribed journals, and e-prints paint a revealing portrait of the research
landscape and how it evolves over time. This type of analysis can reveal gaps
in the library’s collections.
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2.3 Open Access

The Open Access movement promotes the idea that scholarly works (most
usually journal articles) should be freely accessible to everyone. Librarians
have, in general, been vocal advocates of this idea, which comes in a variety
of economic models and paradigms, because we are the ones who get the bills
for the journals and often are forced to cancel access to journals as our budgets
shrink. According to Library Journal’s periodicals price survey,4 the average
cost of an astronomy journal has been increasing at a rate of 8–10% each year,
certainly far higher than the rate of inflation. Astronomers have historically
been early adopters of many aspects of Open Access: they deposit e-prints in
astro-ph and the major society journals make articles freely available after two
years. They are also accustomed to page charges, whereby the author shares
the cost of publishing.

To further complicate matters, the U.S. Office of Science and Technology
Policy has recommended that the version of record of federally funded research
be made freely available within one year of publication. Terry Mahoney, sci-
entific editor at the Instituto de Astrof́ısica de Canarias, asked the question
“Is Open Access Right for Astronomy?” Of course, the answer is neither a
simple “yes” or “no.” Terry took a refreshingly critical look at the economic
realities of Open Access in the complex and heterogeneous world of astronom-
ical publishing. Joe Jensen, managing editor of the Astronomical Society of
the Pacific Conference Series also goes beyond the rhetoric to spell out what
Open Access means specifically for society conference proceedings. Terry and
Joe both reminded the audience that “there’s no such thing as a free lunch”
and that there is no one-size-fits-all solution as scholarly publishers confront
Open Access.

For M.N. Nagaraj at the Raman Research Institute Library, Open Access
is not just about journals. They have created an open digital repository of
physics and astronomy theses created at their institution. Before the advent
of electronic communication, theses, in particular, were often prohibitively
difficult to obtain. A free repository is most welcome. However, these digi-
tal repositories don’t just “create themselves” and bring with them a host
of complex issues, such as determining the best scanning methods, getting
permissions and establishing metadata standards.

2.4 Data Curation and Preservation

The curation and preservation of data raise many unanswered questions. What
is the shelf life of digital data? What does it cost to make data free? How can
we cooperate and collaborate better to answer these questions?

Copyright is perhaps the most complex issue for archivists who want to
make the electronic documents in their collections freely available and use the

4 http://www.libraryjournal.com/article/CA6547086.html
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web to promote their institutions. Christina Birdie at the Indian Institute of
Astrophysics is confronting the challenge of balancing the need to disseminate
information freely with the rights of authors under the law. Unpublished works
are particularly difficult to manage.

According to Andras Holl, librarians at small observatories must be in-
volved in the team responsible for constructing, managing and ensuring ac-
cess to local data archives. He outlines a plan with guidelines for the Konkoly
Observatory to establish such a data archive.

2.5 Virtual Communities

Virtual tools facilitate communication and collaboration across global net-
works. Librarians make use of these tools to build communities.

Leila Fernandez participates in a virtual community to engage the pub-
lic with astronomy at the University of Toronto. An interactive chat facility
combined with live viewing of telescope images enable a virtual community to
participate in astronomical activities to which they would not normally have
access. Participants from the southern hemisphere are able to view portions
of the sky not normally visible to them. Groups such as bilingual people and
First Nations Communities are targeted participants in this outreach program.

Social networking is best known to us as Facebook and Twitter. However,
a host of book social network sites, such as LibraryThing and Shelfari, have
also emerged. Francesca Martines, of the INAF Osservatorio Astronomico di
Palermo, evaluated these with a librarian’s bibliographic eye and contem-
plated their use in the astronomy library. Librarians often evangelize interest-
ing new technologies to their local users.

Alberto Accomazzi, ADS Project Manager, sees the ADS as a sort of vir-
tual community, a collection of heterogeneous knowledge products interlinked
with the ADS as a node. In order to take advantage of powerful web archi-
tectures, though, we need to structure our data accordingly. Alberto calls on
us to do this so that we can fully collaborate, share and uncover networks of
communication.

2.6 Use and Access

Librarians study their communities and attempt to understand their local
users’ specific needs. A good librarian is familiar with the culture not just of
the specialized field she supports, but of her local institution as well. She is
also familiar with the marketplace of new and emerging information products.
Librarians seek the best products for their users with the intent of using library
funds effectively and saving the user time.

Electronic books are an example where librarians are waiting for the future
to happen. Molly White, at the University of Texas at Austin, surveyed her
astronomy faculty to reveal their attitudes toward the ebooks available to
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them through the library. When asked if they prefer ebooks to print books,
the responses were mixed. The answer was a resounding “sort of.”

Open source library catalogs have entered the marketplace. Uta Grothkopf,
of the ESO Library, has become frustrated because commercial proprietary
library catalog software is constantly behind the technological times. Investi-
gating open-source alternatives gives her greater flexibility and allows her to
configure these tools to provide her users with twenty-first century research
capabilities. Uta evaluated the features of various open source catalogs and
shared her experience with her endeavour to adopt an open source product in
a small library.

Hemant Kumar Sahu of the Inter-University Centre for Astronomy and
Astrophysics researched the specific information-seeking behaviors of as-
tronomers and astrophysicists by using a questionnaire to learn about their
use of books, online catalogs, print materials and online journals. With the
gathered statistics, Hemant can paint a picture of the impact of Informa-
tion and Communication Technology on the information-seeking behavior of
Indian astronomers and astrophysicists. This picture can be used to inform
strategic planning initiatives for the library’s infrastructure.

3 Conclusions

3.1 Subcurrents

While there were six official themes to the talks at the LISA VI conference,
many subcurrents can be found throughout such as:

– Playing active roles in supporting the communication of astronomy to the
public

– Demonstrating the value of the intellectual output of their organizations
through bibliometrics

– Pro-actively making local knowledge products freely available
– Becoming more user-centered and less library-centered
– Refocusing on the library as a place
– Exploring the frontier of e-science and data archives

3.2 What’s in a Name?

Will librarians remain librarians? Last year, our trade organization, the Spe-
cial Libraries Association, voted on whether to change its name to the “As-
sociation of Strategic Knowledge Professionals.” The discussion surrounding
this topic was very charged, indeed. The leadership of the organization was
concerned that the term “librarian” was a liability. While there were many
members who were not necessarily attached to the name, which has been
in use for 100 years, the result was that the name change was voted down.
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The word “libraries” has received some attention in the educational sphere
as well. One-third of library schools have become “iSchools.” A new type of
knowledge worker that has grown out of librarianship is called the “informa-
tionist.” These new professionals, who primarily provide research assistance,
came into existence in the context of clinical care and biomedical research.
Informationists receive specialized training in their subject areas that goes
beyond “on-the-job” learning. Programs in informatics are popping up in uni-
versities with library curricula and have expanded beyond the biomedical to
include fields such as chemistry and even music. “Embedded” librarianship
describes a set of practices librarians are adopting to get out of their offices
and out from behind their desks. Since more patrons are using online infor-
mation, we do not see them as often and this is an effective way of making
sure our services are visible. As librarians’ roles evolve, along with our names
in some cases, our traditional values of preservation and access to information
remain.

3.3 This Book Is Overdue

Marilyn Johnson, in her recent book This Book is Overdue! How Librarians
and Cybrarians Can Save Us All (Johnson 2010) makes the case that, despite
ongoing technological advances, there will always be a need for human help.
Librarians must continue to be advocates for their users, or, as a reviewer of
this book puts it, “pragmatic idealists who fuse the tools of the digital age
with their love for the written word and the enduring values of free speech,
open access, and scout-badge-quality assistance to anyone in need.”5

3.4 Where Are We Going?

The title of this paper asks of the astronomy librarian “Quo Vadis?” which in
Latin means “Where are you going?” The answer, that we hope has become
apparent from the many subcurrents running through the talks at the LISA
VI conference, is “we go where the information goes” and “we go where our
users go.” Our good faith, however, may not be enough. Terry Mahoney’s Dec-
laration concerning the evolving role of libraries in research centres warns us
of the “increasing invisibility of research libraries vis-à-vis recent accelerated
changes in publishing and reader-access technology” and calls on librarians
to “adopt a more proactive stance in making their contribution known to the
research communities they serve” (Mahoney 2007). Hopefully, recent efforts
to combat the image of the librarian as antiquated and out-of-touch will help
us to demonstrate that we are vital parts of the organizations we serve.

5 http://www.harpercollins.com/books/9780061431609
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Summary. During recent years, bibliometric studies have become increasingly
important in evaluating individual scientists, institutes, and entire observatories. In
astronomy, often librarians are involved in maintaining publication databases and
compiling statistics for their institutions. In this paper, we present a look behind the
scenes to understand who is interested in bibliometric statistics, which methodologies
astronomy librarians apply, and what kind of features next-generation bibliographies
may include.

1 Introduction

There are many ways to assess research output, for instance by investigating
how many research grants have been received, when and where research has
been presented at conferences, or how many students graduated under the su-
pervision of specific researchers. Another common tool is bibliometric studies,
i.e., using metrics to measure productivity and impact through publications
and citations.

Bibliometric studies have quite some history; studies go at least back to
the 1960s when the Science Citation Index was first issued. A large number
of papers have been published on this topic in general and more specifically
in the context of astronomy.

In this paper, we will focus on the following aspects:

– Bibliometric studies – what are they and who is interested?
– Linking publications and data – how does this happen, and where can

interested users get access?
– Telescope bibliographies – who compiles them, and how? What are the

current tools and methodologies?

Finally, we will take a look ahead to see what might be coming next.
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2 Typical Bibliometric Measures

Many bibliometric studies use one or several of the following measures.
However, they all have some advantages as well as some disadvantages.

– Number of publications: measures productivity, but does not report any-
thing about the impact

– Number of citations: gives information about the impact, but can be in-
flated due to many reasons, for instance incorrect or incomplete citations,
as well as biased citing behavior (authors citing well-known authors rather
than young, unknown ones)

– Mean or median cites per paper: this measure is better suited for compar-
isons of scientists or facilities that have been active for different numbers
of years, but it seems to reward low productivity

– ‘High-impact papers’: this metric has been introduced in astronomy by
Juan P. Madrid, then at the STScI, a few years ago. Basically, Madrid
used the ADS to retrieve information about the 200 most-cited papers in
a given publication year, identified those that were based on observational
data and calculated the impact of facilities (telescopes, observatories) of
each paper. The results per paper were added, and the facilities ranked by
contribution to this set of Top 200 papers. The drawback of this method is
that so-called hot topics are favored and can outnumber all other facilities
for instance in a year of data release. The method is also time-consuming
and, to a certain extent, subjective as the contribution percentage is as-
signed by the bibliometric researcher

– h-index: the h-index is meant to combine metrics for productivity and im-
pact (Hirsch 2005); h itself is not suited for comparisons as it does not
contain information about the number of years of operation. For compar-
isons, another value, the so-called m parameter, also described by Hirsch,
should be used.

All measures have to be applied with greatest care and never in an isolated
way as they only shed light on a very limited area of performance of research
output. If used for comparisons, several metrics should be applied in parallel
to get a more complete picture.

3 Users of Bibliometric Studies

A wide range of groups are interested in bibliometrics, including instrument
scientists, management of observatories, governing bodies and funding agen-
cies who want to

– evaluate the performance of telescopes and instruments
– measure the scientific output from observing programs
– define guidelines for future facilities
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– compare in-house facilities with other observatories and telescopes
– interconnect resources, for instance in the context of Virtual Observatory

projects

Establishing telescope bibliographies is the prerequisite to bibliometric
studies in astronomy; it closes the loop from (a) observing programs carried
out by astronomers, (b) data stored in an archive, (c) scientific papers which
use the data, and (d) records in telescope bibliography databases that connect
the papers with the data through observing programs (program IDs). Archives
can be searched by program ID, and all papers published so far that use
the data these programs generated can be listed. This procedure assures a
maximum return of science benefits from observing proposals, for instance by
making archived data easily available to other interested researchers.

Telescope bibliographies can be accessed in various ways. Firstly, a listing
has been compiled by the ESO Library and is available on the web1; it pro-
vides links to the databases of many large observatories. The user interfaces
of telescope bibliographies of all major observatories provide the option to
search by observation or data set number. If these numbers are noted in the
bibliographies’ records, a listing of all published articles using the data is just
a click away.

For example, in the case of ESO, the public interface allows to search for
specific programs, or for papers that use data from certain instruments. The
result will be a list of papers for which the facilities that were used are shown,
as well as the program IDs. A click on the program ID will take users to
the observing schedule from where more information on the proposals can be
accessed. The data can be requested, or other papers using the same program
can be found.

Another way of finding lists of papers that use observational data from
specific observatories is to use the ADS Filters section which can be found
in the lower part of the main ADS search screen.2 The option “All of the
following groups” as well as at least one of the listed facilities need to be
selected. The records contained in the results set will all have D (for data)
links which link back to the underlying observations.

4 Compiling Telescope Bibliographies

In order to compile such literature lists with links to data, or telescope bibli-
ographies, certain prerequisites are necessary (Fig. 1).

Compilers need to have access to the literature. This can be in the form
of print versions of scientific journals, or electronic access. The latter can
be established by either pulling over PDFs to screen them locally, or by

1 http://www.eso.org/libraries/publicationlists.html
2 http://adsabs.harvard.edu/abstract_service.html
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Fig. 1. Telescope bibliographies close the loop from published literature to data
located in archives, and back.

searching full-texts at the publishers’ sites. Ideally, a semi-automated search
tool is available that helps compilers to pinpoint relevant articles. This will be
explained in more detail below. If such a search tool is not in place, PDFs have
to be searched one-by-one, or the paper version has to be inspected visually.

Most importantly, a policy needs to be in place that determines which
papers shall be included in the telescope bibliography, and which are to be
excluded. The topic of selection criteria can be handled quite differently among
large observatories. Once relevant articles are identified, a database has to be
established to host records with bibliographic information about the published
papers.

Observatories will have their own individual set of tags and keywords which
are assigned to records to describe the content of the papers as well as the
facilities that generated the data. Specific information, such as program IDs,
will be added at this stage, too. These identifiers link to the observatories’
archive, and from there back to the published articles.

5 Staffing Situation, Journals Screened, and Search
Strategies

An additional very important “ingredient” needed to establish and maintain
telescope bibliographies is staff. In many observatories, librarians are involved
in the process, or are even the main person in charge.
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In early 2010, Jill Lagerstrom, librarian at STScI, conducted a survey
among 16 large observatories (Lagerstrom 2010). A total of 14 institu-
tions replied, namely CFHT, Chandra, FUSE/Galex/IUE, ESO, Gemini,
HST/STScI, Isaac Newton Group, Keck, NOAO, NRAO, SDSS, Spitzer, Sub-
aru, and XMM Newton. The survey revealed that large observatories involve
between one and four staff members to compile their bibliographies, even
though not all of them full-time.

The survey also focused on the journals which are searched by these in-
stitutions. Respondents provided a combined list of more than 30 journals
which are screened, but surprisingly, only four are searched by all survey par-
ticipants: A&A, AJ, ApJ and Supplement, as well as MNRAS.

The full-text can be accessed using one or several of the following methods:

– Print journals: screening the full-text by using the print version of journals
provides access to the entire text of papers including footnotes, figures,
captions, etc. However, it depends on the skills and capabilities of the
compilers to detect all instances of relevant keywords and facilities in the
text to gather a complete list of published articles

– E-journals (PDFs): this methodology implies retrieving the PDF format
of articles from the publishers’ web sites and searching them locally. Like
with method 1, all sections of papers are screened.

– Journal web sites: many publishers provide an option to search full-texts
of articles directly at their web site. While this functionality can indeed be
very useful, it is usually not immediately understandable for users whether
this feature actually searches the entire text, or whether certain sections
are not indexed and can therefore not be searched properly.

– ADS abstracts: at present (May 2010), ADS provides full-text searches
only for historic literature; access to recent publications includes only title,
abstract, and selected footnotes. If compilers of telescope bibliographies
rely on ADS abstract searches for their work, they must be aware that
almost inevitably they will miss many relevant papers.

– Author self-reporting: some compilers use reports from authors as an ad-
ditional or even exclusive means to find papers. It must be noted that, if
applied as the sole method for collecting articles, relying on author self-
reports will reveal only a fraction of all relevant papers; it is therefore the
least recommended way of compiling telescope bibliographies.

The survey also investigated whether compilers of bibliographies use simi-
lar search statements, and how elaborate and comprehensive they are in their
attempts to identify papers. Not surprisingly, all respondents stated that they
search for their observatory’s telescopes, typically both the abbreviation as
well as the full name. Some are more specific and include instrument names,
as well as surveys, archives, or specific science programs (e.g., GOODS). For
some institutions, it can be useful to search for geographic locations (Green
Bank, Paranal, etc.) or even for concepts (e.g., X-ray).
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The final survey question aimed at the biggest challenge compilers face in
gathering papers. The majority of respondents stated that their biggest prob-
lem is authors who do not provide sufficient details about the source of their
data, so that the programs that generated the data cannot be traced without
doubt. Others replied that they face problems with restrictive publishers when
they access large numbers of articles at their web sites. Many compilers feel
that the amount of work time they can dedicate to their respective telescope
bibliography is not sufficient in order to complete an exhaustive search. The
idea of having a central search option for full-texts at the ADS was ventilated;
this would be more time and resources-efficient than duplicating retrieval ef-
forts locally at each observatory, as is currently done.

It became evident that the most difficult part is to define a policy to clearly
govern which papers fulfill the criteria for inclusion, and which do not, as well
as consistency in applying this policy. Recently, a group has been formed,
initiated by the compilers of telescope bibliographies at the Chandra Archive,
STScI, and ESO, to provide best practices for maintaining bibliographies, to
develop recommendations for using cross-facility bibliometrics, and to share
solutions to common problems.3

6 Tools of the Trade: FUSE and Telbib

While compilers of bibliographies in the past had to rely on their own abilities
to retrieve relevant papers by visually scanning the literature, lately some tools
have become available to support them in their work. One of these tools is
the ESO Full-Text Search tool (FUSE) which has been developed by the ESO
Library. Based on an ADS search, FUSE pulls over PDFs from publishers,
converts them into text, and searches for keywords and text strings chosen
by the individual observatory. If keywords are detected, they are shown in
context (two lines of text) for inspection by the compilers. The excerpts often
reveal immediately whether the highlighted paper should be investigated in
more detail, or whether the keywords are used in a context that is not relevant
for the compilation of the telescope bibliography (Fig. 2).

It is important to note that FUSE can only be used as a help application
in order to spot potential candidates for inclusion in telescope bibliographies.
By no means does it replace the human (intellectual) investigation that is
necessary in order to determine whether an observatory’s selection criteria for
inclusion in the bibliography are actually met by the paper.

Another important tool is telbib, a content management software also de-
veloped by the ESO Library. It is used to establish and maintain a database of
records with bibliographic information about papers pertaining to a telescope
bibliography, to store additional metadata (e.g., tags to describe observing
facilities and programs), and to generate reports and statistics. The librari-
ans’ user interface provides access to records through a large variety of search
3 http://groups.google.com/group/astrobib/

http://groups.google.com/group/astrobib/
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Fig. 2. Screenshot of the ESO Full-Text Search tool (FUSE).

criteria (Fig. 3). A public user interface is also available, even though with less
detailed query features.4 Using telbib, bibliography compilers can import bib-
liographic information and other metadata from the ADS, including author
affiliations and number of citations. Observatory-defined tags and keywords
can then be added, as well as specific information about observing programs,
modes (e.g., visitor or service mode) and types (normal, large, guaranteed
time observing types, etc.).

Telbib is also used to generate reports and statistics either on demand or
regularly, for instance the “Basic ESO Statistics” document5 that is available
from the Libraries’ home page.6 It provides information on ESO publication
and citation statistics at large as well as for specific instruments, identifies
the “ESO Top 20” papers, and looks at ESO publications in comparison with
other large observatories.

A more detailed description of FUSE and telbib including their develop-
ment and features can be found in Erdmann & Grothkopf (2010).

4 http://www.eso.org/libraries/telbib.html
5 http://www.eso.org/sci/libraries/edocs/ESO/ESOstats.pdf
6 http://www.eso.org/libraries/

http://www.eso.org/libraries/telbib.html
http://www.eso.org/sci/libraries/edocs/ESO/ESOstats.pdf
http://www.eso.org/libraries/
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Fig. 3. Screenshot of the ESO telbib tool.

FUSE is currently in use at ESO, STScI, Gemini, Subaru, and the Carnegie
Observatories. The libraries of SAAO (South African Astronomical Observa-
tory) in Cape Town, South Africa, and IUCAA (Inter-University Centre for
Astronomy and Astrophysics) in Pune, India, are in the process of installing
the software. Because of this obvious duplication of efforts by conducting
searches locally, recently the idea of creating a central search facility at the
ADS has been discussed. Compilers of bibliographies could then run tailored
searches at the ADS without the need to download PDFs locally for inspec-
tion. The search feature would only highlight potentially relevant matches by
showing brief excerpts of text; access to the full-texts would still be governed
by the publishers through subscriptions.

7 Beyond Citations

As already mentioned, studying citations to measure scholarly output is prob-
lematic, despite their wide-spread use for this purpose. Lists of citations are
often incomplete, references are incorrect, various abbreviations for the same
journal are used in parallel and are sometimes not attributed to the cor-
rect publication, and the typical citing behavior often favors well-known re-
searchers instead of referencing younger, unknown authors.

Are there other, possibly better ways of evaluating scientific impact? Com-
pilers of telescope bibliographies are experimenting with other measures. Some
of them are described below.



12 Telescope Bibliometrics 101 117

It is well known that the ADS provides information about citations for
each paper in their database; these are limited to those citing papers that also
reside in the ADS database, hence they are not entirely complete. However,
in the area of astronomy this is a minor disadvantage as the ADS coverage of
papers is extremely large.

Few users are aware that ADS also gathers information about so-called
Reads. Reads are defined as those instances where users access more detailed
information than is available in the standard brief results list displayed after
an ADS search. Hence, a Read can mean that a user looked at the abstract,
the list of references, or the citing papers. Also any time the electronic version
of an article is accessed, be it in PDF or in HTML format, counts as a Read.

The number of Reads typically differs considerably from the number of
citations an article has gathered. More importantly, the distribution of Reads
versus citations as a function of years reveals that many papers which are not
cited frequently anymore still are used regularly by the community.

An even more telling statistic about actual usage could be obtained by
limiting Reads to the actual request of full-texts, i.e., PDF and HTML down-
loads. Such numbers are traced by the ADS, but in contrast to Reads, they
cannot be retrieved through the ADS user interface. However, the ADS team
is always helpful in providing such statistics on request.

Another project that operates along the same line of thought is Citebase.7

Citebase is a citation index that “harvests pre- and post-prints (mostly author
self-archived)” from arXiv and other repositories and lists them together with
papers that cite them. In addition, they provide information about downloads
by country, by date and by organization. Unfortunately, they are still in ex-
perimental stage, and users are cautioned not to use the results for academic
evaluation.

A newcomer in the area of evaluating research impact is the idea to look at
social networking platforms and forum discussions. In astronomy CosmoCof-
fee8 might be one such discussion group that reveals the community’s interest
in specific papers. Registered users refer to manuscripts posted on arXiv and
suggest discussion among their peers. In order to track impact, bibliography
compilers could track which arXiv preprints are discussed so that these papers
can be linked to the final versions once they are published, and the number
of comments and discussion threads specific papers generate can be traced.

8 Ongoing Projects

In order to provide even more informative reports and to anticipate future in-
terests of management and funding organizations, it is desirable to import fur-
ther metadata from the ADS, for instance subject terms and keywords (to gain

7 http://www.citebase.org/
8 http://www.cosmocoffee.info/

http://www.citebase.org/
http://www.cosmocoffee.info/
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knowledge about the specific subject areas in which users of observational data
publish), full information of citing papers (in order to eliminate self-citations),
all other available links (e.g., Digital Object Identifiers (DOI), eprint IDs to
establish links between eprints and published papers), as well as the author
gender. The latter might be of interest to researchers involved in topics such as
“Women in Astronomy”; identifying an author’s gender may be feasible in fu-
ture with the help of initiatives like ORCID (Open Researcher and Contributor
ID)9 that are hoped to solve the name ambiguity problem in scholarly research.

It is also intended to establish additional links, for instance between tele-
scope bibliography records and press releases that feature specific papers, as
well as record detailed information about the observing dates so that the delay
from data acquisition to the publication can be computed.

9 Conclusion

The task of compiling telescope bibliographies has evolved considerably dur-
ing recent years, providing ever more detailed and sophisticated information
about the papers contained in the databases of large observatories. This trend
will continue in the future as management and funding agencies rely increas-
ingly on bibliometric studies in order to evaluate research output. It is impor-
tant that compilers collaborate and exchange ideas and solutions to common
problems in order to develop best practices and recommendations for estab-
lishing, maintaining, and using telescope bibliographies in a standardized,
reproducible manner.

Acknowledgement. The ESO Telescope Bibliography (telbib) and Full-Text Search
tool (FUSE) use NASA’s Astrophysics Data System (ADS) Abstract Services.
The authors wish to thank the ADS team for their excellent service to the entire
community.
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Summary. I outline the goals of the ‘Declaration concerning the Evolving Rôle of
Libraries in Research Centres’ and describe progress in obtaining its official adoption
as IAU policy.

The Observatory had two great libraries: one contained the printed word,

and the other the photographic records of the stars and their spectra. I

applied myself first to the former, and it is a course that I recommend to

every student.

Cecilia Payne-Gaposchkin, The Dyer’s Hand

1 Libraries in Astronomical Research Centres

Times have certainly changed since Payne-Gaposchkin made her recommen-
dation to young researchers, but her advice to learn what libraries have to
offer still holds good today. Gone are the days when library tables groaned
under the weight of opened volumes of abstracts and journals, as astronomers
gleaned results and bibliographical information in the preparation of their
articles: today’s researchers prefer to access the literature directly via their
laptops. Far fewer research workers frequent libraries now than was the case
before the advent of instant Internet access to journals. The rôle of the re-
search centre library has also evolved to adapt to the new technology; however,
that evolution has largely been a silent and invisible one, to such an extent
that some researchers, unaware of the librarian’s part in bringing digital liter-
ature to their laptops, have begun to wonder whether a space-occupying and
resource-consuming library is really necessary at all.

The way in which library services in astronomy have evolved is well rep-
resented in the six published LISA volumes (Wilkins & Stevens-Rayburn

A. Accomazzi (ed.), Future Professional Communication in Astronomy II, 119
Astrophysics and Space Science Proceedings 1, DOI 10.1007/978-1-4419-8369-5 13,
c© Springer Science+Business Media, LLC 2011

tjm@iac.es


120 T.J. Mahoney

Fig. 1. Libraries in research centres.

1989; Murtagh et al. 1995; Grothkopf et al. 1998; Corbin et al. 2003;
Ricketts et al. 2007; Isaksson et al., in the press). These volumes docu-
ment how the computer has changed from a peripheral to a central tool of
the astronomical librarian. Indeed, the technology has now reached such a
level of development that some see the library becoming entirely digital. But
what then, should be done with all those printed volumes. Do we need them?
Can’t we just ditch the printed copy altogether?

It was to address our concern ‘at the increasing invisibility of research
libraries vis-à-vis recent accelerated changes in publishing and reader-access
technology’ that a group of astronomical librarians and myself, while attending
FPCA I (Heck & Houziaux 2007),1 decided to work on a declaration that
would explain the new rôle played by modern research libraries (Mahoney
2007).

In a typical large research establishment the library may be seen as a
bibliographical and information resource for all other departments (Fig. 1).
Traditionally, the library has provided journals, magazines, textbooks, mono-
graphs, theses, conference proceedings and observatory publications in printed
form. Print is still (at the time of writing) important, but the librarian’s ac-
cession tasks now include the purchase of licences for electronic journals and
ensuring access to online databases and bibliographical resources such as ADS
(Fig. 2).

1 What became the ‘Declaration Concerning the Evolving Rôle of Libraries in Re-
search Centres’ was drafted subseqent to FPCA-I but was not part of the pro-
ceedings of that meeting.
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Fig. 2. The virtual library.

2 The Modern Librarian’s Tasks

Today’s librarians must offer a combination of traditional and new skills,
including:

– Providing up-to-date coverage of subjects of interest to the centre by the
acquisition of new publications

– Providing information to patrons
– Playing a part in ensuring continuity of the astronomical record from an-

tiquity to the present both in print and on line
– Providing access to scholarly information resources in all media and for-

mats
– Identifying, retrieving, organizing, evaluating, repackaging, filtering and

providing electronic access to digital information sources
– Maintaining access through license and other software purchase
– Adapting the librarian’s expert knowledge of information resources with

astronomer’s specialized subject knowledge
– Enhancing access through the librarian’s ability to identify and link pa-

trons to their required information needs.

It should be stressed here that a fair number of astronomical research
centres house priceless historical records in the form of observing logs, article
and book manuscripts, photographic plates and historical instruments. We
are surely all mindful of this at this meeting, which is being held on the
same site where, among others, Henrietta Swan Leavitt, Annie Jump Cannon,
Antonia C. Maury, Harlow Shapley and Cecilia Payne-Gaposchkin spent all



122 T.J. Mahoney

or most of their working lives.2 Even if records and instruments are eventually
housed in museums and archives away from the observatory, the library has
to play an important part cataloguing and keeping records.

A further point to note is that not all astronomical literature is available
online and there does not seem to be any prospect that this situation will
change in the near future. It is therefore vital that printed copies of journals
and documents are retained in sufficient numbers for the purposes of both
maintaining as complete a bibliographical coverage as possible and ensuring
the prolonged existence of the astronomical record for future generations of
researchers.3

3 ‘Not Fade Away...’

The Declaration urges librarians to become more proactive in promoting their
services to research centres. Generating and sharing information requires spe-
cialized knowledge of how to locate, filter, organize and provide access to that
information: librarians, as trained information scientists, combine all these
skills, yet, as already mentioned, application of those skills can pass unper-
ceived by researchers accessing astro-ph and ADS on their laptops. Librarians
therefore need to make researchers aware of their contribution to the smooth
running of research centres. Since librarians are now being asked to provide
a more wide-ranging service than was traditionally the case, library space
and staffing levels need to be maintained. It is also important to continue to
preserve comfortable and pleasant reading areas and recent journals sections
(a healthy antidote to laptop autism).

The Declaration closes by noting that the main astronomical research jour-
nals (ApJ, AJ, MNRAS and A&A) have tripled in size and price over the past
10 years. It calls on funding bodies to take this increased essential expenditure
into account and it urges research centres to distribute its financial resources
in a way to meet these costs while recognizing the relative importance within
the institution of the research library.

2 See Shapley (1969) and Payne-Gaposchkin (in Haramandunis 1984) for captivat-
ing first-hand accounts of life in Harvard College Observatory in the first half of
the twentieth century. See also Johnson (2005) for a brief account of the life of
Henrietta Swan Leavitt.

3 I have dealt with the issue of the need to maintain sufficient printed copies of
journals and books elsewhere (Mahoney 2007).
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4 Progress on the Declaration

Many astronomical librarians have now endorsed the Declaration (there were
15 signatures on the published version in The Observatory; Mahoney 2007).
The Declaration has also appeared in the Society for the History of Astronomy
Newsletter (Mahoney et al. 2008) and has been translated into Italian by Mon-
ica Marra of the Biblioteca dell’Osservatorio Astrofisico di Arcetri (Mahoney
2008). A Spanish translation in now in preparation.

The Declaration has also been reported in NRAO Library Updates
(Nunemaker 2008), Physics and Astronomy Library News (Johnson 2008).
As part of plans to get the Declaration adopted as official IAU policy, it was
reported (van der Hucht 2009) to Commission 5 (Documentation & Astronom-
ical Data) of Division XII (Union-Wide Activities) and a formal proposal will
be made to have the Declaration accepted at the XXVIII General Assembly
of the IAU in Beijing in 2012.
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Summary. The universe of potentially interesting, searchable literature is
expanding continuously. Besides the normal expansion, there is an additional
influx of literature because of interdisciplinary boundaries becoming more and more
diffuse. Hence, the need for accurate, efficient and intelligent search tools is bigger
than ever. Even with a sophisticated search engine, looking for information can
still result in overwhelming results. An overload of information has the intrinsic
danger of scaring visitors away, and any organization, for-profit or not-for-profit,
in the business of providing scholarly information wants to capture and keep the
attention of its target audience. Publishers and search engine engineers alike will
benefit from a service that is able to provide visitors with recommendations that
closely meet their interests. Providing visitors with special deals, new options and
highlights may be interesting to a certain degree, but what makes more sense
(especially from a commercial point of view) than to let visitors do most of the
work by the mere action of making choices? Hiring psychics is not an option, so a
technological solution is needed to recommend items that a visitor is likely to be
looking for. In this presentation we will introduce such a solution and argue that
it is practically feasible to incorporate this approach into a useful addition to any
information retrieval system with enough usage.

1 Introduction

Authors publish because they want to transfer information. An essential in-
gredient for this transfer is being able to find this information. Of course, it
is also in the interest of a publisher or somebody running a search engine
service to have efficient and intelligent tools for information discovery. As our
Literature Universe is expanding rapidly, finding your way in this deluge of
information can be a daunting task. Looking just at the SAO/NASA Astro-
physics Data System (ADS) holdings as of April 19, 2010, there are 1,730,210
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Fig. 1. Top: Records in the ADS as function of publication year. Bottom: Number
of records entered in the ADS.

records in the astronomy database, and 5,437,973 in the physics database,
distributed over publication years as shown in Fig. 1 (top). In astronomy,
as in other fields, the Literature Universe expands more rapidly because of
dissolving boundaries with other fields. Astronomers are publishing in jour-
nals and citing articles from journals that had little or no astronomy content
not too long ago. Figure 1 (bottom) shows how many records were entered
in the ADS during the period 1996–2010, in both the astronomy and physics
database. About 100,000 astronomy records have been added each year, since
2000, with the exception of 2007 when ADS received a large amount of meta
data from Springer and ARI (the Astronomisches Rechen-Insitut in Heidel-
berg, Germany). The large spike for physics in 2008 is due to the ingest of
CrossRef meta data.

How do you find what you are looking for and more importantly, informa-
tion you could not have found using the normal information discovery model?
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Fig. 2. The myADS weekly newsletter.

When you have some prior information (like author names and/or subject
keywords), you can use your favorite search engine and apply that informa-
tion as filters. There are also more sophisticated services like myADS (as part
of your ADS account, see Fig. 2 for an example and e.g. Henneken et al.
(2007) for more information), that do intelligent filtering for you and provide
you with customized suggestions. Alternatively, you can ask somebody you
consider to be an expert. This aspect emphasizes that “finding” essentially is
a bi-directional process. Would it not be nice to have an electronic process
that tries to mimic this type of discovery? It is exactly this type of information
discovery that recommender systems have been designed for.

2 Recommender Systems

Recommender systems can be characterized in the following way. Recom-
mender systems for literature recommendation. . .

– are a technological proxy for a social process
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– are a way of suggesting like or similar articles to a user-specific way of
thinking

– try to automate aspects of a completely different information discovery
model where people try to find other people considered to be experts and
ask them to suggest related articles

In other words, the main goal of a literature recommender system is to help
visitors find information (in the form of articles) that was previously unknown
to them.

What are the key elements needed to build such a recommender system?
The most important ingredient is a “proximity concept”. You want to be able
to say that two articles are related because they are “closer together” than
articles that are less similar. You also want to be able to say that an article is
of interest to a person because of its proximity to that person. The following
approach will allow you to do just that:

– build a “space” in which documents and persons can be placed
– determine a document clustering within this space (“thematic map”)

How do we build such a space? Assigning labels to documents will allow us
to associate a “topic vector” with each document. This will allow us to as-
sign labels to persons as well (“interest vector”), using the documents they
read. Placing persons in this document space can be used in essentially two
different ways: use this information to provide personalized recommendations
or use usage patterns (“reads”) of expert users as proxies for making rec-
ommendations to other users (“collaborative filtering”). As far as the labels
themselves are concerned, there are various sources we can distill them from.
The most straightforward approach is to use keywords for these labels. One
drawback that comes to mind immediately, is the fact that there are no key-
words available for historical literature. However, keywords are an excellent
labeling agent for current and recent literature.

Figure 3 shows a highly simplified representation of that document space,
but it explains the general idea. Imagine a two-dimensional space where one
axis represents a topic ranging from galactic to extra-galactic astronomy, and
where the other ranges from experimental/observational to theoretical. In this
space, a paper titled “Gravitational Physics of Stellar and Galactic Systems”
would get placed towards the upper right because its content is mostly about
theory, with an emphasis on galactic astronomy. A paper titled “Topological
Defects in Cosmology” would end up towards the upper left, because it is
purely theoretical and about the extra-galactic astronomy. A person working
in the field of observational/experimental extra-galactic astronomy will most
likely read mostly papers related to this subject, and therefore get placed
in the lower left region of this space. A clustering is a document grouping
that is super-imposed upon this space, which groups together documents that
are about similar subjects. As a result, this clustering defines a “thematic
map”. As mentioned, this is a highly simplified example. In reality the space
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Fig. 3. A simplistic representation of topic space.

has many dimensions (100–200), and these cannot be named as intuitively as
“level of theoretical content”. However, the naming of various directions in
this “topic space” is not something we need to worry about. The document
clustering is the tool that we will be working with. Now that we have estab-
lished this “topic space”, together with the document clustering (defining the
“thematic map”), how do we use this information to find recommendations?

Knowing to which cluster a new article has been assigned will allow us
to find papers that are the closest to this article within the cluster. The
first couple of papers in this list can be used as a first recommendation. The
more interesting recommendations, however, arise when we combine the in-
formation we have about the cluster with usage information. The body of
usage information is rather specific: it consists of usage information for “fre-
quent visitors”. People who read between 80 and 300 articles in a period of 6
months seems like a reasonable definition for the group of “frequent visitors”.
We assume that this group of frequent visitors represents either professional
scientists or people active in the field in another capacity. People who visit
less frequently are not good proxies because they are most likely incidental
readers.

To find recommendations from usage data, we determine a group of papers,
say 40, that are the closest to the new article within the cluster to which it
was assigned. On the basis of this knowledge, we can recommend the following
papers:

– the paper read the most directly before reading a paper from that group
of 40

– the paper read the most directly after reading a paper from that group
of 40
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– the most read paper by the persons who read a paper from the group of 40
– the most recent paper in the top 100 of the most also-read list from point 3
– the paper which cites the most papers in that group of 40

where the last recommendation includes citation statistics in the recommen-
dation. There are more recommendations than the ones mentioned above, but
these 5 give a good impression of what is possible.

3 Example

As an example, take a recent e-print from arXiv, which, besides the arXiv
subject headings, does not come with keywords. Assuming that the bibliog-
raphy of the e-print contains papers with keywords, we use its bibliography
to place the e-print in the document space. Once we know its position in this
space, we can establish to which cluster this document belongs.

Michael Kurtz (Kurtz et al. 2009) shows an example of the recommender
system applied to astronomy. The creation of the topic space for astronomy
included an additional step of creating a normalized keyword set, because
the set of documents used to create the topic space did not share a unique
keyword system. The normalized keyword set is essentially a set of identifiers
to which the keywords are mapped, using a number of filters and translation
rules. Here we want to show an example taken from the physics literature.
It was more straightforward to create a topic space for physics because of a
large body of documents sharing a unique keyword system: the subject codes
from the Physics and Astronomy Classification System (PACS). The topic
space was constructed from articles that appeared in the Physical Review
(A,B,C,D,E and Letters), Physics Letters (A,B), Reviews of Modern Physics,
Nuclear Physics (A,B), the Journal of Chemical Physics and Applied Physics
Letters, during the period 1995 through 2009. The resulting data set consisted
of 144,110 articles. These articles were clustered into 100 clusters containing
about 1,000 articles each, on average, using the clustering toolkit “CLUTO”
(Karypis 2002) and the statistical toolkit “R” (R Development Core Team
2008). For usage data we used the anonymized arXiv usage logs for the period
of July through December of 2009.

The example below takes a recent e-print (arXiv:1004.1856), titled “The
Hubble Constant” by Wendy Freedman and Barry Madore. The bibliography
of this e-print allowed us to assign it to a cluster. Based on this cluster as-
signment and the usage data (see above), the overview of “Related Articles”
was constructed as shown in Fig. 4. All related articles deal with the struc-
ture of the Universe and aspects that are related to it, both observational and
theoretical. Just from its title “An excess of cosmic ray electrons at energies
of 300–800 GeV”, you might wonder why the Nature article (Chang et al.
2008) is among the recommendations. But at closer inspection we see that,
among others, the following subjects are discussed in its contents: supernova
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Fig. 4. Example of Literature Recommendation. The section of “Related Articles”
has been constructed using PACS identifiers and anonymized usage logs.

remnants, dark matter particles and the Wilkinson Microwave Anisotropy
Probe (WMAP). These are highly relevant to cosmology in general and the
structure of the Universe is particular (see e.g. Spergel et al. 2003). The au-
thors conclude “If the Kaluza-Klein annihilation explanation proves to be
correct, this will necessitate a fuller investigation of such multi-dimensional
spaces, with potentially important implications for our understanding of the
Universe”, a cosmological statement you might not have expected by just
looking at the article title. In this sense the recommender system is not unlike
an oracle from Ancient Greece, known for their often cryptic answers. The
point we are making here, is the following: the title of an article, and even
its abstract, only contain a superficial representation of the article content.
Indexing the full article text will obviously result in the best representation
of its content, but at the cost of significantly more processing and complexity.
One would assume that the key aspects of an article are accompanied with
citations of relevant literature, which should make the article bibliography
an accurate representation of its content. If keywords classify articles with
sufficient accuracy, keywords should therefore be sufficient to base a recom-
mender system on. This illustrates another point with respect to the Nature
article we just discussed: because our example was based on the physics liter-
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ature, using PACS identifiers, all articles from e.g. The Astrophysical Journal
in the bibliography did not participate in the analysis, because they use a
different keyword system. Therefore, a recommender system should use la-
bels, in our case keywords, that represent the whole body of literature it is
intended for. This means for fields like cosmology and cosmic ray physics, for
example, that our recommender system should use both the PACS identifiers
and the normalized keyword set, mentioned earlier, in conjunction for optimal
accuracy.

4 Concluding Remarks and Discussion

The technique used to build the recommender system has been around for
quite a while. As early as 1934, Louis Thurstone wrote his paper “Vectors of
the Mind” (Thurstone 1934) which addressed the problem of “classifying the
temperaments and personality types”. In this paper he extended and gener-
alized Spearmans method of factor analysis into what is called the “Centroid
Method” and which became the basis for modern factor analysis. Peter Ossorio
(1965) used and built on this technique to develop what he called a “Classi-
fication Space”, which he characterized as “a Euclidean model for mapping
subject matter similarity within a given subject matter domain” (Ossorio
1965). Michael Kurtz (1993) applied this “Classification Space” technique to
obtain a new type of search method. Where the construction of the “Classi-
fication Space” in the application by Ossorio relied on data input by human
subject matter experts, the method proposed by Michael Kurtz builds the
space from a set of classified data. Our recommender system is a direct exten-
sion of the “Statistical Factor Space” described in the appendix “Statistical
Factor Spaces in the Astrophysical Data System” of this paper by Michael
Kurtz.

We still need to answer the following questions: How stable is the recom-
mender system? What is the best way to update the system? Do we want
to allow cluster overlap when creating the thematic map in the topic space?
Do keywords really describe the document universe with sufficient accuracy?
What do we do with the body of literature for which no keywords are avail-
able? Can we optimize the system so that we can provide recommendations
“real-time”?

In order to analyze the stability of the recommender system, we need to
explore the dependence of its results on assumptions and simplifications that
lie at the basis of the system. For example, we clustered the topic space into
100 clusters of about 1,000 articles on average per cluster. The number of
papers (40) we selected for also-read analysis was arbitrary. If we vary these
numbers, the results will undoubtedly vary. The main question is: do the
results stay relevant?
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The Literature Universe keeps expanding, and therefore the topic space
needs to be updated on a regular basis. Do we have to recalculate it from
scratch, every time, or is there a smart way to update it incrementally? It is
probably a bit of both.

We probably should allow articles to be members of multiple clusters. For
example, there are papers that are interesting to some people because they
discuss e.g. an observational technique or instrument, and interesting to others
because they provide information on a particular astronomical object.

Whether keywords really describe the document universe with sufficient
accuracy is directly related to the question of whether a keyword system is
sufficiently detailed to classify articles. We assume the latter is true. Having
said this, we do realize that a keyword system can never be static because of
developments within a field and because of diffusing boundaries with other
fields. We use the keywords provided by the publishers, so the scope and
the evolution of the keyword spectrum is out of our hands. It also means
that a recommender system based on publisher-provided keywords has one
obvious vulnerability: if a major publisher would decide to stop using keywords
(e.g. PACS identifiers), it would pose a significant problem.

One way to build a recommender system without the use of keywords is to
use Latent Semantic Indexing. This would also take care of the body of litera-
ture for which we do not have keywords, for example historical literature. It is
probably not sufficient to index just article abstracts, because of the reason we
mentioned in the previous section. However, if we were to index the abstract
of an article together with the abstracts of the articles in its bibliography, the
level of accuracy would probably be acceptable. This approach is more noisy,
but there is enough redundancy in the data to find correlations of a strength
similar to the ones we find when using keywords.

The part of the recommender system that needs the most computing power
can be pre-computed: the topic space and the resulting clustering. The “real-
time” part consists of assigning a document to a cluster and essentially in-
tersecting a subset of articles from that cluster with usage data. These data
sets are small enough to be processed “real-time”, so we feel that providing
visitors with recommendations “on the fly” is an achievable goal.

We conclude that a recommender system is feasible for any information
retrieval system containing sufficient meta data to classify its records and with
a large enough set of regularly returning visitors, providing either implicit
(“click stream”) or explicit feedback. Prototype results seem to indicate that
using a keyword system for article labeling provides a meaningful literature
recommender system. We realize that a different approach will be necessary
to include records without keywords.
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Summary. In the current era of data-intensive science, it is increasingly important
for researchers to be able to have access to published results, the supporting data,
and the processes used to produce them. Six years ago, recognizing this need,
the American Astronomical Society and the Astrophysics Data Centers Executive
Committee (ADEC) sponsored an effort to facilitate the annotation and linking of
datasets during the publishing process, with limited success. I will review the status
of this effort and describe a new, more general one now being considered in the
context of the Virtual Astronomical Observatory.

1 Introduction

Links between papers in ADS and data products hosted by astronomy archives
have existed since 1995. These links have been created and curated by librar-
ians and archivists as part of the data center’s effort to collect information
about the scientific use of the data being hosted by the archive. The links
provide more than just useful connections between bibliographic records and
observations that allow users to access related material. They represent part of
the scientific artifacts created during the research lifecycle of an astronomer,
and as such are needed to fully document and describe the research activity
itself (Accomazzi 2010).

One obvious benefit which comes from maintaining such links is the ease
with which one can generate metrics about the scientific impact of the ob-
servations in the form of published papers or citations. Thus, in a highly
competitive scientific discipline such as astronomy, maintaining the complete
record of paper-data connections has become an accepted way to evaluate a
project, mission, or even an entire research field (Grothkopf and Lagerstrom
2010; Trimble and Ceja 2010). The metadata collected during the creation
of links maintained by ADS and its collaborators have so far been limited
to some very basic information about the location of the resources linked
together. Typically these are simple mappings of ADS’s bibliographic identi-
fiers (bibcodes) and URLs pointing to one or more particular data product(s)
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Fig. 1. Links between an ADS record, the full-text manuscript hosted by a publisher,
and data products available from MAST and Chandra.

hosted by an archive. The ADS record will of course also have a link to the
published paper itself, acting as a “bridge” between the manuscript and the
data described therein. Figure 1 shows the connection between a paper and
data products available from the Multimission Archive at Space Telescope
(MAST) and the Chandra X-Ray Archive.

2 Development of Dataset Linking Infrastructure

In 2002, it became apparent that the methodology adopted to create, main-
tain and share these linkages could be improved. Thus, in 2003, the NASA
Astrophysics Data Centers Executive Council (ADEC) and the AAS journals
issued guidelines aimed at improving the situation (Eichhorn 2004). This new
effort was aimed at addressing four separate issues in the management of these
links: their curation, naming, resolution and persistence.

The creation of links to data products has been a time-consuming activity
usually carried out by a librarian or archivist. Rots et al. (2004) describe the
effort required to perform this activity, which typically consists of scanning the
literature to identify which papers mention one or more data products from
a particular archive, and then link those papers with the relevant datasets.
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In 2004, in order to facilitate this activity, and in coordination with the
ADEC proposal, the Astrophysical Journal introduced the capability for au-
thors to properly tag the datasets analyzed in the paper. This introduced a
mechanism to formally “cite” data in a way similar to how scientists cite other
papers. According to this plan, citations to data products would be vetted by
both editors and referees during the manuscript editorial process, and links
would be created to the corresponding data products as part of the process
which generates the online HTML version of the paper. The correlation be-
tween a paper and the datasets referenced therein would then be propagated
back to the ADS and the participating data centers via metadata exchange.

The implementation of this linking proposal would not only benefit end-
users, but would potentially provide significant savings in the curation efforts
of archivists and librarians, who could now harvest these linkages directly
from ADS, thus reducing the need for the manual scanning of the literature.

In order to properly cite the datasets in the literature, the ADEC and AAS
adopted a standard way to uniquely identify data resources based on the IVOA
Identifier standard (Plante et al. 2006). The proposed system of nomencla-
ture (Accomazzi and Eichhorn 2004) provided a standard for dataset iden-
tifiers which featured some important properties. Among them: uniqueness
(one resource corresponds to a single identifier), and persistence (identifiers
do not change even when data products are migrated to a different archive).
The identifiers were designed to support the naming of resources with a broad
range of granularity and included a “public” prefix identifying the archive or
mission that generated the dataset as well as a “private” key identifying the
data item within a specific collection.

In order to ensure the proper use and persistence of links to datasets, the
ADEC charged the ADS with the task of setting up a verification and reso-
lution service for dataset identifiers. In this role, the ADS would act as the
registration authority on behalf of the community, creating the infrastructure
necessary to enable the dataset linking. During copy-editing of a paper, the
editors would use an automated tool provided by ADS to verify that a par-
ticular dataset identifier is known and can be resolved to an online resource.
Upon successful verification, the identifier would be incorporated into the pa-
per with a link to a resolution service provided by ADS (rather than a simple
link to the current URL for the resource). This model provides a level of redi-
rection which can be used to properly track a dataset if and when it moves
from one archive to another, and allows the resolver to provide options should
multiple versions of a data product be available. A complete description of
this implementation can be found in Accomazzi et al. (2007). Elements of
this architecture are similar to the Digital Object Identifier standard used for
the persistent linking of scholarly publications, which is discussed in Sect. 4.
However, this system was designed to be fully managed by the astronomical
community requiring a minimal level of effort for institutional buy-in.
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3 Current Status

Six years have passed since the introduction of the dataset linking
infrastructure, so now is a good time to take stock of this effort. From a
system design point of view, some of the features that made the implemen-
tation of this system attractive have, in retrospect, proven to be obstacles
to its long-term success. Chief among all problems with the registration of
dataset identifiers has been enforcing their persistence. Since data products
ultimately reside within archives that participate in the ADEC but which are
run independently of each other, the implementation and maintenance of ser-
vices that provide access to the data is left to the archives themselves. Given
that the thrust of this effort is completely voluntary, there is no contract or
reward system which can be leveraged to enforce the long-term resolution of
and access to a particular dataset. Experience shows that unless requirements
for the preservation of these linking services become part of the archive oper-
ations, a simple system upgrade is enough to break valuable links to dataset
resources. As an example, over 200 dataset identifiers which were published
in a 2004 ApJ Supplement special issue on the Spitzer Space Telescope are
no longer resolvable due to a change in the Spitzer Science Center interface.

Unfortunately the adoption and use of dataset identifiers in the literature
has not been a success story. Citations to datasets began appearing in 2005
and increased in the following 2 years, peaking in 2007, before decreasing in
2008 and finally going down to zero in 2009 (see Fig. 2). The reasons for this

Fig. 2. The number of links to data entered in AJ and ApJ papers as part of the
ADEC/AAS dataset linking effort.
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reversal are not entirely clear, but can probably be attributed to a variety
of factors. First and foremost, even though the ADEC approved a policy en-
couraging archives and users to make an effort to more widely publish dataset
identifiers, anecdotal evidence shows a low level of awareness from scientists
of this possibility. Researchers tend to be busy and, unless properly coached
by editors and archivists, will easily overlook new demands or stipulations re-
quiring additional work on their part. In addition, data archives don’t always
make it obvious how a particular dataset (or data file) should be cited in the
literature by the scientists who make use of the data in their research. Since
astronomers have been accustomed to referring to the data they have used
in terms of specific observations or regions of the sky, this general practice
is still used. Rather than unambiguously identifying the data using dataset
identifiers, astronomers describe how the data can be obtained. While this is
a reasonable way for an author to convey the necessary information about the
data being studied, it obviously defeats the goal of creating persistent, unam-
biguous, machine-readable links to the data products. Finally, it was hoped
that after the initial adoption of the standard for dataset identifiers within
the ADEC more data centers and more journals would follow suit, but this
did not materialize. The critical mass and community awareness necessary to
make this common practice was never reached.

4 A Way Forward

Despite the lack of adoption from the community of the proposal described
above, every scientist, librarian and archivist agrees that preserving data prod-
ucts and publishing links to data in the literature is a worthwhile effort. We
believe that at this point in time we should even be more ambitious, and
recognize that in fact for our discipline to flourish in the digital era all arti-
facts related to the research lifecycle need to be available online, and properly
interlinked (Accomazzi 2010). Thus, the issue of creating links from the liter-
ature to data products can be recast in a wider scope – the preservation and
interlinking of digital assets in astronomy. The use of the term “digital as-
sets” in this context refers to artifacts used and generated during the research
activity of an astronomer. This includes observing proposals, observations,
archival data from surveys and catalogs, observing logs, tables and plots that
are published in manuscripts. In short, we advocate capturing all the data
and knowledge that has gone into the research activity itself, with the aim
of providing a digital environment that can support the repeatability of the
research described in a publication. While there are many possible implemen-
tations of a digital environment for data preservation, it is clear that any such
effort must satisfy a set of principles. Below we identify some of the basic
requirements that we believe will need to be addressed in the near future.



140 A. Accomazzi

4.1 Management of Digital Assets

First, one should consider the issue of nomenclature and persistence of digital
assets. Since we can expect that the data referred to in a paper will be hosted
on a distributed set of digital repositories, naming and linking standards need
to be clearly defined and adopted in order to create persistent links to such
resources. The solution proposed by the ADEC was primarily designed to sat-
isfy the requirements of uniqueness and persistence for data already available
in well-established archives using community-developed standards. While this
approach is technically sound and seemed at the outset to provide the best
solution to the problem, new technologies and standards since developed by
the digital library community now offer attractive alternatives that should be
considered. For the creation and management of unique identifiers, the Handle
System is a general purpose distributed information system for the minting
and resolution of unique identifiers on the internet. The Digital Object Iden-
tifier (DOI) system is an application built upon the Handle system and is
widely used by the digital publishing industry. Organizations making use of
the DOI system agree to a business model that requires the deposit and active
curation of metadata for the digital assets registered in the system, and are
subject to fines if found to be in breach of the DOI Foundation rules. This
elevated level of commitment provides a certain level of assurance that the
digital assets registered in the system will be properly maintained. In addition,
the DOI foundation explicitly imposes requirements on its members to ensure
the long-term survival of the system. For instance, should one of its members
cease operations, the DOI resolution of its content would be transferred to
other members of the foundation. When it comes to the preservation of data
products, this type of long-term commitment has never been formalized or
made explicit by most of the publishers, societies or even astronomical data
centers (except for the case of the active NASA missions, whose digital assets
are transferred to archival centers at the end of a mission). However, it is
exactly the type of commitment we believe is essential for our community to
make at this time.

4.2 Archival and Preservation

In order to enable the publication and broader re-use of scientific high-level
data products, researchers should be required to upload such data to one
or more trusted, community-curated, digital repositories. Not only does this
requirement allow repeatability of experiment and analysis, but it promotes a
level of transparency and trust that is an important component of the scientific
discourse.

While much of the tabular data now published in scientific articles ends
up being stored in services such as NED and Vizier, a significant amount
of supplementary material does not make it into such archives. To be sure,
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authors are often encouraged to submit machine-readable versions of the data
(or even computer code) as supplementary material submitted to the journal,
but the uniformity, longevity, re-usability and discoverability of such material
are at this point highly inconsistent and questionable. In addition, no explicit
or common migration plan has so far been defined by publishers or learned
societies, so future access and curation of these assets is not assured. We be-
lieve that it is essential to encourage the deposit of digital assets in a wide
range of trusted repositories curated by the community in collaboration with
the journals. The kind of material deposited in such repositories will supple-
ment the products which are currently curated by projects such as NED and
Vizier, and consist of anything which does not fit in the typical description of
a data table or catalog. This may include published images, plots, observing
notes, workflows, software, intermediate results, and large data collections.
In order for these data products to be useful, it is essential for the user to
deposit and for the repository to expose not just raw data but also its related
metadata. This should include, at a minimum, a description of the datasets
in the sample, a set of applicable keywords, and some notes relating the data
in question to the published paper(s) in which they were used.

The need to create a digital infrastructure in support of these activities is
increasingly being recognized both in the US and in Europe by funding agen-
cies such as NASA, the NSF, JISC and digital preservation programs are now
being defined (Choudhury et al. 2007). In particular, the NSF DataNet Data
Conservancy program has established as one of its goals the support of scien-
tific inquiry through the adoption of a comprehensive data curation strategy.
Today there are a number of open-source digital repository systems available,
some of which have already been deployed by universities and projects involved
in preserving digital institutional assets (e.g. Fedora or DSpace). Other initia-
tives, such as the Dataverse Network (King 2007), provide a scientist-centered
framework for storing data products associated with publications and encour-
age their citation through the use of unique, permanent dataset identifiers
based on the Handle system.

5 Discussion

Even though there is general agreement that publishing and citing data is a
noble goal and worthwhile effort, the experience of the ADEC data linking
effort has shown that it takes sustained community engagement to turn a
proposal into a successful activity. When many people and organizations are
involved in providing crucial components of such a distributed system, the
risk of multiple points of failure becomes significant and can ultimately spell
the demise of even the best thought-out technical scenario. Rather than giving
up on this worthwhile idea, we should take the failure of adoption as a learn-
ing opportunity to devise a more robust system that can not only provide
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links to existing datasets available from well-established archives, but also
provide the capability of storing author-supplied data and metadata related
to publications.

In the long run, it is likely that there will be an ecosystem of different repos-
itories and technologies used for the preservation of research products. Some
of them will be more focused on actively capturing and curating datasets, as is
today done by projects such as Vizier and NED, and others which will provide
an infrastructure which can be used by scientists and publishers to self-manage
data products associated with published papers. The overarching goal of such
systems should be to provide useful services to the astronomy community
and guarantee that the data deposited in such repositories will be properly
curated and preserved for the foreseeable future. This includes providing a
migration path for obsolete data formats, curating and exposing metadata of
digital assets in the repository, and providing discovery services to its content.
This commitment comes at a cost, which should be shared by the community
as part of the effort which funds the infrastructure supporting astronomical
research. In addition, it is essential that we promote and encourage policies
that foster and facilitate the growth of the digital scholarly environment that
the Virtual Observatory has been envisioning. The recent funding of digital
preservation frameworks such as the Data Conservancy project suggests that
the time has come for the VO to play a major role in the capture and preser-
vation of the astronomy research lifecycle. We look forward for the members of
the International Virtual Observatory Alliance to take a pro-active role over
the next decade in order to make this vision a reality.
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1 The Times They Are a-Changin’

We live in interesting times. Modern technology is turning much of our world
upside-down and inside-out; this is especially true in the realm of communica-
tion. This conference, the latest in a long series organized by André Heck and
his collaborators, has made it clear where we are, how we got here, and (so
far as one can see into the future) where we go from here for the professional
communication between astronomers, and with the general public.

The rate of change in the last 20 years has been astounding, centuries old
traditions and methods have been replaced in but a twinkling of the historical
eye. In the last 20 years:

1990: CDS/Simbad was nearing 10years old, NED had just been started.
There were no electronic journals, but discussions had been started. ADS did
not yet exist; nor did arXiv.

2000: All astronomy journals were electronic; arXiv had become the domi-
nant provider of newly published articles; ADS had replaced the print libraries
as the source of journal articles.

2010: Journals are beginning to cease production of their paper editions;
many young scientists have never used a paper journal. Several initiatives are
working toward the direct publication of data.

2 Some Things Stay (Somewhat) Stable

The principal goal of professional communication is just that: professional
communication. This is where the new technologies are making the largest
impact. As both André and John discussed in their introductory talks, there
are other considerations.

Recognition, Validation, Preservation are among the secondary goals of
the communication process. The new dissemination techniques have not fully
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addressed this, a great deal of discussion at this, and other venues, involves
these issues.

ArXiv, perhaps, represents the issues most clearly. While the journals con-
tinue to fulfill the recognition, validation and preservation roles, arXiv has
already taken over the distribution and awareness functions. In money terms
the per article cost of arXiv is less than 1% that of the journals and arXiv
does not require an army of referees to work for free. The timeliness of the
publications is perhaps the greatest “cost.” Are the benefits of the referee
required revisions worth the 6 month delay?

Does the hiring and promotion process require the validation and recog-
nition step of publication in a well-cited refereed journal? We cannot all be
Grisha Perelman.

Publishers and journals are working to provide better services; refereed
data and rich semantic tagging seem two promising directions.

3 The End of Paper – Implications

The millennia long reign of paper as the medium of communication is clearly
at its end. While authors and publishers have more or less been able to adapt
to the change from paper based to electronic printing, the organization most
affected by the change is the library.

Libraries were formed as local information centers. With the advent of
wide area networking, local information stores are much less needed. Of the
10,000 or so arXiv papers per month read at Harvard, none is stored in
Cambridge; 97% of the more than 12,000 journal article downloads per month
originating at Harvard, and via ADS, also come from sources physically out-
side Cambridge.

As printed paper changes from active research tool to historical artifact,
the physical nature of libraries will change. Many libraries will find more com-
pelling uses for their physical space than as centers for archival preservation.

The intellectual contributions of librarians will also change. Till now a sub-
stantial portion of a librarian’s responsibility has been choosing what items to
have in the library. This has now evolved into which electronic licenses to pur-
chase. As the funding models for electronic publishing change from the pa-
per/library based model, in particular as Open Access models become domi-
nant, this responsibility will become less important.

In the past couple of decades new, electronic libraries have been created
with fully globally distributed clientele; CDS, ADS, MAST and the Chandra
and ESO archives are examples. These new libraries are developing joint op-
erational capabilities through the standards and protocols being developed by
the virtual observatory projects, IVOA, VAO, EuroVO, etc.

Librarians are now taking the lead in developing and maintaining
productivity measures for individuals, projects, and facilities. They are
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increasing acting as creators of meta-data, organizing data-bases of individu-
als, observations, instruments, and many other, often abstract, topics.

Librarians are likely to be the glue which holds our vast digital resources
together.

4 New Forms of Scholarship

Perhaps the most obvious “new” form of scholarly output is the data-base.
This is not exactly new; catalogs and atlases have long been important schol-
arly works. The Sloan Digital Sky Survey is a clear descendant in an ancient
process which would include the 150 year old Bonner Durchmusterung and
the 50 year old Palomar Observatory Sky Survey.

Recognition, Validation, and Preservation are all serious issues for modern
scientific data projects.

Often the key finding of a research project can be shown in a single graph
or chart. Normally these would be included in a journal article, and after a
significant delay. Modern technology makes it quite possible to publish single
atoms of information, perhaps as blog entries. Will things like this happen?

For me the most exciting new development in scientific communication
is the introduction of provenance or work-flow systems. These are basically
publishing systems which allow one to encode and share exactly how a result
was obtained, in such a manner that portions can be extracted and reused on
different inputs. Twenty something years ago Alberto Accomazzi and I wrote
down the steps necessary to get calibrated photometry of galaxies from glass
copies of the POSS. There were more than 150 (sometimes quite complex)
steps, with a large number of data dependent decision points and looping
branches. It would have been nice to be able to share this, certainly at the
time we published the redshift survey based on the photometry.

The most important first use of provenance systems in astronomy will
likely be to publish the details of the pipeline processing systems for our
largest and best used instruments.

5 Coming Attractions – FPCA-III

In a few years many of us will likely meet again to discuss how things are and
how things have changed. Much of what has been presented at this meeting
will still be of current interest, but for some topics we will have moved on.

The journal of the future will be well underway in a few years, dense inter-
linking and interactive graphics are high on the list of possible improvements.

Progress, perhaps mediated by government access mandates, will have
been made in developing new funding mechanisms for scholarly communica-
tion. Perhaps some will see a final stable solution for the future (perhaps not).
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The role of the journals in the vetting and archiving of the data used in
articles will continue to be defined.

Librarians will continue to re-define their roles and responsibilities.
ADS will have yet another nifty new feature.
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colloquium on the Future Professional Communication in Astronomy
(FPCA II), held at Harvard-Smithsonian Center for Astrophysics (Cambridge,
MA) on 13–14 April 2010.

This meeting provided a forum for editors, publishers, scientists, librarians
and officers of learned societies to discuss the future of the field. The program
included talks from leading researchers and practitioners and drew a crowd of
approximately 50 attendees from 10 countries.

These proceedings contain contributions from invited and contributed
talks from leaders in the field, touching on a number of topics. Among them:
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