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Implicitly, digital libraries can provide access to vast knowledge
regarding the contents and structure of their collections, as well as
the communities of authors, institutions and users of all available
information elements. In order for such implicit information to
become useful, it is necessary to make it explicit through
processes of inference and data mining and also to make it
available to user communities through meaningful interfaces.

ABSTRACT
This paper presents the design rationale and initial findings
derived from preliminary usage of OntoStarFish, a visualization
technique aimed at taking advantage of implicit relationships that
can be inferred from large collections of documents in digital
libraries. OntoStarFish makes such relationships explicit so users
may visualize them and detect potential collaboration networks.
Users that may be interested in exploring collaboration networks
include researchers looking for partners for specific projects as
well as funding agencies concerned with the strength of
associations among participants of competing proposals.
OntoStarFish is based upon the use of multiple fisheye views that
can be placed on top of starfields, dynamic scatter plots for which
each axis is determined by a lightweight ontology of attributes
associated to potential collaborators.

We have been working on implicit collaboration networks.
Collaboration networks are structures that represent
interconnected groups of people who work together at various
coupling levels. Indeed, some collaboration networks can easily
be determined from the lists of authors of the publications held by
a digital collection. Other, more implicit structures, on the other
hand, can be hidden and can only be suggested as potential
networks among authors of documents by inferring relationships
from their metadata. Relationships in collaboration networks may
vary in strength, as they may result from direct, evident
connections (such as co-authorship) or from indirect ties
determined, for example, by semantic overlaps in the subjects of
their documents in a collection.

Categories and Subject Descriptors
H.5.2 [User Interfaces] Graphical User Interfaces.

General Terms
Design, Human Factors.

Finding collaboration networks is crucial for researchers in all
areas for various reasons. First and foremost, researchers are
interested in learning about the global community that is
producing scientific advances in the area in which they are
interested. Also, funding opportunities often require assembling
multi-disciplinary, multi-institutional and multi-national groups,
in which case researchers need to find potential partners
elsewhere with similar and complementary interests. Finally,
funding agencies also may want to become familiar with existing
or potential collaboration networks so as to make sure calls for
proposals will find appropriate audiences as well as to validate
proposed research groups.

Keywords
Visualization, collaboration networks, implicit knowledge,
network detection, fisheye views, starfields, taxonomic axes.

1. INTRODUCTION
Digital libraries offer a wealth of information for several kinds of
users, both in explicit and implicit forms. In explicit form, digital
libraries typically hold large collections of journals, magazines,
software, theses and dissertations, as well as less conventional
genres such as multimedia elements and hypertext-based
knowledge representations.

We set out a project aimed at investigating dynamic collaboration
networks, how they can be derived from digital libraries, and how
researchers and users in general can take advantage of their
availability. As part of this project, which we termed “GReCo”
(after its initials in Spanish), we defined components for semiautomatically deriving relationships among authors of documents
as well as for visualizing and exploring those relationships so as
to assist users in determining whether collaboration networks are
possible.
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In this paper, we focus particularly on one of the visualization
interfaces that we have found to be promising for helping users
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detect potential collaboration networks. This interface is based on
the integration of three main concepts: starfields, for providing a
compact, dynamic overview of relationships; multiple fisheye
views, for aiding users in the exploration of relationships in noncontiguous areas of starfields; and lightweight ontologies, for
facilitating the comprehension and manipulation of a large
number of relationships between entities such as institutions and
authors and the general or specific subjects in which they may
collaborate. We thus refer to our visualization technique as
OntoStarFish, to denote the integration of these three concepts.
We discuss the rationale of OntoStarFish, the main aspects of a
working prototype, and report on the initial user experiences with
the interface as applied to a number of actual collections in a
network of digital libraries.

In order to create a visualization method adapted to the detection
and visualization of potential collaboration networks to work on
specific areas, we surveyed the area and characterized existing
methods. Reported works were selected considering some of the
criteria established by a classic framework [17] for categorizing
visualization methods. We included the task topology (overview,
zoom, filter, details-on-demand, viewing relationships, history)
and other characteristics such as meta-data, 2D or 3D
visualization, grouping (on a criteria or using an ontology) and
context. Those tasks were used as evaluation dimensions applied
to the context of collaboration networks visualization. Details of
our survey can be found in [14].
We observed that most existing approaches make it possible for
the user to obtain a general overview of a data set and to view
relationships among items, at least within a close perimeter. Other
popular functions include the ability to zoom in and out of
selected areas, as well as to obtain details of required items. We
found it interesting that 2D visualizations remain popular. Even
though some 3D representations have been attempted (as in [23]),
the simplicity of 2D, both for the user and the developer, has
generally outperformed the complexity that 3D brings about. Only
few methods allow users to filter items dynamically or to group
them semantically. Even fewer offer functionality either to
maintain the context while exploring specific areas or to provide
access to previously viewed scenarios.

The remainder of the paper is organized as follows: Section 2
discusses related work, particularly in the area of visualization of
complex networks. Section 3 provides an overview of the GReCo
project, and describe in general terms how OntoStarFish obtains
its data from digital libraries. Then, Section 4 presents an account
of the design of OntoStarFish, including the motivation for each
of its interface elements. Section 5 discusses how OntoStarFish
can be used for detecting and exploring collaboration networks.
Section 6 presents our initial observations of usage of a working
prototype, whereas Section 7 focuses on our conclusions and
ongoing work.

Maintaining context is particularly important when visualizing
collaboration networks, hence our decision to focus on features
that make this possible. Also, grouping techniques, overview and
zoom functionality, as well as context preservation and displaying
relationships between entities were considered key features for a
model oriented to the discovery and exploration of collaboration
networks. OntoStarFish, the method we propose, offers the
advantages of these features in a single interface, as described in
the following section.

2. RELATED WORK
Proposals for visualizing complex networks have taken various
forms [9]. Clearly, the most popular approach has been based on
the notions of nodes that are linked by edges.
Node-link visualizations have been used in many different
contexts. There are even US patent applications for registering
implemented methods for handling node-link representations,
such as the system proposed by Yakowenko and Matange [22] for
displaying nodes wherein the nodes have a hierarchical context.
Positional information associated with a plurality of nodes is used
to generate a display for the nodes in response to a change in focal
position. The generated node display maintains hierarchical
contextual information about the nodes.

3. THE GRECO PROJECT
In order to investigate the issues related with dynamic
collaboration networks, the GReCo project has defined a general
framework for taking advantage of implicit relationships that can
be derived from digital libraries. Large collections of digital
publications are the main source on which we have relied to
suggest likely collaborations. It is in the context of GReCo that we
have developed OntoStarFish. In this section we describe the
general stages of GReCo and provide context that we consider
helpful as the basis for the detection and visualization of
collaboration networks.

Similarly, visualization schemes are being used to study the
structure of social networks. A social network is a collection of
people, each of whom is acquainted with some subset of the
others [2]. Research on this particular structure has been
supported by graph-oriented techniques [21] and analysis tools
[19]. However, tools that combine exploration, statistics and
visualization techniques have not been proposed. SocialAction
[13] is a tool designed for finding relationships among people by
using data sets, and for analyzing the structure of the resulting
graph. Based on a similar approach, a system called CrimeNet
Explorer [20] supports police agencies in the exploration of
criminal networks and in understanding their complex structure by
using a graph representation.

3.1 Main stages in GReCo
Figure 1 depicts four major stages followed in GReCo for
providing services for detection and visualization of collaboration
networks: Harvesting, normalization, inference and visualization.


A user interface for visualizing collaboration networks must be
able to represent entities, relationships, item groupings and their
instances, collaboration groups and various properties of these
groups. Ontological representations offer helpful means for
organizing relationships and suggesting potential collaboration
networks. However, visualization of ontologies is not an easy task
due mainly to volume, complexity and diversity of representation
mechanisms. There have been many approaches for tackling this
problem. Katifori et al. [11] report a very thorough survey of
existing ontology visualization methods.
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Harvesting. We have focused most of our efforts to utilizing
collections that comply with the Protocol for Metadata
Harvesting of the Open Archives Initiative (OAI-PMH
version 2.0). Prior to looking for implicit relationships in
data, we harvest metadata that is exposed by distributed
collections and we build an intermediate virtual repository
with relevant metadata.

Our approach for organizing the various levels of topics and
subtopics into which publications can be classified takes
advantage of our previous work on lightweight ontologies. The
literature distinguishes lightweight from heavyweight ontologies
according to the degree of formality involved in their encoding
[12]. Lightweight ontologies range from enumerations of terms to
graphs or taxonomies of concepts with well-defined relationships
among them, which provide a representation of an information
space. The term lightweight may indicate that the construction of
ontologies does not involve domain experts. It also refers to treelike structures where each node label is a language-independent
propositional formula [6].

Collections
Harvesting

Inference and
ontology
construction

Normalization

Particularly for OAI collections, we have adapted the frequent
itemset-based hierarchical clustering (FIHC) algorithm [3] as the
basis for a semi-automatic method for constructing lightweight
ontologies of metadata records. Dublin Core attributes that play an
important role in this process are mainly the title, description and
subject for each document in the collections. We have applied our
method to specific participating collections and the resulting
lightweight ontologies have been used as one of the main inputs
for our visualization technique. Details of the construction of
lightweight ontologies, which are referred to as “ontologies of
records”, can be found in [16].

Visualization & exploration of
collaboration networks

Figure 1. Stages in the GReCo project.






Normalization. Though digital libraries do represent valuable
information, data coming from heterogeneous sources needs
to undergo significant pre-processing so mining or inference
can be performed with some level of effectiveness. Since
OAI collections adhere to the Dublin Core (DC) metadata
standard, uniformity is expected at least for naming
attributes. However, DC is quite flexible and the usage of its
elements typically differs from collection to collection. Even
within the same collection, uniformity for key attributes such
as author or institution names cannot be taken for granted.
Thus, a normalization process examines metadata that results
from the preceding harvesting stage and produces a version
of the intermediate repository that contains uniform
metadata.

An additional process in this stage is the estimation of the
collaboration potential between authors in terms of factors such as
co-authorship and overlapping subjects of interest as derived from
their publications. While this estimation is important for node-link
representations, it is not critical for OntoStarFish, as this approach
is intended to allow users to detect collaboration opportunities by
exploring and manipulating visual representations of overlaps and
coincidences, as discussed in the following section.

4. THE ONTOSTARFISH VISUALIZATION
TECHNIQUE

Inference. In this stage, a lightweight ontology is constructed
that represents the classification of the topics and subtopics
found in the collections as well as a taxonomy that represents
the affiliation of authors to their institutions and the countries
to which each institution belongs. Moreover, a representation
is generated for the potential relationships among authors of
publications as determined from the collections harvested to
assemble the intermediate repository.

At the outset of our project, we chose to work on additions and
enhancements to the node-link approach for visualizing
collaboration networks. We believe this is an intuitive
representation and that its limitations to cope with large and
complex networks may be overcome by introducing user interface
elements to assist users in selecting and filtering portions of the
networks of their interest. We have worked on variations of the
node-link approach for collaboration networks and we have found
some of them are promising [10]. However, we also have realized
that node-link representations are better suited for displaying
relationships that already have been discovered, perhaps
automatically, at least at a suggestion level. We also noticed that
node-link visualizations do not facilitate maintaining the context
for the user to have access to a general, clear overview of the
entire set of relationships at any given time. Thus, we decided to
explore alternatives that would address those issues.

Visualization. Finally, graphical representations of the
inferred data are produced and made accessible to users so
they can visually detect potential relationships and explore
the suggested collaboration networks. In our project we
decided to generate node-link visualizations that are
enhanced through filters that can directly be manipulated by
the users, as well as a novel approach that takes advantage of
lightweight ontologies to assist users in navigating through
collaboration networks at various levels of detail. We only
focus on the latter approach in this paper.

4.1 A focus-plus-context basis

3.2 Inference and ontology construction

We based our exploration of alternative interfaces for
collaboration networks on our previous experience with
visualization interfaces, particularly with a technique we refer to
as StarFish [15]. In order to provide a compact graphical
representation that would include all possible relationships,
StarFish uses the notion of starfields [1]. A starfield is a gridbased visualization method that highlights the intersections of two
axes on a plane. Each axis typically is used to represent an
attribute of the objects being displayed. Thus, for example, we can

As discussed in the following section, the OntoStarFish
visualization technique relies on the availability of ontological
representations of the subjects in which researchers work (and
publish) as well as a taxonomy that defines relationships between
authors and their institutions and between institutions and their
countries. The construction of this taxonomy is relatively
straightforward as it is based mainly on the creator, publisher and
source attributes in Dublin Core.
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use the horizontal axis to refer to the subjects of publications held
by digital collections, use the vertical axis to refer to authors of
publications, and highlight their intersection if there is at least one
publication on a given subject written by a given author.

those that are important. StarFish was a useful evolution of basic
starfields but still posed the need for more semantic grouping of
attributes on both axes, as generally the horizontal axis presented
chronologically ordered data, whereas the vertical axis presented
attributes that were ordered alphabetically. Particularly in the
latter case, selecting a sub-area did not result in a meaningful
partition.

Though starfields had been used successfully for visualizing large
digital collections [18], when applied in combination with
selection and zooming mechanisms, we observed disorientation
problems due to the lack of context. Thus, StarFish also
introduced fisheye views [4, 5, 7, 8], a focus-plus-context
technique that allows users to explore in detail an area of interest
while maintaining its context. It takes its name from the distortion
effect it creates around non-important elements and amplifying

OntoStarFish thus results from two key changes to the StarFish
base scheme: Adding semantics to starfield axes and introducing
multiple fisheye lenses that allow for examination of several
regions of the starfield simultaneously. We discuss these concepts
next.

Figure 2. Ontological axes and multiple fisheye lenses.
Brazil (country level) on a sub-topic such as “Agronomy”, which
is classified under the more general topic of “Agriculture.” At the
same time, on a different area of the interface, the user may decide
to explore dots that indicate that there are publications on that
subject but (displaying only the country level), say, in Mexico.
Yet another area of the interface may show whether Argentina (at
the country level) has work published in the general subject of
“Technology”. Users should be able to expand or collapse any
section of the ontological axes depending on their interests, and
the starfield should be updated accordingly.

4.2 Adding semantics to starfield axes
In contrast with the original starfields, in which axes display
linearly a segment or the complete set of possible values for an
attribute, OntoStarFish introduces axes that can display attributes
at various levels of abstraction, as selected by the user,
corresponding to specializations or generalizations represented by
the lightweight ontologies derived from the collections.
As illustrated in Figure 2, in OntoStarFish, the horizontal axis is
used to display the ontological arrangement of the publications’
subjects, whereas the vertical axis displays the countries,
institutions or names of the authors of the publications. In other
words, relationships on the X-axis can be considered “is-a”,
whereas on the Y-axis we have “belongs-to” relationships. In both
cases, it is the user who decides the level of detail to be displayed.
With the introduction of what we refer to as ontological axes it
becomes possible to explore countries, institutions and
researchers, and look at the relationships each of these elements
may have with a general or particular research subject.

4.3 Introducing multiple fisheye lenses
As noted earlier, fisheye views provide a mechanism for exploring
details in a starfield while maintaining the context. In the case of
collaboration networks, after observing users working with low
fidelity prototypes we realized a single fisheye view would not be
sufficient for exploration and detection purposes. The new
ontological structure we proposed suggests that various
collaboration networks can be displayed simultaneously, but they
may not be evident as they can be hidden by the large number of
relationships. A single fisheye lens may bring forward
relationships in a particular area but those that are not contiguous
still would remain hidden. As illustrated in Figure 2, we
introduced multiple fisheye lenses that can be moved around to

When exploring the starfield in OntoStarFish, the levels of
abstraction may vary even on the same axis. For example, the
interface may display, if the user so requests, dots that indicate
there are publications authored by specific researchers (author
level) at, say, the University of Sao Paulo (institution level) in
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Spain are displayed, whereas on the horizontal axis more subjects
related to Agriculture, such as Agronomy and Aquaculture are
displayed. The starfield is updated accordingly so as to make it
possible to visualize relationships at that deeper level. Note that
when one item is expanded, the others remain on the display to
maintain context.

display details of the starfield. When two fisheye lenses are
positioned in a way that they overlap vertically (as shown in the
figure), potential collaboration networks of researchers (or
countries or institutions) working on related subjects correspond
to coinciding columns in multiple fisheye views. This is
exemplified in Figure 2 by the dots within the ellipse. When the
lenses overlap horizontally, they show potential collaboration
networks within the same country or institution on different
subjects.
The combination of starfields with fisheye visualizations makes it
possible to focus on a single area of a large data set [9]. However,
after observing users work with low fidelity prototypes we
realized a single fisheye view may not be sufficient to detect
collaboration networks. The new ontological structure of the
starfield model we proposed suggests that various collaboration
networks can be displayed simultaneously, but they may not be
evident as they can be hidden by the large number of
relationships. A single fisheye lens may bring forward
relationships in a particular area but those that are not contiguous
still would remain hidden. In order to detect as many
collaboration networks as possible we introduce multiple fisheye
views, which should allow for the exploration of several areas of
interest simultaneously over the ontological starfield, making it
possible to detect not only collaboration networks in different
countries or institutions, but also collaboration groups within the
same country or the same institution. Fisheye lenses also should
be resizable so as to allow users to dynamically delimit areas of
interest. We elaborate on how collaboration networks can be
detected next, as we describe a prototypical implementation of
OntoStarFish and provide further details of its user interface.

Figure 3. Visualization at the country and general subject
levels.
Although the amount of information on the starfield increases,
fisheye views help in exploring specific areas, whereas the
ontological arrangement on both axes make sure that items
displayed contiguously also are semantically close. A different
color, blue in this case, helps distinguish the new institution subject relationships from the already existing country - subject
relationships. This same effect could have been accomplished by
clicking separately on the corresponding axis labels (Spain and
Agriculture).

5. USING ONTOSTARFISH TO DETECT
COLLABORATION NETWORKS
We have implemented a prototype for demonstrating the concepts
of OntoStarFish and exploring its potential for visualizing and
detecting collaboration networks. In this section we present
scenarios that illustrate how OntoStaFish can be used. We have
used our inference methods to find implicit relationships in test
collections that involve nearly 120,000 documents about a large
number of subjects. The documents have been authored by
researchers mainly from institutions in six countries from Latin
America and Spain.

5.1 Finding where researchers are
One possible use of OntoStarFish is to explore the existing
relationships to determine the affiliation of researchers who work
on given subjects. Figure 3 illustrates a scenario in which three
fisheye lenses are placed over a starfield by a user who is
interested in the general subject of “Agriculture”. By looking at
the column formed by the reddish dots on top of the “Agriculture”
label, it is straightforward to note that five out of the six countries
have some published work on that subject. The user has placed the
cursor over a dot at the intersection of Spain and the general
subject of “Agriculture”. A legend next to the cursor indicates that
there exist nine researchers in Spain who are potential
collaborators in that field.

Figure 4. Visualization at the institution level and specific
subjects.
It is interesting to note that the starfield at this point displays
universities within Spain that might have common interests and
therefore could be in a position to collaborate, but also the
countries with which potential collaboration networks could be
established. By moving the lenses around the starfield these
relationships may become more evident.

Practically all graphical elements in OntoStarFish can be clicked
upon. When the user clicks on the dot at the Spain-Agriculture
relationship, both entities are expanded, as illustrated in Figure 4.
On the vertical axis, acronyms for all universities or institutions in
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In Figure 4, the user has clicked on the blue dot that indicates that
Universidad Complutense de Madrid (UCM) has publications in
the area of Agronomy, and a legend next to the cursor indicates

that six different researchers are the authors of those publications.
If the exploration continues by clicking on this relationship, both
elements are expanded again, as illustrated in Figure 5.

Figure 5. Visualization at the author level and more specific subjects.
lens it would become difficult for the user to highlight the
relationships of interest, as only the dots on the center of the lens
are magnified. Also, many additional relationships which are not
relevant for the collaboration network would be included in the
fisheye view.

The new level of detail shows, on the vertical axis, all researchers
within UCM, whereas more specific subjects within Agronomy
are displayed on the horizontal axis. One of the fisheye lenses has
been resized to include as many relationships as possible.
Relationships between authors and subjects are indicated by green
dots, which coexist on the display with blue and reddish dots that
refer to institutions and countries, respectively.
Though in Figure 5 only the relationship between the author
named “Abad” and the specific subject of “Agrarian Policy” has
been highlighted, the starfield also shows, by interpreting the
same column, that the university (UCM) does not have other
researchers working (or publishing, for that matter) on the subject
being examined, as there are no other green dots on the column,
but that there is one other university in Spain (blue dot below the
main author-subject relationship) working on the subject, and that
there are potential collaborators in two other countries (reddish
dots on both ends of the column).
It also is interesting to note that rows of the starfield also provide
helpful information as they indicate all subjects of interest for a
given author, institution or country. This may be particularly
helpful when collaborators are needed from multiple disciplines.

5.2 Exploring potential collaboration
networks with multiple fisheye views
Following from the scenario in Figure 5, if we wanted to know
who may be potential collaborators for the researcher “Abad” in
the two countries shown as red dots, we would have to click on
each of them to find the corresponding institutions and then on the
blue dots to list the researchers. Given that Mexico and Brazil are
on both ends of the horizontal axis, if we used only one fisheye

Figure 6. Using multiple fisheye views for exploring noncontiguous areas.
Our solution to these issues has been to introduce multiple fisheye
lenses, as shown in Figure 6. In this case, the vertical axis
includes items for institutions in three countries (Mexico, Spain
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and Brazil) and researchers in one university in each country.
Fisheye lenses have been placed on green dots that form a column
on top of the subject of interest (Agrarian Policy), thus allowing
the relationships that are not contiguous to become evident for the
user. The user may want to add or remove fisheye lenses
depending on the task at hand and the complexity of the starfield.

which is a key feature of our approach, also was positively
evaluated. Users were pleased with the representation and eager to
explore the functionality afforded by clickable elements that
allowed them to expand and collapse data on the axes and the
starfields at will. It was particularly satisfying to receive positive
comments on the potential of our visualization approach. Some
users went further to suggest applications for social networks in
general and for managing relationships in business and enterprise
settings.

We also have observed that users rely on multiple fisheye views
to explore several areas of the starfield. Typically, when they have
located an area of interest they leave a fisheye lens fixed and star
using another one to explore related data, especially when the
axes have been expanded to a great level of detail.

Two issues that were raised by users as problematic seem to be
related to the novelty of the interface. They thought that the
starfield-based representation of relationships was not always
clear and that some training would be needed before researchers
can use OntoStarFish comfortably. In spite of this, our
observations indicate that even though users are puzzled initially
by the interface, they became familiar quickly with the
representation and the interface elements, and were able to
perform tasks quite naturally in less than 12 or 15 minutes.

6. EVALUATION
For a preliminary evaluation of the OntoStarFish technique, we
have conducted tests based on our current working prototype. We
designed a series of tasks related to the characteristics and goals
of OntoStarFish, particularly for determining its effectiveness for
detecting collaboration networks. Formative testing based on the
observation of two groups of users motivated various adjustments
to the user interface and produced the version of the prototype
discussed in this paper.

Responsiveness is an implementation-dependent issue. Due to the
large data volume, most of our sessions presented latency
problems, which caused the users to obtain unexpected results, for
example when they continued using the interface without waiting
for OntoStarFish to redraw the starfield.

Overall, 28 users have been observed while using OntoStarFish in
sessions lasting from 30 to 45 minutes. Participants have included
university faculty and students with varying backgrounds
including business, education, information technologies, industrial
engineering and environmental engineering. Tasks included using
the interface for exploring relationships and determining whether
researchers, institutions or countries might collaborate. Sessions
were recorded and post-test questionnaires were applied to obtain
explicit feedback.

We also obtained interesting feedback from open questions in
post-test questionnaires. In general, users considered that the
technique has a lot of positive aspects that make the discovery of
collaboration networks fairly easy. The most important aspect
noted by users was the use of multiple fisheyes over the starfield.
Users liked the possibility of exploring different areas on the same
starfield and having access to different collaboration groups
through multiple fisheye lenses. Also, the resizing capability
feature of each fisheye was very useful for exploring larger (or
smaller) areas of interest over the starfield.

potential
responsiveness
learnability
helpful for researchers
useful for collaboration…
color use
semantic groupings
starfield clarity
0

Another positive aspect was related to the exploration of
ontologies and finding relationships based on the “stars” in the
interface. The use of colors (red for countries, blue for institutions
and green for researchers) made it easy to determine not only the
ontological level users are exploring but also to focus on the kinds
of groups users wanted to explore. Another important feature
commented as positive was the indentation on each axis which
helped users in maintaining their focus on the elements they were
exploring. Zooming into the various levels of the subject ontology
also contributed to find potential collaboration networks.

20

40
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6.2 Interface refinements

80 100

Based on feedback from users and further experimentation, we
have produced an improved version of the OntoStarFish interface.
Salient enhancements, illustrated in Figure 8, include the
following:

A navigation bar has been added to constantly provide
contextual information regarding the levels dealt with
on the vertical and horizontal axes, as well as on the
number of potential collaborators to be displayed if the
user clicks on a given dot on the starfield.

Handy buttons are provided for easily adding or
removing fisheye lenses while exploring starfields.

Messages are presented to the user when the system is
recalculating the starfield so as to avoid frustration from
clicking and not seeing instant results.

Figure 7. Summary of user feedback on OntoStarFish.

6.1 Results
Figure 7 presents a summary of the feedback we have collected
from numeric responses to questionnaires. Though users were
asked to respond to questions using a 1 to 4 scale (totally agree to
totally disagree), the results have been normalized and are shown
on a 0 to 100 scale.
On the positive side, users were enthusiastic about the helpfulness
of OntoStarFish for exploring collaboration networks. They
thought that a visualization technique such as OntoStarFish would
help researchers find potential collaborations in other institutions
and other countries. Semantic groupings of data on the axes,

In addition to significant performance improvements, in this
version of the interface dots resulting from expanding an
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ontological level remain highlighted even if the cursor moves to
explore a different area. Users suggested this in order to provide
visual clues that reduce disorientation or confusion when multiple
actions are performed on the interface.

digital collections does not generally exhibit any evident pattern
that describes such networks. The levels of detail provided by
OntoStarFish seem to offer several advantages over the traditional
node-link scheme, including the visualization of complex network
structures, a detailed view of potential collaborative groups, and
the visualization of multiple collaboration networks at the same
time.

We believe that OntoStarFish highlights the importance of the
representation mechanism used to support the visualization of
collaboration networks. Metadata associated with documents in

Figure 8. Refinements derived from user feedback and experimentation.
not initially considered. However, when low-fidelity prototypes
were presented to researchers in early stages of our project, they
mentioned this functionality would be desirable. We plan to
include options for visualizing documents from which
relationships were inferred, as researchers find it important to
learn about the reasons why OntoStarFish suggests potential
collaborations on specific areas. This implies adding new features
to the interface, such as a document previewing at the last level of
the subject ontology. Performance also is a very important feature
of visualization methods. In order to support document
visualization on this model, changes to our rendering algorithms
may be needed, thus making this our priority before adding new
features to the interface. Finally, we also are considering the
exploration of the alternative applications for OntoStarFish
suggested by our users

7. CONCLUSION
Digital libraries hold valuable information and knowledge both in
explicit and implicit forms. Collaboration networks that can be
derived from implicit relationships among documents in digital
collections are of great importance for researchers and funding
agencies. Mechanisms are needed to extract those implicit
relationships and present them to the users so they can detect
collaboration networks. This paper has focused on OntoStarFish, a
technique that shows promise for detecting, visualizing and
exploring collaboration networks. The main features of
OntoStarFish include its representation of relationships by means
of starfields, and its exploration mechanisms based on ontological
axes and multiple fisheye views.
We plan to make OntoStarFish available to a digital libraries
network (http://www.onedl.org.mx) that is responsible for
maintaining a number of OAI-compliant collections. In this
process, we expect to learn more about the potential and
limitations of our approach.
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We have defined various ways to continue the work described in
this paper. Although OntoStarFish takes advantage of the
relationships among documents in digital repositories, visualizing
documents associated with research subjects or institutions was
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