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Abstract

In this paper we are concerned with how visualizations can support exploratory corpus and text analysis.
We start by giving an overview of previous work in information visualization that is based on language
data. We discuss how existing approaches differ from our approach . The core of the present article
consists of a detailed presentation of five visualization components that we have designed for supporting
the undirected exploratory analysis of text material. For each component we point out possible
application contexts and motivations for the design choices and how they are related to established
visualization principles. We conclude with a short discussion on future needs for the field of linguistic
information visualization.
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Resumen

En este articulo nos ocupamos de como las visualizaciones pueden ayudar al andlisis exploratorio del
corpora y al andlisis de texto. Comenzamos por dar una vision general de lo que se ha hecho
previamente en visualizacion de informacion basada en datos del lenguaje. Discutimos coémo los
enfoques existentes se diferencian del nuestro. El micleo del articulo consiste en una presentacion
detallada de cinco componentes de visualizacion que hemos disefiado para ayudar al andlisis
exploratorio de datos de texto. Para cada componente sefialamos posibles contextos donde pueden ser
aplicados, las razones por las cuales tomamos las diferentes decisiones de diseiio, y como se relacionan
con los principios de visualizacién establecidos. Concluimos con una breve disciision de las necesidades
futuras en el campo de visualizacion de informacidn lingiiistica.
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1. INTRODUCTION

The field of information visualization is concerned with “the use of computer-supported,
interactive, visual representations of abstract data to amplify cognition” (Card et al., 1999),
making use of the special capabilities for pattern recognition of the human visual system. The
field of information visualization has been around for about 20 years, but it has recently
started to mature. Major media outlets such as the New York Times regularly publish
information visualizations, and basic tools to create visualizations easily are becoming

increasingly available (e.g. Google Visualization API', Many Eyes®).

! http://code.google.com/apis/visualization/
% http://manyeyes.alphaworks.ibm.com/
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At the same time, the multitude and extent of available corpora and text collections call
for new methods to present and access this semi-structured data. Visualizations “use graphics
to organize information, highlight important information, allow for visual comparisons, and
reveal patterns, trends, and outliers in the data” (Hearst, 2009: ch. 10), and thus are
particularly valuable for understanding the nature of a text collection in a broad way, without
having a strong hypothesis in mind. These exploratory phases of text inspection can be
considered a recurring part of most corpus-based studies (cf. e.g. Gilquin & Gries, 2009).
While the directed search aspect of corpus and text analysis is well supported by common
text analysis and query tools, there is currently little targeted support for exploratory search.
Visualizations, especially interactive ones, are particularly suited for exploratory search In

fact, we see visualization as the future for exploratory linguistic analysis.

2. PREVIOUS WORK

Information visualization has mainly been concerned with numeric data. Until recently,
language related visualizations had largely been concerned with presenting search results,
especially for intelligence or business analysts (e.g. ThemeRiver in Havre et al., 2000). As
well, visualizations of semantic information of document content, either at the lexical level
(DocuBurst (Collins, 2007), Leximancer (Smith, 2000)), or at the document level (Rohrer et
al., 1998) have been around for some time and have more recently been complemented by
visualizations of thesauri (e.g. Visual Wordnet®).

Over the past few years, “clouds” have become a popular way to represent thematic or
textual popularity, and have recently been included into corpus interfaces (cf. e.g. the beta
interface to the DWDS corpus* and Monk"). Other word level visualizations include TileBars
(Hearst, 1995), which presents document length and frequency for specific query terms
together with their distribution across the text, and TextArc (Paley, 2002), an innovate
alternative to standard concordances.

There have been some efforts to explore structure in texts. Arc Diagrams (Wattenberg,
2002) and work by Ruecker et al. (2008) are different visualization methods for representing
patterns of repetition. Word Trees (Wattenberg & Viégas, 2008) are a technique for the
visualization and interactive exploration of keyword in context lines as tree structures, and

Phrase Nets (van Ham et al., 2009) visualize phrasal patterns.

? http://kylescholz.com/projects/wordnet/
* http://beta.dwds.de/
> http://www.monkproject.org/
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Visualizations found in today’s corpus query tools proper, are largely limited to
dispersion plots showing the distribution of search terms over text (c¢f. WordSmith Tools,
(Scott, 2004)), charts indicating frequency distributions of words over text types or over time,
and networks for the display of co-occurrences. Additionally, corpus tools occasionally make
use of color for highlighting, or size to indicate frequencies (in TAPoR°).

Summing up, a great part of the language related work is concerned with visualizing
information derived from texts (e.g. automatically extracted key words) or visualizing entire
documents. Much less consideration is given to visualizing linguistic features. Also, many of
the language related visualizations lack a linguistic foundation. To give a concrete example,
Word Trees provides an interesting and inspiring visualization of textual data, but does not
make use of linguistic information, and thus lacks some of the options that it could provide
(e.g. distinguishing words by their part of speech to treat homographs appropriately).
Furthermore, visualizations for the linguistic analysis of textual data, and more specifically,

visualizations targeted to the exploratory corpus/text analysis are extremely rare.

3. VISUALIZATIONS IN THE NEAR FUTURE

The trend in information visualization is to provide toolkits or components that are reusable
in different contexts, rather than building visualizations that are application specific. While
there have been recent calls for increasing the efforts to create visualization applications’, we
believe that the component approach is appropriate for linguistic visualizations, where we
mainly find prototypical application examples, practically no toolkits and few components. In
this section we present some of our visualization components, still under active development,
to give an idea of the kinds of visualizations that are relevant to exploratory search.

When visualizing textual data, we have to decide what parts of the data are crucial to be
displayed, how the data can be condensed, what abstractions are sensible and how different
views of the data can be combined. Established visualization principles (cf. Card et al., 1999;
Hearst, 2009) provide guidance on how best to create visualizations that meet the context-
specific information aims. Thus, the starting point for constructing visualizations is
understanding the task of the user. For each of our visualization components, we give the
user’s task and explain the general principles and techniques employed and how the

component helps the user accomplish the task.

¢ http://portal.tapor.ca/
" E.g. Enrico Bertini: http:/diuf unifr.ch/people/bertinie/visuale/2009/06/im_sick_and tired so many libr.html
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3.1. Corpus Clouds
One aspect of exploratory corpus inquiry is getting an idea of what is frequent and how
phenomena are distributed across the corpus. Corpus Clouds is a small program which
provides visualizations of different types of frequency and distribution information for
dynamic queries via a standard query system, integrated with a KWIC display. The overall
design is inspired by Schneiderman’s (1996) information visualization mantra overview first,
zoom and filter, then details on demand, along with the idea of multiple views of the data,
implemented in Corpus Clouds as four parallel views on query results [Fig. 1, from top]:

1. A distribution graph, showing the distribution of tokens and results over the

corpus

2. A results pane displaying all strings that match the query

3. A KWIC display for a selected result type

4. A pane showing the extended context for one KWIC line

The different panels are coordinated by a technique called brushing and linking.
Changes in one panel will update the other panels accordingly, for example selecting a
specific result in the results pane, causes its distribution to be displayed as a graph in panel 1
and its concordance lines shown in the KWIC display panel. The KWIC display further
provides for a view in which small bars indicate the frequency of each word in context,
similar to the sparklines technique of Tufte (2006).

Clouds have been criticized in the human computer interface literature as not being
good interfaces for web sites (Hearst & Rosner, 2008). However, the cloud view in Corpus
Clouds is designed to meet the needs of corpus users, who are interested in frequency (of
phrases as well as of words), by being interactive and flexible in its display order and scaling,
as well as allowing for a simple list view instead of the cloud. By taking seriously the user’s
task (discovering information about frequency and distribution), we can repurpose a

technique that is not optimal in other situations.
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Figure 5: Corpus Clouds

3.2. Double Tree
Concordances with their KWIC display predate computers by centuries. They help the user in
the task of discovering the linguistic context of words. One problem with the KWIC display
1s that it is not easy to make sense of a large number of results for a single term — it is difficult
to detect regularities and differences in contexts. A second problem with standard KWIC
displays is that they can only be sorted by left OR by right context, making it difficult to
detect examples with a context of interest on both sides of the target term, without doing a
new query. Wattenberg and Viégas (2008) provide Word Trees to help with the first problem.
Word Trees collapse identical left or right contexts into a single line, giving a branching tree
structure when contexts diverge. Two problems with Word Trees for corpus linguists is that
infrequent results are suppressed without any notice, and only one side of context is visible at
a time.

To overcome the problems with standard KWIC displays and to make up for the one-

sidedness of Word Trees, we have made a new visualization, Double Tree (see Fig. 2), a two
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sided word tree, which displays both left and right contexts. Initially a Double Tree shows

one word of context on each side. For each context word, color shade indicates the number of

distinct words that precede/follow that node, while the total number of instances of the word

(in that specific context) is shown when the mouse is over the node. Selecting a context word

expands the context by one level and dynamically colors all the paths on the opposite side for

the results containing the context word.

.
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Figure 6: Double Tree

As with Word Trees, Double Trees implement a general goal of visualization to present

more information in less space. Expanding only a given node is a limited example of a
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fisheye view (Furnas, 1981) according to the degree of interest. In addition, since the
relatedness of left and right contexts is conveyed visually by assigning a unitary color to the
words of one result phrase, Double Trees also implement Tufte’s (2006: 70) principle of
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Figure 7: End-to-end for search "ist" "in"

3.3. End-to-end

Another type of exploratory search involves looking for wvariation and repetitions in
connections between words, e.g. as collocations. End-to-end (see Fig. 3) is a component that
creates a network of phrases connecting two search terms. In this way, the user can see at a
glance all the connections between the terms. The user can also drill down by searching the
network for particular words in between the search terms, or get a more detailed report of the
context of a given word, i.e. providing details on demand. Other options allow the
specification of the range of the lengths of the phrases, as well as optimizing the network
from either a left to right perspective or a right to left perspective, thus providing multiple

views of the data.
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Figure 8: Comparison Arcs

3.4. Comparison Arcs

Another aspect of exploratory search is looking for positional patterns of occurrences.
Wattenberg’s (2002) Arc Diagrams provide a visualization of occurrence patterns by
representing sequences of units as tokens on a line and connecting identical units with arcs.
With Comparison Arcs (see Fig. 4), we expand the basic idea of Arc Diagrams in several
ways. First, we allow the display of more than one sequence (in our case texts in the same or

different languages) in parallel. Second, the visualization of Comparison Arcs is dynamic,
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visualizing the results of the user’s search. Third, Comparison Arcs is user-selective, only
showing the search results rather than showing all (automatically chosen) correspondences.
Fourth, we incorporate linguistic information by allowing the user to search for lemmas and
parts of speech in addition to words.

With respect to visualization principles, we give the user information on demand by
providing information about tokens and sentence boundaries by moving the mouse over the

diagram.

3.5. Distribution Viewer

While Comparison Arcs visualizes co-occurrences of a particular type, Distributional Viewer
(see Fig. 5) focuses on a different aspect of distribution by visualizing occurrences of a
particular category. In our test example, we visualize the parts of speech of the initial words
of each sentence in a small corpus. Notice that in contrast to Comparison Arcs, Distributional
Viewer can handle corpora as well as individual texts.

We use two different visualization techniques, which together provide multiple views
of the data. One visualization technique is essentially a starfield (Ahlberg & Shneiderman,
1994), where each part of speech is given a different color and plotted on a grid with sentence
position on the horizontal access and text on the vertical axis. This allows the user to see
broad patterns in the distribution.

To allow the user to follow up on initial observations, we provide two other views, one
which shows for each part of speech its distribution across sentence document position, and
the other which shows for each sentence document position, the distribution of parts of
speech in that position. In both cases, we use Tufte’s (1999) techmique of small multiples,
which shows separate bar graphs for each case (part of speech or sentence document
position). As well, as with the other visualizations, appropriate additional information is

provided by moving the mouse over the diagrams.
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Both Comparison Arcs and Distribution Viewer emphasize the point that we can

visualize not only words, but lemmas, parts of speech and more. Almost all language-related

visualizations that we are aware of visualize only words.

4. DISCUSSION

In this paper we have presented a collection of visualization components for the exploratory

analysis of corpus and textual data. All these visualizations build on established visualization

principles to best integrate textual data and connected linguistic information into concise

displays.
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To extend these initial efforts, we need more experience with linguistic information
visualization in general, and the user’s demands with respect to particular tasks. On the
theoretical side, we need to determine what visualization techniques are applicable to
language data. On the practical side, we need to evaluate what kinds of visualizations can
benefit what users in what kinds of tasks, and what visualization alternatives are favored over
others in specific usage contexts. Furthermore, we need to find ways to guarantee efficient
and flexible interoperability of all tools and components that aid the work of the language
analyst especially since we see visualization tools becoming a central aspect of the next

generations of corpus and text analysis tools.
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