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ABSTRACT

We present CiteWiz, an extensible framework for visualiza-
tion of scientific citation networks. The system is based on
a taxonomy of citation database usage for researchers, and
provides a timeline visualization for overviews and an in-
fluence visualization for detailed views. The timeline dis-
plays the general chronology and importance of authors and
articles in a citation database, whereas the influence visu-
alization is implemented using the Growing Polygons tech-
nique, suitably modified to the context of browsing citation
data. Using the latter technique, hierarchies of articles with
potentially very long citation chains can be graphically rep-
resented. The visualization is augmented with mechanisms
for parent-child visualization and suitable interaction tech-
niques for interacting with the view hierarchy and the indi-
vidual articles in the dataset. We also provide an interactive
concept map for keywords and co-authorship using a basic
force-directed graph layout scheme. A formal user study in-
dicates that CiteWiz is significantly more efficient than tra-
ditional database interfaces for high-level analysis tasks re-
lating to influence and overviews, and equally efficient for
low-level tasks such as finding a paper and correlating bibli-
ographical data.

Author Keywords
citation networks, bibliographic visualization, information
visualization, causal relations

INTRODUCTION

One of the key tasks of scientific research is the study and
management of existing work in a given field of inquiry.
The specific nature of the tasks involved in this venture vary
greatly depending on the situation and the role of the re-
searcher; for a new student just entering a research area,
the task is that of orientation within the existing work; for
a reviewer, one of originality and correctness checking; for
a conference organizer, one of chronological survey; and,
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Figure 1. The CiteWiz prototype system running under Windows.

finally, for an experienced scientist, one of staying abreast
with new developments, confirming intuitions, and identi-
fying current hot topics in his or her area of choice. Re-
searchers spend a considerable portion of their time on these
tasks, ample evidence that it is in everyone’s best interest to
streamline this process as much as possible, and that large
time savings can likely be made.

In this paper, we present CiteWiz, a tool for bibliographic
visualization of the chronology and influences in networks
of scientific articles. The tool contains three primary visu-
alizations: a timeline visualization for overviews and nav-
igation in a full citation database, an influence visualiza-
tion for detailed views of a specific subset of the citation
database, and an interactive concept map for exploring key-
words and co-authorship in the database. Users would typi-
cally orient themselves in a citation database using the time-
line and the concept map and then construct specialized sub-
sets to study using the influence visualization. The tool
was designed for use by researchers, scientists, and students
alike, and its baseline features were established through ex-
tended discussions in a focus group consisting of such users.
These discussions helped us formulate a taxonomy for cita-
tion database interaction that we believe is a valuable contri-
bution to the area. Guided by this taxonomy and the focus
group, we created a prototype implementation of the tool
with a user interface that allows for normal browsing and
filtering of the citation meta-data as well as building nested
subsets of the dataset for visualization. We have conducted a



formal user study to assess the efficiency of the tool in com-
parison with standard web-based database interfaces. Our
results indicate that CiteWiz is equally efficient as standard
database interfaces for low-level analysis tasks such as find-
ing papers and correlating authors, and significantly more ef-
ficient than standard databases for higher-level analysis tasks
related to overviews and influences of bibliographical data.

Causality and influences both play a large role in tracing the
history of ideas and trends in a scientific community, and
these are core strengths of the Growing Polygons [12] tech-
nique. In order to allow us to make use of this technique, we
show how to model citations in scientific articles using gen-
eral causal relations, and we introduce the slightly relaxed
concept of influence between articles in a citation database.
We chose an article-centered approach (as opposed to an
author-centered one) in our implementation, where the ar-
ticles themselves are the active entities (represented by pro-
cesses), and citations are the information-bearing messages
between them. To allow the technique to cope with poten-
tially huge datasets, we also improved its scalability in two
different ways: we implemented multi-level process hierar-
chies for grouping sets of articles together, and we added a
focus+context technique with variable time scale to handle
long event histories. The visualization was accordingly sup-
plemented with a number of interaction techniques to sup-
port these new features as well as techniques targeted specif-
ically at citation visualization; these include collapsing and
expanding the group hierarchy, navigating in the citation net-
work by following backward and forward references, and
getting details-on-demand of the complete bibliographical
data for a specific paper.

The rest of this article is structured as follows: we begin
by describing the state of the art in visualization of citation
networks. We then give background information on citation
networks and presents our taxonomy for its use. We present
the CiteWiz platform, including the three visualizations. We
then give a case study to highlight the CiteWiz workflow
and how these visualizations complement each other. The
following section describes the user study, and our results are
presented in after that. We finish the paper with a discussion
in and some conclusions.

RELATED WORK

The common model of viewing citation networks as directed
graphs (see the next section) lends itself quite naturally
to visualizing bibliographical data as simple node-link di-
agrams. However, node-link diagrams has two major weak-
nesses [17]: they scale poorly for dense networks, and (ii)
require aggregation methods to reduce the density enough to
be readable. In the context of citation networks, node-link
representations show only local dependency information; it
is easy to see direct citing and cited articles, but the user
must traverse the graph in order to see dependencies more
than one step away. The CiteWiz system presented in this
article, on the other hand, provides the surrounding context
by directly showing the dependencies of an article, yielding
a much more straightforward way to see the chronology.

Modjeska et al. [25] propose a minimum set of functions
necessary for effective bibliographic visualization: (i) dis-
play of complete bibliographic information, (ii) filtering by
record fields, (iii) display of chronology and influence of ar-
ticles, (iv) information views at different levels of detail, (v)
multiple simultaneous views, and (vi) visualization of large
search results. They also present the BIVTECI prototype
system that partially implements this specification, but the
visualization used in the tool is restricted to node-link dia-
grams with visualized attributes. CiteWiz also implements
this minimum functionality, but instead employs the Grow-
ing Polygons causality visualization technique in order to
handle larger search results and provide stronger chronology
information.

The RefViz [29] system is a commercial visualization tool
for scientific citation networks. It is based on two main
views, a “galaxy” network view showing clusters of papers
based on their conceptual relations, and a concept occur-
rence “matrix” view showing the distribution of concepts
being discussed in relation to each other. This is orthogonal
from the CiteWiz approach, where the basis for the visual-
ization are the actual references in each paper.

The Butterfly [24]] system provides a 3D visualization front-
end of the DIALOG science citation databases, using the
notion of “organic user interfaces” to build an information
landscape as the user explores the results of various queries.
Individual articles are represented by a butterfly-shaped 3D
object with references and citers on the left and right wings,
respectively, and various graphical cues are provided to ori-
ent the user when browsing the citation network. Butter-
fly uses a node-link diagram for overview and context, how-
ever, and has no mechanism for showing the cumulative in-
fluences and chronology of articles.

The results from the InfoVis 2004 contest [13]] are of special
interest to this work, especially since we use the same cita-
tion database for our prototype implementation. Many ex-
cellent entries, developed concurrently with our work, were
presented at the contest. Ke, Borner and Viswanath [21]] use
a graph visualizer to show the relationship between the ma-
jor papers in the database, scaling node size proportionally
to the number of citations just like entities in the CiteWiz
timeline visualization. Delest et al. [9] use a related ap-
proach. Keim et al. [22]] employ InterRings [35] to visualize
co-authorship, a technique somewhat similar to using Grow-
ing Polygons for co-authorship studies.

A number of citation-based visualization systems similar to
CiteWiz have been proposed previously; VxInsight [8} 2] is a
general knowledge management system where relations be-
tween articles (i.e. citations and keywords) are used to map
the data objects to a 3D terrain that is rearranged using a
force-directed layout scheme. CiteSpace [|6] (recently up-
dated to its second version) provide support for the full work
process for studying a scientific community, including oper-
ations such as filtering, time slicing, pruning, merging, and
visual inspection.

CiteWiz and the above-mentioned systems are all article-
focused tools in that they emphasize the visualization of



articles and their interdependencies. A number of group-
focused techniques have also been proposed, where the em-
phasis lies on representing the groupings and structure of a
scientific domain through metrics such as relevance, bibli-
ographic coupling [23]], and co-citation [[32[]. Work in this
area is numerous but peripheral to the system described in
this paper; examples include [3} 4} 5,7, |19].

Timelines, like the Newton’s Shoulders visualization in
CiteWiz, have been widely used for applications like per-
sonal histories [28]], time-space diagrams for distributed sys-
tems [|33} |1]], and scientific publication analysis such as for
research fronts [26] and historiographs [[16]. Our approach
provides an interactive and linked view that integrates well
with the other visualizations in the CiteWiz system.

CITATION NETWORKS

Citation networks consist of bibliographical entries repre-
senting scientific publications, each being a tuple of at-
tributes such as title, authors, source, date, abstract, key-
words, etc. In addition, each entry has a number of ref-
erences to other entries representing the citations found in
the article. Thus, citation networks can be seen as directed
graphs where each node represents an article, out edges rep-
resent cited papers (i.e. the dependencies of the current pa-
per), and in edges represent citing papers. A citation graph
is generally not acyclic since articles may mutually cite each
other; this is sometimes the case when an author (or a team
of authors) publishes two or more related articles to the same
conference or journal issue.

From the publications data, it is possible to derive a host
of related concepts, including authors, conferences, and the
citations themselves. These may all be of varying interest
depending on the current analysis task the user is trying to
perform. In this paper, we present a specialized task tax-
onomy for citation database; see Plaisant et al. [27] for a
general taxonomy of graph visualization tasks.

Traditional bibliographical databases generally provide means
for searching, sorting, and filtering the citation data in vari-
ous ways (examples include IEEE Xplor the ACM Digital
Library [10]], and CiteSeer [18]]). These database interfaces
serve as suitable reference implementations when assessing
new visualizations for citation networks.

Formative Evaluation

In order to identify the best way to analyze and visualize
bibliographic data, we organized a formative user evaluation
using a focus group of six active researchers from our de-
partment prior to starting the design and implementation of
our platform. Our intention with this session was to derive
the high-level concepts and tasks involved with the use of
bibliographical data, including various situations when re-
searchers make use of such databases.

The authors acted as moderators during the focus group ses-
sion, first giving a five-minute introduction to citation net-
works and then posing a number of open-ended questions
for discussion. The participants were then encouraged to
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discuss the questions in the group while the moderators took
notes and drew a conceptual map of the problem domain (un-
der the directions of the participants) on a whiteboard. The
entire session lasted approximately one hour.

Discussions and results from the focus group session served
as the foundation for our taxonomy of citation database in-
teraction. The concept of roles—and the tasks and subtasks
associated with each role—turned out to be a key component
in most of the participants’ thinking on the subject. This tax-
onomy, presented in the following section, has proven useful
when discussing bibliographic visualization and the analysis
tasks involved in this activity, but may have a bias towards
a researcher’s point of view; we plan to involve other users
of citation databases (e.g. librarians) in future updates of the
taxonomy.

Taxonomy of Citation Database Interaction

A researcher may assume any of a number of different roles
when interacting with a citation database, and we have thus
chosen to base our taxonomy on the concept of user roles
and the goals and tasks associated with these. Clearly, a user
has different goals to achieve depending his or her current
role, and these govern which rasks need to be done. Us-
ing this taxonomy, we can make decisions about which user
roles and goals we want a tool to support, and accordingly
which tasks we must implement.

In the taxonomy below, the terms group and subgroup refer
to any (potentially hierarchical) clustering of articles (and
subgroups) according to some criteria, such as shared key-
words, author, source, etc. An event is defined as any sci-
entific community activity, such as a journal issue, a confer-
ence, a workshop, etc. Furthermore, we have categorized the
user tasks depending on the focus of the task; making a dis-
tinction between (i) article- (P), (ii) event- (E), (iii) author-
(A), and (iv) group-focused (G) user tasks is useful when
discussing the nature of a visualization tool.

Table [I] presents the roles we have identified, including a
short description of each role. Table [2] gives a listing of the
individual goals of each role, as well as the tasks involved
with completing that particular goal. Finally, Table 3| shows
the different tasks, including their focus category. Note that
these tasks operate on the current working group and not
necessarily the entire database; for instance, task T3 should
be interpreted as “find the most influential paper in the cur-
rent group of papers”.

Citations as Causal Relations

A causal ordering is a general relation that relates two events
where one is the cause of the other. We can interpret ci-
tations in scientific articles as causal orderings in at least
two different ways: either with authors as the active enti-
ties (processes) and their papers as events, or with papers
as the active entities and a single event marking the paper’s
publication for each entity. For both cases, we represent cita-
tions by causal relations between the events. In this work, we
have chosen the latter approach for the simple reason that the
former causes problem with the visualization when authors



Role Description

A researcher that is new to a specific field;

Novice can either be a new student or an experi-
enced researcher moving to a new area.
An experienced researcher with intimate
Expert
knowledge of a field.
A researcher tasked with peer-reviewing a
Reviewer new paper, potentially from a field he or

she has only passing knowledge of.

A researcher responsible for organizing,
Organizer editing, and/or steering an event (such as
a conference or journal).

A person, such as a recruiter, tasked
with evaluating the work of a specific re-
searcher.

Evaluator

Table 1. User roles in citation database usage.

combine to work together on a paper; thus, our visualization
is fundamentally article-focused instead of author-focused.

Seeing that a citation in a scientific article can be modeled by
a causal relation is straightforward: a citation implies that (a)
the authors have read and somehow been influenced by the
cited paper (and thus, indirectly, that the cited paper existed
before the citing paper), and that (b) the citing paper has a
dependency to the cited paper. Admittedly, mutual citations
cannot be represented and must be either removed entirely
or broken arbitrarily. However, in practice these occur sel-
domly, so this is a minor point. In this paper, we will use the
term influence, which is a relaxed interpretation of causality
in this context: if a paper A cites a paper B, the authors of
A have been influenced (in some undefined way) by paper
B, and this is reflected in the paper (put shortly, A has been
influenced by B).

THE CITEWIZ PLATFORM

The CiteWiz system is a modularized bibliographic visu-
alization platform based on a central citation dataset and a
number of subsets that can be used as input for the available
visualization techniques. The three primary visualizations in
CiteWiz include a timeline visualization and an interactive
concept for overview, and an influence visualization for de-
tail views; the implementation of the former is called a New-
ton’s Shoulders diagram, and the latter is an adaptation of
the Growing Polygons causality visualization method. The
interactive concept map visualization allows for exploring
keywords and co-authorship in the citation database. Based
on the taxonomy described in earlier, we developed the tool
to be primarily article-focused, meaning that we emphasize
the visualization of articles and their interdependencies, but
sufficient provisions exist for author-, group-, and event-
focused user tasks as well.

The system is a complete software platform for citation net-
work visualization providing a suite of different visualiza-

Role Goal Tasks

Novice Orientation in a new area  T2-3, 5-6
Find open problems T4
Expert Verify intuition Tl
Stay updated Tl
Find papers quickly Tl
Reviewer  Check originality T2-3,5
Check correctness T2-3
Check references T2,5
Organizer Identify hot topics T4-6
View event chronology T7
View event collaborations T8
Evaluator  View author career T7
Assess author work T2-3,5
Table 2. Goals for each user role.
Task Description Focus
Tl Find a particular paper or author A/P
T2 Find related papers P

T3 Find the most influential paper or author A/P

T4 Find hot topics (at a specific time) G

TS Partition an area into subareas G

T6 Study overall citation network A/P

T7 Study chronology A/E/G/P
T8 Study collaboration A/E/G/P

Table 3. Tasks for citation database interaction (A/E/G/P = au-
thor/event/group/paper).

tion techniques for studying this kind of data. Figure [I]
shows a picture of the prototype implementation running un-
der Windows with all of the visualizations active. The sys-
tem provides a basic dataflow model built around the cen-
tral database and hierarchical subsets users define from the
database. This allows for each view to be linked, causing se-
lection and brushing in one view to immediately be updated
in other views. The database viewer (shown as a table in the
center of the image) ties together the visualizations into a
coherent whole. The dataflow model makes the framework
flexible enough to easily support adding new visualization
techniques without code changes to the system core.

Users typically employ the timeline visualization and the
concept map to orient themselves in a dataset and then study
subsets of the dataset using the Growing Polygons method.
Section presents a case study describing this work process.

Datasets and Subsets

CiteWiz has a central citation dataset that is used for all
queries and visualizations. The dataset is represented by a
data table containing publications, represented by rows in
the table. Each row has fields for attributes such as title, au-
thors, source, keywords, abstract, etc. Entries also have a list



of references to other rows in the dataset, such as other pa-
pers cited in a paper. The dataset is loaded from disk using
a simple XML-based file format for citation meta-data that
was designed for the InfoVis 2004 contest [[13]]. Any dataset
using the same format will be compatible with the CiteWiz
system.

Users can browse, filter, sort, and search the dataset in the
CiteWiz application. In addition, users can also build nested
subsets of the dataset for visualization; these are hierarchi-
cal subsets of the central dataset. This makes it possible
to build complex structures of nested groups according to
some criteria relevant to the user; for instance, when study-
ing a dataset containing citation data for a specific confer-
ence over a period of time, one might create groups for each
conference year, and the papers could then be arranged in
subgroups representing the different sessions for each con-
ference. Other groupings are possible and depend on the
user’s goals. For instance, when performing author-focused
tasks, it might be useful to create groups for each author in
the dataset and add their papers, allowing for easy study of
author chronology and collaboration.

Subsets can be saved and loaded to disk using another
straightforward XML format; each view file is associated
with a specific dataset file, and uses the internal identifiers
to refer to bibliographical entries in the dataset.

Timeline Visualization

The overview visualization of the CiteWiz tool is informally
referred to as a Newton’s Shoulders diagranﬂ This visual-
ization creates a timeline of either articles or authors in the
central CiteWiz citation database, displaying each entity as
an icon on the timeline according to their publication date
(or the date of their first publication, in the case of authors).
The user task we want to support is overview, specifically
the tasks T3, T7 and T8 in our taxonomy.

The surface area of each icon is scaled proportionally to
the amount of citations the article or author has received
(rounded up so that the icon conforms to a uniform grid).
The timeline is split up into suitable time units (years or
months), and each time segment gets assigned space on the
timeline equal to the size of the largest entity in the segment.
The icons representing the entities for each time segment are
then laid out using a greedy algorithm that places the entities
in descending size within the allocated space on the timeline,
always trying to minimize the distance to the centerpoint of
the diagram. An example of such a Newton’s Shoulders di-
agram can be seen in Figure [2| depicting a modest-sized ci-
tation database of some 1,000 authors. Our implementation
allows the user to zoom and pan continuously in the visual-
ization.

Furthermore, we can orient the timeline vertically and use
human figures for the entity icons, giving the impression of
people standing on the shoulders of others. This is exactly
the metaphor we had in mind when designing the visualiza-
tion, and matches the intuition of the work of a researcher

2S0 named after Sir Isaac Newton’s famous quote in a letter to
Robert Hooke in 1676, “If I have seen further, it is by standing on
the shoulders of giants.”

resting on the work of those who came before her. The di-
agram now tells us the relative chronology of researchers in
a specific field, and instantly shows the most influential au-
thors and their relationships.

These diagrams can be modified to show additional dimen-
sions by applying color to the entity icons. The choice of
metric to display this way can be chosen arbitrarily; one ad-
hoc metric for authors could be citation density, which we
define as the total number of citations for an author divided
by the total number of publications written by the author (i.e.
a kind of “average paper quality” metric). Another, slightly
more complex, metric would involve weighing citations for
an author or article by their age so that recently cited articles
or authors get a stronger and more visible color than older
ones, signifying that this article or author is involved in a
“hot topic”.

In the example in Figure 2| the large and black figures at the
bottom stand out—these correspond to authors of the paper
“Visualizing the Non-Visual: Spatial Analysis and Interac-
tion with Information from Text Documents™ [34]] that was
published at the first IEEE Information Visualization con-
ference in 1995, and has the highest citation count within
the conference. Other prolific authors include Christopher
Ahlberg (appears in 1995), John Stasko (1995, duplicated
in 2000), Jock Mackinlay (1997), Stuart Card (1997), and
George Robertson (1997). Note that the latter three would
be dominant if the whole InfoVis 2004 contest database had
been used in the figure (as opposed to just the InfoVis con-
ferences from 1995 to 2002).

Interactive Concept Map

To further support orientation in a citation database, the
CiteWiz platform also includes an interactive concept map
visualization based on a basic force-directed graph layout
scheme [11]. The purpose of this visualization is to give
users an overview of the keywords and co-authorship in the
database, but additional concept graphs can also be visual-
ized, including author influences and article authorship (i.e.
connect articles with at least one shared co-author). The user
task we are addressing here is again overview, specifically
the tasks T3, T4, and T8 in our taxonomy.

The concept map visualization is implemented as a sim-
ple spring-based system where each concept is mapped
to a node and associations between concepts are undi-
rected edges. Unlike full-fledged force-directed layout
schemes such as Kamada-Kawai [20] and Fruchterman-
Rheingold [14]], where a lot of emphasis lies in reaching
equilibrium, we use a very simple physically-based spring
simulation to achieve an animated view of the concepts mov-
ing around. This allows the user to directly manipulate and
rearrange the concept map as it is stabilizing.

For purposes of physical simulation, nodes have an asso-
ciated weight (which is used to derive the node size), and
edges are modelled as linear springs with a specific spring
constant and a normal length. We employ Hooke’s Law to
derive the force exerted on two nodes connected by a spring,
and sum these up to form the resulting force. Furthermore,
we also connect each node to the center of the canvas using
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Figure 2. Timeline visualization of authors of the IEEE InfoVis conference. Time runs vertically from 1995 (bottom) to 2002 (top), and the size of

each glyph represents the number of citations for each author.

an invisible “leash” to force nodes to gravitate towards the
center of the visualization. Both of these are modulated by
the node mass. Dampers are associated with each node to
help the system reach a stable state. Finally, we use a grav-
ity law to generate repelling forces between nodes to avoid
them overlapping each other.

In our implementation, we perform real-time numerical sim-
ulation of the physical system to show the result. Users can
interact with individual nodes by clicking and dragging on
them, causing a spring to be temporarily connected between
the mouse pointer and the node. The user can also control
the dampening, repelling, spring and leash constants for the
visualization.

We construct various kinds of concept maps depending on
the user task. For keyword maps, we traverse the database
and add all keywords as nodes, using their individual fre-
quency as mass. Links are created between any two key-
words that appear in the same article. See Figure [4] for a
keyword concept map of the IV0O4 contest dataset. We can
plainly see the main themes of the citation database, i.e.
information visualization, data visualization, visualization,
and so on. A slider allows the user to put a threshold on dis-
playing labels, for instance only for keywords which occur
10 times or more in the dataset.

For co-authorship maps, on the other hand, we add au-
thors as nodes, using their number of citations as mass, and
connect each pair of authors with a link for every article
they have co-authored. See Figure [3 for a co-authorship
map for the same dataset. Again, this visualization allows
us to quickly pinpoint the main contributors to the citation
database and the clusters they form.

Influence Visualization

After having studied the general shape of a citation database
using the Newton’s Shoulder visualization, users are able to
build subsets tailored to answer their specific queries about

Figure 3. George Robertson’s impact on the previously-defined re-
search areas in information visualization. The currently selected paper
(“Rapid controlled movement through a virtual 3D workspace’) has
citations (red arrows) in all of the research areas.

the dataset. These subsets form the input for the Growing
Polygons [12] method for visualization of general causal re-
lations, suitably modified to be able to handle citation net-
works and the scalability issues associated with these. We
believe the focus on influence and causality visualization in
the Growing Polygons technique makes it very well suited to
visual exploration of citation networks. The technique uses
a combination of 2D shapes, color, and animation to graph-
ically represent a system of n active processes as n-sided
so-called process polygons showing the influences affecting
each process. As time progresses, the process polygons grow
from zero to full size (i.e. from the center and out), and the
sectors of each polygon fill in as messages are received by
other processes, signifying the information transfer.



Figure 4. Concept map for the keywords in the InfoVis dataset. Node size represents the number of occurrences of a specific term, and links between

nodes represent keywords that occur together.

Figure[6]shows an example system of five processes labelled
p0 to p4 and colored black, green, blue, cyan, and red, re-
spectively. Each of the five polygons represent a specific
process and have been segmented into sectors showing de-
pendencies to other processes. Time goes from the center
and out, the light grey rings indicating discrete time units.
Each process has its own sector outlined by a black triangle
with its color showing when in time it was active, and filled-
in areas of the other sectors marking influences to others. In
this example, we can for instance see that pO seems to have
a dependency (a causal relation) to all other processes since
all of its sectors are filled in, whereas p2 only has a reference
to one other process, the red p4.

In our adaptation of the original technique, articles form the
processes in the visualization (thus represented by article
polygons), and citations are messages from a source (cited)
article to a destination (citing) article. Thus, articles are as-
signed unique colors using a simple color scale and citations
are drawn as arrows showing influences from one process
(article) to another. This mimics the information transfer im-
plicit when authors reference another paper. Even if articles
are more or less static once published, this article-focused
approach gives us a way to easily see the influences and
chronology of a set of articles, including global transitivity
information for each article. The user tasks in the taxonomy
we address are primarily T2, T3, T4, and T6.

In order to make effective use of the Growing Polygons
method in this context, we addressed two scalability issues
in relation to (i) long execution times, and (ii) large quanti-
ties of visualized articles. For the former issue concerning
time scalability, the problem lies in that visualizing a large
citation network may result in very long chains of causal-
ity, and the visualization will then run out of space for dis-
playing individual time segments. For the latter case, the
quantity scalability issue comes from the fact that visualiz-
ing a sufficiently large amount of articles means that each
individual article gets assigned a very small polygon sector
and it will thus be difficult to distinguish between neighbor-
ing sectors. Both of these issues can be partially addressed
through zooming mechanisms, but this instead results in loss
of overview.

Our solution for these concerns in the modified, more scal-
able version of the Growing Polygons method is two-fold:

1. We introduce a focus+context technique based on ad-
justable linear time windows that lets the user concentrate
on certain areas of the execution while still retaining the
context of the surrounding history (i.e. the focus view and
the overview are integrated in the same visual space, as
opposed to overview+detail techniques where the views
are spatially or temporally separate). For exampe, Fig-
ures [7] show these time windows where the outer part of
the time has been compressed and only the inner three
time units are shown at full detail.
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Figure 5. Concept map for co-authorship in the InfoVis dataset. Node size represents the number of citations for each author, and the strength of the
springs binding two nodes is proportional to the amount of co-authored papers.

2. Secondly, we address the quantity concern by modifying
the Growing Polygon technique to handle nested subsets
instead of flat article lists (this was our incentive for the
distinction between datasets and subsets in the design of
CiteWiz). Note that the purpose of the influence visualiza-
tion is not for overview of huge datasets, but for detailed
studies of customized subsets (on the order of a hundred
documents).

For example, consider the example in Figure Here, we
have grouped together the papers of a number of important
authors in information visualization into hierarchical sub-
sets. The colors in each polygon representing a specific au-
thor shows which other authors this author has referenced
and when. The outlined “pie slice” for each polygon shows
the time span during which the author has been active and
publishing.

Hierarchical Subsets

In order to allow the Growing Polygons technique to handle
a large quantity of articles, we modify the visualization to be
able to render hierarchical groups of articles instead of sin-
gle articles. These correspond directly to the subsets of the
central dataset built by the users. The view hierarchy is visu-
alized by treating an article group as a normal article, except
that the group will have the cumulative influences of all of its

children. We derive these influences by a simple postorder
traversal of the hierarchy, building the influence timelines of
the internal nodes from the bottom up (i.e. starting with the
articles in the leaves of the tree). The currently visible nodes
are rendered as normal article polygons, with the single ex-
ception that groups (i.e. non-leaves) have a drop shadow to
signify that the polygon represents more than one article.

Figure 8] shows an example of this hierarchical grouping of
subsets; here, we have created three nodes representing the
prolific authors Stuart Card (yellow), Jock Mackinlay (pur-
ple), and George Robertson (cyan), and populated each node
with their individual papers. The visualization shows that we
have expanded each of these group nodes to expose the pa-
pers; a circle chord with the appropriate color is drawn on
the background to indicate group membership for the nodes.
The thick yellow lines in the figure connect instances of the
same entity, allowing the user in this case to see all of the
articles these three researched co-authored together.

Interaction Techniques

In our modified version of the Growing Polygons technique,
we provide two simple interaction techniques for browsing
and exploring the article hierarcy: users can either click
directly in the visualization to expand and collapse article
groups (using the left and right mouse buttons, respectively),



Figure 6. Example Growing Polygons influence visualization with 5
actors/processes.

or they can use a separate tree navigation window to study
the structure of the hierarchy. The same tree window can
also be used to search for the full or partial name of a spe-
cific article, and the tree will be expanded to the level of the
article to show the search result.

In addition to these techniques, we also provide an overview
map window with a color legend and clickable fields for
quickly jumping to a specific article polygon.

Details-On-Demand

As suggested by both Shneiderman [31] and Modjeska et
al. [25]], bibliographic visualization tools need to provide
a mechanism to show the complete bibliographical data of
an article. In CiteWiz, this is handled by a detail window
that gives the full meta-data of the currently selected article.
Users can easily navigate through the references of articles,
as well as moving back and forth in the article history of the
window.

To make citations evident at a quick glance, we add unobtru-
sive yellow arrows to the perimeter of each node to indicate
an outward dependency (i.e. a citation) to another node. We
also augment the currently selected node in the visualization
with blue arrows pointing from the cited nodes, and with red
arrows pointing to citing nodes—again for convenience rea-
sons. Figure [0 shows an influence visualization of the pub-
lications dataset organized into research areas where both of
these features are visible: all areas have citations to all of the
other areas (as indicated by the yellow arrows for each sec-
tor of all the nodes), and references to and from the currently
selected node (“1-Dimensional”) are shown as blue and red
arrows.

Implementation
The CiteWiz tool is implemented as a C++ application run-
ning under the Windows operating system. It uses standard
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Figure 7. Visualization of prominent information visualization authors
using the Growing Polygons method.

OpenGL for efficient 2D rendering, and the Windows Forms
library for the graphical user interface components.

CASE STUDY: IDENTIFYING INFLUENTIAL AUTHORS IN

INFOVIS

Consider an analyst interested in identifying influential au-
thors in the IEEE InfoVis 2004 contest dataset using the
CiteWiz tool. The contest dataset consists of bibliographical
data for all of the papers presented at the InfoVis conferences
from 1995 to 2002, as well as any articles cited by these con-
ferences. The analysts launches her analysis by loading the
XML file containing this dataset into the CiteWiz tool.

One useful starting point for someone who is new to a re-
search area would be to look at the CiteWiz interactive con-
cept map for the keywords. Figure @] quickly gives our ana-
lyst a sense of the contents of the articles in the data. Not sur-
prisingly, variations of the term “visualization” seems to be
the single most commonly occurring concept in the dataset.

Now, to get an understanding of the major players and sem-
inal works in the dataset, the analysis starts looking at co-
authorship. Figure [5] shows the CiteWiz co-authorship con-
cept map for this dataset. While there certainly are a lot of
authors who have contributed to the research area over the
years, a few of them stand out: notably Stuart Card, George
Robertson, Jock Mackinlay, and Ben Shneiderman. The an-
alyst can now select these four entities and add them as cat-
egories in the blank working subset that CiteWiz maintains
for selecting parts of the whole dataset. The subset is simply
a tree viewer where the nodes are bibliographic entries (i.e.
papers) that can be optionally ordered into categories.

Satisfied with this insight, our analyst moves on to study
the chronological aspects of the dataset using the interac-
tive timeline. Having selected the above four actors in the
co-authorship visualization, CiteWiz will ensure that these
actors are highlighted in the timeline to allow for easy cor-



Figure 8. Influence visualization of the publications of Stuart Card
(yellow), Jock Mackinlay (purple), and George Robertson (cyan). The
thick yellow lines indicate co-authorship, i.e. papers that appear more
than once in the visualization, and the small yellow arrows indicate
citations from other papers.

relation. Figure[I0]shows a close-up of the interactive time-
line centered on the four actors. This particular visualization
shows that Ben Shneiderman’s work in the dataset is first
published in 1991, whereas Card, Robertson, and Mackin-
lay’s contributions appeared the year before. Given this in-
formation, our analyst decides to study the latter three au-
thors in more detail to see how they relate to each other.

As it happens, our analyst quickly discovers that the trio
Card, Robertson, and Mackinlay has a very interesting col-
laboration pattern when she goes back to the main CiteWiz
window to manage the working subset. Using filters on the
main dataset, the analyst populates each of the three cate-
gories corresponding to each author with the papers that au-
thor has worked on. Then she creates a Growing Polygons
influence visualization for the whole working subset.

Figure[8]is the resulting visualization. Each small circle rep-
resents one paper, grouped into one of three sectors repre-
senting each author (yellow for Stuart Card, purple for Jock
Mackinlay, and cyan for George Robertson). The thick yel-
low identity lines in the visualization show that many of the
papers exist in more than one sector, i.e. they are co-authored
by two or all of the three actors under study. Selecting in-
dividual articles calls up detailed bibliographic information
in a separate window, allowing the analyst to get more de-
tails on demand. After some additional work, our analyst
notes that most of the joint papers in the working subset
came about when all of the three authors worked together at
Xerox PARC in the early 1990s (including one of the most-
cited HCT articles “Cone Trees: Animated 3D Visualizations
of Hierarchical Information” [30]).

USER STUDY
The purpose of the CiteWiz citation visualizer is to provide
researchers with additional tools for analyzing citation data
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Figure 9. Papers from the InfoVis 2004 contest grouped into user-
defined hierarchical subsets representing research areas and visualized
using the influence visualization.
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Figure 10. Close-up of a part of the Newton’s Shoulders diagram for
the InfoVis 2005 contest dataset showing the four most prolific actors.

beyond the standard low-level features available in most tra-
ditional database interfaces. We selected the IEEE Xplore
database as a good baseline database web interface for com-
parison. Our hypotheses were the following:

o CiteWiz will perform as well as IEEE Xplore for finding
papers and correlating bibliographical data, and

o CiteWiz will perform significantly better for higher-level
tasks.

Subjects

The main target audience for the CiteWiz tool are active
researchers, which dramatically limits our pool of avail-
able subjects. In total, 10 unpaid test subjects, 9 of which
were male, participated in this study. All subjects were re-
searchers at our department, but were carefully screened to
have no previous knowledge of the IEEE InfoVis community
and the InfoVis 2004 contest citation database. However, all



subjects had considerable previous experience in the use of
general citation database interfaces. Ages ranged from 25 to
40. All subjects had normal or corrected-to-normal vision.

Equipment

The study was run on an Intel Pentium IIT 1 GHz desktop
computer with 512 MB of memory and a 19 inch color dis-
play. The machine was equipped with a NVidia Geforce 3
graphics card and a 19-inch monitor with the display resolu-
tion set to 1280 x 1024.

Task

We selected three different tasks related to citation database
interaction from our taxonomy presented earlier in this pa-
per: T1, T3, and T8 (see Table[3). We designed the scenar-
ios for T1 and T8 to consist of low-level analysis tasks such
as searching, filtering, and correlating basic bibliographi-
cal data (finding the title of a paper given different search
criteria—such as one of the authors, a specific conference,
or a term in the abstract—and studying different instances
of author collaboration). The scenario for T3, on the other
hand, required a higher-level analysis of influence and struc-
ture of the citation network to find the most influential paper
in the dataset.

Experimental Conditions

We designed the test to be a between-subjects comparative
study of a traditional database interface versus our CiteWiz
citation visualizer. We selected the IEEE Xplore web-based
database interface as a suitable representative of traditional
database interfaces. IEEE Xplore is widely used among sci-
entists all over the world to access the bibliographical data
and fulltexts of IEEE publications and supports all standard
search and filtering features. Thus, the independent variable
was INTERFACE, with two levels, “CiteWiz” and “Xplore”.

Dataset

Given the use of the IEEE Xplore interface as the baseline
condition, we selected all of the papers of the IEEE InfoVis
conferences from 1995 to 2002 as our test database (175 ar-
ticles). Albeit a small dataset, this was a necessary delimita-
tion for us to be able to use the same database for both tools.
In order to remove all distractions, we were able to design
our own search interface to the IEEE Xplore database (es-
sentially a cleaner version of the standard IEEE Xplore Ba-
sic Search), allowing us to constrain searches to the InfoVis
conference and provide a browseable list of the InfoVis pro-
ceedings sorted by year. The CiteWiz XML-based database,
on the other hand, was adapted from a subset of the InfoVis
2004 contest database [[13]].

Procedure

Each session lasted approximately one hour. Participants
were given a scripted introduction to the research problem
and the CiteWiz project. This was followed by a short
training period for the assigned interface (CiteWiz or IEEE
Xplore) lasting between ten and fifteen minutes. The subject
indicated when he or she was ready to proceed.
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Participants were then given the three tasks (in paper form)
and were asked to solve them using the available tool
(CiteWiz or IEEE Xplore). For the CiteWiz tool, all visu-
alizations were at the user’s disposal. Completion time was
capped at 15 minutes to avoid runaway tasks; subjects were
given the option to abandon a troublesome task, in which
case the completion time was set to the cap. Each participant
was asked to fill out a questionnaire after having completed
it.

RESULTS

The main findings of the user study confirmed both of our
hypotheses: that (i) there is no significant difference in effi-
ciency for CiteWiz and IEEE Xplore for simple tasks involv-
ing finding papers and collerating basic citation data, and
that (ii) CiteWiz is significantly more efficient for a higher-
level task involving the study of dependencies and influences
of a set of articles.

Performance

The mean times of solving a full task set (i.e. all three tasks)
using IEEE Xplore and CiteWiz were 20 minutes and 2 sec-
onds (s.d. 158 seconds) and 8 minutes 5 seconds (s.d. 72
seconds), respectively. This was a statistically significant
difference (#(8) = 9.20,p < .001).

For task T1, the mean completion times were 3 minutes 15
seconds (s.d. 61 seconds) for IEEE Xplore versus 3 min-
utes 20 seconds (s.d. 24 seconds) for CiteWiz, a nonsignif-
icant difference (#(8) = —.163,p < .875). No user man-
aged to solve task T3 within the 900 second time cap using
IEEE Xplore (two subjects completed the task, three aban-
doned the task); the CiteWiz completion time was 2 minutes
34 seconds (s.d. 38 seconds). This was clearly a signifi-
cant difference (¢(8) = 43.7, p < .001). Finally, for task T8,
the mean completion times were 1 minute 46 seconds (s.d.
100 seconds) versus 2 minutes 20 seconds (s.d. 25 seconds)
for IEEE Xplore and CiteWiz, respectively. Again, like for
T1, this was not a significant difference (¢(8) = —.511,p <
.623).

Our informal observations indicate that the participants used
an approach that is very similar to the “information-seeking
mantra” [|31]] of overview first, zoom and filter, and then de-
tails, and that the CiteWiz tool supported them in this pro-
cess. The timeline and concept visualizations were used by
the subjects to orient themselves in the dataset before con-
structing specialized database subsets and studying them in
the influence visualization.

Correctness

No subjects using the IEEE Xplore managed to correctly
solve task T3 (even when exceeding the time cap), while
all subjects using CiteWiz correctly solved T3. All subjects
registered correct answers on all other tasks.

Subjective Ratings

The ratings from the post-test questionnaire overall show en-
couraging results; see Table [4] for an overview. Note espe-
cially the responses to question Q2b, which show subjec-
tive ratings strongly in favor of CiteWiz over IEEE Xplore



Question Xplore CiteWiz
Q1. Ease-of-use 3.40(1.67) 4.20(1.10)
Q2. Efficiency
(a) Find paper 440 (.55) 4.20(.84)
(b) Most influential  1.00 (.00)  4.60 (.55)
(c) Collaboration 2.40(.89) 3.20(1.10)
Q3. Enjoyability 2.60 (.89)  4.20 (.84)

Table 4. Mean (standard deviation) responses to 5-point Likert-scale
questions.

(significant down to p < .05 using a Kruskal-Willis test).
The difference for question Q3 on enjoyability was also sig-
nificant (p < .05). Thus, users consistently perceived the
CiteWiz tool as more enjoyable to use than IEEE Xplore.

For questions Q2a and Q2c, which constitute the low-level
tasks of the study, there were no significant difference be-
tween the two interfaces (Kruskal-Willis test, p = .73 and
p = .22, respectively). In other words, for these questions,
users were more or less equally satisfied with IEEE Xplore
and CiteWiz. The difference in perceived ease-of-use (Q1)
was also not statistically significant (p = .42).

DISCUSSION

The results from our study shows initial evidence that a cita-
tion visualization tool can be beneficial for a sampling of the
tasks discussed in the taxonomy presented in the beginning
of this paper. The main findings were the following:

e Completion times for CiteWiz and IEEE Xplore were sim-
ilar for low-level analytical tasks, but significantly faster
for a more complex task;

e Correctness were again similar for low-level analytical
tasks, while only participants using CiteWiz were able to
solve the high-level task; and

e Subjective ratings show a clear preference for CiteWiz for
high-level analytical tasks, but no particular preference of
low-level ones.

In the following sections we will try to explain these findings
and see how they generalize. We also discuss some limita-
tions to CiteWiz and describe how we will improve the plat-
form in the future.

Explaining the Results

Our expectations of the results of the user study was that
CiteWiz and the IEEE Xplore tool would perform equally
well at low-level tasks related to basic searching, sorting
and correlation of bibliographical data, and that higher-level
tasks involving assessing influences and structure of the ci-
tation network would yield a significantly higher efficiency
for CiteWiz.

Overall, these expectations were fulfilled, but for the low-
level author collaboration task, IEEE Xplore subjects were
on average 34 seconds faster. We believe this is due to the
fact that CiteWiz is essentially an article-centered tool, so
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finding author information requires an extra step of filtering,
whereas the same task is performed in IEEE Xplore using
a simple query. Future versions of the CiteWiz tool should
probably maintain an author (and maybe even a conference)
graph superimposed on top of the article graph.

The reason for these results has a simple explanation—
CiteWiz was built to support a wider array of decision-
making tasks than a standard database interface like IEEE
Xplore. However, the sheer size of current citation databases
and the high density of edges connecting bibliographic
entities—such as papers, authors, and conferences—suggests
that visualization in itself may be the best way to approach
the problem.

Of course, it is certainly possible to improve standard
database interfaces with better support for these higher-level
analysis tasks, but this is not always practical; for instance,
the IEEE publications database does not contain reference
information (the ACM Digital Library does, however, but
this database lacks the IEEE publications we used for the
CiteWiz tool).

Generalizing the Results

In general, attaining full ecological validity is difficult when
studying a new visualization tool such as CiteWiz for which
there exists no real baseline comparison. Nevertheless, the
purpose of this work was mainly to target the deficiencies of
existing standard tools, and in this regard we succeeded.

The visual browsing and exploration features that CiteWiz
provide are very hard to measure qualitatively in compari-
son to standard databases, but the test subjects expressed en-
thusiasm when exposed to this visualization and some were
very eager to use the tool in their own area of research. From
the formative evaluation as well as these comments from the
test subjects, it seems clear that the general motivation for
this paper is valid: managing and staying abreast with pub-
lications in a research area is time-consuming.

Since all subjects really should be active researchers for the
experimental results to be valid, subject recruitment was dif-
ficult and we were only able to enlist 10 participants in the
user study. Furthermore, the fact that we only had access to
one dataset (the InfoVis 2004 one) forced us to perform a
between-subjects study where half of the subjects used the
CiteWiz tool and the other half IEEE Xplore. This means
that the subject groups are rather small. However, the results
do indicate significant improvements, and informal commu-
nication with the subjects reinforce these findings.

As a final note, the task set in the user study is limited, but
this was a deliberate design decision due to the small fea-
ture set that the IEEE Xplore database provides. Choosing
a more complex task set would give an unfair advantage to
our tool, and would also punish the test subjects who used
IEEE Xplore. We believe that the user study shows that there
is room for improvement, and that the techniques presented
in this paper are viable alternatives to traditional database
interfaces.



Limitations to the CiteWiz Platform

The strength of the CiteWiz platform lies in showing influ-
ences and chronology in a citation database. All three of
the visualizations that make up the framework emphasize
citation structure and information flow. However, the tool
lacks some of the more standard visualizations, such as co-
authorship node-link diagrams, keyword burst analysis, and
historiographs [16], that other tools like CiteSpace [6] pro-
vide.

Observations and informal interviews with study partici-
pants indicated that they thought the CiteWiz user inter-
face was difficult to use, in particular the zoomable nav-
igation controls for the visualizations. Many participants
thought that the search interface for the tool was too simplis-
tic and requested the ability to build more complex queries.
Also, we noted that few participants took full advantage of
the power of freely building working subsets of the citation
database during the test sessions. We have been discussing
the use of clustering for helping users build effective work-
ing subsets in the future.

Nevertheless, CiteWiz builds on the basic concept of what
we believe a full-fledged citation visualization tool should
be: an extensible dataflow framework with a citation database
at its core to which any number of different visualizations
can be plugged in.

Future Work

Results and observations from our user study brought to light
a number of interesting avenues for future work. Possible
extensions to CiteWiz includes the design of new biblio-
graphic visualization techniques to provide alternate views
of the dataset as well as the afore-mentioned clustering al-
gorithms for automatic construction of nested subsets.

Future design iterations of CiteWiz should be improved with
better search and query functionality, include additional vi-
sualizations from the literature, and also support a wider
range of non-visual analysis methods (such as centrality, co-
authorship, and simple descriptive statistics). It would also
be interesting to perform a longitudinal field study of the tool
being used by a small number of researchers over a longer
period of time.

CONCLUSIONS

We have described CiteWiz, a platform for bibliographic vi-
sualization. The platform includes a timeline visualization
and an interactive concept map for overview, and a modified
version of the Growing Polygons method for detailed stud-
ies. The tool is based on a taxonomy of the usage of citation
databases. The timeline visualization, informally called a
Newton’s Shoulders diagram, constructs timelines of articles
or authors showing the causality and citations in a citation
database. The modifications to the Growing Polygons tech-
nique, on the other hand, were aimed primarily at adapting
the method to citation networks, and included provisions for
rendering hierarchies of articles rather than flat lists, and a
focus+context technique with user-controlled time windows
to more easily support long citation chains. Finally, we pre-
sented the formal user study we have conducted, a between-
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subjects comparative analysis of CiteWiz in relation to the
standard IEEE Xplore web-based database interface. Our
results confirm our intuition, that CiteWiz and IEEE Xplore
perform equally well for low-level citation interaction tasks
such as correlating bibliographical data, and that CiteWiz is
significantly more efficient to use for higher-level tasks such
as influence and citation structure assessment.
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