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Greg Butler†,‡, and Adrian Tsang‡,¶

∗Institute for Computer Science, Friedrich Schiller University of Jena, Germany
†Department of Computer Science and Software Engineering, Concordia University, Montréal, QC, Canada
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Abstract—The number of scientific publications available in
multiple repositories is huge and rapidly growing. Accessing
this information is of critical importance to conducting research
and designing experiments. However, retrieving data of particu-
lar interest for a specific research field in such a large volume of
publications is often like looking for a needle in a haystack. We
present a web platform that supports researchers in navigating
and curating biochemical literature. Our platform provides a
single-point of access to abstracts of publications harvested
from multiple databases and supports further analysis of these
abstracts. It also allows users to obtain a personalized view of
the literature and its semantic analysis results.
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I. INTRODUCTION

The number of scientific publications in the biomedical and
life science bibliome reached 21 million articles literature in
May 2012, as indexed by PubMed [1]. However, retrieving
data of particular interest for a specific research field in
such a large volume of publications is often like looking
for a needle in a haystack. A researcher querying various
biological bibliographic databases typically collects a long
list of potentially relevant papers. Reading all the abstracts
and full-texts of these papers to locate relevant information
is an unavoidable step in the literature curation process.
Unfortunately, since the task is highly time-consuming and
error-prone, it is a bottleneck in the knowledge discovery
workflow [2]. Researchers, curators and experimenters are
querying different resources with different goals in mind, and
often are looking for different kinds of information. To break
the curation bottleneck, the biological research community
needs flexible and user-centric tools.

We present a web platform that supports researchers in the
curation of biochemical literature. It provides personalized
access to abstracts of scientific publications harvested from
multiple databases and supports further semantic analysis.
More specifically, it allows users to process content with a
number of Semantic Assistants (SAs), e.g., for extracting
named entities (such as organisms, enzymes, genes, or
substrates), generating summaries, and indexing literature.
Additionally, the platform allows users to obtain a personal-
ized view of the literature and the semantic assistants’ results.

It can sort abstracts either chronologically or according to the
relevance to a users’ interest profile, which the platform builds
unobtrusively based on his browsing history. It can foreground
the most relevant abstracts or fragments of abstracts that
match items in the user profile. It is important to note
that users can access their interest profiles generated by
the platform and override the system beliefs in an efficient
and easy-to-use way. They can also use their interest profiles
to directly access abstracts relevant to their interests.

II. RELATED WORK

Natural Language Processing (NLP) and semantic web
approaches are increasingly being adopted in biomedical
research [3], [4], [5]. During the last decade, several systems
combining text mining and semantic processing have been
developed to help life sciences researchers in extracting
knowledge from the literature. For instance, Textpresso [6]
enables the user to search for categories of biological concepts
and classes relating two objects and/or keywords within an
entire literature set. GoPubMed [7] supports the arrangement
of the abstracts returned from a PubMed query. More visual
than the two aforementioned systems are Bio-Jigsaw [8],
a visual analytics system highlighting connections between
biological entities or concepts grounded in the biomedical
literature and Reflect [9], a Firefox plugin that tags gene,
protein and small molecule names in any Web page. In
the NLP community, the research efforts made for the last
decades to develop such tools have been mainly focused on
the capabilities of the systems to achieve text mining tasks.
Examples of such tasks are (bio-)entity recognition, linkage to
reference database entries or relationship extraction between
entities of interest. Open challenges [10], [11] dedicated to
specific tasks have provided the community with intrinsic
evaluation of systems in a reproducible context. However,
few studies report on the ease of user-system interactions or
a system’s effectiveness in supporting the user’s needs.

III. SYSTEM ARCHITECTURE

The ultimate goal of this research is to develop a web
platform that assists scientists in keeping track of relevant
literature available in multiple scientific databases. To fulfil
its purpose, the platform needs a user model providing
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Figure 1. System architecture

information about scientific interests of individual users.
It also needs a repository providing metadata of literature
being published in scientific databases. To achieve automatic
selection of publications that match user interests, both the
user model and metadata must use the same vocabulary.
This vocabulary must provide semantics of the domain
knowledge represented in a machine-processable way. Finally,
the platform needs personalization rules that govern how and
when relevant literature must be delivered for the given user.

We present a portal framework that fulfils the aforemen-
tioned requirements. The framework consists of four units
as shown in Figure 1: The Domain Modeling Unit encap-
sulates the components responsible for storing, accessing,
and managing the domain model, which is represented as
an ontology, formalized in the Web Ontology Language
(OWL)1. The Resource Management Unit is responsible for
harvesting and annotating literature from multiple scientific
databases. A User Modeling Unit provides the models,
mechanisms, and interfaces for managing information about
users required for adaptation. Finally, our Personalization
Unit stores personalization rules and provides mechanisms
for performing personalization in the portal.

Resource Management. The method for gathering and
annotating content in the framework follows our approach to
semantic enrichment of resources for adaptation proposed in
our earlier work [12]. It consists of three operations: In the
first step, the resource management service (RMS) fetches
content of publications from predefined databases, e.g.,
PubMed. Using Application Programming Interfaces (API)
provided by the databases, the service retrieves publications
matching queries defined by users in their individual query
lists. For a retrieved publication, the service checks if
the metadata repository already contains a record for the
publication. If no record is found, the service annotates the
publication. For annotation, it uses NLP pipelines provided
by the Semantic Assistants framework [13]. For instance, for
annotation of biochemical literature related to lignocellulosic
degradation, it uses the mycoMINE pipeline [14]. For every
extracted entity type, the service identifies an appropriate
concept of the domain ontology based on semantic type
mapping, which maps the ontology scheme of the NLP tools
to the scheme of the domain ontology. Once the domain
concept is known, the service invokes the domain modeling
service (DMS) to check the domain ontology for the existence

1http://www.w3.org/TR/owl-features/

of a matching instance. To mitigate the problem of ambiguity,
the service leverages the entity name, its type, and properties.
If a corresponding instance is found, DMS checks whether
it can update it using the results of semantic processing
(e.g. update one of the properties) and then uses the Unified
Resource Identifier (URI) of that instance to include it in
the document metadata. If no instance is found, RMS calls
DMS to insert a new instance using the entity name, ontology
concept, and other attribute values or relations returned by
the NLP tools. After the instance is inserted, its URI is used
to include it in the document metadata. For each document,
the output of the annotation step is a set of URIs referring
to the instances from the domain ontology. These instances
represent the semantic entities identified in the document.
Also, depending on the NLP tool that is used for entity
extraction, the output may include the relevance of identified
entities to the given document. For each identified instance,
RMS generates an annotation record and writes it into the
metadata repository.

User Modeling. The user model stores information about
interests of individual scientists. It is designed as an overlay
model, i.e., user interests are represented as an overlay
of domain concepts defined in the domain ontology. For
each concept, the model stores information about the exact
degree to which the user is interested in it. The degree of
interest is defined by an interest weight, represented by a
real number in the range from 0 to 1. Additionally, the
model stores an approximated semantic interpretation of the
interest weight as interest status. The model supports four
statuses of interest, namely interesting, partially interesting,
uninteresting, and blocked. A blocked concept is a concept
that the user explicitly blocked from being monitored and
used for personalization. It means that the system ignores
any evidence of the user activity on this concept and does
not recommend any content related to this concept.

The user model is updated following our hybrid approach
to user modeling proposed in [15]. This approach supports
three types of user model updates: log-based updates,
inference-based updates, user explicit updates. Log-based
updates are performed based on the evidence of publications
that the user has accessed in the portal. Inference-based
updates are performed based on semantic relations among
the instances in the domain ontology, i.e., the user interest is
propagated from one item to another via the object properties
existing between the items. Log-based and inference-based
updates are performed automatically by the user modeling
service. User explicit updates are made by the user through
the IntrospectiveViews interface presented in Section IV.

Personalization. As described in detail in the next section,
the portal content is delivered to users through personalizable
portlets2. Users can view portlets in standard or personalized

2A portlet is a pluggable user interface component of web portals that
provides a specific piece of content or an application.



Figure 2. A menu for SAs Figure 3. A portal page with personalizable portlets

states. In a personalized state, users can choose between
several personalization effects. For example, they can choose
whether publications must be sorted by interest or chrono-
logically. If a portlet is requested in a personalized view,
the portlet invokes the personalization service. This service
retrieves user personalization preferences to determine what
personalization effects must be generated for the given portlet
and user. It also retrieves metadata of the requested content
and interests of the given user. Based on the metadata and
user interests and personalization preferences, it personalizes
the content and passes it to the requesting portlet.

IV. USER INTERFACE

The proposed framework was deployed on an IBM
WebSphere Portal Server3. Figure 3 displays a personalized
page that users see after they have logged into the portal.
This page consists of a number of portlets providing different
types of content and functions. The Query portlet on the
left displays a list of user search queries, which are used by
the portal to retrieve publications from scientific databases.
This portlet allows users to add, edit, and delete queries
and organize them hierarchically. Upon a mouse click on a
query, the portal will display a list of matching publications
in the Listing portlet. The Listing portlet allows users to
request various types of semantic assistance. Users can view
a list of named entities extracted from the publications, their
summaries, or an index. All types of assistance supported
by the portlet can be seen in the Semantic Assistants menu
(Figure 2). In this menu, users can choose an assistant they

3http://www.ibm.com/software/websphere/portal/

want and set desired view options for the assistant’s results.
Depending on the type of assistant, its results can be displayed
in the source text, as an index, a map, or a text in a side portlet.
For instance, Figure 3 displays results of the mycoMINE
assistant [14], which extracts entities and facts related to
fungal enzymes involved in lignocellulose degradation, such
as enzymes, organisms, genes, substrates, pH, temperature
or activity assay conditions. The entities extracted by the
assistant, as selected in Figure 2, are underlined in the text
of publications listed in the origin portlet and displayed as
an index in a side portlet.

Portal content and results of semantic assistants can be per-
sonalized by users. For some portlets, users can select whether
they want to see the content in a personalized or standard view.
In the personalized view, users can instruct how the portlet
content should be personalized. Users can switch between
personalized and standard views using a personalization menu.
From this menu, users can also request a window displaying
the portlet personalization options and the user’s interest
profile (Figure 4). The personalization options vary from
portlet to portlet. For example, the Listing portlet displaying
a list of new publications supports three personalization
effects: (1) publications can be sorted according to the user
interest profile; (2) the most interesting publications for the
user can be highlighted by a color marker; (3) mentions of
items from the user interest profile can be highlighted in
the publications list. By selecting corresponding checkboxes
users can achieve desired personalization effects in the portlet.
User changes on the personalization options are immediately
projected onto the portlet content.

For the visualization of user profiles, we leverage the



Figure 4. Personalization options and user interest profile. Color
screenshots and screencasts are available at http://www.minerva-
portals.de/research/introspective-views/v.3

IntrospectiveViews interface proposed in our earlier work on
scrutable user modeling in [16]. The interface visualizes user
interests using a metaphor of circular zones partitioned into
slices, where each zone represents items of certain interest
degree and each slice represents items of a specific type. The
hot zone in the center displays items that users are strongly
interested in. The cold zone at the circle edge displays items
that users are not interested in. Items are grouped into circular
sectors by type. The profile shown in Figure 4 displays
items of such types as enzyme, gene, organism, strain, and
some others. The interface provides functions for getting an
overview, zooming, filtering, navigation, and search. It also
displays relevant content and semantic relations among items.
For example, by clicking an item, it will show a list of all
publications where mentions of this item were found.

In addition to viewing, IntrospectiveViews allows editing
information in the model. It allows adding and deleting items,
changing interest degree, organizing items by type, defining
user-specific types, and creating semantic relations among
items. To change the interest degree of an item, the user
needs to drag the item to the corresponding interest zone.
Dragging to the center increases interest and dragging to
the edge decreases interest. New items can be added to the
profile simply by double clicking on an empty space on the
circular surface. Items can be blocked from personalization
by dragging them onto the recycle bin. Similarly to changes
of personalization options, all changes in user interest profiles
made by users through IntrospectiveViews are immediately
projected onto the personalized content.

V. CONCLUSIONS AND FUTURE WORK

We presented a web platform that supports researchers in
the curation of biochemical literature. The platform provides
a single-point of access to a bibliography of publications
harvested from multiple scientific databases. It allows users to
process and analyze publications using a number of semantic
assistants, e.g., named entity extractors, summarizers, and
indexers. Additionally, it allows users to obtain a personalized
view of publications and results of semantic assistants.

In our future work, we plan to perform a detailed evaluation
of the platform through a user study.
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