
Creating Electronic Public
Libraries of Scientific

Knowledge



The U
S governm

ent spends close to $50
billion every year on scientific research
(other governm

ents and public institutions
across the world m

ore than double this
figure), and hundreds of thousands of
bright and dedicated scientists devote their
careers to carrying out biological and
m

edical research



The goal of this trem
endous investm

ent in
basic research is to im

prove health,
econom

ic productivity, and the quality of life
– both m

aterial and intellectual – of citizens
of this country and the world



The product of this research – what this
$50 billion buys us - is a treasury of
knowledge - new discoveries and new
understanding of our bodies and the world
around us, and new ways to im

prove our
health and to prevent and treat diseases



The prim
ary repository of this knowledge is

the published, peer-reviewed scientific
literature - the only perm

anent, public
record of our ideas, results and conclusions
and those of our colleagues and
predecessors



Im
pact of the Internet

The rise of the internet and the advent of
electronic publishing have trem

endous
potential transform

 the way we com
m

unicate
and use scientific knowledge - to m

ake this
fantastically rich but extrem

ely fragm
ented

and unsystem
atic inform

ation contained in
the scientific literature far m

ore accessible
and useful



Public Libraries of Science:
GenBanks of the Scientific Literature

It is now possible to im
agine the creation of

electronic “Public Libraries of Science”,
open repositories containing the full-text of
every scientific paper ever written in a
com

m
on, structured form

at, freely available
for access, downloading and use by anyone,
anywhere



Im
portant decisions are being m

ade today
that will determ

ine whether such a vision is
reality and will shape the future of our
interaction with the scientific literature

It is absolutely critical that we – the
scientific com

m
unity – actively engage in

this process to ensure that the future
shape of scientific publishing best serves
our interests



O
verview of Talk

_Present a vision of a free and open scientific literature

_D
iscuss the the ways in which this can im

prove the ways
we com

m
unicate and conduct scientific research

_Contrast with current practice

_Contrast with where scientific publishing is heading

_W
hat we have done and what we can/should/m

ust do



O
pen A

ccess Scientific Literature
Successful creation of public libraries of science
requires that the full-text of published scientific
m

anuscripts be, for all intensive purposes, in the
public dom

ain

This m
eans that anyone can read, download,

search, include in databases, redistribute or
otherwise use the full-text subject only to the
restriction that proper citations be m

aintained



Benefits of O
pen Literature

The first, and m
ost obvious, benefit of an

open scientific literature will be unfettered
access to the com

plete scientific literature
for anyone, anywhere in the world



Benefits of O
pen Literature

Currently, com
prehensive access to the

literature is available only to researchers at
large, well-funded academ

ic or research
institutes in the developed world



Benefits of O
pen Literature

Public libraries of science would enable
researchers in poorer countries, or at
sm

aller/poorer institutions in the developed
world to have the sam

e level of access to
the scientific literature as a research at
Stanford, H

arvard or Cam
bridge



Benefits of O
pen Literature

H
owever, better access is only the beginning

of the benefits an open scientific literature
could provide to the scientific com

m
unity

and the world



Benefits of O
pen Literature

Public libraries of science would enable
creative researchers around the world to
begin to tackle the challenge of building
tools to better search and connect the
treasury of inform

ation in the scientific
literature, to link this inform

ation to other
form

s of knowledge (such as sequences),
etc…



Lessons from
 GenBank

The im
pact that GenBank has had on

research involving sequences provides a
useful exam

ple, as GenBank (and other
sim

ilar databases) are in essence public
libraries of sequence inform

ation



Lessons from
 GenBank

The transform
ation of the life sciences by D

N
A

sequences and the rise of genom
ics was absolutely

dependent upon free and open access and
unrestricted use of published D

N
A

 sequences -
upon the ability to copy and use and transform

 and
redistribute the inform

ation without any real
restrictions im

posed by producers or journals in
which the sequences were published



Lessons from
 GenBank

A
s sure as GenBank enabled and inspired the

creation of m
ethods and tools for sequence

analysis upon which we and m
ost of the

scientific com
m

unity are now dependent,
robust public libraries of scientific
knowledge would set off a boom

 in ideas and
tools for accessing and using this
inform

ation



Lessons from
 GenBank

H
owever, as sensible and natural as GenBank

seem
s, it is critical to realize that the

distribution of sequence inform
ation need

not have followed this m
odel



Lessons from
 GenBank

Im
agine how m

uch of the scientific progress
of the past decade would have been
sacrificed if the publishers had treated
D

N
A

 sequences as they do all other
published inform

ation.



Lessons from
 GenBank

M
any publishers undoubtedly now wish they

had claim
ed copyrights on the sequences

they published. They would have been a lot
richer now, but science (not to m

ention the
biotechnology and pharm

aceutical com
panies

for whom
 the public sequences, and the

tools and discoveries that have sprung from
them

, are the critical resource) would have
been a lot poorer



Lessons from
 GenBank

N
ow consider the possibility that we m

ay be
sacrificing at least as m

uch progress as was
and is enabled by GenBank, by allowing
publishers to prevent any sim

ilar creative
use of all other published inform

ation – a
m

uch larger and richer body of inform
ation

than the sequences in GenBank



W
ill Public Libraries of Science

becom
e a reality?

The m
ajor obstacle to the creation of public

libraries of science are scientific journals
who persist in claim

ing ownership – through
copyright and other m

eans – of the
scientific literature and who exercise this
control to restrict access and use



W
ill Public Libraries of Science

becom
e a reality?

The infrastructure for com
prehensive archives of

the scientific literature already exists and is
constantly expanding and being im

proved, and
virtually all scientific literature is produced in
electronic form

 suitable for subm
ission to archives

(SGM
L/X

M
L is heavily used in production)

The problem
 is that only a tiny, tiny fraction of

this literature is going into the archives



O
wnership of Scientific Literature

Certainly, by no reasonable standard can journals
claim

 to have earned the right to exercise such
ownership over the scientific literature

Their contribution, as im
portant as it is, pales in

com
parison to that of the intellectual and physical

input from
 people who did the work and the

financial support of the public and private bodies
that supported them



O
wnership of Scientific Literature

The only question to ask is whether journal
ownership and control is a necessary evil



H
istory of Scientific Publishing



H
istory of Scientific Publishing

Scientist have historically relied on paper
publication as the m

ost efficient and
practical m

eans for wide distribution and
prom

otion of their work, and printed
scientific periodicals have been the m

ajor
m

eans of carrying out this practice



H
istory of Scientific Publishing

Since the m
ajor costs in this system

 are
printing and distribution, with each copy
produced and distributed involving an
expense for the publisher, a standard
business m

odel evolved in which scientific
journals derived their incom

e from
 selling

periodical subscriptions to individuals and
institutions interested in the topics covered
by the journal



H
istory of Scientific Publishing

Since the production of a printed journal
involved a significant investm

ent on the part
of a publisher, it was reasonable for them

 to
seek to protect this investm

ent by asking
authors to assign them

 copyright on
published works



H
istory of Scientific Publishing

This transfer of copyright to journals
facilitated the publication process and cam

e
at a lim

ited cost to individual scientists and
the scientific com

m
unity



H
istory of Scientific Publishing

The distribution of an author’s work was not
lim

ited by copyright, but rather by the cost
of printing and distributing copies and
readers’ or their institutions’ ability to pay
the legitim

ate cost of those copies



H
istory of Scientific Publishing

The ability to find inform
ation in the huge body of

published scientific work, or to m
ap and record

connections between bits of inform
ation published

in separate works, in separate journals, was also
not lim

ited by the business m
odel or by copyright,

but rather was inherently lim
ited by the physical

nature of the paper literature – serial publications
in physically dispersed volum

es.



H
istory of Scientific Publishing

A
lthough this system

 was not perfectly fair -
individuals and institutions who could not afford
subscriptions were cut off from

 the latest
scientific knowledge - given the inherent
lim

itations of printed m
atter for distribution and

organization of inform
ation, this system

 was
arguably the m

ost rational and efficient possible,
and it served scientific authors, their readers and
society well



Scientific Publishing Today

In the digital age, none of the sound
prem

ises of this system
 rem

ain valid, and
the business m

odel that served science so
well in the era of printed journals has
becom

e a m
ajor im

pedim
ent to progress.



Scientific Publishing Today

Today, the costs involved in scientific
publishing today are alm

ost entirely in the
preparation of the original edited electronic
docum

ent – the original is as expensive to
produce as ever, but the costs to produce
and distribute each additional copy are now
infinitesim

al.



Scientific Publishing Today

A
 business m

odel that charges readers for
each copy of a work is econom

ically
irrational and inefficient, and perversely
thwarts that goals of authors, readers and
the funders of the work by charging a high
price for copies that cost nothing to
produce or distribute, thereby artificially
creating a barrier to the distribution of
inform

ation.



Scientific Publishing Today

O
f course, the rem

aining costs of publishing
- organizing and m

aintaining an editorial
board, m

anaging peer-review, and turning
subm

itted m
anuscripts into edited, m

arked
up, form

atted docum
ents – still m

ust be paid



Scientific Publishing Today

H
owever, since these costs all scale largely

with the num
ber of m

anuscripts subm
itted

and published, it m
akes far m

ore sense for
the scientific com

m
unity to pay these costs

at the tim
e of publication and to place the

finished product in the public dom
ain



Scientific Publishing Today

TH
e public and private agencies that

support scientific research should view
these costs for com

m
unicating the results

of the research they funded as a final,
indispensable part of the research process,
to be paid upfront so that the knowledge
produced by this research can be freely
available to all



Scientific Publishing Today

There is plenty of m
oney to go around –

these sam
e institutions (governm

ents,
universities, foundations, com

panies) already
fund the publishing process – they just do it
indirectly through overhead or other m

oney
that goes to libraries to pay for
subscriptions



Scientific Publishing Today

M
any billions of dollars are spent every year on

scientific journals – m
ore than $10,000 per

published article.

D
oesn’t it seem

 em
inently reasonable to dem

and
that in exchange for giving them

 the content for
free, voluntarily providing m

ost of the essential
labor in this process and transfering an im

m
ense

am
ount of m

oney to thejournals, that the finished
product belong to the public rather than to them

?



In the end, no one can reasonably argue that
science or the public interest is better
served by lim

iting access to the inform
ation

voluntarily published in scientific and
scholarly journals, or restricting the ways it
can be used



W
ho Benefits from

 an O
pen

Scientific Literature
Everyone – scientists both as authors and
readers/users of the literature, the
institutions that fund their research,
biotech and other research com

panies and
the public would all benefit m

aterially from
a world where all scientific literature is in
the public dom

ain



W
ho Benefits from

 an O
pen

Scientific Literature
Scientists as Readers/U

sers

The m
ost im

m
ediate beneficiary of an open

scientific literature will scientists in our
role as readers and users of the literature.

Think of all the things you could do if you
could access, download and use the full text
of every scientific article in a structured
form

at.



W
ho Benefits from

 an O
pen

Scientific Literature
Scientists as A

uthors
W

e are already giving away this work for free, and
all we want in return is for our colleagues to know
about our work and for us to receive proper credit
(or glory!) for what we have done.

Clearly, rem
oving barriers to access and use of our

work can only help increase its dissem
ination and

the likelihood that som
eone will take an interest in,

and be able to read, what we have written



W
ho Benefits from

 an O
pen

Scientific Literature
Funding A

gencies/Institutions
Public and private agencies that fund research are
interested in creating knowledge, and dissem

inating this
knowledge to anyone who will be able to use it – for this
purpose, the production of open literature clearly is
preferable to a closed literature

Paym
ent of the com

plete costs of publishing at the tim
e

and point of publication is also econom
ically far m

ore
efficient and will, in the long run, save m

oney.



W
ho Benefits from

 an O
pen

Scientific Literature
Com

panies
Biotech com

panies do not have the institutional buying
power to subscribe to m

any journals – an open literature
would give them

 free access to any article they m
ight need

or want. They already paid for it once (though taxes); why
should they have to pay for it again?

W
ill also create huge opportunities to develop com

m
ercial

tools to help users navigate the open access literature.



W
ho Benefits from

 an O
pen

Scientific Literature
The Public

A
lthough m

ost scientific research is paid for by the public
– through taxes – m

ost people can not  currently read
articles describing research they paid for.

For exam
ple, today, a sick patient interested in reading

about the latest research on their disease has to pay for
access to each article. In m

ost cases, this is also true for
their fam

ily physician, m
ost of whom

 subscribe to and have
access to only one or two specialty journals.



W
ho D

oes N
ot Benefit from

 an
O

pen Scientific Literature?
Existing Publishers

M
any journals are im

m
ensely profitable, and

even m
ost non-profit publishers have

becom
e dependent on the revenues from

these journals





The Future: Costs of Com
placency

M
ost scientists support the general idea of

an open scientific literature, and see the
likely benefits public libraries of the
scientific literature could have on their
work and on science, but there is a fairly
com

m
on attitude of “well, the current

system
 isn’t perfect, but its pretty good”.



The Future: Costs of Com
placency

To som
e extent, this is true. Electronic

publishing as it exists today has m
ade things

m
uch easier for m

any of us.

For exam
ple, from

 m
y com

puter in Berkeley,
I can fairly rapidly find and access alm

ost
any article I want.



The Future: Costs of Com
placency

But I’m
 lucky. U

C has subscriptions to virtually
everything. M

any people – including m
any of you

probably – are not that lucky.

Furtherm
ore the system

 is econom
ically unstable.

Journal costs are rising rapidly, and even wealthy
universities are being forced to cancel
subscriptions to m

any journals, im
periling our

ability to com
prehensively access the literature.



The Future: Costs of Com
placency

H
owever, far darker scenarios are on the

horizon. The trend am
ongst scientific

publishers is towards content aggregation.
W

e have ScienceD
irect and H

ighW
ire Press

and others collecting huge am
ounts of the

scientific literature in private archives.



The Future: Costs of Com
placency

This aggregation is a prelude to a m
ajor

planned shift in how we will access – and pay
for access – to these articles. The plans are
all for a sophisticated system

 of
authentication – where every scientist has a
digital ID

, and every tim
e you read or

access an article you will pay a sm
all fee,

which will, presum
ably, be paid by your

grants or institution.



The Future: Costs of Com
placency

This m
ight not sound so horrible at first

glance (so long as you work for som
eone who

can afford the charges) – no m
ore

passwords, and no m
ore paying for articles

that noone reads.



The Future: Costs of Com
placency

H
owever, there are m

any reasons to fear this future. First,
it will still be a virtual m

onopoly. If you want to read an
article published in a H

ighW
ire journal, you will still have to

access it though H
ighW

ire – you will have to pay whatever
they want you to pay and you will be utterly dependent on
the tools they provide to access the literature. It will be
im

possible for academ
ic researchers to build tools to

access and use the literature. There is no reason to
suspect that Elsevier, W

iley, H
W

 and others will provide
the tools we want. For exam

ple, until as recently as a last
year, people at H

W
 were questioning whether scientists

wanted to do full-text searches of scientific articles.



The Future: Costs of Com
placency

The potential problem
s go further. Today, I

can use Berkeley’s electronic library to read
essentially any scientific (or for that m

atter
and academ

ic) article. H
owever, the m

ove
away from

 institutional subscriptions to
accessibility based tolls will likely end this
liberty.



The Future: Costs of Com
placency

Consider, for exam
ple, a researcher who studies m

ouse
developm

ent who is funded by a grant from
 the N

IH
. They

will likely put a line on the grant to cover the costs of their
literature access. The N

IH
 could quite easily – and in all

likelihood would – approve, but would not be willing to pay
for the scientist to read irrelevant articles.

This won’t just restrict your ability to read art history, but
quite possibly your ability to read articles in ecology,
com

puter science, or other things that are not directly
“relevant” to your grant, but which we all know are critical
to perform

ing the best science.



The Future: Costs of Com
placency

The key thing here is that private ownership
of the literature + the developing internet
architecture of authentication and control
creates a highly regulable system

, in which
m

any of the essential characteristics of the
scientific process m

ay no longer be available



The Future: Costs of Com
placency

You m
ay all thing I’m

 chicken little here, and
scream

ing that the sky is falling, but this is
the kind of thing about which publishers talk
openly. O

bviously, science is strong and this
would not be the death of science, but think
about all that we would lose if this becam

e
reality. A

gain, think about what sequence
analysis would be like if sim

ilar rules applied
there.



The Future: Costs of Com
placency

I hope that none of you want this world to becom
e

reality. H
owever, there is often an im

m
ensely

fatalistic tendency in how we think about journals.
W

e view journals like som
e m

ysterious, all-
powerful, unalterable force, that decides how
significant our work is, where we are going to get
jobs and whether we will get tenure, and we are
reluctant to m

ess with this force lest it punish us
in unspeakable ways.



W
e Control the Future

But we have to rem
em

ber that we – the
scientific com

m
unity – hold all the power

here. W
e do the research. W

e write the
papers. W

e choose where to subm
it them

.
W

e do the reviewing. W
e pay the costs. W

e
are m

em
bers of the scientific societies that

publish m
any of the best journals. If we

decided to change the system
, we could do

it im
m

ediately.



PubM
edCentral

“If you build it, they will com
e”



PubM
edCentral

“It was built, and they (m
ostly)

didn’t com
e”

N
otable exceptions:

PN
A

S

BioM
ed Central





PLoS O
pen Letter

W
e support the establishm

ent of an online public library that would provide the
full contents of the published record of research and scholarly discourse in
m

edicine and the life sciences in a freely accessible, fully searchable,
interlinked form

. Establishm
ent of this public library would vastly increase the

accessibility and utility of the scientific literature, enhance scientific
productivity, and catalyze integration of the disparate com

m
unities of

knowledge and ideas in biom
edical sciences.

W
e recognize that the publishers of our scientific journals have a legitim

ate
right to a fair financial return for their role in scientific com

m
unication. W

e
believe, however, that the perm

anent, archival record of scientific research and
ideas should neither be owned nor controlled by publishers, but should belong to
the public, and should be freely available through an international online public
library.

To encourage the publishers of our journals to support this endeavor, we pledge
that, beginning in Septem

ber, 2001, we will publish in, edit or review for, and
personally subscribe to, only those scholarly and scientific journals that have
agreed to grant unrestricted free distribution rights to any and all original
research reports that they have published, through PubM

ed Central and sim
ilar

online public resources, within 6 m
onths of their initial publication date.



Response to PLoS O
pen Letter

Signed by over 30,000 scientists

A
 few journals responded positively (N

A
R,

Bioinform
atics, A

SM
), but by and large, the

response from
 established journals ranged

from
 dism

issive to hostile



Response to PLoS O
pen Letter

M
any journals have taken a tiny step, nam

ely they m
ake

their back-content available for free access at their
website

It is im
portant to note that there is a fundam

ental and
critical difference between this and open access

Consider if D
N

A
 sequences were only accessible at the

website of the sequencing center that produced it,
available for download one at a tim

e, and searchable only
through tools provided by the producer



PLoS: D
oing it ourselves

The warm
 response from

 the scientific
com

m
unity has convinced us that scientists

want to publish in open-access journals

It is also clear that they largely believe
(correctly or incorrectly) that their careers
will be harm

ed by publishing their best work
in extant open-access journals



PLoS: D
oing it ourselves

Since extant publishers have been largely
unwilling to provide open access journals to
the com

m
unity, PLoS has decided that the

only way for the scientific com
m

unity to
produce successful high quality, open access
journals will be to create them

 ourselves



PLoS Publications
Therefore, PLoS has decided to launch a publishing
endeavor devoted to the open-access publication of
scientific research according to a “pay upfront” business
m

odel.

O
ur prim

ary goal is to provide a venue for people to publish
their work and place it in the public dom

ain.

O
ur secondary goal is to dem

onstrate the feasibility of our
business m

odel, with the hope that other journals will
em

ulate our success and that we will reach com
prehensive

open access publishing as soon as possible.



PLoS Publications
W

e will begin with two journals devoted to works of
“significance” - PLoS Biology and PLoS M

edicine - to be
followed by journals devoted to publishing any scientifically
rigorous work.

W
e have been aggressively trying to raise m

oney from
foundations to launch these journals with sufficient quality,
integrity and financial stability to ensure their success, and
should be running by January 1, 2003.



The PLoS M
odel

Publishing process like existing journals (i.e. works
will be peer-reviewed)

A
ll costs will be covered by up-front charges

($500-$1000 and decreasing over tim
e)

Published works will be m
ade available under PLoS

license at the m
om

ent of publication as H
TM

L, PD
F

and X
M

L, places into any database that wants
content and m

ade available for individual or bulk
download



PLoS License

U
nlim

ited right to access, use, redistribute
in whole or in part, subject only to the
constraint that the original citation be
m

aintained



Related A
ctivities

Raising m
oney to obtain rights to and

digitize all of the previously published
scientific literature

Fostering efforts to develop tools to use
the open access literature



W
e N

eed Your H
elp

Just as we believe that the scientific literature
belongs to the scientific com

m
unity and the world,

these journals too will belong to the scientific
com

m
unity

To m
ake them

 successful, we need your support
and help. W

e need editors. W
e need reviewers. W

e
need open-source software to m

anage peer-review
and docum

ent production.

M
ost of all we need your best papers.




