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ABSTRACT 

We introduce OntoStarFish, a user interface designed for 
detecting, visualizing and exploring implicit collaboration 
networks. As its name suggests, OntoStarFish is based upon the 
use of multiple fisheye views on starfields for which the axis are 
determined by an ontological organization of attributes associated 
to potential collaborators. We describe this technique as applied to 
data on collaboration networks inferred from distributed 
collections of documents and report on results of a preliminary 
usability study of a working prototype. 

Categories and Subject Descriptors 
D.2.2 [Design Tools and Techniques]: User 
Interfaces; H.5.2 [User Interfaces]: Graphical User 
Interfaces (GUI); I.3.6 [Methodology and 
Techniques]:Interaction Techniques

General Terms 
Human Factors 

Keywords 
Collaboration networks, information visualization, multiple 
fisheye views, ontological starfields. 

1. INTRODUCTION 

Repositories of scientific publications from all disciplines have 
been growing at extraordinary rates. Some relationships entailed 
by documents in such repositories are explicit, as the documents 
come from the same discipline or are produced by the same 
research groups. Other relationships, however, may not be 
evident, such as complementary areas in multi-disciplinary fields, 
or groups that have been working on related issues in different 
research centers or different countries.  

We are interested in implicit collaboration networks, those that 
can be established among authors of documents by deriving 
relationships from their metadata. Such relationships may vary in 
strength, as they may result from direct, evident connections (such 
as co- authorship) or indirect ties determined, for example, by 
overlaps in the subjects of their documents in a collection. 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 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 an audience as well as to 
validate proposed research groups. 

We have been investigating several mechanisms for visualizing 
relationships, particularly among entities involved in repositories 
of scientific publications, from countries to institutions to authors. 
The node-link visualization method has been the most popular 
technique used for creating graphical representations of network 
structures such as ecological networks [37], criminal networks 
[35] and social networks [22]. However, adaptations of this 
method have yet to be generated specifically for collaboration 
networks.  Although we have been working on such adaptations of 
the node-link method (as reported in [15]), we also decided to 
generate a novel visualization method that takes advantage of 
proven focus-plus-context techniques as well as semantic 
organizations of knowledge domains.  

Our goal has been to produce a user interface that provides an 
overview of all relationships inferred from a number of distributed 
collections and assists users in filtering and focusing on those 
potential relationships that are relevant to a particular situation. 
Considering visualization guidelines such as those suggested in 
[25] and [29], zoom, overview, context preservation, grouping 
techniques, and displaying relationship between entities were 
deemed necessary characteristics of the proposed interface. Thus, 
our interface is based on the combination of two major 
visualization techniques: starfields [1] and multiple fisheye views 
[9].  Additionally, documents in the repositories are organized
according to their main subjects by using clustering techniques 
and producing lightweight ontologies.  Thus, the resulting method, 
which we termed OntoStarFish, presents the user with ontological 
starfields from which regions can be selected using resizable 
fisheye lenses. Collaboration networks can easily be detected by 
considering the intersections of authors in diverse institutions with 
research topics in the ontologies. This paper discusses the design 

Copyright is held by the author(s), 2010.
MexIHC 2010, November 8, 9 & 10, 2010.
Published by Universidad Politécnica de San Luis Potosí

Proceedings of the 3rd Mexican Workshop on Human Computer Interaction(MexIHC'2010) Vol.1

San Luis Potosí, SLP, México. November 8th, 9th and 10th.
Universidad Politécnica de San Luis Potosí 

44



of OntoStarFish and reports on the initial user experiences with 
the interface.  

The remainder of the paper is organized as follows: Section 2 
offers an overview of related work. Section 3 presents an account 
of the design of OntoStarFish, including detailed use scenarios. 
Section 4 discusses the results from a usability study of a working 
prototype, whereas Section 5 focuses on our conclusions and 
ongoing work.

2. RELATED WORK 

As noted earlier, various methods for visualizing network 
structures have been proposed in recent years [14], but node-link 
representations have been the most popular. Node-link 
visualizations have been used in many different contexts. Yoon 
and colleagues [37], for example, have used this technique for 
ecological networks. They created a 3D visualization tool called 
Web On Webs for analyzing the complexity of food webs on 
ecosystems. In their work, nodes represent species, whereas links 
represents whether a species can be eaten by another one. 
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 [20]. Research on this particular structure has been 
supported by graph-oriented techniques [36] and analysis tools 
[27]. However, a tool that combines exploration, statistics and 
visualization techniques has not been proposed. SocialAction [22]
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 
[35] supports police agencies in the exploration of criminal 
networks and in understanding their complex structure by using a 
graph representation.  

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. In order to create a visualization method adapted to these 
needs, we surveyed the area and characterized existing methods. 
Table 1 presents a summary of our findings related to 23 related 
projects. As it can be observed, all of the approaches make it 
possible for the user to obtain a general overview of a data set and 
to view relationships between 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, the simplicity of 2D, both for the user and the 
developer, have 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 to maintain the context while exploring specific 
areas or to provide access to previously viewed scenarios 
(history).  

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. 

3. OntoStarFish: A MODEL FOR 
DETECTING COLLABORATION 
NETWORKS 

A collaboration network is a social structure consisting of a group 
of people that cooperate on a knowledge domain with a common 
goal. Whereas some participants may know each other, others may 
be working in the same area and may be interested in establishing 
collaboration ties. These implicit relationships may be inferred 
from the documents produced by researchers. Our group also has 
been working on inference mechanisms, but these are out of the 
scope of this paper, which focuses on one of the visualization 
components. The node-link approach provides an intuitive 
representation for small collaboration networks. Part of the 
structure of a collaboration network can be determined by the 
subject on which a researcher specializes [3], but the increasing 
number of new participants  in the network also increases the 
complexity of this structure [34]. With an increasing number of 
participants and with different kinds of networks each one related 
to a particular subject, it becomes very difficult for the node-
linked visualization to present a manageable graphical 
representation of all the relationships. We are working on 
variations of the node-link approach [15], but simultaneously we 
decided to explore other alternatives. 

In order to create a new visualization model that will assist users 
in detecting collaboration networks, we selected two existing 
techniques that include most of the required features: starfields
and fisheye views [10]. A starfield is a grid-based information 
visualization method in which objects are represented by points 
scattered at the intersections of two axes, which represent the 
attributes of the objects being displayed. The axes show a 
relationship between the selected attributes and also display a 
general overview of the elements at any moment. This technique 
has been used successfully for visualizing large digital collections 
[26]. The fisheye visualization method [9] is 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 
those that are important. Starfish [24] is a visualization method 
that combines the visual information seeking techniques of a 
starfield with the focus-plus-context technique of the fisheye 
model [23]. This visualization method uses most of the features 
detected as necessary in our evaluation, but still lacks semantic 
grouping mechanisms, as items are ordered only chronologically 
or alphabetically on both axes.  

In our work, we take advantage of the sets of relationships derived 
from document repositories, which are represented as ontologies. 
By combining the features of the starfish model with the use of 
ontologies, we provide a graphical representation of relationships 
at different levels. For example, users may visualize institutions 
that work on a given research subject, but also may drill down into 
each axis and see relationships between researchers and more 
specific topics. Since a starfield representing a large number of 
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relationships may become unmanageable, and regions of interest 
may not be contiguous in the grid, we introduced the option of 
multiple fisheye lenses that can be moved around to display 
details of the starfield. When two fisheye lenses are positioned in 
a way that they overlap vertically, potential collaboration 
networks of researchers (or countries or institutions) working on 
related topics correspond to coinciding columns in multiple 
fisheye views. When the lenses overlap horizontally, they show 
potential collaboration networks within the same country or 
institution. We called this adaptation OntoStarFish (or simply 
OSF) as it uses ontological axes and multiple fisheye views on 
starfields for detecting collaboration groups and networks. Figure 
1 illustrates the main concepts involved in the design of OSF. We 
elaborate on this design next.  

Figure 1. The OntoStarFish model interface and its graphical 
elements.

Table 1. Comparison of visualization mechanisms. 
Project name Overview Zoom Filtering Details on 

demand
Viewing 
Relat’shps

History Meta-
data

2D 3D Grouping Context

Friendwheel [8] X X X X X

Social Action [22] X X X X X X X

CrimeNet Explorer [35] X X X X X X

Touchgraph [28] X X X X X X X

Nicheworks [32] X X X X

WebMap [31] X X X X X X

Hyperbolic tree [19] X X X X X

WebBrain [30] X X X X X X X

WebToc [21] X X X X X X X

GoSurfer [38] X X X X X

CropCircles [18] X X X X X X

Grokker [11] X X X X X X X X

Kart00 [17] X X X X X X X

Pad++[2] X X X X X X

EVA2D [26] X X X X X X X X

Starfish [24] X X X X X X X X

Natto [16] X X X X

Web On Webs [37] X X X X X X

HyperSpace [33] X X X X X

Open Text Web Index [4] X X X X X X

WWW3D [5] X X X X X X

MAPA [6] X X X X X X

Web Path [7] X X X X X
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3.1. Ontological Axes 

Attributes that are common to research documents include the 
author’s name and institution, a country of origin and the main 
subject of each article. For the vertical axis in Figure 1 we used 
the fact that a scientist is affiliated to an institution or research 
center which in turn is based mainly in one country. For the 
horizontal axis, the ontology refers to subjects that can be 
specialized or generalized depending on the users’ interests. With 
the introduction of ontological axes it becomes possible to explore 
countries, institutions or research centers and look at the 
relationships each of these elements has with a particular research 
subject. 

3.2. Multiple Fisheye Views 

The combination of starfields with fisheye visualizations makes it 
possible to focus on a single area [12] of a large data set.  
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. The multiple fisheye views allows for the exploration of
multiple areas of interest [13] 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. We explain how 
collaboration networks are detected in OSF next. 

Figure 2. Starting an OntoStarFish session. 

3.3. Finding Collaboration Networks 
Figure 2 illustrates the initial configuration of the OSF interface, 
displaying three fisheye lenses and only the highest levels of the 
ontological axes. Finding a visualizing collaboration networks 
using OSF can be seen as a process performed at one of three 
levels, which can be viewed in sequence: Country level, institution 

level, and author level. Initially, the starfield displays red dots 
indicating which countries are conducting research on the general 
topics listed on the horizontal axis. The fisheye lenses may be 
moved around the starfield to explore different areas. What is 
distinctive in OSF is that the user can select any of the items on 
the axes to obtain a more detailed view. So, for example, Figure 3 
illustrates the case when the user has clicked on an element of the 
subject ontology, thus producing a view of the next level of detail 
of potential subjects for collaboration. Note that when one item is 
expanded, the others remain on the display to maintain context. 
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. 

Figure 3. Expanding the subject ontology. 

Figure 4. Selecting a country in the OSF.

At the second level of the vertical axis the user can explore 
institutions or research centers paired with potential subjects. As 
shown in Figure 4, by selecting a country on the vertical axis or a 
dot on the starfield, the user obtains a listing of all the institutions 
in that country that have publications in the repositories being 
considered. As result of this action, blue dots (or “stars”) may 
appear on the screen. This implies that the selected institution has 
publications on the corresponding subject.  
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All the dots in one column correspond to potential collaboration 
networks in one topic involving multiple institutions, whereas dots 
in one row correspond to topics being researched at a given 
institution. Again, lenses can be moved around to cover different 
areas of the starfield. This case is illustrated in Figure 5. When 
lenses overlap horizontally, they display potential collaboration 
networks within multiple disciplines; when they overlap vertically, 
they display potential collaboration networks in multiple 
institutions, possibly in multiple countries. 

At the third level on the vertical axis the user can expand 
institutions to see a listing of researchers. The starfield is updated 
accordingly to show potential collaboration networks among 
researchers, indicated by green colored stars, as illustrated in 
Figure 6. The possible interactions with fisheye views and various 
levels of detail for research subjects on the horizontal axis are 
analogous to the institution and country levels. In that sense, it is 
possible to detect potential collaborations among researchers from 
different countries and institutions by moving the fisheye lenses 
around the starfield.  

Figure 5. Exploring collaboration networks involving 
institutions. 

Whereas in the previous examples a single level on the vertical 
axis has been included for the sake of clarity, the OSF interface 
may as well be used to visualize collaboration networks at all 
three levels at the same time, as illustrated in Figure 7.

This is possible because whenever an item is expanded, the others 
remain on display. It is also possible to expand, say, one country 
to display its institutions while another country is expanded to 
display institutions and also the researchers of one of those 
institutions. Colors on the starfield are intended to help users in 
distinguishing the sort of relationship being displayed.  

Figure 6. Exploring collaboration networks involving 
researchers. 

4. PROTOTYPE EVALUATION

For a preliminary evaluation of the OSF model, we conducted 
usability tests based on a working prototype, which was 
implemented using Java FX and used actual data from a collection 
of more than 120,000 documents. We designed a series of tasks 
related to the characteristics of OSF we wanted to explore for 
detecting collaboration networks.  

Figure 7. Collaboration networks involving countries, institutions and researchers on the same view. 
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A group of five subjects with background in information 
technologies, industrial engineering and environmental 
engineering participated in this study. A first group of tasks was 
related to the capabilities for exploring collaboration networks. 
Users were asked to explore the existing collaboration networks 
on screen by using fisheye views, stars and  
also the elements contained on both axes in order to bring new  
relationships to the screen. The next group of tasks was designed 
to explore the quality of the networks obtained by OSF. On this 
part of the evaluation we asked the users to list all the members of 
the newly available networks on the screen. Finally a last group of 
tasks were related to the interface attractiveness.  

At the end of the evaluation we requested formal feedback from 
users through questionnaires. A summary of their responses is 
illustrated in Figure 8. For numerical responses we used a scale 
from 1 (totally disagree) to 4 (totally agree), so a maximum total 
score of 20 was possible for each question. 

Figure 8. Summary of user feedback for OSF

As noted in the figure, most of the features were evaluated 
positively. In particular, subjects found it very useful to be able to 
display or hide at will the visual representations of the various 
ontological levels. Most importantly, they found OSF helpful to 
find an explore collaboration networks. The relatively low rating 
for the intuitiveness of stars seems to indicate that some initial 
training would be needed to take advantage of OSF. 

We also obtained interesting feedback from post-test 
questionnaires. In general, users considered that the OSF model 
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.   
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 use of 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 as well also contributed to find potential 
collaboration networks. 
Finally, users also commented positively on OSF’s functionality to 
detect different types of collaboration networks related to a 
specific subject, but they did consider that the rendering speed of 
the elements on this visualization method needs to be improved. 

4.1. Discussion  

One of the main issues when visualizing collaboration networks is 
to find an adequate technique to represent the existing 
relationships between researchers, their institutions or research 
centers and the countries in which they work. The information 
stored in digital collections does not exhibit any evident pattern 
that describes such relationships. Thus, by using this available 
data, we created a new ontological data collection which uses the 
Author-Institution-Country-Subject pattern proposed for the OSF 
technique. By relying on this pattern, OSF provides 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. 

Let us consider a scenario that further illustrates how OSF can be 
helpful. Say a researcher at Universidad de las Americas Puebla 
(UDLAP) is looking for potential collaborations between 
institutions in “science.” Figure 9 shows how the node-link 
technique can be used to visualize all possible collaboration 
groups. Evidently, the number of available elements and the 
number of relationships among them make it difficult to visualize 
collaboration opportunities in a practical manner. 

Figure 9. Visualizing relations between institutions and the 
science area using the node-link technique. 

Easy to select countries

Easy to select subjects

Clear relationships between countries

Clear relationships between institutions

Clear relationships between researchers

Useful to hide 
subjects/countries/institutions

Generally easy to use

Clear meaning of stars

Useful to resize fisheye lenses

Easy to explore ontologies

Easy to understand relationships

Easy to detect collaboration networks

0 5 10 15 20
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 Figure 10 shows the same example using the OSF model. As we 
can see, all the network elements are visible on a single column, 
thus making it possible to visualize potential collaboration groups 
even if the network structure is complex. It is worth noticing that 
we also are exploring improvements of the node-link approach.
This is reported in [15]. 

Consider now the case when someone is interested in finding 
possible collaboration groups between researchers and a given 
subject. As shown in Figure 11 the node-link visualization 
technique removes all existing relations to bring new ones to the 
screen. This makes it difficult for users to keep track of context. 
Using the OSF technique it is possible to visualize different 
networks without removing any element from the display (see 
Figure 12). Additionally, fisheye lenses assist users by 
emphasizing the degree of interest (DOI), as proposed when it was 
first introduced [9]. The scale of each star contained in a fisheye 
lens is increased but only the ones that are at its center display a
“tooltip” showing the number of relationships available at the next 
ontological level. With this feature the researcher can detect where 
the largest group of researchers is and may explore that area 
further. (see Figure 13). 

Figure 10. Visualizing relations between institutions and the 
science area using OSF. 

Figure 11. Visualizing relations between researchers and the 
science area using node-link.

Figure 12. Visualizing details using the fish eye views on OSF. 

Figure 13. Visualizing relations between researchers and the 
science area using OSF. 

5. ONGOING AND FUTURE WORK 
OntoStarFish is an interface designed for detecting, visualizing 
and exploring collaboration networks. Although it takes advantage 
of a representation of the relationships among documents in a 
repository (inferred by a software component not discussed in this 
paper), visualizing documents associated with research subjects or 
institutions was 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. 
For future work we plan to include options for visualizing 
documents from which relationships were inferred, as researchers 
find it important to learn about the reasons why OSF suggests 
potential collaborations on a specific area. This implies adding 
new features to the interface, such as a document previewing at 
the last level of the subject ontology. Performance is also 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. 
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