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ABSTRACT
Citation chasing, the pursuit of references from one publica-
tion to another, is a popular technique among researchers for
retrieving relevant and related literature. While a focused
and precise method, citation chasing may be incomplete and
unstable. Different choices of paths can lead to different sets
of literature and generate inconsistent search results. Re-
vealing the linkages among references would guide citation
chasing as well as improve and stabilize the results since it
enables researchers to develop search strategies.

In this paper we use network analysis to examine the con-
nections among papers cited as references, identifying and
investigating papers with high authority and hub values. We
construct local citation networks, introducing the firework
visualization model to support citation chasing. We further
introduce an interactive browser, designed to provide direct
manipulation of references and aggregated summaries of re-
trieved results. The proposed firework model allows users to
intuitively browse a local citation network and find relevant
documents efficiently.

Categories and Subject Descriptors
H.3.3 [Information Search and Retrieval]: Search pro-
cess; H.3.4 [Systems and Software]: Information net-
works; J.3 [Life and Medical Sciences]: Medical infor-
mation systems

General Terms
Design, Documentation, Human Factors
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1. INTRODUCTION
Finding the right articles has become increasingly more

difficult as the number of articles published each year in-
creases rapidly. The number of articles that were indexed
per year by NIH’s MEDLINE citation database increased
from 361,000 in 1990 to 741,000 in 2010. Because of systems
like PubMed and Google Scholar, researchers have consis-
tently been able to engage in“strategic reading,” a technique
using online databases to“search, filter, scan, link, annotate,
analyze fragments of content” [17], to scan more articles and
pinpoint relevant sections. Strategic reading usually extends
beyond query-based search. Researchers exploit links among
papers provided by systems to retrieve related and relevant
information, whether through keyword tags or related pa-
pers lists. Citation chasing, as another common strategic
reading method, is the process of using both reference lists
and lists of citing articles for a particular paper to identify
new information. Citation chasing is useful because simple
manual search may fail to return relevant information as
users struggle to construct precise search queries to repre-
sent their information need.

Linking methods, such as citation chasing, are common
practices among researchers fulfilling their information needs.
Research has suggested that linking is a preferred search
strategy in the third region of Bradford’s distribution, as
shown in Figure 1 [2]. Bradford’s law divides journals in
a field into three regions, indicating that the number of
journals (information sources) that must be accessed in-
creases exponentially in order to retrieve the same number
of relevant papers as one moves away from the core region.
As shown in Figure 1, linking methods dominate when re-
searchers are working with a large number of less relevant
journals because they keep the search narrow and deep.

Citation chasing is an intuitive and useful linking method.
Scientists often use citation chasing when doing research as
it allows them to find articles relevant to those they have al-
ready selected, which assists in the obtaining of an overview
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Figure 1: Optimum searching techniques for each
of the three Bradford regions. Bates indicates that
linking is a prime searching approach when a re-
searcher works with a large number of less relevant
journals. Inspired by [2].

of the literature in the research field [6, 9, 17, 16]. In the
interrelated fields of Infometrics, Bibliometrics, and Scieto-
mentrics, researchers also have used citation information for
years to generate overviews, and to map and chart changes
in scientific fields [12, 1].

However, chasing citations manually, even on a local scale,
becomes a tedious task as the reference list grows. As shown
in Table 1, more than 45% of the articles in the MEDLINE
database contain 50 or more references. If a researcher starts
with five seed articles in a subject, there are likely be more
than 200 papers from the reference list upon which to initiate
citation chasing. This demands a systematic approach to
analyze the retrieved citations to guide linking strategies.

Table 1: Distribution of reference count in MED-
LINE. More than 45% of the articles have more than
50 references.

Ref count Freq Perc
>= 50 695,960 45.7 %
40 - 50 159,217 10.4 %
30 - 40 184,758 12.1 %
20 - 30 207,448 13.6 %
10 - 20 199,029 13.1 %
< 10 74,922 4.9 %
Total 1,521,334

Information visualization has gained increasing attention
as it provides users an overview of search results to support
informed decisions about how to pursue their searches. Sev-
eral systems such as GoPubMed 1 [4], Texpresso [15], and
iHOP [11] use predefined categories or classification tech-
niques to group resources or create links between papers.
The main limitation of these systems is that the links and
categories are only as good as the ontology used. The most

1http://www.gopubmed.org/

important categories for a given set of search results may
not always appear in an ontology, because they may be new
or too specific. Another attempt from Lin et al. [14] uses
clustering to generate categories dynamically. The authors
use clustering and ranking to provide users with meaning-
ful categories based on keywords and sentences in the re-
sult set. Their system generates a relevance list within the
clusters to further assist users in identifying relevant papers.
While these systems are useful, none of them make use of the
linkage between citations to allow users to find new results
without having to construct a specific query. We believe vi-
sualizing local citation networks will improve a user’s ability
to find relevant information.

Local citation analysis, as we define it, explores the inter-
connection among references listed in a paper and provides
summaries of a selected subset of the cited papers. We
use the term “local citations” to refer to papers cited in
the reference list. In contrast to global citation analysis,
which counts the “cited by” links of a paper using the entire
available document space, local citation analysis narrows the
scope to one paper – the paper of interest. Local citation
analysis aims to help researchers quickly grasp the scope and
the landscape of a paper at a higher level.

Network visualizations have been used for decades to rep-
resent relationships among data. However, as the graph
becomes dense users have a difficult time distinguishing be-
tween nodes and edges and comprehending the network [10].
When links overlap it becomes difficult to count links in an
area of the graph, and observe link length, thus limiting
to usefulness of the visualization. Several researchers at-
tempt to circumvent these problems using sophisticated lay-
out managers that dynamically determine how nodes will
be placed based on the complexity of the graph [5]. For in-
stance, a 3D representation can help avoid link occlusion,
but not completely [8]. Matrix-based representations of net-
works have also been used, for which there is no problem
of occlusion. Though matrix-based representations may be
useful, comparisons of the readability of matrix-based repre-
sentations to node-link representations demonstrate that for
small graphs, the node-link model is more readable [8]. We
utilize local citation analysis as opposed to global citation
analysis to limit the representation to a more manageable
set of nodes and links to improve user understanding of the
network.

In this paper, we construct and analyze local citation net-
works, investigating the long-tail distribution property of ci-
tations and identifying papers with high authority and hub
values (see Section 2). We further propose a firework visu-
alization model and an interactive browser, designed to pro-
vide direct manipulation of references and aggregated sum-
maries of retrieved results (see Section 4). The goal of the
system is to support information interaction and hence to
facilitate search. To our knowledge, it is the first work at-
tempting network visualization in support of footnote chas-
ing.

2. LONG-TAIL DISTRIBUTION
In this section we investigate the long tail property, a

statistical property describing a distribution skewed to the
right, for two survey papers published in 2000 on the oc-
currence count for authors, journals, and Medical Subject



Headings (MeSH) 2. The long tail of the frequency distribu-
tions informs researchers who are the distinguished scholars
of the field, what are the most important journals, and what
are the dominant MeSH terms. By examining the long tail,
a novice researcher would be able to grasp the broad but
prominent outline of a given field. An expert researcher
may compare the landscapes of different but related paper
by their frequency distributions. Moreover, the less frequent
MeSH terms may indicate future research directions.

Table 2 summarizes the two survey articles retrieved from
2011 MEDLINE/PubMed Baseline Distribution 3. Both ar-
ticles cited more than three hundred papers in their reference
lists and have more than six hundred distinct cited authors.
In contrast to Paper 2, the cited references in Paper 1 con-
centrate more on a few primary journals of the field and
have higher inter-connectivity among the papers.

Table 2: Case study: the description of the seed
article.

Paper 1 Paper 2
PMID 10684922 10974125
Title Survey and

summary:
transcription
by RNA poly-
merases I and
III.

Signal peptide-
dependent protein
transport in Bacil-
lus subtilis: a
genome-based
survey of the
secretome.

Pub year 2000 2000
Author count 632 623
Journal count 29 48
MeSH count 498 617
Ref count 351 338
Link count 2029 976

We observe the long tail property when we plot the fre-
quency distribution of the number of occurrences of authors,
journals, and MeSH terms. Figure 2 shows the three fre-
quency distributions for the two example articles. All six
charts demonstrate two common characteristics: first, the
points at the bottom right corners reflect the few instances
that occur more often in the reference list; second, the points
at the top left corner reflect the majority of instances oc-
curring only once in the references. For example, the left
column shows the frequency distribution on authors. The
two points at the bottom right corner reflect the two most
popular authors in the reference list. For example, Grummt
authored 27 papers and Sentenac authored 23 papers out
of the 351 references, whereas the majority of the authors
(414 out of 632) at the top left corner occur only once in
the reference list. Similar patterns exist for the frequency
distribution on journals and MeSH terms. For both papers,
more than 200 MeSH terms occur only once. On the other
hand, dominant MeSH terms appear on the bottom right.
Among the 29 journals cited in the reference list, the top 2
journals (Molecular and Cellular Biology and Cell for Paper
1) comprise more than a third of the cited papers.

2MeSH is a controlled vocabulary to index literature of
life sciences, such as journal articles and books. See
http://www.nlm.nih.gov/mesh/ for more details.
3http://www.nlm.nih.gov/bsd/licensee/2011 stats/
baseline doc.html

Figure 3 shows the in-link and out-link frequency distri-
butions for local citations. The number of in-links of a tar-
geted paper A is the number of other papers that cite A.
The number of out-links is the number of citations existing
in the targeted paper. We observed the long tail property
for the local in-link distributions for both papers. However,
the long-tail pattern is unclear for local out-link distribu-
tions. The end of the long tail indicates papers with higher
in-degree or out-degree. Papers with only one or few in-links
or out-links gather at the top-left corner.

3. AUTHORITY AND HUB
In network analysis, hubs and authorities are commonly

used to assess the importance of nodes [13]. In the case
of citation analysis, a node represents a paper and the the
edges are directed links pointing to other papers.

Prior research has used network analysis methods to study
the connections among citations. For example, Yin et al.
[18] used linkage-based metrics to rank document impor-
tance to enhance retrieval performance on the TREC 2007
Genomics dataset. The authors indicated that InDegree is
a suitable metric for biomedical literature retrieval. Fowler
and Jeon [7] used hub and authority metrics to analyze U.S.
Supreme Court opinions. They used network analysis meth-
ods to investigate the influences of Supreme Court opinions.
Our work differs in that the goal of our proposed system
is to support user search behaviors (e.g. citation chasing)
as opposed to developing a document recommender system
that performs the search for users.

The computation of hub and authority scores is iterative.
A paper with high authority score is a paper widely cited
by papers with higher hub scores; a hub citation is a pa-
per having citations with higher authority scores. The hub
and authority metrics are closely related to the in-degree
(number of citations that cite a paper) and the out-degree
(number of papers cited in a paper) of a citation. However,
one should consider a paper cited by influential papers to be
more important. The in-degree value neglects the varying
importance of in-link citations. Similarly, the out-degree of
a paper also neglects the fact that a paper citing more in-
fluential papers should be considered important. Hub and
authority metrics fill in the missing perspectives in in-degree
and out-degree.

Figure 4 presents the distribution of authority and hub,
authority and in-degree, and hub and out-degree for the two
selected papers. The numbered labels in the figure are the
PMID of citations. In general, the distribution patterns of
hub-authority pairs are unclear. Although a linear relation-
ship appears to exist for authority and in-degree, and hub
and out-degree, the pattern is not consistent for the two pa-
pers. From subgraph (b) and (d), we note that papers with
high in-degree are not always papers with high authority
scores. Meanwhile, subgraph (c) also indicates that papers
with high out-degree may not have high hub scores because
they contain fewer papers with high authority scores. A hub
paper with higher authority value (e.g. the paper “8617241”
in (a) and the paper “8096622” in (d)) might be more useful
since it has higher local citations.

4. FIREWORK VISUALIZATION MODEL
We create the Firework visualization model to represent

inter-connections among local citations. The model is in-
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Figure 2: Frequency distribution for the number of occurrences on authors, journals, and MeSH terms.
The x-axis is the number of occurrences for an author, journal, and MeSH and the y-axis is the frequency
count for the number of occurrences. For example, the top-left sub-graph shows that there are more than
four hundred authors occurring only once and there exists only one author, Grummt, cited 27 times in the
local citation analysis. We observe the long tail characteristics for the three frequency distributions for both
example articles.

spired by the process and the shape of a fireworks display.
The goal of the model is to allow users to scan a paper
strategically and to assist the user in developing and ad-
justing their citation chasing strategies. Figure 5 shows an
example of a single floral break, a terminology commonly
used in firework displays, a spherical display with a chosen
paper at the center surrounded by and pointed to by pa-
pers that cited it. A firework display can have one or more
launch positions, representing the center papers chosen by
users. The number of launch positions equals the number
of floral breaks. Figure 6 shows an example of a double flo-
ral break with two launch positions. Similar to constructing
queries, users specify launch position(s) that determine the
shape of floral break(s) to navigate the local citation space.

Figure 5 and Figure 6 are prototypes of a proposed inter-
active browser. The floral break was was implemented using
the Java Universal Network/ Graph (JUNG) 4 Framework,
applying the Fruchterman-Reingold (FR) graph layout algo-
rithm to determine the distances between nodes. The nodes
in the floral breaks are color-coded based on their in-degree.
Red nodes are the top five citations with highest in-degree.
Citations ranked from 6 to 10 are green and nodes with in-
degree higher than 15 but not in the top 10 are color-coded in
blue. The launch position in Figure 5 is the citation of high-

4JUNG is an open-source software library used
for the analysis, and visualization of networks, see
http://jung.sourceforge.net/

est local in-degree for Paper 1 (described in Section 2), the
paper at the tip of the long tail in Figure 3. The proposed
system prototype presents on the right side a panel with the
summaries of the distribution of authors, publication years,
journals, MeSH term frequency, and local MeSH tf-idf (see
Section 4.2). When a user mouses over a node, a short dia-
logue window would emerge to provide a basic description of
the corresponding linked paper. Assessing the floral break
provides insight to users whether the chosen launch position
might be the next hop in citation chasing.

Figure 6 is an example of dual floral breaks. The firework
model shows a distinct cluster of the co-citations of the two
launch positions. The interactive browser provides selection
functionality (the oval dashed lines) and presents its aggre-
gated summaries on the right. Another extension of the
interactive browser is reflected in the consecutive views of
floral breaks shown in Figure 7. The figure shows a consecu-
tive view for the top 5 local citations with highest in-degree
values. The blue and orange arrows always point at the
same articles. From the multiple displays, we observe the
relative positions of the two targeted papers and the new
added citations. The shorter distances between the multi-
ple launch positions (the red nodes) implies that they are
similar because of the number of co-citations.

Using floral breaks as a representation will allow users to
easily grasp the semantics of the relationship between cited
document collections. Using this model the difference be-
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Figure 3: Frequency distribution of in-links and out-links for two articles (pmid = 10684922 and pmid =
10974125). Both graphs for in-link distributions follow a power-law, with a long tail to the right. For in-link
distribution graphs, the tails contain papers that are most locally cited, that is, papers with higher authority
scores. Most papers in the reference list have only one or two local citations. For out-link distribution graphs,
the papers in the tail have higher hub scores. However, the power-law distribution feature is less evident for
the out-link distributions.

tween seed nodes and document nodes is clear and users
can easily identify overlap between cited document collec-
tions.

4.1 System process flow model
MEDLINE is a rich biomedical bibliographic database

heavily used by health science researchers. It contains over
19 million citations from over 4,600 journals, providing a
substantial resource in support of research on information
retrieval, text mining, and natural language processing. The
National Library of Medicine (NLM) distributes MEDLINE
in eXtensible Markup Language (XML)-formatted text files.
We loaded and parsed the XML files into a relational database
system.

Figure 8 describes the infrastructure of our proposed fire-
work visualization model. The circular solid arrows show
the iterative features of the system. To start the iterative
process, the system selects an initial launch position based
on heuristics or simply at random. Once a launch posi-
tion is located, a .net formatted file is extracted from the

database system and then used to display one or more flo-
ral breaks. Researchers browse the network visualization,
investigate the aggregated search result, and navigate the
space with a control panel. The interactive browser is used
to locate a new launch position – a new query. The up-
dated query is converted into SQL and sent to the database
system. The system then re-populates the network data to
start another cycle of search.

4.2 Local MeSH Tf-idf
In this section, we describe how to compute MeSH tf-

idf for local citation analysis. In order to distinguish the
properties of displayed floral breaks from the rest of local
citations, we create and compute local MeSH tf-idf for the
retrieved subset of papers. The goal of local MeSH tf-idf is
to identify the distinct MeSH terms that best describe the
displayed floral break by weighting MeSH term frequencies
(TF) with inverse document frequencies (IDF). We use tfi,J

to denote the term frequency for the MeSH term i in the
floral break J , where J is a set of documents, and compute



1458536
1398071

9121435

7935371

0.00 0.05 0.10 0.15 0.20 0.25

0.
00

0.
05

0.
10

0.
15

0.
20

0.
25

0.
30

Authority and Hub
 (pmid =10684922)

Hub score

A
ut

ho
rit

y 
sc

or
e

2404611

0 10 20 30

0.
00

0.
05

0.
10

0.
15

0.
20

0.
25

0.
30

Authority and In-Degree
 (pmid =10684922)

In-Degree

A
ut

ho
rit

y 
sc

or
e

2404611

6356356
1547496

1458536

1398071

8617241

0 10 20 30 40

0.
0

0.
1

0.
2

0.
3

0.
4

Hub and Out-Degree
 (pmid =10974125)

Out-Degree

H
ub

 s
co

re

0 5 10 15

0.
00

0.
05

0.
10

0.
15

0.
20

0.
25

0.
30

Authority and In-Degree
 (pmid =10974125)

In-Degree

A
ut

ho
rit

y 
sc

or
e

0.0 0.1 0.2 0.3 0.4

0.
00

0.
05

0.
10

0.
15

0.
20

0.
25

0.
30

Authority and Hub
 (pmid =10974125)

Hub score

A
ut

ho
rit

y 
sc

or
e

0 5 10 15 20 25

0.
00

0.
05

0.
10

0.
15

0.
20

0.
25

Hub and Out-Degree
 (pmid =10684922)

Out-Degree

H
ub

 s
co

re

8617241

2167176
2170023
1825804

2167176
2170023
1825804

8096622

9384377

8096622

8464403
8096622

10066835

9121435

8464403
10066835

(a) (b) (c)

(d) (e) (f)

Figure 4: Authority, Hub, and Degree

MESH	
  

Author

Year

Keyword

MESH	
  TF-­‐IDF

Journal

➜

Pmid:	
  2100996
Title:	
  The	
  subunit	
  structure	
  of	
  
Saccharomyces	
  cerevisiae	
  
transcripIon	
  factor	
  IIIC	
  probed	
  with	
  a	
  
novel	
  photocrosslinking	
  reagent.
Author:	
  	
  Bartholomew,	
  B.	
  et	
  al.
Journal:	
  The	
  EMBO	
  journal
Pub	
  date:	
  1990,	
  Jul.
MESH:	
  Azides;	
  Base	
  Sequence,;	
  
Binding,	
  CompeIIve;	
  Cross-­‐Linking	
  
Reagents;	
  	
  DNA	
  Probese	
  ...

Top 5 MESH terms
 
Descriptor Name              | Count
-----------------------------+-------
Transcription Factors        |    34
Transcription, Genetic       |    27
Molecular Sequence Data      |    25
Transcription Factor TFIIIB  |    21
RNA Polymerase III           |    21

Top 5 MESH terms ranked by tf-idf

Descriptor Name              | tf-idf     
-----------------------------+------
Transcription Factor TFIIIB  | 16.90
Transcription Factors, TFIII | 15.28
RNA Polymerase III           | 11.18
DNA, Fungal                  | 11.16
Saccharomyces cerevisiae     | 10.77

Figure 5: User interface prototype example I. PMID = 2404611
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the network data to start another cycle of search. A dashed line is a one-time process. Solid lines are
repeatable.

the tfi,J as follows:

tfi,J =
X
k∈J

ni,k

where ni,k = 1 if the MeSH term i appears in the citation
k ∈ J and ni,k = 0 if the term i is absent from the citation
k.

We denote the IDF for the term i as idfi, which is com-
puted as:

idfi = log
dP

l∈D ni,l

where d is the number of local citations and the denom-
inator is the frequency count of the term i for all the local
citations. We obtain the local MeSH tf-idf by multiplying
tfi,J and idfi:

(tf-idf)i,J = tfi,J × idfi

For example, a paper with a reference count of 200 would
have d = 200 where d ∈ D. If a retrieved floral break J has
36 papers, then we have j = 36, where j denotes the number
of documents in a floral break. If a MeSH term, for exam-
ple, Transcription Factors, occurs in 30 documents among
the retrieved set of 36 papers, tfi,j = 30. Assume the term
“Transcription Factors” is a common MeSH term and occurs
in 160 papers among the 200 local citations. We would ob-
tain idfi = log 200

160
. Therefore, the local MeSH tf-idf for the

term“Transcription Factors”would be 30∗(log 200
160

) = 2.9. If
there exists another MeSH term such as “DNA, Fungal” that
also occurs 30 times in the retrieved 36 papers but only oc-
curs 40 times among the total local citations, the local MeSH
tf-idf for “DNA, Fungal” would be 30 ∗ (log 200

40
) = 20.97. In

this case, we consider “DNA, Fungal” to be a more represen-
tative MeSH term than “Transcription Factors” to describe
the displayed floral break since it has higher local MeSH
tf-idf value.

As shown in Figure 5, the aggregated summary for the
five MeSH terms with highest local MeSH tf-idf are differ-
ent from the five most frequently occurred MeSH terms. We
believe that the MeSH term with higher local tf-idf would
help identify and reveal the distinct characteristics of a dis-
played floral break.

5. CONCLUSIONS
In this paper we presented a network analysis approach to

studying local citations, exploring the connectivity among
papers cited as referenced. We discussed the distribution
of in-degree, out-degree, authority, and hub for two selected
survey papers. We developed the firework visualization model
to display local citation network graphs and to support ci-
tation chasing. Our methods facilitate citation chasing as a
search strategy and identify overlap in cited paper lists of
seed papers. We use local MeSH tf-idf to describe the floral



breaks allowing users to make sense of the document collec-
tions. We generate long-tail distributions of the document
collections so users can gain an overview of the field quickly.

Future work under consideration includes incorporating
natural language processing techniques to present the con-
text of the citations – i.e., how a paper was described in
other papers. Future work may also apply the firework vi-
sualization model at a larger scale, for example, in global
citation analysis.
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