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Abstract

On the Internet, a large number of documents such as news articles and online journals are delivered
everyday. We often have to review major topics and topic transitions from a large time-series of
documents, but it requires much time and effort to browse and analyze the target documents. We
have therefore developed an information visualization system called T-Scroll (Trend/Topic-Scroll) to
visualize the transition of topics extracted from those documents. The system takes periodical outputs
of the underlying clustering system for a time-series of documents then visualizes the relationships
between clusters as a scroll. Using its interaction facility, users can grasp the topic transitions and
the details of topics for the target time period. This paper describes the idea, the functions, the
implementation, and the evaluation of the T-Scroll system.

1 Introduction

Due to the evolution of information services on the Internet, various kinds of documents, such as news
articles and online journals, are delivered everyday. Since a large amount of textual information is ob-
tained continually, research aimed at summarizing huge text information and detecting trends becomes
an important issue today [1, 2]. Although we can reduce the efforts of users by using clustering and
information extraction techniques, users still have to make the effort to capture overall trends from the
documents. For this purpose, the user needs an intuitive tool to see which kind of major topics appear
and how topics change as time passes.

Based on this background, we have developed an information visualization interface called T-Seroll
(Topic/Trend-Scroll) to visualize the overall trend of a time-series of documents based on their contents
and timestamps. T-Scroll is constructed over a document clustering system and visualizes periodical
clustering results. It organizes the clustering result for each time period along the time axis and displays
links between clusters. Links are generated to represent related clusters and the system presents the topic
flow in a scroll-like style. The user can browse the T-Scroll interface using Web browsers and can select
and explore more detailed information if they need it.

The organization of the paper is as follows. Section 2 introduces related work. Section 3 describes
the novelty-based clustering method for a time-series of documents, which is the basis of the T-Scroll
system. Section 4 presents the features and functions of T-Scroll. Section 5 describes the implementation
techniques then Section 6 shows the evaluation results. Finally, Section 7 concludes the paper and indicates
future work.

*Current affiliation: Nihon Seifun Co. Ltd.



2 Related Work

2.1 Visualization of a time-series of documents

Miiller et al. [3] provides a short survey of visualization techniques for time dependent data. There are
few proposals of the visualization of a time-series of documents except for the following two systems.

ThemeRiver [4] is an information visualization system which visualizes topic streams like a river. The
displayed image resembles a river that flows from left to right along the time axis. The river contains
several streams in different colors and they correspond to the selected topics (themes). For each topic
stream, phrases are displayed on the screen to help users’ interpretation. The width of a stream changes
depending on time and reflects the number of documents for each time period. ThemeRiver shares similar
ideas with T-Scroll since they utilize a scroll-based interface, but it does not use clustering. ThemeRiver is
a system that focuses on providing visual impact and cannot represent topic transitions. Although it may
be useful to see an overview of the trend, the system is not a powerful tool for analyzing and browsing a
time-series of documents. In contrast, T-Scroll provides facilities so that users can view document titles
and contents if they need.

TimeMine [5] is a system that extracts topics from a time-series of documents then displays timelines
to represent topics on the screen. It analyzes a time-series of documents over the specified time period
using a statistics-based method and extracts topics which are represented by groups of documents. Based
on the analysis, the system displays rectangular regions representing timelines on the screen in which time
flows from left to right. In addition, the system displays keywords along the corresponding timelines.
The main focus of TimeMine is to select major topics and their time periods. Although the proposed
techniques are quite interesting, the system does not provide functionalities for more detailed analysis.

2.2 Analysis of time-dependent clusters

There are some proposals for tracking and analyzing clusters changing in time, but they do not aim for
visualization. Mei and Zhai [6] propose a statistical approach for discovering major topics from a time-
series of documents. In this scheme, a theme is represented as a probability distribution over a time period
and can be seen as a cluster. Relationships between consecutive time instants are determined based on
probabilistic criteria. The derived theme transition graph resembles the graph generated by the cluster
relationships of T-Scroll. In [6], they also provide a global method for analyzing the whole graph to mine
meaningful patterns.

MONIC [7] proposes an approach for detecting various types of patterns from cluster transitions such as
the splitting and merging of clusters, cluster size change, etc. MONIC discovers events based on historical
snapshots of clusters. Its underlying idea is related with our approach.

3 Novelty-based Clustering Method for a Time-series of Docu-
ments

T-Scroll is based on the novelty-based document clustering method [8, 9, 10]. The target of the method
is a time-series of documents such as news articles and online journals. Such documents have the general
property that additional documents with new timestamps are continually delivered over the network.

The clustering method focuses on the clustering of a time-series of documents and has the following
features:

1. To calculate similarity, it considers not only document contents but also the novelty of each docu-
ment. It incorporates a similarity function that considers the novelty of documents then puts high
weights on recent documents.

2. When a new document is delivered, clustering should be performed to acquire the new clustering
result. To alleviate the processing cost, the method uses incremental processing as much as possible.

3. Since the method puts high weights on novel documents, old documents tend to have low effect on
the clustering result and become outliers. Therefore, old documents are deleted from the clustering
targets automatically so we can reduce the processing cost.



Based on this approach, the method clusters a time-series of documents in an online manner and provides
clustering results focusing on current major topics.

We now introduce the similarity function used in the clustering method. In a time-series of documents,
such as news articles and online journals, the value of a document generally decreases over time. The
novelty-based clustering method for a time-series of documents [8, 9, 10] proposes the document forgetting
model and derives the document similarity based on that.

The forgetting model assumes that the importance (weight) of a document declines in an exponential
manner as time passes, and defines the weight of document d; as follows:

dw; = X7 T 0< A<, (1)

where 7 is the current time and 7; is the timestamp of d;. The parameter A\ represents how fast the
weight declines. The model inherits the idea from aging or obsolescence in library information science
and infometrics [11]. Now we define the total weight of a document set with n documents di,...,d,
as tdw = Z,n:l dw; and define the occurrence probability of d; within a document set as a subjective
probability Pr(d;) = dw;/tdw. Since old documents have small probabilities, this represents the idea of
forgetting old documents.

Document similarity is defined based on a probabilistic approach [8, 9, 10]. Its general form is given
by
d;-d;

sim(d;,d;) = Pr(d;) Pr(d;) Ten < lens’
7 J

(2)
where is the inner product of document vectors and len; is the vector length of d;. Thus, document
similarity considers not only how documents are similar, but also whether two documents are old or
not. Very old documents tend to be dissimilar to other documents and become outliers. By using the
similarity in the clustering procedure, we can achieve a novelty-based clustering that has a bias toward
recent documents.

The clustering method actually used in [9, 10] is an extended version of the k-means method [12].
When new documents are obtained, we need to perform a new clustering to reflect them. Since clustering
from scratch is quite costly, our approach utilizes k cluster representatives from the previous clustering
result as initial cluster representatives. Based on this approach, the clustering procedure converges faster
than the naive approach. Moreover, it can improve the clustering quality [10].

As described above, the novelty-based clustering method periodically performs incremental clustering
for continually delivered documents then outputs the clustering results. Each clustering result represents
major topics for the period when the clustering was performed. By storing such clusters permanently, we
can use them for analyses to be performed later. T-Scroll is based on such an idea and can be used as a
visual interface for analyzing retrospective document collections.

“.n

4 Overview of the T-Scroll System

4.1 System features

The main features of the T-Scroll system are summarized as follows:

1. It displays the clustering result for each time period along the time axis with topic labels so the user
can grasp overall topics for the target time interval.

2. The user can select the cluster in which he or she is interested in, then the user can obtain more
detailed information such as the keyword list or can refer to the original articles in an interactive
way.

3. For clusters obtained in a period, it creates links from the clusters of the previous time period based
on the cluster similarity; the user can observe the relationships between clusters.

4. The user can select an appropriate interval to visualize clusters on the screen then the user can
perform analysis depending on his or her requirement with different veles of detail. The approach
corresponds to roll-up and drill-down facilities in OLAP (On-Line Analytical Processing) [12].

Based on these features, the flow of topics and trends are represented as a scroll and we call the system
T-Scroll.



4.2 System functionalities

Figure 1 shows a screenshot of T-Scroll. The figure represents news articles from the TDT2 Corpus [2].
The corpus contains news broadcasts on TV and radio in 1998. On the interface, the time flows from left
to right. Using the slide bar on the screen, we can move to the previous time period. Ellipses shown on
the same vertical line are clusters obtained in the same clustering process. In this figure, £ = 20 clusters
are generated for each time period. The interval between two consecutive clusterings is set to one day.
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Figure 1: Screenshot of T-Scroll (one day basis)

The vertical order of clusters is not very meaningful: clusters are displayed in order of their increasing
cluster ID. However, the novelty-based clustering method [10] is able to generate the “regular” graph
structure as shown in the figure. When a new clustering is performed, the method reuses the previous
cluster representatives then performs a clustering process based on the k-means method. Therefore, the



previous cluster IDs are retained for the new clustering result. Such situations occur quite often, especially
when we utilize a short period for the display interval such as “one day” for Fig. 1.

4.2.1 Cluster labels

For each cluster, we select a feature term that has the highest score within the terms contained in its
documents as a cluster label. After trials of several scoring methods, we have decided to assign the score
for term t; in cluster C), as

score(t;) = Z Pr(d;) - tfi;. (3)

diECp

Namely, for each document d; in the cluster, the term frequency tf;; for term ¢; is multiplied with the
document weight Pr(d;) then the summation is taken. Although we have tried to display multiple terms
on a cluster, our impression was that it is too complicated. So we select only one term in the current
implementation.

4.2.2 Cluster sizes

The area of a cluster ellipse corresponds to the number of documents in the cluster. To represent the
cluster size, we select an appropriate size from several size levels. Thus, the user can be made aware of
topic sizes.

4.2.3 Cluster links

As shown in Fig. 1, links are generated between selected clusters. Each link means that those clusters are
related. The cluster relationship score is defined as a probability:

score(Ci — C;) = Pr(C;|C;) = % (4)

The formula measures the degree to which the documents in cluster C; are contained within cluster C;. We
allow zero or multiple links to emerge from one cluster so that the system can represent topic expiration
(represented by zero link) and topic separation (represented by multiple links).

4.2.4 Cluster qualities

To help the user to capture the quality of a cluster, T-Scroll visualizes cluster quality using different colors
for the cluster border lines. Red represents the highest cluster quality and purple means the lowest cluster
quality. The quality score of cluster C is defined as follows [10]:

quality(C) = |C| - avg_sim(C), (5)

where |C| means the number of documents in C, and avg_sim(C') represents the average similarity of all
the document pairs in the cluster which is defined as follows:

1
avg_sim(C) = ——— E stm/(d;,d;). 6
( ) |C|(|C| _ 1) di’djec’di;édj ( J) ( )

Note that quality(C) takes a large score not only when the cluster size is large but also documents in a
cluster are similar each other.

4.2.5 Drill-down/roll-up functions

T-Scroll supports drill-down and roll-up functions. For example, Fig. 1 is an example with a one day
basis, but we can utilize more coarse values (e.g., three days, one week). In the actual implementation, we
periodically perform clustering then determine whether to create links between clusters based on Eq. (4).
Then we store the result as a graph structure. When a visualization request is issued to T-Scroll, the
system extracts the required subgraph from the stored graph.



4.2.6 Displaying a keyword list

As shown in Fig. 1, T-Scroll displays one keyword as a label for each cluster, but the user often needs
more keywords to understand the cluster content. Therefore, T-Scroll also provides a facility for seeing
the cluster contents. When the user moves the mouse cursor over a cluster ellipse, the system displays
a keyword list for the cluster on the screen as shown in Fig. 2. The figure shows the situation when we
move the mouse cursor over the “iraq” cluster. The system displays top-ranked keywords for the cluster.
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Figure 2: Displaying keyword list

4.2.7 Access to original documents

Although we can see the overall contents of clusters using the above functions, it is difficult to know which
documents are contained in the cluster. Therefore, the system provides a facility for displaying documents
in a cluster by clicking the mouse on the cluster ellipse. Figure 3 shows this situation. The system displays
the titles of recent documents in the cluster. In addition, if the user clicks on a document title, its content
appears on the display (the figure is omitted here).
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Figure 3: Displaying document titles

4.2,.8 Keyword-based emphasis

We can perform keyword-based queries by entering keywords in the keyword query field on the T-Scroll
interface. The system emphasizes the clusters if their top-20 keywords contain the given keyword. Figure 4
shows the situtaion. The figure shows the result when we provide the keyword “olympic” (a Winter



Olympic was held in the display period). The emphasized clusters are matched ones. In addition, the
system can receive multiple keywords. In this case, if either of the given keywords is contained in the
keyword list, the cluster is matched. Based on this functionality, the user can see topic transition more

easily.
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Figure 4: Emphasized cluster display based on keywords

5 System Implementation

This section provides an overview of the implementation of the system. Figure 5 shows the organization
of the T-Scroll system. We describe each system component. A solid line represents a data flow and a
dotted line means a control flow (procedure call).
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Figure 5: System organization of T-Scroll system

The system cooperates with the novelty-based document clustering system [9, 10] and uses its outputs.
A new clustering result is obtained by giving a newly acquired document set to the clustering program.
The clustering result is output as an XML file.

The T-Scroll system reads the XML files output from the clustering system. Selected XML files are
incorporated and used according to the period and the parameters specified by the user. The main module
of T-Scroll is written in JavaScript and runs within a Web browser. Some part of processing concerning
the user interface is implemented by JavaScript and AJAX.

Given the target period and other parameters, T-Scroll displays the interface on a Web browser. For
this purpose, a submodule written in Perl is called from the main module. This submodule analyzes the
XML files and generates an SVG file to be displayed on the interface. The SVG file is read in the Web
browser then the interface appears as shown in Fig. 1. JavaScript codes are embedded in the SVG file
and modules written in Perl are called on as necessary.

6 System Evaluation

This section summarizes the results of the evaluation experiments. The evaluation experiments were
conducted by 10 users. The data set used was articles collected from Japanese news web sites from
September 2006 to February 2007. On average, 100 articles were collected and clustering was performed
at six-hour intervals.

6.0.9 Overall impressions

First, we asked for a general impression of the T-scroll user interface. The scores were selected from five
levels: 1 (very bad) to 5 (very good). Four evaluation categories (usability, understandability, usefulness,
and design) were used.

Figure 6 shows the evaluation result. The averaged scores with standard errors are plotted. Although
the usefulness score is 3.7 on average, the usability score is 2.5, which means that further system im-



provement is necessary. Scores for understandability and design are 3.1 and 2.8, respectively, but the
design score has large variance. We conducted user interviews and collected valuable comments. The
major problems are 1) the response time of the system and 2) the label for a cluster is not necessarily an
intuitive one. The first problem can be solved by revised implementation. The second problem is more
important and we will consider it later.
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Figure 6: Overall evaluation scores

Figure 7: Evaluation score for each function

6.0.10 Evaluation of each function

The evaluation results for the individual system functions are shown in Fig. 7. The evaluation criteria are
as follows:

e Scroll: The scroll-like visualization approach

e DocNum: The appropriateness of associating the number of documents of a cluster with the size of
its corresponding ellipsoid

e Label: The label display facility

e Quality: The method of showing the quality of clusters by colors
e Keyword: The keyword list display function (Fig. 2)

e TitleList: The function for displaying document titles (Fig. 3)

e Emphasis: The keyword-based emphasis function (Figure 4)

e Interval: The function for allowing multiple interval settings

All the average scores are over three except for the “Label” facility. The reasons for the “Label”
problem are as follows: 1) We have used Japanese morphological analysis tool to extract feature terms
(e.g., noun terms). Since we did not tune the dictionary of the tool for the experiment, the quality of the
extracted terms is not satisfactory. Expansion of dictionary would improve the quality of terms. 2) The
automatic label selection method based on Eq. (3) does not necessarily select comprehensible terms. It
may be better to use a controlled vocabulary for labels. Next, we consider the “Score” criteria. One of the
reasons that it has relatively low score 3.1 would be that there is no candidate to compare with T-Scroll
in this experiment. Finally, consider the “TitleList” facility. The experimental result says displaying
document titles is quite useful for the users.



6.0.11 Observability of topics

We conducted another experiment to see whether the users could observe the major five topics in Japan
in November 2006. The five topics include big events and accidents such as “damage by big tornado on
November 7th”, but their details are omitted. Figure 8 shows the evaluation result by ten users. We have
asked the users whether they can actually observe each topic. We can say that all the average scores are
successful. The reason for the relatively low score on Topic 3 is that the topic was a big issue for this
period and it contains subtopics. Since subtopics have appeared in some periods as multiple topic threads,
the users might find it difficult to make a judgment.
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Figure 8: Observability of topics

7 Conclusions and Future Work

In this paper, we have described the idea, the functions, the implementation, and the evaluation of the
T-Scroll system, a visual interface for analyzing the transition of topics from a time-series of documents.
This system is based on the novelty-based clustering method for time-series of documents and uses the
clustering results for the visualization. T-Scroll supports interactive processing facilities and has several
functions such as keyword list display, document title display, and so on.

Based on evaluation by users, it was shown that they can observe major topics that actually happened
using the system. We can say that the objective of capturing the trends in a time-series of documents
is achieved by the system. However, further improvement of the system is necessary. As shown in the
evaluation by the users, we should improve the usefulness and understandability of the interface.
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