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Abstract

Web-based digital libraries have sped up the process that
scholars use to find new, important research papers. Unfor-
tunately, current digital libraries are limited by their inade-
quate webpage-based paradigm, and it is easy for even the
most experienced scholar to get lost. A paper and its im-
mediate references are shown on a webpage, but it is not
obvious where that paper belongs in the larger context of
a field of research. The goal for our research was to de-
velop and test the effectiveness of a web-based application,
PaperCube, that was designed to augment a scholar’s in-
teraction with a digital library and explore bibliographic
meta data using a defined set of visualizations. These vi-
sualizations needed to provide different levels of visibility
into a paper’s citation network without losing focus of the
currently viewed paper. PaperCube was validated through
a user study which showed that it was very useful when it
comes to augmenting digital library search by reducing the
“cognitive load” put on a scholar and aiding the “discov-
erability” of new research material.

1. Introduction

When a scholar develops new concepts, ideas, and in-
ventions, he or she most often builds upon, and expands be-
yond, previously published research. Therefore, a scholar
needs to find relevant research material, most commonly in
the form of articles, papers, or books, and then forage for
other works through references. Even if the person is an ex-
perienced and established scholar in a field of research, find-
ing relevant material can be a difficult and time-consuming
task. Even worse, for a newcomer to a field, without proper
guidance, finding research material can be near impossible.

Furthermore, the rate at which scholarly papers are pub-
lished is accelerating. The National Science Foundation
[13] has shown that the world-wide publication rate of sci-
ence and engineering research has grown at a steady annual
rate of 2.3% between 1995 and 2005. Also, between 1988
and 2005, the amount of cross-institutional author collabo-

ration grew from 40% to 61%. Since the amount of pub-
lished research material is growing and the interconnected-
ness of author collaboration is becoming increasingly tan-
gled, it is important to create new methods to aid the dis-
covery of relevant research.

1.1 Digital Libraries

Even before advent of the web, digital libraries in
other forms were available either as stand-alone systems
or through proprietary means via the early Internet. Ser-
vices [10] were developed beginning in the 1960s. How-
ever, these services were specialized and, due to the nature
of the technology at the time, inaccessible to most. Once
the web started to be widely used in the mid 1990s, the way
that information and knowledge was disseminated changed
drastically, not only for digital libraries, but in general. Dig-
ital libraries have taken full advantage of the web to make
scholarly research easy to access.

Unfortunately, although the web has made it easy to ac-
cess publications, it has not solved one major problem: with
the amount of knowledge available, sensory overload is a
very real possibility. Due to this, the actual information a
scholar is searching for can be lost in the clutter of irrele-
vant material. Searching for papers in a digital library (DL)
makes it easy to narrow down the search space quite ef-
fectively, but the webpage-based user interfaces currently
in use are not always adequate. The current paradigm of
webpage-based searching, viewing, and foraging has its
limitations; while focused on a paper, represented as a web-
page in the DL with links to its referenced papers, it is non-
trivial for a user to see where the paper belongs within the
wider context. Without navigating away from the original
paper, it is not possible to view the references of a refer-
enced paper, and so on, or in other words, the overall ci-
tation network. In order to view a reference, a researcher
has to click on a link that either makes the browser navi-
gate away from the current page or opens a new browser
window. Neither of these solutions are ideal because the
researcher has left the original paper behind.



Therefore, it is important to allow for the navigation of
bibliographic meta data in such a manner that allows a pa-
per to be focused yet allow for the easy and seamless access
to its surrounding citation network without losing focus and
context. To create a practical system that allows for this and
is web-based would be quite useful to scholars. Such a sys-
tem does not necessarily need to replace currently existing
web-based digital libraries, but rather augment them. Sim-
ply by replacing the webpage that represents a paper within
the typical DL of today with a rich, interactive visualization-
based user interface was thought to be a compelling chal-
lenge. However, it is important to remain web-based so that
it is possible to seamlessly switch back and forth from the
webpage in the DL to the visualization-based interface. The
hypothesis was that by replacing the traditional webpage-
based paradigm with a suite of visualizations that expose
various dimensions of bibliographic meta data a researcher
could gain new insights and find relationships that were not
previously apparent. Furthermore, by making the experi-
ence spatial, the aim was to see if researchers were able
to find what they were looking for more quickly and intu-
itively. The available bibliographic meta data in a DL is
very interesting to explore and by looking at papers’ ref-
erences and citations, a researcher should be able to easily
explore a field of study and get acquainted with what papers
and authors are the most important in a given field.

2 Goals and Requirements

The main goal of this work was two-fold. First, to de-
velop and test the effectiveness of an application, Paper-
Cube, that allows a scholar to interact with a DL and ex-
plore bibliographic meta data using a defined set of visual-
izations. These visualizations had to provide different levels
of visibility into the bibliographic relationships for papers
and authors yet maintain Focus+Context [4].

• Navigate Paper Citation Network Relationships
A paper’s citation network had to be navigable in both
directions of the citation relationship, meaning that it
is possible to see not only the papers that a paper has
referenced, but also what papers have cited it. Also,
users needed to be able to see author citation and col-
laboration relationships that can be implied from the
paper’s bibliographic meta data.

• Provide a Suite of Visualizations
PaperCube had to incorporate a suite of visualizations
that provide for different perspectives and levels of de-
tail of paper and author relationships. The visualiza-
tions needed to allow for the easy representation of not
only a paper’s immediate relationships, but also its ex-
tended citation network. Author relationships needed

to show interconnected author to author citation and
collaboration relationships.

• Switch Between Views Without Losing Focus
PaperCube needed to be able to seamlessly switch be-
tween views that show the same paper or author and
not lose focus on the item when the view is changed.

• Allow User to Adjust the Amount of Data Shown
The visualizations had to be easily customizable with
a set of threshold parameters that constrain the amount
of data rendered. Therefore, PaperCube needed to
have UI slider controls that a researcher could adjust
and, in turn, have the views update automatically in
real time.

• Resolution Independence
All of the views needed to be resolution independent so
that any portion of a visualization can be dynamically
zoomed in to reveal more detail.

• Use Existing Bibliographic Meta Data
The purpose of this work was not to create a new set
of bibliographic meta data. Therefore, the use of an
existing DL with publicly available meta data that was
easily searchable was needed.

• Validation Through A User Study
PaperCube needed to be validated through a user study
that assessed the effectiveness of its design goals and
methods. The study should assess the efficacy of the
major design goal as well as the individual views and
visualization methods.

The second goal was to push the limits of modern web
browsers. By using web standards-based technologies, the
goal is to explore the possibility of creating a dynamic,
desktop-like experience that incorporates rich, interactive
visualizations. The web is the best way to disseminate in-
formation, and it would be a great disservice not to use it.

3 Related Work

Previous research into the visualization of bibliographic
meta data has evolved over the past twenty-five years as
computers have become more powerful and capable. Sev-
eral older tools serve as some of the inspiration of Paper-
Cube, namely the Document Lens [14], Butterfly [11], and
BIVTECI [12]. These tools all show similar bibliographic
meta data, but use different visualization methods.

More recent tools such as BiblioViz [15] and PaperLens
[9] stemming from InfoVis competitions have attempted to
visualize paper and author relationships using newer ren-
dering technology. BiblioViz uses both 2D and 3D vi-
sualizations to show paper publishing and author cluster-
ing. PaperLens used 2D visualizations to show citation and



Figure 1. Screenshot of Circle View zoomed in.

collaboration connections throughout a community of re-
searchers. Furthermore, Circle View [2], developed by Pe-
ter Bergström in 2004, was a novel visualization method to
show a paper’s immediate citation network.

PaperCube expands upon previous DL visualization
tools by incorporating the visualization of paper citation
networks as well as the author collaboration relationships.
Furthermore, by using a suite of visualizations methods in-
cluding fisheye views [4] and tree maps [8] implemented to
be web-based, the application is easily used by researchers.

4 PaperCube Description

PaperCube is a “cloud” or thick-client application that
runs in a user’s web browser using SproutCore [7], a
JavaScript-based UI framework. Rendering of visualiza-
tions is accomplished through the use of HTML, CSS,
and Scalable Vector Graphics [3]. PaperCube allows a re-
searcher to explore a version of the CiteSeer [5] data set
and browse paper and author relationships through a set of
highly interactive and dynamic, interconnected visualiza-
tions. Both of the paper and author modes have “detail”
views that present the data in the visualization-based views
in a table-based format that serves as a jumping off point to
the other views.

4.1 Paper Visualizations

The main purpose is to explore the augmentation of DL
search and browsing through the use of visualizations of
paper citation network relationships. As a result, a set of
tasks were envisioned and views were created to accom-
plish those tasks. The hypothesis is that creating a set of
visualizations to accomplish those tasks will make Paper-

Cube very effective helping the users of DL services find
what they are looking for faster and more intuitively.

The first task is the exploration of the paper’s immedi-
ate citation network in both direction of relationships, refer-
ences and citations. This task would be useful once a paper
has been found to find other papers that were immediately
referenced by the authors. These papers are usually strongly
related to the subject matter of the focused paper. Two visu-
alizations were created, an improved version of Circle View,
shown in fig. 1, and Paper Graph.

The second task is the exploration of the paper’s ex-
tended citation network viewed hierarchically. This task al-
lows the researcher to explore deeper into in the citation net-
work of a paper. The papers that are cited on the shallowest
levels will be very targeted to the focused paper’s subject,
but the more hops away from the focused paper, the less the
papers may be directly related, yet still important to a re-
searcher’s paper search. Papers that may seem unrelated at
first can ultimately be very beneficial to a user’s research.
To accomplish this, Tree Map view (fig. 2) was created.

The third task is looking at a focused paper’s citation
network as it has developed over time, which may perhaps
show temporal relationships that may otherwise be difficult
to notice. Charting the evolution of a field from the most
recent research back to a seminal work can be very interest-
ing not only to find other papers in the field, but also to learn
where it belongs in the overall tree of knowledge. As a re-
sult, the Papers Per Year view, shown in fig. 3, was created
as a novel way to approach this problem.

4.2 Author Visualizations

As a secondary goal, this work wanted to explore how
the author relationships could be interpreted through visu-
alization as a way to allow researchers to find papers via



Figure 2. Screenshot of Tree Map view.

a different dimension on the available bibliographic meta
data. Most existing digital libraries are solely focused on
paper relationships and being able to derive and visualize
author relationships from the existing meta data would give
researchers a novel way to find new papers. The goal was
to show author relationships that could be directly inferred
from paper relationships that exist in digital libraries. A pa-
per contains information about its authors and from this, the
relationships between authors can be derived.

The first task was finding new authors from looking at an
author’s collaborators. The hope was that showing collab-
oration relationships between authors could be a powerful
feature and appreciated by researchers. The view, Collabo-
rators, is shown in fig. 4. By finding a paper and looking at
its authors, it should be very useful to look at the author’s
collaborators and then find other important papers.

Second, it was thought that it would be interesting to
know what authors have cited a given author and what au-
thors that author had referenced across all his or her pub-
lished papers. The hope was to create a view that gives a
general overview of the citation space throughout the career
of an author. The potential for this view was that it would
be easy to see if an author influences many authors or vice
versa. The view, Author Cites, is shown in fig. 5.

5 User Study

A user study was conducted asking past and present
graduate students, researchers, and professors to participate.
The survey’s goal was to get their thoughts on current web-
based digital libraries, the general features and interface ele-
ments used in PaperCube, as well as rating the effectiveness
of the various paper and author visualizations used. In order
to provide the participants with some context, a brief video

[6] was created to give the participants some background
of the goals of PaperCube as well as showing the available
features and views. Full results can be found in [1].

The user study showed that PaperCube has a lot of po-
tential and the participants’ impression of it overall was ex-
cellent. Eighty-five percent of participants found that Paper-
Cube was useful when it comes to augmenting web-based
digital libraries and 100% of the participants said that they
would use it as part of a larger DL service.

In general, the survey validated top-level design choices
of PaperCube. The decision to show both papers and au-
thors views was well-liked by the participants and as ex-
pected, the paper views were found more useful than the
author views—87% versus 13%. Also, the ability to adjust
the display parameters of the views in real time was rated
very highly. Furthermore, the zooming and overall feature
of resolution independence was very well liked by the par-
ticipants.

Rank Papers Pct Authors Pct
1 Circle View 32% Author Detail 40%
2 Paper Details 29% Collaborators 37%
3 Papers Per Year 24% Author Cites 17%
4 Tree Map 9% Papers 7%
5 Paper Graph 6% - -

Table 1. Most liked views in PaperCube

Shown in table 1, the most liked paper view was Circle
View. It was surprising that Paper Detail view rated sec-
ond highest followed by Papers Per Year view. The orig-
inal hypothesis was that Tree Map view would have been
rated highest or next to highest but in fact was second to
last. The major reason cited by participants was that the
view displayed too much information. Paper Graph view



Figure 3. Screenshot of Papers Per Year view.

Figure 4. Collaborators view zoomed in showing the collaboration network of an author up to 3 levels.

Figure 5. Author Cites view showing the authors that the focused author has referenced.



was rated the lowest because it was somewhat redundant to
Circle View.

Also shown in table 1, it was expected that the most liked
author views would be Collaborators view followed by Au-
thor Detail view. However, the results show that Author De-
tail view, which was picked by 40% of participants which
slightly edged out Collaborators view. As expected, the two
other views, Author Cites and Papers, were rated lower.

It was shown that PaperCube would fit very well with
a DL service because most it helps reduce the “cognitive
load” on the user by only showing relevant information.
Also, showing author and paper relationships “visually” is
a good way to increase the “discoverability” of new mate-
rial. PaperCube is a “novel way” to view the relationships
between papers in a way that is much more “understandable
than the flat views” in most web-based digital libraries.

PaperCube would make “references searches much
faster and complete” and as one participant said, it would
be a “fantastic way to navigate and explore to find serendip-
itous connected papers/studies, and would make a particular
library’s catalog that much more valuable.” Also, one par-
ticipant especially liked the fact that the ability to filter the
visible data was “much more extensive” that have other dig-
ital libraries allow.

The user study showed that PaperCube has a lot of po-
tential and the participants’ impression of it overall was ex-
cellent. The participants rated PaperCube highly when it
comes to augmenting web-based digital libraries and all of
the participants said that they would use it as part of a larger
DL service. Although not explicitly mentioned, the partic-
ipants recognized that the goal for PaperCube was to be a
potential companion to a full-featured DL service.

5.1 Discussion

The user study showed that PaperCube’s effectiveness
stems from the views of the bibliographic meta data that
are exposed to the user. Although showing only direct re-
lationships between papers and authors, the types of visual-
izations used were in general thought to be effective. Users
could focus on a paper or author at the low level or explore
the networks of relationships up to fifteen levels deep.

The user survey showed that participants liked to see the
details of a paper or author first, then branch out using the
other views starting with the ones showing the most im-
mediate relationships then going beyond. Therefore, Circle
View and Collaborators view, visualizations that were more
constrained in scope, were rated the highest by participants.
Views such as Papers Per Year, Tree Map, and Author Cites
were not rated as highly because participants thought that
the potential data density was overwhelming at first.

Furthermore, the study showed that PaperCube made it
possible to find references, citations, and authors that are

not directly connected with the focused paper or author
through the ability of seeing many levels of relationships
at once. Therefore, a researcher can stumble upon impor-
tant papers and authors that may be seem unrelated to the
direct search at hand, yet indirectly be at the heart of the
researcher’s search.

5.2 Opportunities For Improvement

Based on the survey results, several possibilities to im-
prove PaperCube were found. First, improving the UI de-
sign to make it more intuitive would be very useful. Most of
the improvements would be to make the color scheme a bit
more pleasing and some of the UI elements stick out more.
The aim was to make the UI fade away and allow for min-
imal distraction while the user is interacting with the vari-
ous views. However, the subtleness of the interface made
PaperCube have a higher learning curve to the novice user
than expected. The participants noted that once the learning
curve was overcome, PaperCube was easy to use.

Furthermore, participants thought that instead of hav-
ing more views, PaperCube might benefit from having less
views but with more features. By having more targeted
views, PaperCube could be a lot more focused and easier
to use. Not all of the views were as useful as they could
have been. One prime example is the Papers view showing
all the papers that an author has published. That view could
be removed and improve PaperCube as a whole by making
it more focused.

6 Future Work

PaperCube as validated in the survey is a self-contained
application using a static data set. The participants noted
that they would like to see PaperCube interact with a live
data set. The interaction model with a live DL could mani-
fest itself it two ways.

First, one could give PaperCube more search capabili-
ties to search a DL directly and exist as a stand-alone ser-
vice. This would have the benefit of being self-contained
and only the interface to the DL would have to be devel-
oped. However, the rich capabilities of an existing web-
based DL would have to be duplicated in PaperCube which
might distract from its central goal, namely focus on the vi-
sualization of bibliographic meta data. Adding additional
features to make it a full interface to a DL would be a dis-
traction.

Second, one could make PaperCube even more light-
weight and incorporate it into a web-based DL directly. The
idea is that when a user views a paper in a DL a link would
be present to show that paper in PaperCube. From Paper-
Cube, the user would be able to navigate and view papers
and authors like in the existing application.



The second interaction model with a DL might be the
most desirable and effective. PaperCube was designed to
augment existing digital libraries through the use of visual-
izations, not replace them.

7 Conclusion

This work set out to develop and test the effectiveness of
an application that allows a scholar to interact with a DL and
explore bibliographic meta data using a defined set of visu-
alizations. This application, PaperCube, was designed to
augment—not replace—existing DL services. PaperCube
uses a set of visualizations to allow a scholar to be focused
on a paper yet see where it belongs in the greater context of
a publication space. Current digital libraries are limited by
the webpage-based paradigm accepted as the norm. Paper-
Cube set out to push the limits of web browsers and see if it
was possible to break the mold and use a new paradigm to
navigate bibliographic meta data. This new paradigm went
beyond and created a dynamic, desktop-like experience that
incorporated rich, interactive visualizations.

The user study validated that PaperCube’s set of views
achieved the goal of augmenting digital libraries effectively.
Participants unanimously said that PaperCube would fit
well within the framework of an existing DL service and
that if available, they would use it. Although the data set
used focused on papers in the engineering and scientific
fields, participants from other disciplines such as law found
that with the right data set, PaperCube would greatly im-
prove their daily workflow.

Participants found that PaperCube as a whole helped re-
duce the cognitive load of a researcher by making it easy to
focus and show relevant information. All the views gave the
user the control to adjust the amount of data shown at any
time by a set of parameters. Especially in data dense views,
this control made it easy to determine what papers or au-
thors are important by altering significance factors. There-
fore, instead of trying to automatically determine what is
relevant, PaperCube trusts the user to determine relevance.

This work showed that augmenting the foraging for re-
search material in DL discover through visualizations on
the web is a possibility. PaperCube was shown to be to
reduce the “cognitive load” put on a scholar and aid the
“discoverability” of new research material. Furthermore,
it was shown that participants thought that it was “visually
exciting and intuitive” application and an “amazing exam-
ple of the apps that we’ll be seeing on the web in a couple
of years.”
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