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Open access to the scientific literature re-
mains a controversial area. To adequately
summarize the different arguments and
opinions on the matter could easily fill an
entire book (Willinsky, 2005). In this
commentary, we present the perspective
of an open access publisher.

Since BioMed Central launched its pi-
oneering open access journals in 2000,
massive progress has been made toward
opening up the scientific literature. In the
last year, the pace of change has noticeably
accelerated, as practical evidence demon-
strating the strength of the open access
model accumulates.

In the early days of the open access
movement, critics expressed concern
about the likely quality of peer review un-
der an open access model. The Thomson-
IST statistics (such as the Genome Biology
2005 impact factor of 9.71) have mostly
addressed such criticisms, however. Im-
pact factors are not a perfect measure of
journal quality, but they are, by far, the
most widely used objective metric for re-
search assessment, and it seems clear that
the open access model is entirely compat-
ible with high standards of peer review.

Another frequently raised concern is
that open access might not be economi-
cally viable or affordable by the scientific
community. However, two reports on the
economics of science publishing, com-
missioned by the Wellcome Trust (2003)
and by the European Commission (Euro-
pean Commission Directorate-General
for Research, 2004 ), have both concluded
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that open access publishing can be ex-
pected to be more efficient than the tradi-
tional model and so should, in fact, be
more affordable for the scientific commu-
nity. The recent news article in Nature on
the finances of Public Library of Science
(Butler, 2006), which suggested that open
access publishing might not be economi-
cally sustainable, attracted a strongly
worded rebuttal from P. Peters (Peters,
2006) of the Hindawi Publishing Corp-
oration, which already operates a profit-
able commercial open access publishing
business.

An important factor in the recent
growth of open access is active support
from research funders. Major research
funders are no longer willing to let pub-
lishers tell them what they can and cannot
do with their own research, and this has
resulted not just in words but in concrete
actions by funding agencies that are deter-
mined to maximize access to the research
that they have funded.

The National Institutes of Health
(NIH) Public Access Policy (http://public
access.nih.gov/), launched in February
2005, was an important starting point, al-
though the decision of the NIH to “re-
quest” rather than to “require” authors to
comply with its policy has resulted in a
very low compliance rate of <4%, as of
January 2006 (National Institutes of
Health, 2006). In contrast, the Wellcome
Trust was the first major biomedical
funder to require funded researchers to
deposit resulting research in an open ac-
cess archive as a condition of their grant
(Wellcome Trust, 2005). Several of the
United Kingdom Research Councils have
since followed suit (Research Councils
UK, 2006).

This explicit support from funders has

been an important factor in the continued
growth of open access, because it means
that authors increasingly have the confi-
dence to publish in open access journals,
knowing that their funder encourages
such publication and will recognize the
value of such publications when it comes
to evaluating future grant proposals.

One of the most direct demonstrations
of the progress of open access in recent
years is the sustained and rapid growth in
submissions to the BioMed Central open
access journals over the 6 year period
since launch (Fig. 1). This growth has con-
tinued even as the number of open access
choices available for authors has increased
dramatically. More and more well estab-
lished publishers are recognizing that the
rules of the game have changed and that
they will have to adapt. For example, in
first 2 weeks of August 2006, three major
publishers (the BMJ Publishing Group,
Cambridge University Press, and Wiley)
all introduced new open access options
for authors publishing in their journals.

In young but rapidly growing fields
such as bioinformatics, genomics, and
systems biology, open access publications
are increasingly the norm rather than the
exception. More broadly, many would ar-
gue that open access is clearly on the way
to becoming a reality. It is therefore worth
revisiting why open access is important.

There are many important benefits of
open access that have helped to drive its
adoption. Immediate barrier-free access
to previous publications certainly makes
the research process more efficient. The
lack of barriers is especially important in
facilitating work that spans multiple disci-
plines (for example, computer scientists
and mathematicians need easy access to
the latest biological research if they are to
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be able to effectively spot opportunities
for collaboration with biologists in areas
such as systems biology). Open access also
particularly helps those at less well funded
institutions, and in developing countries,
whose access under the traditional model
is especially constrained. The transpar-
ency of the “article processing charge”
also promises to deliver a more efficient
marketplace for scientific publications,
keeping costs down.

There is another reason, however, why
open access is not just desirable but critical
to the future of biomedical research. The
rate at which biomedical knowledge is being
generated is exploding as a result of in-
creased investment and the use of high-
throughput genomic and proteomic tech-
nologies. This already creates a huge
problem of information overload for re-
searchers, who cannot possibly keep up with
all of the research articles being published in
their field. Similarly, curators of molecular
function databases such as Uniprot are in-
creasingly finding that it is difficult or im-
possible to keep up with the published re-
search results that need to be captured and
translated into database annotations.

The only feasible solution to this prob-
lem is to develop better systems to help re-
searchers work with the literature. Ideally,
the current state of biological knowledge, as
reported in peer-reviewed research articles,
needs to be captured by automated tools
that will allow researchers to easily identify
relevant facts, conflicts, or correlations,
wherever they may be hidden.

An important consequence is that, in
the future, the readership of research arti-
cles will include not only humans but also
the many computerized systems that will
be scanning the literature to add the rele-
vant material to their knowledgebase.
Open access to raw data and to original
research articles is critically important to
the development of such tools (Table 1),
which is why BioMed Central makes its
entire full text XML corpus of >18,000
articles freely available for download and
mining (http://www.biomedcentral.com/
info/about/datamining).

Text mining is often used to describe
the process of taking unstructured text
and attempting to infer structure and
computer-readable knowledge from it.
Unfortunately, accurately disambiguating
what an author meant when writing an
article turns out to be an immensely diffi-
cult task. As a trivial example, when genet-
ics researchers use the term “hedgehog,”
they may conceivably be referring to the
proverbial hedgehog (compared with the
proverbial fox). More likely, they are re-
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Publications and data are a continuum:
Publications refer to data
Publications include data
For text mining purposes, publications are data

To make sense of the flood of publications and data resulting from post-genomic research, the community needs:

The best possible tools for mining this material”
The widest possible availability of material to be mined”

“These two factors are linked, because open access stimulates innovation in the creation of tools: open access means that anyone with a good idea for mining

the literature can immediately put it into practice.

ferring to one of the hedgehog gene fami-
lies, but it is hard for an automated system
to know for sure (Mons, 2005). Similarly,
many automated systems would be con-
fused by a statement such as, “We sus-
pected that protein A bound to protein B,
but subsequent investigation showed this
not to be the case.” This type of problem
makes natural language processing into
an interesting academic challenge, but
there seems to be no immediate prospect
of a fully satisfactory solution.

But perhaps human authors can meet
computer systems half way. Perhaps in the
future, an important part of publishing a
scientific paper will be to ensure that the
pertinent new “facts” reported in the paper
are expressed in an unambiguous way so as
to facilitate their interpretation by auto-
mated systems, which will then allow richer
and more accurate tools to be created to
mine data and synthesize knowledge.
BioMed Central is actively working, both
with the academic community and with
other publishers, to develop standards and
tools for the semantic enrichment of the
scientific literature. One example of this is
the Neurocommons project (http://www.
neurocommons.org/), which aims to de-
fine best practices for semantic enrich-
ment by using a combination of
automated tools and manual annotation
to add semantic tags to a small example
corpus of neuroscience research articles.

The challenges involved in persuading
authors to add structure to their research
articles should not be underestimated,

however. Whereas adding structure to a
manuscript may deliver long-term bene-
fits for future researchers, it is likely to
involve an extra short-term effort on the
part of authors. How can authors be per-
suaded that this effort is worthwhile?
There are a few key principles that may
help. First and most importantly, the pro-
cess of adding structured information to
an article needs to be made as easy as pos-
sible. Ideally, the process of adding struc-
ture should actually be streamlined to the
point that it can actually provide a net sav-
ing of effort for the author. Smart auto-
completion of complex terms (such as
protein, chemical, or gene names), en-
forcing standard formatting and spelling,
while allowing disambiguation, may be
one way to achieve this. Second, the payoff
needs to be made as immediate as possi-
ble. If authors go to extra effort during
manuscript submission, they need to re-
ceive some kind of reward immediately.
For example, if an author submits clinical
trial data in a highly structured way de-
signed to facilitate meta-analysis, it would
make sense to provide the author a pro-
visionally updated meta-analysis incor-
porating their as yet unpublished data,
following submission. Finally, the prob-
lem of capturing structured knowledge
is far too big to address all at once. It
needs to be approached in manageable
chunks, first identifying a small amount
of structured information that authors
can provide reasonably easily, and grad-
ually building from there to capture
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more structured information as the
tools improve and the benefits become
increasingly evident.

The importance of such tools was
highlighted recently by C. Sander, head of
the Computational Biology Center at the
Memorial Sloan-Kettering Cancer Cen-
ter, who used his keynote at the ISMB
bioinformatics conference in Brazil to an-
nounce the “Cashew prize,” which will be
awarded to the creator of the best tool for
assisting authors to conveniently express
the pertinent facts reported in their
article, in an unambiguous computer-
readable form. This is a challenging goal,
but a vital one.
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