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Abstract

The number of scientific journals and thereby the number of published
articles grew with an enormous rate in the last century (e.g. Price
1986; Henderson 2002). In the second half of the 20™ century the sys-
tem seemed to abut against its boundaries, because in relation to re-
search budgets, library budgets did not grow fast enough to cover all
the scientific output produced. Price increases well above the inflation
rate set by commercial publishers that bundle disproportionately high
market power — especially for journals in the Science-Technical-
Medicine-Sector in the last thirty years — intensified the situation even
further. This situation is known as the serial crisis. New Information
and Communication Technology (ICT) driven publication models are
established and seem to be a promising way out of the crisis because
they reduce distribution costs significantly. Especially the open access
(OA) movement that advocates free electronic access to scientific out-
put is subject to a fierce public debate. In this paper we will detail
problems associated with OA and suggest a Peer-to-Peer (P2P) system
that supports electronic scholarly communication as a tool to address
the economic problems mentioned above.

1 Introduction

The number of scientific journals and thereby the amount of published
scientific content increased enormously in the last century (e.g. Price 1986;
Henderson 2002). Proportionately to the research budgets, the budgets for
libraries did not grow fast enough to cover all the scientific output that was
produced. As a result, the area-wide adequate supply with scientific litera-
ture could not be sustained. Price increases well above the inflation rate
(Bergstrom 2001; Orsdel/Born 2003) set by commercial publishers in an
almost monopolistic market — especially for journals in the Science-
Technical-Medicine-Sector in the last thirty years — intensified the situation
even further. In the literature this situation is called serial crisis (Wood-
ward/Pilling 1993). It is regarded as one of the driving forces that lead to
changes in the system of scholarly communication.

In this context information and communication technologies (ICT) offer new
possibilities to maximize the access to research results (e.g. Harnard/Brody
2004). As the technological enabler these technologies are the foundation for
electronic publishing and business models which are necessary to handle the
dissemination of scientific information more efficiently than the current sys-
tem does and are likely to have impact on the traditional value chain of
scholarly communication, e.g. the Open Access (OA) movement that advo-
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cates free electronic access to scientific literature in the established system of
scholarly communication. There are two ways of achiving OA (BOAI 2006;
Guédon 2004; Harnad et al. 2004; Bolman 2003):

(1) The “gold road”, in which the authors publish their work by (for or not-
for-profit) open access publishers that charge an author fee to cover publica-
tion costs but make the content freely available to users.

(2) The “green road”, in which the authors themselves archive an electronic
copy of an article previously published in a traditional (i.e. subscription
based) journal, in a repository (Beier/Velden 2004; Crow 2002) or on their
own homepage freely accessible to the public.

Although a variety of OA models that combine different publication and
revenue schemes have been developed, this paper focuses on the two
idealisitc types mentioned before as most new models can be linked to them
in some way.

2 Economic weaknesses of OA

As mentioned before, the OA Model seems to be a promising solution for
the serial crisis. However, the success of the OA movement can be ques-
tioned for a couple of reasons. These issues can be identified on different
levels:

(I1) From a media economics perspective, the market power is simply
shifted to other players (i.e. open access publishers), leading to increasing
author or membership fees in the “gold road” model instead of subscription
prices in the traditional mode (Frank et al. 2004). Therefore it is questionable
that OA really is cheaper than the traditional model since payment streams
are simply redirected but the costs still occur (Bolman 2003;
McCabe/Snyder 2004).

(I2) From a media management perspective, the business models of open
access publication forms are of interest. The different variations of author-
pays-models are not tested towards their sustainability and several voices
question that the fees charged so far are sufficient to cover publication costs.
The not-for-profit OA Publisher Public Library of Science for example re-
cently increased its author fees by 66%. In addition, the break even point and
therewith the financial success of an author-pays journal heavily relies on the
rejection rate i.e. scientific quality, because processing cost for the publisher
increase linear with the number of articles reviewed but rejected and there-
fore not published. Thereby, lowering the rejection rate allows charging
lower author fees which means that an economic factor is intertwined with
the scientific aim of the journal that may lead to lower scientific quality
(Bolman 2003; McCabe/Snyder 2005). Furthermore, an author-pays model
may put financial burdens on research institutions with two possible results:
(1) only scientists belonging to wealthy institutions can publish and (2) insti-
tutions that generate high research output have to face disproportionate fi-
nancial burdens. In addition, authors are generally not willing to pay high
publication fees, which leads to a lack of acceptance of open access (Cozza-
relli et al. 2004).

(I3) From an information systems perspective, the lack of standardisation in
the self-archiving model (“green road”) when authors put their contributions
on their own website is a problem for implementing open access because it
reduces the awareness for newly published works by restricted searchability.
Furthermore, archiving and retrieval of electronic copies cannot be ensured.
This can be circumvented by putting a copy in interoperable (i.e. OAI-PMH
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compatible) electronic repositories. But so far, authors rather self-archive on
their own website than in (institutional) repositories (e.g. Swan/Brown 2005)
which makes it necessary to find a means that allows standardized self-
archiving without having scientist forced to place copies in electronic ar-
chives by mandating-policies.

3 Functions of scholarly communication and user require-
ments towards scholarly communication means as the de-
terminants of the P2P systems’ functionality

The application of a P2P system in the scholarly communication is more
complex than in e.g. file sharing networks for recordings as in scholarly
communication it needs to fulfil the four generic functions defined by
Kircz/Roosendaal (1996) like any other scholarly publication mean:

(1) the registration function that relates research results to a particular scien-
tist who claims priority for them,

(2) the certification that concerns the validation of research,
(3) the awareness function that leads to disclosure and search needs and

(4) the archiving function that concerns the storage and accessibility of re-
search results.

It is obvious that not all functions are provided as necessary in current P2P
filesharing applications, e.g. there is no formal quality assurance mechanism
in those systems that insure the quality of the content. The implementation of
quality assurance is important as the scientists requirements towards com-
munication means show. The requirements towards the P2P system are de-
rived from various studies that examine publication and reception behaviour
of scientists (Schauder 1994; Swan/Brown 1999; Swan/Brown 2003; Row-
lands 2004). The main requirements are:

(R1) Easy Access: The system need to provide convenient access to its con-
tents.

(R2) Standardization: The system must support (metadata) standards (e.g.
OAI-PMH) that allows search engines or A&l services to discover the publi-
cation and therewith increase the awareness, i.e. the visibility of articles pub-
lished.

(R3) Topic specific communities: The need to define communities of scien-
tists with similar research interests in the system can be derived from various
studies.

(R4) Quality assurance/reputation: Furthermore, the necessity to establish
efficient certification mechanisms that ensure the scientific quality of the
works published is a consequence of the fact that unlike other industries, in
scholarly communication the reputation of the author is directly bound to the
distribution channel.

(R5) Long term archiving: It proved as important to authors, that their work
is archived for a long time and thereby accessible to future generations.

The functions of scholarly communication and the requirements are used to
define the P2P systems functionality. The following description of the sys-
tem focuses on the functionalities that support scholarly communication.
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4 P2Pin scholarly communication

4.1 P2P

4.2 Basics

In this subsection P2P network architectures are described and categorized.
Miller (2001) characterized P2P networks by five key properties:

e The network facilitates real-time transmissions of data between the
peers.

Peers can function as a client and a server.

The primary content of the network is provided by peers.

The network gives control and autonomy to the peers.

The network accommodates peers that are not continuously connected.

P2P networks are not structured the same way, in fact a lot of degrees of
freedom exist while constructing such a network. A classification of existing
systems (Hong 2001) should be followed that differentiates three classes (see
figure 2):

Pure P2P architecture Brokered P2P architecture Hybrid P2P architecture

Figure 1: P2P-Architectures

In a pure P2P structure there is no central unit for coordination purposes
which leads to unreliable search behaviour and performance issues. To cir-
cumnavigate the issues regarding performance and scalability, the brokered
architecture is coordinated by a central server. This ensures a faster discov-
ery of peers and content. However, the server does not provide resources
such as content or disk space; it only provides coordination mechanisms.
Pure or brokered architectures do not mark alternative concepts. It is possi-
ble and often reasonable to combine both within a hybrid architecture in or-
der to bring the advantages of complete decentralisation and a central unit
together. Independent of its architecture, a P2P Network can be organized in
a structured or unstructured manner. Unstructured networks e.g. Gnutella,
while not centrally planned in structure, grow according to a simple self-
organizing process (Adamic et al. 2002). In contrast, in structured network
protocols e.g. chord maintain a certain logical structure (“overlay”) regard-
less of the size and the type of the (underlying) network (Stoica et al. 2001,
Dabek et al. 2001) which improves the information retrieval.

4.3 How P2P may address the weaknesses of OA

In order to address the issues raised above, we developed a highly distributed
P2P application system for the dissemination of research results that is build
upon the idea of P2P filesharing applications which are the most efficient
method for the distribution of music and recordings ever used. P2P might be
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an interesting approach because scientists strive to gain the widest dissemi-
nation of their research findings to add up reputation which is the prerequi-
site to get promotion. Albeit the efficiency of distribution it has to be
stressed that filesharing in the music industry is commonly illegal. However,
we focus on a legal application for P2P. This is possible in the wake of Open
Access because the authors have the right to “give-away their work” as Har-
nard puts it (see http://www.ecs.soton.ac.uk/~harnad/Tp/ariadne.htm) using
e.g. the creative commons licence. This is also true if the P2P system would
be used for self archiving since close to 90% of the publishers allow self-
archiving by the authors. Thereby the usage of the P2P application would be
legal.

The reasons to use the P2P paradigm to address the economic issues raised
above are explained before the functionality of the system is described in
detail. From an economic perspective, the system addresses the weaknesses
of OA in the following ways:

(I1) A possible solution to the problem of market power concentration seems
to be disintermediation i.e. distributing the functions of intermediaries over
all parties involved rather than on one player. Distributing the functions of
scientific communication to the users of the system will eliminate publishers
or other intermediaries from the value chain. The client application that runs
on the scientists’ computer, will share its resources (e.g. papers) with other
members of the scientific community, no publication fees will be charged for
publication. This would not change very much as scientists already fulfil the
roles of authors and reviewers without financial remuneration.

(I2) Thereby, the question who pays for the intermediary (being it subscrip-
tions or author fees) and therefore the question for a sustainable business
model for it becomes redundant.

(I3) On technical level, the problems regarding the heterogeneous forms of
self archiving on the “green road” can be addressed by developing an appli-
cation that is compatible to various standards (e.g. OAI-PMH, Dublin Core)
and a stable archiving structure. This would lead to the development of com-
plementary products (personalized search tools, linking services) that in-
crease the usefulness of the P2P network.

4.4 Functionality of the P2P system

With regards to the fundamental user requirement R1, it seems to be advan-
tageous to combine the publishing and searching in one client software i.e.
providing single point of access to the system rather than having different
tools for publishing and searching electronic scholarly content.

The system is organized in topic specific communities that bundle scientists
with similar research interests according to R3. Within these communities
three user levels are distinguished in order to organize the community and
the quality assurance (R4): users are only entitled to use content and do no
need to register. Authors need to be registered to ensure there identity and
can submit papers. Referees are permitted to perform the review of papers
and accept/reject them they also need to register.

In the following the functionality of the suggested P2P system is explained
using a simple layer model that clusters task specific functionality and re-
duces complexity (see figure 2). The layers are derived from the four func-
tions of scholarly communication.
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Registration is fulfilled in the registration layer where a timestamp is added
to every submitted document and it needs to be signed using the authors’
private key. Furthermore, if necessary, the review process is to be started
(R2).

The archiving layer handles the decentralized archiving of submitted docu-
ments (RS). Therefore, an efficient distribution and retrieval mechanism for
the documents stored is to be implemented here. We will not deal with issues
of long-run archiving since this is not the focus of the paper (see e.g.
Reich/Rosenthal ~ 2001), but wuse the approach described in
(Gehrke/Seidenfaden/Baule 2005) as it shows an efficient way of archiving
information in a P2P system.

The awareness layer provides mechanisms for the notification of the rele-
vant scientific community, i.e. a list of the most recently submitted papers is
displayed in the client software and users that have subscribed to the email
notification service are notified via email. Furthermore, besides rudimentary
search mechanisms of the system the layer is able to allow searching on
peers from external search engines (e.g. Google Scholar; Scirus) by provid-
ing OAl-compatible interfaces.

The certification layer supports the review process, whose functionality in
contrast to the functionalities aforementioned cannot be realized solely by
technical means because it involves human knowledge and judgement (R4).
After a paper is submitted by an author, the layer forwards it to randomly
chosen individuals that have previously registered as referees in the specific
community. One individual of the referees is chosen to organize the review
for that paper and to notify the author of its results.

4 ™
di lisati itati value added
rewarding personalisation citation services
- J
g N
[ archiving ] [ awareness ] [ certification ]
core services
[ registration ]
N /
[ user management ]
N basic services
[ securitiy layer ]
\[ communication layer ]/

Figure 2: Layer model of the P2P-prototype

By fulfilling the functions and user requirements the system allows easy
publishing and self archiving for authors in a standardised application sys-
tem (registration) and ensures the awareness by obeying common meta-data
standards for the system wide search functionality. Furthermore, external
search engines e.g. OAlster can link to the system. By saving redundant cop-
ies of works on a large number of clients, the archiving can be fulfilled by
the P2P application (on a very basic level). In addition libraries can connect
to the system and provide archiving services. Certification mechanisms are
integrated in the decentralised system in order to ensure the quality of the
content. This is done by establishing groups of peers that share the same
interest (or research topic and therefore have the knowledge necessary for
review). Thereby, no economic factor such as author fees will play a role
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during the review process. Furthermore, functionality for annotations (e.g.
for open peer review) is provided.

5 Dissemination of the P2P system and usage scenarios

For the introduction of the system in academia it may be sensible to consider
a two stage approach.

At first, the P2P-system can be used as an efficient self-archiving tool for
content primaryly published in traditional subscription based journals. This
use case supports the green road to OA. The dissemination of the p2p system
can occur via scientific societies that recommend the system to its members
and thereby creates a substantial user base. With regards to the fundamental
user requirement “easy access”, the most important factor for using the net-
work is that the author can publish its contribution once and it can be auto-
matically included e.g. in a libraries archiving service and/or the authors
homepage (because the P2P-System is OAI-PMH compliant). This can lead
to greater acceptance of Open Access on the author’s side (who are presently
not willing to self archive; only 15-20% of the papers are put into reposito-
ries). Furthermore, the impact is increased i.e. more citations because the
paper is openly available (see e.g. Antelman 2004; Harnard/Brody 2004).
This helps to build up trust in the system which is necessary to be accepted
as a publication form in the scientific community.

Second, when the system is trusted, it may be possible to eliminate costly
publishers from the value chain and use the system as the primary publica-
tion tool to ensure the efficient distribution of research papers and data. Al-
though the primary research would be free to use, it is possible that publish-
ers link to the system and provide value-added services (personalization,
enhanced certification, overlay journals) for which users have to pay (see
figure 3).

Information systems_x

© Learned Society C Author @ Referee (C Reader

Social Sciences

Libraries: LTA

[ ,.—"" Publishers: Search Tools. Personalization
A e

Physics -~
’ Learned Societies: Rewarding mechanisms

Core Services -~ Value-Added Services

Figure 3: Interaction of the P2P-System and 3rd parties
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6 Conclusion

The paper developed a concept and a prototype for the distribution of elec-
tronic scholarly articles over a highly decentralized network. It is shown that
a P2P network is generally able to support electronic scholarly communica-
tion. In contrast to the existing system of scholarly communication a P2P
network distributes market power among its participants rather than bundling
it on one player. Thereby, it exploits the fact that today scientists already
work without financial remuneration in the scholarly communication system
(as authors and referees) and bundles their roles in the client software. As a
result, only one client application is necessary to fulfil both roles, in contrast
to the existing system which requires different tools for publishing and in-
formation retrieval. However, the system of scholarly communication is not
going to be changed fundamentally (i.e. making publishers redundant in
short or middle term) by this system, but it provides a useful tool that has the
potential to advocate open access on the green road by providing easy and
standardized self archiving by authors and easy access and convenient search
ability by OAI-PMH-compatible search means and thereby changing the
structure of scholarly communication in the long run. We completed a proto-
typical implementation of the system that demonstrates that a highly decen-
tralized approach is technically feasible. The prototype is now in operation at
our institute and scientists share there working papers through the system.
Thereby the systems’ functionality is tested in a first approach.
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