
Chapter 5
Multi-modal Summarization

Tsuneaki Kato

Abstract Multi-modal summarization is a technology that provides users with
abridgments of topics of interest. Such abridgments consist of organized text and
informative graphics. These summarizations have two roles. One is to assist the
users to review and understand their topics of interest. The other is to guide users both
visually and verbally in their exploratory search. To establish this technology, it was
necessary to integrate several research streams. These included information access,
information extraction, and information visualization; all of these technologies had
been developing rapidly since the beginning of the twenty-first century. MuST was a
workshop, the main theme of which was research on multi-modal summarization of
trend information. It was not an evaluation workshop and did not present the partic-
ipants with a specific task, because at the time when the workshop was conducted,
multi-modal summarization was merely an agglomeration of yet-to-be-developed
technologies that had not yet been fully synthesized. Rather than sharing a task,
the MuST workshop shared a data set. Making an annotated corpus shared as its
unifying force, the workshop encouraged cooperative and competitive researches on
trend information. Several innovations emerged from the workshop. These covered
trend information extraction, visualization as information access interface and as
data analysis method, linguistic summary generation from charts, and trend mining.

5.1 Background

By the beginning of the twenty-first century, information access technologies had
changed and diversified. What was being accessed had changed from entire docu-
ments to passages within documents, and thence to the information itself. Question
answering, the motto of which was to return information itself rather than pages or
documents, had already progressed to managing simple factoid questions, and was
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expected to reply to increasingly complicated queries such as those that included
causes and definitions.

Access methods had also changed. Exploratory and interactive search was being
emphasized. Information gathering was no longer a one-shot interaction through
which users described their interest precisely and in return obtained adequate rele-
vant feedback; instead, the process had become continuous, wherein users browsed
information that was gathered according to general descriptions and then identified
aspects regarding which they need more detailed information. Through this process,
users interactively accumulated information while simultaneously expanding their
area of exploration.

Methods for displaying the information so obtained had also advanced from sim-
ple ranked lists to information visualization. Some visualization techniques helped
users to represent their information requests visually, others helped them to inter-
actively analyze and interpret the results. Such information visualization techniques
for information access were new and had different characteristics from those for
scientific visualization.

Information was no longer simply collected or retrieved. Advances now allowed
it to be compiled and synthesized using information extraction and multi-document
summarization, which were techniques that had matured during that period.

Some of the research fields, such as exploratory search and information visual-
ization, that adopted such changes in that era closely interacted with each other. This
was, however, not the case for many other fields. Although one could find a limited
implementation of some aspects (Ahmad et al. 2004), at that time, it was not envi-
sioned that anything similar to the recent disaster informatics system would arise;
this system synthetically processes both numeric data and linguistic data, such as
documents, and summarizes and visualizes that data according to the users’ require-
ments. There was, however, an expectation that interactions among, and fusions of,
those research fields would bring about a number of fundamental innovations.

5.2 Applications Envisioned

These anticipated fusions could take many forms. One form could lead to a sophisti-
cated question-answering system for responding to queries such as “Howhave oil and
gasoline prices changed this year?” or “How bad were the typhoons last year?” The
system would achieve this by compiling text and statistical data and then generating
combinations of succinct text and information graphics. More advanced applica-
tions of such systems may include patent or research-map generation, which would
show and explain the trends of patent applications or the publication of scholarly
papers. These potential developments were subsequently pursued in another NTCIR
workshop, which is briefly mentioned in Sect. 5.4.

This mechanism, which we termed multi-modal summarization, can be regarded
as an effort to expand text summarization. While text summarization extracts impor-
tant content from a body of real-world text and presents it in a condensed form,multi-
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modal summarization also processes non-linguistic information such as numerical
data and information graphics. Whereas multimedia presentation generation (Fas-
ciano andLapalme1996;Roth andMattis 1990 for example),which had been actively
studied at the end of the last century, aimed to generate multimedia presentations
frommedia-independent semantic representations; multi-modal summarization does
not presume the existence of suchwell-formed semantic representations and grapples
with the enormous amount of unstructured and uncoordinated information available
in the real world.

Another form of fusion supports interactive and exploratory search. It interprets
and guides users’ queries linguistically and visually, progressing from the abstract to
the concrete and thence to the specific. For example, initially, one may be interested
in the annual movement of the oil price but later become interested in the change
at a specific point in time, and finally, decide to investigate the cause and effect of
that change. It also supports users’ analysis of a series of events by showing various
data from several viewpoints. The occurrence of typhoons is plotted on a geographic
space and time scale and then linked to data on resultant damage and its associated
verbal descriptions. At least two characteristics are required for such systems to be
effective. Firstly, a framework is needed that seamlessly supports users throughout
the information access process, from browsing an outline or summary to subsequent
elaboration or specificity and to acquiring accurate information. Secondly, linguistic
and non-linguistic information could be cooperatively employed in this process.
Information need not be limited to text but may include non-linguistic information
such as a series of numerical values. Non-linguistic modes could be utilized even
during presentation, which would then lead onward to multi-modal presentation and
information visualization.

The term, multi-modal summarization, is also used for the second technology,
though the name does not adequately emphasize the significance of interactivity and
relationship to exploratory search. These technologies share the name because these
techniques have a common core that compiles useful and relevant information and
presents it to users utilizing multiple modes, including text and visuals.

5.3 Multi-modal Summarization on Trend Information

The MuST was a workshop on multi-modal summarization focused on trend infor-
mation (Kato et al. 2005, 2007a, b, 2008). Why did we focus on trend information?
It was because a trend, which is a general tendency in the way a situation is changing
or developing,1 is based on temporal statistical data and can be obtained by synthet-
ically summarizing it, but not by simple enumeration. Trends are the first answers
to users’ questions such as “How has the game machine industry performed since
2006?”, “How have oil and gasoline prices changed this year?”, and “How bad were
the typhoons last year?” Each answer to those questions can be considered a summary

1From Longman Advanced American Dictionary.
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of all the information that users are interested in and a starting point for interactive
and explorative information access.

The information from which trends are composed and the process of identifying
trends have several interesting features. First, to obtain trends, it is necessary to com-
pile information spanning a specific and extensive period. As they include significant
redundancies, such compilations must be synthetic and well organized. Secondly,
trends usually contain summaries of non-linguistic information, for example, statis-
tical information such as time-series data and geometric data. Some statistics such as
political party approval ratings and companies’ market share of a given product type
are more complicated and have other dimensions. Each dimension could be an axis
representing those statistics and bring different summarization methods. Thirdly, not
only information such as reports on changes in statistical data, but also their inter-
pretation, analysis of causes, and forecasts of impacts are important and should be
included when defining trends.

As trend compilation requires sophisticated processes for handling complex and
diverse information, it is an important research subject for multi-modal summariza-
tion aimed at supporting interactive and explorative information access.

5.3.1 Objective

The objective of the MuST workshop was to create an agora or arena where
researchers from the several fields mentioned above could interact. The workshop
prioritized trend analysis as its common theme because trends have interesting char-
acteristics that are suitable as the starting point for exploratory search and as a sub-
ject for analysis. The MuST workshop promoted both cooperative and competitive
research on trend information. It was not an evaluation workshop and thus identi-
fied neither a specific task nor evaluation measures.2 For many, the workshop was
motivated by a common evaluation. Sometimes the objective of the workshop was
to enable large-scale evaluation, which required to employ the pooling method. It is
beneficial to evaluate technologies on the common ground using standard measures.
That, however, is only possible when technologies have matured or when they are
focused on common objectives. Research on multi-modal summarization consists of
many kernels of technologies still in development and not synthesized yet. Accord-
ingly, each research group had its specific focus. In that situation, neither a common
evaluation nor shared tasks were possible or stimulating. That is why we did not
conduct an evaluation-oriented workshop. We needed another motivation to make
the workshop cooperative and competitive, yet still, allow the participants to focus
on their interests.

The MuST workshop was conducted a bit earlier than the IEEE VAST shared-
task evaluation (IEEE symposium on VAST 2006). Although both were concerned

2In its third cycle, however, some evaluation tasks were set. Those tasks were considered as shared
building blocks common to trend information summarization.
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with visualization technology, theywere different in nature.MuST addressed various
problems, rather than a substantial single problem such as the one that IEEE VAST
undertook. Rather, the policy ofMuSTwas similar to that of the interactive track held
in TREC 6 (Dumais and Belkin 2005), in which, through a common experiment, the
participants conducted their own studies; such individual studies aremore productive
than a joint evaluation. During the MuST workshop, many technologies reflecting
each participant’s interests were examined. Although they would be associated with
each other later in the process, initially, they did not have the same goal.

5.3.2 Data Set as a Unifying Force

Instead of a common topic for evaluation, a data set provided a unifying force for
the MuST workshop. The use of a shared resource, which motivated researchers to
participate and to conduct several research missions, was the major characteristic
of the workshop. The resources that were shared, the MuST data set, included the
materials to be processed, the intermediate results acting as the organizational hub,
and the eventual output design.

The core of the data set is annotated newspaper articles concerning statistics
and a wide variety of topics.3 The topics were drawn from disparate social and
economic domains, such as the oil industry, the personal-computer market, and car
production; groups of events such as earthquakes and typhoons; and organizations
such as Sony Corp. Linguistic descriptions of statistics and reports on events in
articles were identified and annotated, as trends would be extracted from them. For
example, trends in the personal-computer industry included statistics on shipment
volume, shipment value, and market share of major manufacturers. Typhoon trends
consisted of a review of typhoon-related events, such as their formation, landfalls,
and related damage statistics.

Examples of English texts to which the annotation schema was applied are shown
in Fig. 5.1, instead of the real data, which is in Japanese. Sentences mentioning
selected statistics or events are annotated as unit elements. From the text of an
unit element, phrases mentioning the name of the statistic (name element), the
value of the statistic (val element), the relative values, which are associated with
the statistic but are not the value itself (rel element), dates (date element), and
other parameters (par element) are identified and annotated.

The annotation of theMuST data set represents the intermediate result of semantic
and pragmatic analysis tuned to statistical and/or event information. In the summa-
rization, extraction and analysis of important sentences are followed by rephrasing
and sentence construction to eliminate redundancy and maintain consistency. Anno-
tation corresponds to the output of extraction and analysis and the input to rephrasing
and sentence generation. Using the terminology of the information extraction field,

3Articles of the Japanese Mainichi newspapers from 1998 and 1999 were used.



76 T. Kato

Fig. 5.1 Examples of MuST data annotations on English text

this annotation completes named-entity recognition and temporal-expression anal-
ysis. For researchers who are interested in sentence extraction or text processing
on named-entity recognition and temporal-expression analysis, annotation can be
referred to as the gold standard of their process. It can also be used as training data
if they take a machine learning approach. For researchers interested in rephrasing,
sentence generation, and information visualization, annotation can be used as input
data in which several fundamental analyses are already completed. In extreme cases,
studies on information visualization from the text could be conducted without text
processing. In this sense, the annotated articles behave as a hub for multi-modal
summarization.

Multi-modal summarization requires several component technologies that are
dispersed across many research fields. This makes it difficult to construct an inte-
grated system. By using this data set, nevertheless, the participants can address their
own subjects of interest. This is especially important for those studying elemental
technologies. Moreover, participants from different communities can discuss their
interests with each other using the data set as common ground and can contemplate
how their studies or their modules fit into the framework. Of course, researchers
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having the same interest can use the data set as material for objective evaluation. To
encourage and foster research through such interchanges was the objective of sharing
this research resource and of the MuST workshop.

5.3.3 Outcome

Many research themeswere pursued in theMuSTworkshop and several technologies
emerged from it. These include extraction of statistics from texts asmaterials for trend
summarization; visualization of statistical information extracted and/or collected;
generation of text that explains statistical information; and trend mining that is a
version of text mining, and attempt to find and visualize trends from huge document
sets.

5.3.3.1 Trend Information Extraction

Information extraction on statistics from the text was a major sub-problem of trend
summarization. Many participants had addressed this problem, which is the reason
that this theme was pursued in the evaluation-workshop style at the final cycle of the
MuST workshop.

The simplest form of information extraction is to obtain asmany tuples as possible
of three elements; the name of a statistic, the date, and a value for the statistic on
that date, an example of which looks like this; (Dubai oil price, 1998/12/21, $12.50).
That triplet constitutes points plotted on the chart depicting the changes or trends of
a given statistical category. Many complicated problems would remain even if the
date and numeral expressions could be extracted using techniques of named-entity
recognition. Those difficulties are epitomized in the first passage shown in Fig. 5.1,
“the price of gasoline (one liter, regular), . . ., reached a national average of 92 yen,
1 yen higher than last week’s average price.”

First, the names of statistics are long and complex; they are frequently abbreviated
and may be expressed in more than one way. These are usually expressed as a noun
phrase, but sometimes split into many phrases. That is the case in this example
in which the name of the statistic discussed is a national average of pump price of
gasoline (one liter, regular). Amethod to handle such complex names of statistics was
proposed. It deconstructs statistic names into their components and categorizes those
characteristics and functions. To identify the name in its entirety, the method first
identifies each component by text-chunking and then assembles those components
into one name (Mori et al. 2008).

Second, not all numerical expressions directly describe the statistical values. Some
of them are comparative or relative expressions. In this example, “1 yen” is not a
gasoline price itself but the differential of two prices. Such relative expressions must
be distinguished from direct expressions of statistical values. On the other hand,
using such comparisons, an additional triplet instance of the gasoline price, “last
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week,” and “91 yen” could be obtained. Methods were proposed for distinguishing
those expressions and using them to obtain additional triplet instances.

Besides, relative or context-dependent time expressions such as “last week” and
cases where more than one statistic is mentioned in a sentence raised problems that
are still to be solved.

Other research paid attention to extraction of information beyond simple triplets.
Qualitative expressions, such as “peak” and “keep dropping” in the second passage
in Fig. 5.1, were used cooperatively with numerical data representations for trend
summarization. Descriptions of causes of events described such as “because of the
tension of the Iraq situation” are useful for understanding context. Techniques were
proposed for extracting and using such descriptions for summarization and visual-
ization purposes.

5.3.3.2 Visualization

The interactivity of visualization was a major feature identified as an objective in
the MuST workshop. Interactivity allows for interactive and exploratory search.
Techniques were proposed that would assist users to analyze trends from various
viewpoints and provide response mechanisms for new requests that emerged from
such analysis.

Figure5.2a shows an example of visualization as information access interface
(Matsushita et al. 2004). A line chart was used as an information access interface.
The chart as a whole represents the changes of a statistic of interest. The data points
and segments are connected to the article that describes those statistics. Users can
easily go back and forth between the chart and the articles as they are interconnected.
This is a technique known as brushing (Scherr 2008). In another visualization shown
in Fig. 5.2b, the line chart is augmented by schematic shapes that represent qualitative
changes extracted from articles, such as “rebounding” and “continuing to increase”
(Matsushita and Kato 2006). This chart can also be interconnected with textual
materials. This is a typical example of multi-modal summarization.

For data analysis using visualization, a framework named a visualization cubewas
proposed (Takama and Yamada 2009, 2010). Events such as earthquakes which are
characterized by time and geographical locations have their features represented as
a cube, which allows the systematic manipulation of visual representation according
to changes in the user’s viewpoint. That is, a user can, through intuitive operations,
freely place earthquakes of interest on a topographicalmapor on a timeline. Figure5.3
schematically shows this operation. Statistics can be handled similarly. Each statistic
corresponds to one cube and the cubes can be stacked upon each other. This operation
corresponds to drawing a stacked bar chart. Changing the granularity of the chart or
focusing on a specific data range are also defined as operations of particular cubes.
Thus, it is a visualized version of an OLAP cube (Codd et al. 1993) used in online
data analysis.
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Fig. 5.2 Two examples of visualization for information access interface from Matsushita et al.
(2004), Matsushita and Kato (2006)

5.3.3.3 Linguistic Summary Generation from Charts

Summarization can be done using linguistic expressions. A typical approach is to
redact long documents into succinct phrases. In multi-modal summarization, series
of numbers, tables, and charts can be verbalized. This makes it possible for complex
numerical dynamics to be expressed in a short descriptive phrase such as “wild
gyration.”

This method was proposed for generating paragraph-length documents to explain
a line chart of a given set of statistics. (Kobayashi et al. 2007;Kobayashi andOkumura
2008). The method for determining such content is critical. The chart is segmented,
and a description of the relevant values and a description of the shape of the segments
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Fig. 5.3 Visualization for data analysis from Takama and Yamada (2009)

are decided and then appropriately linked to the content. The sets of two types of
texts, those for describing values and those for shapes, are stored and used in the
system as linguistic knowledge that is drawn from the corpus of real-life human
explanations.

5.3.3.4 Trend Mining

Some trend summarizations can be conducted with a broader perspective via a ver-
sion of text mining, which we termed as trend mining, that reveals current trends.
Keywords, such as names of statistics, are linked to relevant topics. The observation
that certain keywords appear frequently in documents reveals a trend that specific
subjects are topical. Moreover, the co-occurrence pattern of those keywords sug-
gests their relationship. One proposal visualized the relationship of statistical terms
by calculating their co-occurrence frequencies. Such patterns are characteristic of
events and phenomena in the real world (Kawai et al. 2008). The dynamic network
established in this way allows users to review the structure of complex and global
problems. Reviewing this, the user can discover the structure of a given problem and
other useful related factors, thus facilitating access to accurate information about it.
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5.4 Implication

The MuST workshop was conducted from 2005 to 2008 at the NTCIR-5, 6, and 7
workshops. It was a pilot task at first, and then became a core task with an evaluation
subtask. Research activities on multi-modal summarization and trends went beyond
these workshops. For five years, since 2006, special theme sessions were held at
annual conferences of the Japan Society for Artificial Intelligence (JSAI). These
focused on information compilation (Kato and Matsushita 2006), which aimed at
using multi-modal summarization as an interface for interactive information access.
It was emphasized that linguistic and non-linguistic information should be managed
and utilized seamlessly. In 2009, a special interest group of the same name was
launched by the JSAI. In 2012, it was renamed to Interactive Information Access
and Visual Mining, and its activities have continued to the present (SIG-AM 2020).

In the NTCIR workshops, at NTCIR-8, an evaluation task was conducted on
interactive information access using visual information (Kato et al. 2011). The patent
information mining task in NTCIR-8 also handled text data and numerical data and
extracted some trends observed in patent information (Nanba et al. 2010).

It is doubtful whether theMuSTworkshop itself had any direct influence on subse-
quent research trends. The workshop, however, contributed to advancing research on
information access. Explanatory search has since become a key research area. Visual
interfaces are an important component of such research. The MuST workshop was
a significant catalyst in these developments.
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