Addressing Information
Overload in the
Scientific Community

The authors present Liquid Journal, a dissemination model and website that
extends from the notion of a traditional scientific journal to overcome the
problem of information overload in the scientific community. They detail Liquid
Journal’s concepts, methods, and supporting platform. They also focus on the
issues related to having access to a plethora of relevant scientific content, such

as narrowing down the discovery process to reliable sources.

of possibilities for how we create,

evaluate, and disseminate sci-
entific knowledge. We can now pub-
lish preprints in online archives (such
as arXiv) or simply post our papers
on webpages. Furthermore, “papers”
are not the only unit of scientific dis-
semination. Data, comments, scien-
tific experiments, and even blogs can
now be shared and considered a form
of scientific contribution that can help
other scientists in their work. This
means that today we have a large sci-
entific community easily presenting a
vast, and rapidly evolving, set of sci-
entific contributions. An implication
of this is that, while in the past the
scarce resource for scientific dissemi-
nation was printing, now it’s attention.
The obstacle to dissemination is how to
find interesting and relevant informa-
tion (for readers) and to make the work

T he Web has opened a whole world
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visible in the sea of virtually infinite
information (for authors).

An additional and somewhat puz-
zling problem of information overload is
that, with so much information available,
we’d like to be able to broaden our hori-
zons, but it’s difficult. For example, we'd
like to be able to search for contributions
on the effectiveness of peer review in
many different domains (as this prob-
lem is indeed studied in different areas).
However, having this much information
results in having to narrow down what
we read as opposed to broadening it. We
experience this in everyday life: having
a digital video recorder (such as a TiVo)
makes a wide set of TV programs avail-
able to us, but then we tend to watch/
record what we know we like, and are
less encouraged to look for new pro-
grams. We can observe the same effect
in science,! given that we tend to keep
looking into the sources we're familiar
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Information Overload

with, thereby missing a plethora of potentially
interesting and relevant contributions.

Today, only a few tools are at our disposal to
leverage this richness of information while han-
dling the overload (we review these tools in the
sidebar on p. 34, “Related Work in Information
Dissemination and Overload”). When we search
for contributions, we still tend to look for papers
or articles, and one option is to look at a col-
lection of papers or articles indexed by services
such as the Digital Bibliography & Library Proj-
ect (DBLP) or CiteSeer. This is somewhat useful,
but it doesn’t solve the problem: we're still lim-
ited to what's indexed, to papers or articles (and
only those that have been published), and to a
narrow selection (such as services only available
in computer science for the most part). Despite
this narrowness, we're still likely to be over-
loaded with the results. An alternative approach
is to use a generic Google search, which isn’t
tailored to finding scientific contributions, or
Google Scholar, Google’s specific search engine
for scientific contributions, but the results aren’t
often as helpful as when we search the Web for
other purposes. Furthermore, even when we find
something we like, we can navigate to related
content only via citations, inserted by the
authors at the time of writing.

With this in mind, we propose the notion
of liquid journals (an evolving collection of
interesting and relevant links to scientific con-
tributions available on the Web) as a way to
overcome information overload in scientific
publications. Their underlying principles are

e leveraging the same (large) community of
scientists that creates the overload problem
with the opportunity to collaborate in filter-
ing and prioritizing the information;

e enabling a dissemination and consumption
model that naturally reduces the noise right
at the source;

e having a set of metrics that mitigate the
overload and encourage “good behaviors” for
science, such as early sharing and providing
feedback; and

e facilitating readers in linking knowledge, which
will support other users’ subsequent searches
and navigation through related content.

Liquid journals put these principles to work
through concepts, methods, and ultimately
tools. In this article, we detail our usage model

www.computer.org/internet/

along with its derived metrics and a sample
website — called Liquid Journal (see http://liquid
journal.org).

Basic Concepts of the Liquid Journal
Liquid Journal builds on the idea of a model
for scientific contributions that’s designed to
facilitate the search for — and navigation of —
scientific information of interest. We see sci-
entific contributions as structured, evolving,
and multifaceted objects. Specifically, we see
scientific content as something that we want
to search within and help assess and dissemi-
nate by spatially representing it as scientific
resources organized as a set of nodes in a graph
that authors, editors, or even readers can con-
nect or annotate. The reason for connections,
and hence for modeling resources as a graph,
is to capture several kinds of dependencies or
relationships among them (or between resources
and people or other entities).

To illustrate these concepts, Figure 1a shows
our research group’s work on evaluation metrics
and peer review. We started this line of research
within the context of a project deliverable called
D3.1. This deliverable contained a review of the
state of the art, experiments, analysis, and pre-
sentation of the results. We delivered the results
in two releases — D3.1v1 and D3.1v2 (see https://
dev.liquidpub.org/svn/liquidpub/final/Year1/
LP_D3.1.pdf and https://dev.liquidpub.org/svn/
liquidpub/wp3/d3.1/v2/) — and we plan to pro-
duce in the near future a third version. These
releases are captured by relations that let us
specify when a particular scientific resource is
completely new, or if it’s the latest iteration of a
previous one.

Recently, we achieved some interesting
results that we wanted to communicate, so we
took some work from the second version of our
deliverable and produced a technical report
called “Is Peer Review Any Good?” (see http://
eprints.biblio.unitn.it/archive/00001654/).
This type of spin-off is captured by different
branches in the graph, to show the timeline of
research. This kind of graphical representation
is helpful when we want to expand our search of
a particular scientific resource (such as “Is peer
review any good?”). We can see, then, that this
resource has many representations (see Figure
1b). These alternative representations are dif-
ferent views of the same resource, such as slide
sets, a technical report, and a conference paper.
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We can also see how this scientific resource is
semantically related to other entities. Figure 1c
illustrates the use of particular data and experi-
ments (for example, conference review data
and the code that processes them). These links
help readers, editors, and authors connect and
describe relationships among resources.

We define these relationships because it
helps leverage the power of the community to
build scientific dissemination knowledge — that
is, knowledge that can help annotate and relate
resources above and beyond what authors would
do. In other words, people generate knowledge
that helps in organizing and finding scientific
resources. This is sometimes called second-order
knowledge, which we believe is as important in
supporting scientists’ work (“standing on the
shoulders of giants”) as first-order knowledge,
provided by authors and publishers.

Formally, we define the space of scientific
resources as > = <SR, E, L, A>, where

e SR is a set of resources where r = <id, uri,
ct, cf> are the individual scientific resources.
Here, id denotes the universal identifier for
the resource; uri points to the resource as
available on the Web; ct is the resource’s con-
tent type and can take values such as paper,
video, slide set, dataset, and experiment; and
¢f is the content format (which can be .pdf,
.pptx, and so on). Because we consider jour-
nals as a way to create or at least disseminate
knowledge, they're also resources.

e [ is the set of entities that create, access,
relate, annotate, or certify resources. These
can be people or institutions (including cer-
tification agencies).

e [ denotes a set of links | = <e,, e;, It, u, un>
representing relations among resources or
between resources and entities (from source
e, to target e,). Besides the objects they
relate, they’re essentially characterized by
a type It (such as “next version of”), by the
users u € E that created it, and by the users
or agencies that endorse it, if any, un € E.

e A denotes a set of annotations a = <e, at,
v> that can be attached to resources or an
entity e. Annotations can be of a certain
type at (such as tags, flags, and comments),
and carry a value v (such as “good example
of state of the art”).

While Liquid Journal lets anybody create any
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LiquidPub research on evaluation metrics Scientific resource
Deliverable 3.1 ‘ Next_version_of j‘ :‘
|Is peer review any good?! Next_version_of I Branch | |
[SotA on peer review _‘ Branch 2|
(@)
Technical report
Alternative_representation_of
Wiki page @ . Slide set
(b) Conference paper
Structural links Authorship links
Conference X dataset. aFabio
Reporting_on Contributed_to
Bias experiment
Reporting_on Contributed_to
Efficiency experiment Maurizio
(9

Figure I. An example of graphs of scientific resources on evaluation
metrics and peer review. These graphs capture the dependencies
and relationships between resources and people or other entities.
We can see example graphs of (a) scientific resources connected
by the next-version-of relation, (b) different representations
for the same resource, and (c) other general relations, such as

authorship or structural relations.

kind of relation, it assumes and leverages spe-
cific relation types, to which it assigns an
agreed semantic (and also graphical interaction
patterns in the Liquid Journal interface):

e Structural relations represent arbitrary rela-
tionships between contributions, where the
relationship is described by annotations. For
example, a paper can report on a dataset in
that it describes results of experiments on
that dataset. We depict examples of such
relations in Figure Ic.

e Temporal relations (such as the next_
version_of relation) model the evolution of a
resource, be it a paper, dataset, or anything
else. This is a natural behavior of research
dissemination, where for example we write
a preliminary version of a paper and then
extend or refine it. Or, we clean or add more
data to a dataset. Figure 1a also shows that
evolution can follow a line (as in multiple
versions of our project’s D3.1) or branch
(from one deliverable, we then derive a paper
or technical report).
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Related Work in Information Dissemination and Overload

D espite the progress in dissemination models, the current
model of publishing and evaluating scientific contributions
remains almost the same. Novel models such as the decon-
structed model' and the overlay journal? introduce interesting
ideas that should be further elaborated to be applied in and
get benefits from Web 2.0. These models are still constrained
to the traditional notion of paper, thus other contribution
types remain hidden. The social aspect for these approaches,
however — the study of behaviors that are good for science,
such as early feedback, sharing, and collaboration — remain
unexplored. More importantly, none of the models tackle or
offer mechanisms to face the problem of attention. All these
issues also affect the evaluation, which continues to be based
mostly on citation-based papers or articles,>* thereby leaving
out other aspects of research productivity.

The social Web has made new forms of collaboration pos-
sible. Prominent examples are social bookmarking services
that let users share interest within communities. CiteULike,
Mendeley, Zotero, and Connotea are examples of social book-
marking services that focus on sharing and organizing academic
references. These tools come with social tagging features that
let people collaboratively tag content. Thus, these tools pro-
vide storing, sharing, and tagging of references to publications
via shared collections and groups.

Tools for sharing and collaboration offer a promising direc-
tion. These systems provide a foundation of results for further
study in the scientific domain regarding collaboration. How-
ever, these systems are only a short-term way to collaborate
until a formal and complete knowledge-dissemination model is
established. Moreover, taking technical aspects apart, one dis-
advantage of these services is that they rely on active users
— that is, users who inject content into the system. Thus, the
discovery is limited to what’s already there. Our model builds
on some social features of these systems, but provides a com-
plete model of dissemination designed especially to overcome
the scientific domain’s dissemination overload.

Search is a common service on the Web, so search engine
technology has been explored and applied to scientific con-
tent.> Specialized search engines such as Google Scholar
and CiteSeer have been developed for searching for papers,
articles, and books across multiple repositories using crawl-
ing techniques and protocols. Using another approach, the
Bielefeld Academic Search Engine (BASE; www.base-search.
net) indexes the metadata from repositories that implement

the Open Archives Initiative Protocol for Metadata Harvesting
(OAI-PMH). In addition to what the user can provide as input
to the search (such as keywords), implicit preferences and col-
laborative filtering have also been used for yielding content that
users might like.® This has led to proposals of relevance and
diversity algorithms that try to balance user preferences and
diversity.” In the academic domain, many studies have explored
peers’ recommendations of papers or articles.®

Thus, academic search engines provide only a partial view of
the scientific contributions dispersed over several sources on
the Web. They don’t capture user preferences and lack of pro-
active behavior. Users need to know what and how to search to
get the content they want, and when they do find an interest-
ing resource, the navigation and exploration is limited. General
approaches provide a foundation, but their use in the scientific
domain needs to be modeled for the broader notion of scien-
tific contribution, as well as other special issues in the scientific
domain (such as ranking). In our approach, we rely on a model
that provides semantic relations that we can exploit to explore
and discover new, similar, and related scientific resources.
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e Representation relations let us model the ferent representation. Figure 1b illustrates
multifaceted aspect. For example, a paper an example of this type of relation.
can have associated slides and datasets, and e Authorship relations denote who contributed
therefore be deemed as a complex, multifac- to the creation of the resource. An annota-
eted artifact, including artifacts that encode tion of this relation would qualify the contri-
(part of) the same knowledge but have a dif- bution (such as “design of the experiment”).

www.computer.org/internet/ IEEE INTERNET COMPUTING




e Dissemination relations denote usage by
means of the Liquid Journal model. For
example, they include the appearance of a
resource in a journal, subscription to a jour-
nal, and sharing of a resource.

This model for resources reduces overload
because it clusters contributions into research
lines (which are themselves resources) and then
lets users navigate through contributions in
those lines, as well as evolutions, presentations,
and other related resources. Although it’s out-
side this article’s scope, this approach makes it
easier to fairly attribute credit to contributions
or authors by making explicit a contribution’s
incremental nature and to assign an indirect
reputation to resources because they’re linked
by another (reputed) resource — much like what
Google’s PageRank does for webpages.

As we previously noted, we consider a liquid
journal an evolving collection of interesting
and relevant links to scientific contributions
available (whether freely or not) on the Web.
Considering these journals as collections of
links means that the journals do not own the
contributions. We assume that the contribu-
tions are posted elsewhere as webpages, tradi-
tional journals, and so on — and thus they're
independent of their appearance in a journal.
(However, scientific contributions can point to
reliable archives and, in general, sources that
ensure long-term persistence.) Many journals
can refer to the very same contribution. This
“appearance” of contributions in journals is
important for measuring and determining
their interestingness.

The links in a journal (which define its con-
tent) can be decided by the editor, who picks
them one by one, or defined by a Web search
through the liquid journal’s engine, where the
results depend on the resources’ interestingness.
The editor can then refine the search result and
“snapshot” it (resulting in an issue of a liquid
journal), or the journal can adopt a continuous
model in which it’s essentially a Web search,
and the result evolves naturally and continu-
ously as new content becomes available or the
values of metrics for existing contributions
make them qualified for the defined journal.

The rationale behind this model is that we
see journals as a mechanism for people to find
and share interesting and diverse content, for
themselves or for their research group. This
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was also the original motivation at the birth of
the scientific journal’s paper model around the
17th century. It’s also why we believe that our
new model correctly maintains the name jour-
nal. While doing this — while running a liquid-
journal-enabled search for Web content — and
while refining the results and sharing the most
interesting contributions with our colleagues,
we do a service to our team; but we’re also act-
ing as filters in that we implicitly rate contri-
butions. Hence, we're also doing a service to
the community. Liquid journals essentially put
the community itself to work as content selec-
tors while having people perform activities they
need to do anyhow, such as look for content and
share interesting findings with their team. It's
like capturing the interestingness that people
perceive from the result of a Web search and
using this as a way to rate content and therefore
separate more interesting contributions from
the rest.?

Usage Model and Metrics

Liquid journals aim at providing tailored scien-
tific content by bringing interesting scientific
contributions. People fill their liquid journals in
various ways: they can add content they stum-
ble on by emailing a .pdf file to the liquid jour-
nal engine (analogous to “digging” an item), or
even by taking a picture of a paper with their
phone. They can also add a work in progress,
such as a Google document (see the demo vid-
eos at www.youtube.com/user/liquidjournals
for details). This is intended to mimic what we
do today to keep track of interesting contribu-
tions. The actual content, however, isn’'t in the
journal. A liquid journal is a collection of links,
and as such, it relies on the actual sources and
on the editor’s ability to access those sources.
Thus, access permissions are always based on
the reader’s permissions and on what the link’s
source allows.

A value proposition of a liquid journal is
that editors and readers will provide knowl-
edge that can help connect and assess scien-
tific contributions. This happens in three ways,
all supported by the Liquid Journal interface:

e Editors implicitly evaluate resources by pub-
lishing them in their journal(s).

e Readers implicitly evaluate resources by
sharing them with their team. For example,
a professor or a doctoral student can share
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papers or articles that they think are inter-
esting within their team.

e Readers, editors, and authors provide knowl-
edge by linking and annotating resources.
For example, a reader can state that paper P1
reports results of experiment E over dataset
D, and extends the inital results of P2. They
can also state that paper P3 offers a nice lit-
erature review.

The third action provides information that’s
useful for navigating from a resource to related
resources, and therefore for finding related
information, as shown in Figure 1c.

With the first two actions, the scientific
community collectively establishes what’s
worth reading. Feedback in this form isn’t
intrusive, and it can be useful for editors or
readers. This work of selecting and sharing
knowledge is what we do every day. What the
Liquid Journal tries to add is to capture this
information by making it easy and convenient
for each of us to select and share resources
and then use the collective (implicit) opinions
people have expressed to select and share con-
tent. In other words, by giving scientists a tool
to collect, organize, and share interesting sci-
entific resources, we have a way to assess the
interestingness of such resources, and conse-
quently a way to filter interesting knowledge
and help manage the information overload.
Furthermore, expanding the reach of metrics
to other types of content and activities will let
us look into other aspects of researchers’ pro-
ductivity. For example, we can explore how to
reward people for sharing good ideas (such as
by posting them in a blog), selecting and cre-
ating good collections of contributions, and
also giving constructive feedback. Traditional
metrics not only can’t provide such insights,
but they're still based on citations, which have
been shown to have flaws.?

Liquid Journal’s conceptual model also pro-
vides the information to capture these aspects
in the dimensions of scientific contributions,
subscription links, structural links that make
contributions appear in journals, and usage
information (such as tags, forwarding, and
sharing). The traditional model doesn’t cover all
these rich information-gathering aspects.

From an evaluation perspective, we see the
main contribution of this work in providing
the basic information for evaluating all sorts of

www.computer.org/internet/

resources based on community opinions implic-
itly provided. Out of these, we can develop
many new metrics, just like many citation-
based metrics have popped up now that it’s
possible to compute citations automatically. A
trivial approach involves counting the number
of journals in which a resource appears, or the
number of people who share it or tag it. Nadine
Osman and her colleagues provide a more
sophisticated example,* where opinions, tags,
journal selections, and other actions that can be
expressed via (and recorded by) a liquid journal
contribute to a resource’s reputation. This is the
algorithm currently integrated with the Liquid
Journal platform.

However, because it’s infeasible to provide a
unique (and accepted) magic formula that cap-
tures all of these aspects, we focus on providing
the guidelines that will govern the instantia-
tion of particular derived metrics. Indeed, we
believe it’s up to the community to decide what
counts within it. We're developing this concept
with the metric uCount (in joint collaboration
with the Institute for Computer Sciences, Social
Informatics, and Telecommunications Engineer-
ing; www.icst.org) that, as the name suggests,
captures both the fact that everyone in the com-
munity counts and that everyone’s involved in
the process of defining what counts in his or her
specific community. The idea is that anybody
can then decide which metric formula to use to
filter out potential resources of interest when
searching for Web content.

Architecture

Designing and implementing an infrastruc-
ture for supporting the Liquid Journal model
requires solutions and strategies for

e managing the journal’s process;

e journal creation, evolution, consumption,
and sharing;

e access to scientific content in the Web;

e computing the reputation of contributions
(for ranking); and

e projecting these
interface.

features onto a user

The Liquid Journal architecture relies on spe-
cialized components designed for each of these
aspects. We illustrate these components in Fig-
ure 2a.

OQur current Liquid Journal site provides a
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Liquid Journal’s user interface -
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Figure 2. The Liquid Journal architecture’s components. We can see (a) the back-end architecture, and (b) the front-

end screenshots.

view of the scientific content available on the
Web. Because many scientific contributions
fall outside traditional sources (such as digital
libraries) where standards can be applied, the
infrastructure requires an access layer that pro-
vides the necessary abstractions for accessing
and searching content on the Web. To address
this requirement, we rely on the abstraction of
a resource space-management system (RSMS)?
applied to the scientific domain.

The ResMan system (see http://project.
liquidpub.org/resman), a prototype implemen-
tation of an RSMS, provides a uniform access
layer to resources available on the Web. It
abstracts applications on top of the underly-
ing Web services’ heterogeneity. The approach
the system follows is to rely on adapters — that
is, components that map the specifics of differ-
ent and incompatible services to a common and
uniform protocol.®

On top of ResMan, the abstraction of a sci-
entific RSMS named Karaku (http://project.
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liquidpub.org/karaku) provides a common and
extensible conceptual model specific for scien-
tific resources, and a set of basic services for
searching and operating on these resources.
A core module is the Updater, which func-
tions as a crawler over scientific sources and
extracts resource metadata. This lets us push
resources into the system the same way that
users interface with their phone or a Web
interface. On these architectural foundations,
the Liquid Journal’s core component builds the
services that support the model introduced in
this article.

Liquid journals let users define their own
process and, to this end, the architecture also
includes a life-cycle management component,
the Gelee system.” The back end is completed by a
research evaluation tool (Reseval; http://project.
liquidpub.org/reseval), an extensible tool for
computing metrics for contributions and papers
(and any other user-defined entity). In this con-
text, the tool takes information about scientific
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entities from Karaku and applies the algorithms
for computing metrics. Thus, we can view liquid
journals as domain-specific mashups that let
users define the content, process, and metrics.

Services are important in our architecture,
but to fully exploit them, we must provide an
effective Web interface that facilitates journal
definition, search, content consumption, and
sharing. In our approach, we pay special atten-
tion to this issue, and we're developing a rich
Web application on top of the core components
(see Figure 2b). It’'s also possible to access the
Liquid Journal application using Facebook’s
social network log in and password. We did this
with the goal of facilitating sharing and mak-
ing it easier for people to use and connect with
the system.

We developed the Liquid Journal model in
cooperation with Springer and other part-
ners of the LiquidPub project. Currently, it’s
being deployed as part of ICST — and, as such,
made available to a large community of users.
We hope that Liquid Journal will provide sup-
port for scientists who would like to collab-
oratively collect, organize, and share relevant
content. Another target audience is the reader
who can create knowledge by tagging, com-
menting, and linking different contributions
in liquid journals. Such user-created knowl-
edge is a basis for novel metric models and
for approaches that automatically map contri-
butions, authors, and venues to communities.
We intend to incorporate search functional-
ities based on communities and user-created
knowledge in future iterations. Further details
are available at http://project.liquidpub.org/
research-areas/liquid-journal. iC|
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