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Abstract
Visual text analysis techniques have been one of the most prominent topics over
the past decades. Many researchers have recently been interested in using text
visualizations techniques and tools to conduct the structural analysis of a text.
Text visualization indeed uses graphical representations to help text analysts to
draw more knowledge from a raw text and to easily uncover the relations
between the terms of a text whether explicitly or not. However the analyst’s
interactivity on the visualizations is determinant for a deeper understanding of
the text. This work aims at improving the user interaction on the visualizations
provided by EVOQ, an existing tool for text structural analysis. We have
implemented a new algorithm for EVOQ which not only generates
visualizations based on a pre-encoded terms relation dictionary but also helps
analysts to construct the visualizations at ease. After evaluating our proposed
solution with some users and the existing visualization interaction techniques,
we have suggested some guidelines for future improvements.
Keywords: text visualization, structural analysis, relations dictionary,
visualization techniques, interaction.

Résumé
Les techniques d'analyse visuelle de texte ont été l'un des sujets les plus en vue
au cours des dernières décennies. De nombreux chercheurs se sont récemment
intéressés à l’utilisation des techniques et outils de visualisation pour effectuer
l’analyse structurelle d’un texte. En effet, la visualisation de texte utilise des
représentations graphiques pour aider les analystes à tirer davantage de
connaissances d'un texte brut et à découvrir facilement les relations entre les
termes d'un texte de façon explicite ou non. Cependant, l’interactivité de
l’analyste sur les visualisations est déterminante pour une compréhension plus
approfondie du texte. Ce travail vise à améliorer l’interaction de l’utilisateur sur
les visualisations fournies par EVOQ, un outil existant pour l’analyse
structurelle de texte. Nous avons implémenté un nouvel algorithme dans EVOQ
qui permet non seulement de générer des visualisations à partir d’un
dictionnaire relationnel de mots pré-encodés, mais aussi aide les analystes à
construire les visualisations à leur aise. Après avoir évalué notre solution avec
des utilisateurs et les techniques d’interaction de visualisation existantes, nous
avons proposé des directives pour les améliorations futures.
Mots-clés: visualisation de texte, analyse structurelle, dictionnaire des
relations, techniques de visualisation, interaction
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Chapter 1: Introduction
Large amounts of information such as word processing documents, web pages,
blogs, online news, publications and articles are more available today in form
of text. This increasing availability of textual data has been made possible due
to the rapid digitalization of paper documents. However, one of the problems
with raw textual documents is that they are so voluminous. Therefore, finding
relevant knowledge from them has become a tedious task. In order to extract
knowledge, assimilate and navigate more easily through these textual
documents, text mining and visualization techniques and tools have emerged
as relevant solutions. Since the 1960s, many text visualization techniques have
been extensively studied and developed for different purposes. The recent
works provide the overview of the existing research in text mining, taxonomies
and visualization techniques ((Yang et al.,2007), (Gupta and Lehal, 2009),
(Kucher and Kerren,2015), (Cao and Cui, 2016), (Liu et al., 2018)). Visual text
analytics has recently been one of the most prominent topics in both academic
research and commercial world (Liu et al., 2018).
The text analysis technique of interest in this thesis is called structural analysis, a
qualitative text analysis technique. Structural analysis is a text analysis
technique used by researchers in the field of humanities which consists in
matching related terms (single words or groups of words) manually in order to
help uncover the relations between the terms of a text whether explicitly stated
in the text or not. The difference between the structural analysis and text mining
is that text mining tools provide the result of the analysis whereas in structural
analysis it is the analyst who provides the result by making use of the tool.
Introduced in 1997 by Jean-Pierre Hiernaux (HIERNAUX, 1977) and amplified
later by (Piret et al.,1996), the objective of structural analysis is to understand
the implied and connotative meanings that hide in a text.
Wallemacq et al. presented EVOQ (Wallemacq et al.,2004), a tool specially
designed for structural analysis. This tool allows analysts to specify relations by
themselves and visualize the relations networks on 2D node-link or a 3D
landscape interactive representation.
The general question of research of this thesis is the following:
RQ: How can we improve the text analyst interactions on a text visualization
tool based on structural analysis?
6

In order to efficiently answer this question our work has explored the following:
(1) Providing an up-to-date literature review;
Using (Clarinval et al., 2018) work as a starting point, we have made a deep
research on related works in information visualization and more precisely in
text visualizations and user interactivity in order to provide an up-to-date
literature review.
(2) Improving EVOQ interface to enable text analysts to visualize both the text and
visualization diagrams at the same time;
By using open source web technologies and agile method of software
development which enables both increments and iterations on the designed
interfaces, we have implemented a new work interface for EVOQ in order to
help analysts operate both the visualizations and text in the same windows.
(3) Implementing a visualization algorithm which enables text analysts with more
dynamic interactions on the visualizations.
In the previous EVOQ the analyst generates the visualizations based on a preencoded terms relations dictionary and cannot easily interact with the
visualizations. Therefore, we researched on how we could increase the analyst
interaction on the visualizations and implement a new algorithm which would
help the analyst to build (construct) visualizations rather than generating them.
We finally discovered Viz.js (sometimes denoted Vis.js), a JavaScript open source
library, which we used for the implementation of our solution.
The remaining part of this thesis is organized as follows. Chapter 2 presents the
state of the art, the relevant literature review of the researches already done in
the field of information visualization and more precisely in text visualization.
Chapter 3 describes EVOQ, the software solution we have proposed. It gives
details on the context of the development, the methodology and technologies
used, the new software architecture and functionalities. It also presents an
analysis of the user interactions we have implemented. Chapter 4 presents the
evaluation of our new solution with some users and provides guidelines for
future improvements of EVOQ software. Finally, chapter 5 concludes the thesis
by recalling the contributions and the limitation of the work and the possibilities
of future work as well.
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Chapter 2: State of the Art
There has been a growing interest for visualization process and text
visualization techniques in the past decade. In fact (Nan and Cui, 2016) have
reviewed over 200 papers on text visualization techniques summarized in the
Text visualization Broswer (TVB) an online platform developed by the ISOVIS
Research Group from Linnaeus University in Sweden in 2014.
In this chapter our purpose is to present an up to date overview of the existing
visualization techniques that are relevant to the present thesis. We have
organized the chapter in three sections.
The first section presents the information visualization process or pipelines. In
this first section we have explained the different transformation stages a raw
text must go through in order to present visual representations which enable
text analysts to cognitively formulate knowledge based on the visualizations.
In the second section the most up-to-date relevant text visualization techniques
have been explored. Moreover this section puts an emphasis on the relevant text
visualization techniques which enable the user (text analyst) with dynamic
interactions.
The third section provides brief explanations on how a structural analysis is
conducted.

2.1. Information visualization pipelines
Also called “InfoVis pipeline”, the visualization process is a transformation of
information content (raw text, data, meta data, etc.) into knowledge via a visual
representation. It involves both visualization systems that transform content into
pictures termed visualizations and humans who transform visualizations into
knowledge (Malyanov, et al., 2013). In the visualization process humans can
have roles of users and thinkers. Human can alternate visualizations by
interacting with the systems and as a thinker cognitively formulating
knowledge (discoveries) based on the visualizations. Some researchers have
proposed pipelines to describe the visualization process step by step. The four
following pipelines are the most found in the literature.
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2.1.1. Fry’s visualization pipeline
Fry (2008) presented a pipeline explaining seven (7) stages process for
manipulating and making sense of data from its acquisition through its
visualization and ultimately to its interpretation. The model of Fry is shown in
figure 2.1. According to Radburn et al., Fry was not rigid but draws attention to
the inter-dependencies between the various elements of the visual data analysis
process (Radburn et al., 2010).

Figure 2.1: The seven Stages of Visualization (Fry, 2004 & 2008)

Fry visualization pipeline was used by Radburn in 2010 in vizLib project which
objective was to develop capacity for exploratory data analysis in local
government through the Visualization of Library Customer Behavior.
Chen and Jänicke in 2010 introduced a visualization pipeline containing five (5)
consecutive stages such as filtering, visual mapping, rendering, displaying and
optical transmission. In their paper, the stages of visualization are described as
stages of signal transmission affected by errors (Chen and Jänicke, 2010). Their
pipeline focuses more on the theoretical aspects than the visualization
mechanics.
2.1.2. Malyanov et al. Visualization pipeline stages
In 2013, Malyanov et al., refined the work of Chen and Jänicke and presented
five (5) stages of visualization process that transform raw data into an
interactive rendering (Malyanov et al., 2013). The pipeline described in their
paper is similar to the one in Chen and Jänicke paper (2010) but focuses less on
the theoretical aspects and more on the visualization mechanics. Malyanov et
al’s, pipeline focused on the transformation of abstract data to visual
information in order to facilitate human knowledge. According to Malyanov et
al’s; visualization experience is obtained during an interaction with the
9

Information System and reflects human sensations arising during the
visualization process and represents the degree of cohesiveness, knowledge
formulation and satisfaction in the visualization environment. Figure 2.2 bellow
presents the five stages as far as Malyanov et al. pipeline is concerned.

Figure 2.2: Information Visualization pipeline (Taken from (Malyanov et al. 2013) )

The visualization process in Malyanov et al. pipeline has five stages: filtering
(F), Visual mapping (M), Layout (L), Layer fusion (>), and Rendering (R). Each stage
is a family of functions that process parallel pipelines. The input data flows
through the pipeline being transformed in various ways until it generates the
output images.
Filtering stage: At this stage, we have to decide which are the data’s important
aspects, or features, we are interested in. In most cases the imported data is not
one-to-one with the aspects we want to get insight into. We must distill our raw
data sets into more appropriate representations, also called enriched datasets,
which encode our features of interest. This process is called data filtering or data
enriching. On the one hand, data is filtered to extract relevant information. On
the other hand, data is enriched with higher-level information that supports a
given task. For example, medical specialists are usually interested in seeing only
specific anatomical structures related to a certain condition, which are a subset
of the entire dataset they obtain from scanning devices.
Mapping stage: The mapping function transforms abstract streams to visual
streams. The filtering operation produces an enriched dataset that should
directly represent the features of interest for a specific exploration task. Once
we have this representation, we must map it to the visual domain. We do this
by associating elements of the visual domain with the data elements presented
in the enriched dataset. The visual domain is a multidimensional space whose
axes, or dimensions are those elements we perceive as quasi-independent visual
attributes, such as shape, position, size, color, texture, illumination, and motion.
10

Typically, a visual feature is a colored, shaded, textured, or animated 2D or 3D
shape. Data mapping is probably the operation in the visualization pipeline that
is most characteristic for the visualization process as it influences the resulting
image more than any other step.
Layout stage: The layout function selects and sets appropriate parameters from
abstract streams based on semantics or domain knowledge. For 2D graphics
these parameters include (X,Y) position of a visual element. For 3D graphics
these include (X,Y,Z,view) where view is a virtual camera (Malyanov et al. 2013).
Layer fusion Stage: In this stage, a function is used to fuse multiple layouts into
an output view based on abstract.
Rendering stage: The rendering operation is the final step of the visualization
process. Rendering takes the 2D/3D scene created by the mapping operation,
together with several user-specified viewing parameters such as the viewpoint
and lighting, and renders it to produce the desired images. In typical
visualization applications, viewing parameters are considered part of the
rendering operation. This allows users to interactively navigate and examine
the rendered result of a given visualization.
2.1.3. Jansen and Dragicevic Visualization pipeline stages
Jansen and Dragicevic proposed an information visualization pipeline that
shares many similarities with the above-mentioned previous models, but has
been extended to better capture non-conventional operations. In fact, they
focused more on the user interactions with the graphical representation and
explained that a user could get multiple perspectives from a representation and
combined them to form a mental visual model of what they saw in order to get
insight of the raw data (Jansen and Dragicevic, 2013). Figure 2.3 shows the
infovis pipeline as extended by Jansen and Dragicevic.
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Figure 2.3: Information Visualization pipeline (Taken from (Jansen and
Dragicevic, 2013) )

2.1.4. Liu et al. pipeline Visualization stages
In January 2014, Liu et al., proposed an information visualization pipeline made
of five (5) main modules or stages: data transformation and analysis, filtering,
mapping, rendering, and UI controls (Liu et al., 2014). The input is a collection of
data that can be structured or unstructured.
Stage 1: data transformation and analysis
The data transformation and analysis module is tasked with extracting
structured data from the input data. With the structured data, this module then
removes noise by applying a smoothing filter, interpolating missing values, or
correcting erroneous measurements.
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Stage 2: filtering
The output of stage 1 is then sent to the filtering module, which
automatically or semi-automatically selects data portions to be visualized (focus
data).
Stage 3: mapping
Given the results produced by the filtering module, the mapping module
maps the focus data to geometric primitives (e.g.: points, lines) and their
attributes (e.g.: color, position, size).
Stage 4: rendering
With the rendering module, geometric data are transformed into image
data. Users can then interact with the generated image data.
Stage 5: UI controls or User Interface Control
Users can interact with the image rendered through various UI controls
to explore and understand the data from multiple perspectives.
Figure 2.4 shows the pipeline presented by Liu et al.

Figure 2.4: InfoVis pipeline (Taken from (Liu et al., 2014))
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All the four pipelines mentioned above have integrated at different scales the
user interactivity on the visualization. In addition, while Fry draws attention on
the inter-dependencies between the various elements of the visual data analysis
process and the recursion between various steps, (Jansen and Dragicevic, 2013)
and (Liu et al., 2014) emphasize on the possibilities for the users to interact with
the visualizations. (Jansen and Dragicevic, 2013) pipeline provides more details
on how the user can form a mental visual model from visualizations whereas
(Liu et al., 2014) pipeline provides the users with the best way to interact with
the visualization through various user interface controls.
Therefore, when combined together, (Jansen and Dragicevic, 2013) and (Liu et
al., 2014) pipelines integrate a very good approach of user interactivity which
enables the user not only with the possibility to get multiple perspectives from
visualizations in order to form visual mental model but also to efficiently
interact with the visualizations. Both pipelines better align with the context of
this thesis which aims at improving the user interactions on the visualizations
based on structural analysis of texts.

2.2. Text visualization techniques
In 2002, Paley proposed TextArc to visualize the distribution of terms in a text
with a circular representation. All the terms are shown at once in order to enable
the analysis of co-occurrence relationships between them (Paley, 2002).
Wattenberg and Viégas in 2008, introduced WordTree a text visualization
technique to summarize text data via a syntax tree in which sentences are
aggregated by their sharing words and split into branches at a place where the
corresponding words in the sentences are divergent (Wattenberg and Viégas,
2008).
In 2009, Phrase Net a node-link interactive visualization that extracts
relationships between terms was introduced by (Van Ham et al, 2009).
PhraseNet employs a node-link diagram, in which graph nodes are keywords
and links represent relationships among them and are determined by a regular
expression indicated by users. For the example shown in Figure 2.5 (a) and (b),
a user can select a predefined regular expression from a list to extract a
relationship such as “X and / is / of Y” or by imputing the regular expression
by their own.
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Figure 2.5 (a) : Words linked together in the phrase-nets can be connected by “and”, “a”,
“at”, “the” etc (see selected option in orange on the left side of the image). In the example,
above, they are simply connected by a space (they are next to each other).

Figure 2.5 (b): Matching the same pattern on different texts. Here we used the pattern “X of
Y” to compare the old and new testaments. Israel takes a central place in the Old Testament,
while God acts as the main pattern receiver in the New Testament.
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In this same year 2009, (Viégas et al.,2009) proposed Wordle which displays
terms of text according to their frequency of occurrence. If the term is more
frequent in the text, it appears bigger in size in the Wordle visualization.

Two years later in 2011, a group-in-a-box (GIB) layout was introduced by
(Rodrigues et al., 2011). GIB is a network graph visualization used for
representing clusters (group of words) with emphasis on the edges within and
between clusters. The GIB layout visualizes sub graphs within a graph using a
Treemap space filling technique and layout algorithms for optimizing the
layout of sub-graphs within the space, such that related sub-graphs are placed
together spatially. Figure 2.6 shows a sample group-in-a-box visualization.

Figure 2.6: A sample GIB layout from (Rodrigues et al., 2011). The layout visualizes clusters
distributed in a treemap structure where the partitions are based on the size of the clusters.

Curtotti et al., in 2013 developed a prototype of software tools demonstrating
novel applications of visualizations for representation and analysis of definition
networks within contracts. This software tool enables a user to input text via a
web interface and presents the user with a number of alternative visualizations
of definitions in a contract such as: single layer pop-up hyper-linking of defined
16

terms, representation of frequency and other information. It also provides application
of ‘word cloud’ techniques to enable the rapid and global visualization of a
defined term as well as some metrics reflecting the semantic content of the term;
multi-layer hierarchical navigation tools enabling in-situ navigation of
‘definition networks’ from the rule where a definition is used; visual
presentations of definitions as a link and node graph; and matrix representation
of definition usage within a contract.
Figure 2.7 (a) and (b) respectively show node-link graph diagram and matrix
representation.
Figure 2.7 (a) shows the relationships between a definition and the defined
terms it uses. The visualization provides an immediate sense of the relationship
between defined terms. It intuitively represents the complexity of definition,
providing an opportunity to a drafter to consider revision to reduce complexity,
or to a reader to explore concepts utilized by a rule. A reader is similarly alerted
to semantic relationships.

Figure 2.7(a): A node-link graph diagram showing the relationships
between defined terms which have been extracted from a natural
language contract.
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Figure 2.7 (b) provides a representation of the relationship between clauses and
definitions as a weighted bimodal adjacency matrix. Each square in the matrix
represents a definition-clause relationship and the darkness of the square
indicates the relative frequency with which a defined term is used in a particular
clause. A column provides a visual summary of the importance of definitions
used within a particular clause, while a row summarizes the use of a particular
definition across the agreement.

Figure 2.7 (b):A matrix representation of the relationships between definitions
and clauses.
Figure 2.7: Visualization of Definition Networks in Legal Contracts through
Node-link graph diagram and matrix representation
In 2014, Smith et al., presented a relationship-enriched visualization tools to
help users explore topic models through word and topic correlations. They
based their work on GIB layout (Rodrigues et al., 2011) and Latent Dirichlet
allocation (LDA) algorithm (Blei et al., 2003). In their visualization, individual
topics are represented as network graphs where nodes represent terms and
18

edges represent frequent term co-occurrence. A user can hover over a topic to
see the related topics. To support user interactions, they have implemented an
edit mode which allows among others adding words to a topic, removing words
from a topic. In fact, Latent Dirichlet allocation (LDA) algorithm (Blei et al.,2003)
is a common topic modelling technique which is used to classify text in a
document to a particular topic. It takes a group of documents (anything that is
made up of text), and returns a number of topics in order to link nodes based
on the topic similarity of the documents.
In 20015, Dörk and Knight introduced a navigational approach to text
visualization. They designed WordWanderer system a visualization technique
that extends tag clouds into a navigational interface for text (Dörk and Knight,
2015). The tools supports the gradual movement between word ‘context-view’,
which represents the words that co-occur in the neighborhoods of the selected
word, and word ‘comparison views’, which arrange words based on their
association strengths between two selected words. Figure 2.8 (a) and (b) show
respectively ‘context-view’ and ‘comparison-view’ with WordWanderer.

Figure 2.8(a): After choosing forest, the context view arranges the collocates
according to their relative proximity in the text. Dragging a line between
children and forest activates the comparison view
19

Figure 2.8(b): The comparison view arranges the collocates according to their
relative strength of association to each of the two selected word
Figure 2.8: ‘context-view’ and ‘comparison-view’ with WordWanderer
(Extracted from (Dörk and Knight,2015))

Kucher and Kerren presented in 2015 an interactive visual survey of text
visualization techniques that can be used for getting an overview of the field,
for teaching purposes, and finding related work based on various categories
defined in a survey taxonomy (Kucher et Kerren, 2015). Their work is available
online as an interactive browser (Text Visualization Browser, abridged TVB 1). It
currently gathers 440 techniques (last updated on June, 2019) and is considered
as the most complete taxonomy. TVB offers the user a search bar and various
filters like: time filter, analytic task filter, visualization tasks filter, data source filter,
data properties filter, domain filter, visualization dimensionality filter, visualization
representation filter and visualization alignment filter.
Figure 2.9 (a) shows the TVB web based user interface and Figure 2.9 (b) shows
the taxonomy of text visualization techniques used in visual survey.

1

http://textvis.lnu.se/
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Figure 2.9 (a) Text Visualization Browser web based user interface

Figure 2.9 (b) Taxonomy of text visualization techniques used in visual survey
(Extracted from ((Kucher et Kerren, 2015))

According to Kucher and Kerren, text visualizations can be broadly divided into
three (3) classes based on how they combine the text and the visualization. We
can characterize them as direct, indirect or hybrid visualizations.
Direct text visualizations rely on the visual properties of the text such as size,
color, location, orientation, style, value, and shape. A popular example in this
class is tag cloud.
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Indirect text visualizations quantify some aspect of text and visualize the
numbers with a suitable technique. A popular approach is to compute term
vectors or weights of each word in a document and visualize the vectors.
Hybrid text visualizations combine the text and the visualization in a
meaningful way. This requires easy movement between the text, the
corresponding spot in the visualization, and vice versa.
In this same year 2015, Teng et al., introduced LinkScope an interactive Graph
analysis of Unstructured Text. LinkSCope2 is an open-source and web-based
toolkit for performing visual interactive analysis of structured or unstructured
text data, primarily though node-link data representations. The system
supports three main tool types:
(1) graph building tools and filters based on underlying tabular data, (2) visual
components such as automated layout algorithms and parallel statistical
representations, and (3) novel interactive tools for graph manipulation and exploration.
Their research focused heavily on the interaction components, combining
several variants of a novel interpolation layout methods based on mouse
gestures. These methods are useful for interactive analysis of node-link graphs,
particularly when they can be coupled with dynamic attribute extraction from
tabular data, and work best when attribute values are represented on the graph
as connected nodes. The goal of the framework is to test the utility of two novel
techniques for the interactive manipulation of node-link graphs within a variety
of such workflows. The first technique is based on interpolation of mouse
gestures over the graph, and a second technique applies EvoCut 3 conductancebased clustering (Andersen et al., 2008) and other methods prior to gesture
interpolation). Both techniques are designed to work in tandem with existing
graph layout algorithms, to help analysts make sense of result graphs,
particularly when they become too complicated for a standalone layout
algorithm.
Analysts can manipulate raw data in tabular form to construct graphs by
selecting various column headers to link data entities derived from free text.
This enables the analyst to construct a broad variety of node-link graphs tailored
to a given analysis task. Filters can be also applied based on attribute types in
the data to further refine the graph. Once a graph has been built, automated
force-based algorithms can be applied to produce graph layouts. A set of
2

3

https://github.com/johnodonovan/LinkScope-Graph-Toolkit
’EvoCut’ local clustering algorithm to find a local cluster around a target node in a smarter way,

22

statistical analyses tools and visualizations can be used in parallel to help the
analyst understand more complicated graphs, for example by examining link
distributions and clusters.
Figures 2.10(a) and (b) give details on an example workflow in LinkScope,
showing an interpolated layout of filtered NSF4 data.

Figure 2.10 (a): Example workflow in LinkScope, showing an interpolated
layout of NSF data

4

National Science Foundation (NSF)- an independent agency of the United States Government to
financially support basic scientific research
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Figure 2.10 (b): Example workflow in LinkScope, showing an interpolated
layout of filtered NSF data.
Figure 2.10: An interpolated layout of filtered NSF data using LinkScope.
(Extracted from (Teng et al., 2015))

In addressing the problem of interactive text visualization in the field of
Humanities especially in sociolinguistic language study, Siirtola et al.,
introduced in 2016 a software tool called Text Variation Explorer (TVE) for
sociolinguistic language study (Siirtola et al., 2016). TVE is based on interactive
visualization with a direct manipulation user interface, and aimed for
exploratory corpus linguistics. TVE has proven to be useful in supporting the
study of language variation and change in its social context or sociolinguistics.
It is a tool for quick exploration of text structure, complexity and variation.
In their work on Text visualization Techniques, Nan and Cui stated that existing
techniques to show documents content at the word level are developed to
address three general problems: (1) how to represent the words esthetically in
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a visual form to clearly depict the content of the text; (2) how to summarize and
represent the semantic relationships such as “A is B” and “A of B” between
words in the text, and (3) how to reveal word-level patterns such as repetitions
and co-occurrences.
Among these techniques are TagCloud and Wordle which are the state-of-the-art
techniques that produce aesthetic word packing results by precisely calculating
the word boundary and randomly inserting the word into empty spaces guiding
by a spiral line (Nan and Cui, 2016).
Although widely used, TagClouds fail to reveal the relationships between words.
Therefore, many tree or graph based visualization techniques were introduced
such as WordTree (Wattenberg and Viégas, 2008) and PhraseNet (Figure. 2.5)
which is explained in one of the paragraphs above.

2.3. Brief description of Structural analysis
The structural analysis method is one of the methods of content analysis
developed by Jean-Pierre Hiernaux in 1977 (HIERNAUX, 1977). It is a
qualitative method to describe and analyse content which takes into account the
semantic nature of the data. The advantage of this approach lies in the fact that
the researcher (the analyst) gives him (her)-self more opportunity to catch new
elements in the text in relation to his prior knowledge of the subject. It is all about
identifying a structure in a discourse, meaning a structured set of elements that have
no sense in themselves but derive their meaning from their relationship with other
elements.
A structure is a combination of elements. One element alone has no meaning.
At the most basic level, the structure assumes that at least two elements have a
relationship with each other (REMY et al., 1990). The Structural analysis is
therefore a technique based on a binarity postulate according to which any
speech can be reconstructed by means of a "toolbox" which minimal instrument
is a relation between two terms. This fundamental relationship is called the
disjunction relation ((REMY et al.,1990) & (Piret et al., 1996)). For example, the
notion of "good" is only relevant in the structural analysis if the notion of "evil"
is also present in the text. Both derive their meaning form the “good and bad
opposition” denoted good / bad.
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A term is thus constituted by the relation of disjunction with another term
which is its inverse provided that the two terms belong to a common totality. If
the two terms can be compared and then distinguished it is because their
opposition is on the same axis. For example the opposition man / woman
postulates a common point, the human race. The common denominator of both
terms is called the "semantic axis" (REMY et al., 1990) & (Piret et al., 1996).
Let consider the following example:
Example 1: "Human relations are good, but sometimes they are bad"
In this example, we will say in the terminology of the structural analysis that
the two terms "good" and "bad" are united by a relation of disjunction and we
note conventionally: good / bad. The semantic axis in the example is "Human
relations". The whole description is represented by figure 2.11(a) as follows:

Human relations
Good

/

Bad

Figure 2.11 (a): Representation of disjunction (with mentioned semantic axe)
Sometimes it happens that the semantic axis to which the disjunction refers is
not mentioned in the text. In this case we said the axis is ‘’not-manifested’’ and
the decoder (the analyst) then formulates a hypothesis as to the probable axis
and places it between parentheses. Let us consider example 2.
Example 2: « Cryptography is easy to understand, Programming is so difficult »
In the text the disjunction relation is Cryptography / Programming but the
semantic axe is not mentioned. We can therefore give a probable semantic axis
and enclosed it with parentheses, like (Computer Science course). Figure
2.11(b) gives us the graphical representation.

(Computer science courses)
Cryptography

Programming

/

Figure 2.11 (b): Representation of disjunction (with ‘’not-manifested’’semantic
axe)
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Chapter 3: EVOQ
This chapter is organized in five (5) sections and presents the new version of the
software EVOQ we have designed. Section 1 presents the context of the
development of EVOQ and its goals. Section 2 describes the methodology we
have used for the development as well as the implemented technologies. In
Section 3, the new software architecture of EVOQ as well as a brief description
of its main functionalities are presented. Section 4, presents and compares the
two different (2) ways the analyst can build the nodes links graph with EVOQ.
And finally section 5 analyses the different user interactions in EVOQ and
compares them to a comprehensive list of visualizations interaction techniques
found in the current state of art.

3.1. Context and Goals of development
EVOQ is a software that attempts to implement the structural analysis
technique to help text analysts understand the semantic meaning of a text.
The first version of EVOQ is a cognitive mapping software and was developed
in 2004 by (Wallemacq et al., 2004) in the context of EVOQ project. The
programming language used for the development was Java 1.4. The objective of
this tool is to use structural analysis technique to analyze a text by deriving the
semantic fields surrounding its author. The semantic fields indeed represent
the author’s perceptions and form the network of the evocations (i.e. the different
terms evoked by a term T) revolving around the terms as a term is well defined by
its relationships with other terms.
The second version of EVOQ was developed in 2018 by (Clarinval et al., 2018)
in the context of the EFFaTA-MeM research project at both the Faculty of
Economics, Social and Management Sciences and the faculty of Computer
Science of the University of Namur (Belgium). The goal of this current version
of EVOQ is to improve the previously version by exploring additional
visualization techniques. In fact, EFFaTA-MeM research project focuses on
techniques that exploit the whole inner richness of a text and make it fully
computer-process able. With this tool in hand, the EFFaTA-MeM research hopes
to gather new insight about what makes a text analysis tool genuinely helpful
for structural analysis.
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The goal of the present work is to improve the current version of EVOQ
(Clarinval et al., 2018) by enabling the text analyst to have more interactions
with the visualizations. More specifically, our work aims at implementing a new
attractive interface which will enable text analysts to monitor both the text and
visualizations in the same window; implementing an algorithm to enhance
analysts’ interactions on the visualizations such as linking and brushing, adding
and deleting terms or relations (disjunction and association), editing terms, changing
terms color etc…all directly and interactively from the matrix or the nodes-links
diagram; and finally helping analysts construct the relational graph.

3.2. Development Methodology and technologies
3.2.1. Development Methodology
The development methodology we have used for this work is “Agile model” of
software engineering. Indeed agile method is a change-driven development
approach based on a mix of iterative and incremental processes and matches
better with our context of development. In fact, in the context of this work we
were given a paper prototype of the desired new interface as well as a nonexhaustive list of the new desirable functional requirements as starting point.
We were required to analysis them in line with the current state of the art and
to propose a better solution which would improve the user interactions on the
visualizations in EVOQ. Therefore, we were not given any rigorous
specifications or a well-organized planning to follow step by step.
Our methodology can be summarized in the four following steps.
Step 1: Familiarization with EVOQ
Before any design and implementation, we took a couple of weeks to familiarize
with the existing software EVOQ and the key concepts of structural analysis
technique. The familiarization with the structural analysis technique helped us
to have a good understanding of the roles of a text analyst and how structural
analysis technique could be implemented through computer programs.
The familiarization with EVOQ provided us with a complete understanding of
the existing functionalities as well as the technologies used to implement them.
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Step 2: Analysis of the new prototype and requirements
We held many work sessions with our supervisors in order to elucidate the new
desirable prototype and the functional requirements and to prioritize the
requirements.
Step 3: Proposal of the new solution
Exploring the existing state of the art in the fields of text visualization and
interactivity has helped us understand current visualization techniques and
different features included in user interactions. This enabled us to propose a
new architecture for EVOQ as well as an interactive construction algorithm
which could improve user interactions on the visualizations in EVOQ.
Step 4: Design and implementation
EVOQ has a modular design working with four (4) distinct interoperating
modules. The new version of EVOQ we have developed uses on the same
modules found in the current EVOQ (Clarinval et al., 2018) which are presented
as follow.
Text Module: The text module contains the text under analysis which can
be either uploaded from an existing EVOQ project (.evoq), or from a text file (.txt)
or typed.
Dictionary module: The dictionary module contains the semantic
dictionary which is the set of terms and relations between these terms. A
semantic dictionary is bound to a given context.
Matrix Diagram: it is a two dimensional (2D) matrix representation
representing terms and the relations between them either disjunction or
association.
Node-link diagram: also called node-links or relations graph, it is a
dynamic 2D node-link diagram where the nodes are the terms and the edges or
links are the relations between these terms. The visualization in this module is
interactive. The user can drag, fix and remove terms or edges. The module also
offers a feature allowing users to show the related terms of a chosen term. Two
terms linked by a disjunction relation will tend to repel each other whereas two
terms linked with conjunction will attract each other.
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As far as the implementation is concerned we have used web technologies
which are explained in paragraph 3.2.2. More information is given on the design
and the implementation in section 3 which deals with the architecture of the
software and its functionalities.

3.2.2. Technologies used in EVOQ
The recent version of EVOQ was developed with web technologies mainly
HTML (Hypertext Markup Language), JavaScript, CSS (Cascading Style Sheet)
and D3.js5 library. D3.js (Data-Driven Documents) is one of the most popular
and extensive JavaScript data visualization library. It is built for manipulating
documents based on data and bring data to life using HTML, SVG, and CSS.
However D3.js is a bit more of a lower-level library compared to other
strictly charting solutions, so it requires more boilerplate code to get
similar results (Sonalake, 2016).
In the present work, we have used the same web technologies (HTML,
JavaScript, CSS and PHP) for the implementation of codes. However, we have
decided to use Viz.js library for the implementation of the visualization
algorithm which enables the analyst to graphically construct the nodes-links
visualization.
During our research we found out more than eleven (11) popular JavaScript
Libraries for data visualization. Examples include D3Js, ChartJs, TreeJs, C3Js,
VizJs just to name few. This thesis does not intend to present the literature
review of JavaScript data visualization libraries, therefore we won’t give details
about them.
We have used VizJs in our development for some important reasons including
its simplicity, efficiency, rapidity and security. In fact, Vis.js library is a JavaScript
data visualization Open source Libraries developed by Almende B.V6 with a dual
licenses under both Apache 2.0 and MIT(Massachusetts Institute of Technology)
between 2010-2017. Vis.js is designed to be easy to use, to handle large amounts
of dynamic data, and to enable manipulation and interaction with data. The
Library consists of the components DataSet, Timeline, Networks Graphs 2D &
3D. VisJs runs fine on almost all the updated browsers: Chrome, Firefox, Opera,

5
6

https://d3js.org/
http://visjs.org
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Safari, IE9+, and most mobile browsers. Its web site contains documentation,
downloads and live examples. The source code of vis.js is available on Github7.
Finally, VizJs helps to perform some operations on graph networks more easily
like nodes styling, edges styling, labelling, layouts, events management, dynamic data
and interfaces configuration.

3.3. Software architecture and functionalities
3.3.1. Global architecture
The global architecture of EVOQ is based on various files which have specific
role. They can be organized into four (4) categories:
PHP files: We have five (5) main PHP files: index.php, Evoq.php, Matrix.php,
ForceGraph.php and GraphConstruct.php. They are made of php and html codes.
The two visualizations diagrams (matrix and node-links) and the interactive
Graph construction diagram are in three (3) separate files. Separating files offers
many advantages. Indeed when a visualization needs to be modified, there is
only one file to edit. Also modifying the code of a visualization will not have
bad effect on the main page code neither on the other visualizations codes.
CSS files: They are responsible for the aesthetics of the software interfaces and
their components. We have used both external CSS files (CSS codes stored in
separate .css files) and embedded styles (CSS codes inside php files). We used seven
(7) main external CSS files all contained in a specific Style folder.
JavaScript Files: The JavaScript files comprise JavaScript functions that are
called by the visualization pages and by the main page. We used two categories
of JavaScript files. The first category are those written as a constructor function.
Each of them represents a concept of structural analysis (terms, relations, terms
dictionary, relations dictionary) and provides functions to interact with them such
as getters, setters, and display functions, delete functions. The second category are
JavaScript files written as a set of functions that address a cross-cutting concern
such as:
 EVOQparsing.js to handle the parsing of JSON (JavaScript Object
Notation) into concepts of structural analysis;
 EVOQlang.js to handle the language-specific concerns.
7

https://github.com/almende/vis (accessed on February 7th 2019)

31

 EVOQtextProcessing.js to handle textual data processing.
 Lemmatizer.js to return the base or dictionary form of a word, which is
known as the lemma in other to help find words synonyms or
antonyms.
These functions are called from php files and from the JavaScript Object files.
They are stored in a separated Library folder for reusability and maintainability
purposes.
External Library: they include D3.js, JQuery (for events handling) and viz.js for
the interactive construction of the node-link graph.
The global architecture of our new version of EVOQ software is represented by
Figure 3.1 below.

Figure 3.1: Global file architecture in EVOQ
Index.php page is the login page. After a secured login, the user directly has
access to EVOQ.php page.
EVOQ.php page is the main page of the software which helps to have access to
the other three pages. It also helps to manage the text, the terms dictionary and
the relations dictionary.
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Matrix.php page is called from EVOQ page to display and help interact with
the matrix visualization of the structural analysis.
ForceGraph.php page is called from EVOQ page to display and help interact
with the node-links visualization (relations graph) of the structural analysis.
GraphConstruct.php page is called from EVOQ page and assists text analysts
to graphically build the nodes-links visualization at their ease.
Compare to (Clarinval et al., 2018), our new architecture offers additional
features such as the increase of linking and brushing and the construction of the
relations graph visualization. Indeed, with the new architecture, analysts can
easily update a visualization (whether Matrix or Relational graph) and switch
from one visualization to the other without losing any updated information.
Doing so, it increases linking and brushing interaction. Analysts can also fully
construct (build) the relation graph visualization rather than generating it from
a pre-encoded dictionary.
Figure 3.2 below shows a simplified class diagram of the different components
used in EVOQ.

Figure 3.2: Simplified Class diagram (Taken from Clarinval et al., 2018)
From the above class diagram, we can clearly understand that:
-

Each evoq project is composed of only one Terms dictionary and only one
Relationships dictionary,
A Terms dictionary is made of many Terms, and a Relationship dictionary is
also made of many Relationships,
A relationship is made of two Terms.
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3.3.2. Main Functionalities
From the main page of EVOQ, the analyst can perform any of the following
tasks:
1. Manage project: import an existing project, save a current project with
.evoq extension, change project parameters and close project.
2. Manage text: import a text or save (export ) the current text as .txt file
3. Manage terms dictionary: display the terms dictionary (the list of the
encoded terms); or import a term dictionary (a text file with evoqtd
extension) or save (export) the current term dictionary.
4. Manage terms relationships dictionary: display the relations dictionary
(the list of the encoded terms relations); or import a relations dictionary (a
text file with evoqrd extension) or save (export) the current relations
dictionary. In the previous EVOQ designed by (Clarinval et al., 2018),
analysts can encode relations by using a form. With our solution, in
addition, relations can be encoded in three other ways: either via the
constructed graph, or via the matrix or via the text.
5. Display and manage matrix visualization: display the matrix diagram
corresponding to the encoded relations and manage it by adding new
relations, deleting relations or terms, or changing terms color.
6. Display and mange dictionary-based graph visualization: display the
nodes-links graph (also called relational graph) corresponding to the
encoded relations and manage it by adding new relations, deleting
relations or nodes, or changing nodes color.
7. Construct the relations graph: our interactive algorithm helps analysts
construct the nodes-links graph by themselves without having to encode
the terms and relations first. Paragraph 3.3.4 gives details on how analysts
can construct the relations graph.
Details on the functionalities are given in the appendices.
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3.3.3. EVOQ Main page Interface
The present main page of EVOQ is composed of two workspaces with the
following elements:
(1) A menu: to manage project, text, terms and terms relations;
(2) A text input area: where the text under analysis is uploaded or typed;
(3) Research bar : which is used to research terms in the text;
(4) Project title input: where we can rename the project;
(5) Matrix visualization tab: to display and interact with the matrix diagram
corresponding to the encoded relations dictionary;
(6) Graph visualization tab: to display and interact with the relations graph
corresponding to the encoded relations dictionary;
(7) Graph construction tab: to help analysts to graphically construct the
relations graph without having to encode relations dictionary first. This
indeed increases the analyst interaction on the visualization as he/she has
more control over the visualization.
Figures 3.3 (a) gives an overview of the main page interface.

Figure 3.3 (a): Main page interface of EVOQ showing the different menu
User’s interactions on the matrix include: edit a term, change a term color, delete a
term and add new relations via the matrix.
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The user can also interact with a word (term) from the text by directly doubleclicking on the word and add it to the dictionary, delete it from the dictionary, change
the term color, create a relation with the term.
Figure 3.3 (b) shows user interactions with the matrix term.

Figure 3.3 (b): Interactions with matrix terms

3.3.4. Two ways of building the nodes-links graph
Also called relations graph, the node-link diagram is a bi-dimensional graphical
representation of the relations between terms. The terms are the nodes and
relations between terms are the links connecting nodes. We used a colored disk
labelled with the corresponding term to represent a node. A link (also called edge)
is represented by a colored line drawn from a node to another. The color of the
line depends on the type of the relationship between the terms: a green color is
used for an association relationship whereas a red color for a disjunction relationship.
These colors were chosen because they remind respectively association and
opposition.
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With our new solution, analysts can build the nodes-links graph in two different
ways which we respectively named: (1) Dictionary-Based Nodes-links graph and
(2) Construction-Based nodes-links graph.
(1) Dictionary-Based Nodes-links Graph
Here, the graph visualization is built based on the pre-encoded relation
dictionary. It is also referred to as dictionary based graph.
In fact, after importing or typing the text, the analyst must encode a set of terms
and relations before generating the visualization. Encoding a set of relations
creates both terms and relations dictionaries. After encoding relations, the
analyst can generate the relation graph corresponding to the relations he/she
has encoded.
As the analyst has a critical role for the interpretation in structural analysis, the
node-links visualization provides him/her with different ways to extract
knowledge through several interactions such as: drag and drop nodes, delete nodes
or links, change nodes colors, add new relations, displays terms synonyms and
antonyms.
Figures 3.4 (a) and 3.4 (b) respectively show an encoded relations dictionary and
the corresponding node-link graph.

Figure 3.4 (a): Encoded Relation Dictionary

Figure 3.4 (b): Dictionary based graph with

(2) Construction-Based Node-links
graph and antonyms for “Justice”
synonyms
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After importing (or typing) the text, analysts can directly and graphically
construct the nodes-links graph at their ease. There is no need to encode terms
and relations dictionary first.
The construction of graph starts from a single disjunction relationship between
two empty nodes referred as undefined nodes and labelled with a question mark
‘?’ as shown in figure 3.5.

Figure 3.5: Starting interface for Construction-Based Node-link Graph

A node represents a term and an edge represents a link or a relationship
between two terms. The edge is in red color (respectively green color) when it is a
disjunction (respectively an association) relationship.
Analysts can interact with both nodes and edges at their ease. These interactions
includes: add, rename, delete, drag and drop nodes or edges, display nodes’ synonyms
or antonyms, set an edge as association or disjunction relation. Interactions menus
are accessed by double clicking on a node or an edge.
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 Generating relations from a node
The user can generate a suggested list of associations or disjunction relations which
are related to a given term (node). This suggested list of associations is made of
the closest synonyms of the node term whereas the suggested list of disjunction
is made of the closest antonyms of the node term.
Suggested associations (respectively disjunctions) are obtained by double-clicking
on the concerned node.
Figure 3.6 shows the result of the graph when the user generates association
relations for ‘gouvernement’ and disjunction relations for ‘démocratie’.

Figure 3.6: Generating Association relations for ‘gouvernement ‘ and
Disjunction relations for ‘démocratie’
Terms which are not found in the text under analysis are put in brackets. Also
the generated links are all labelled with a question mark ‘?’ which indicates that
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they are suggested relations which the analyst can validate: either accept or reject
them.
 Validation of suggested relations
The analyst can validate a suggested relation and set it as association or
disjunction. He/she can also simply choose to delete the suggested relation.
Figures 3.7 shows the final graph visualization after the analyst has validated
the suggested relations and the interaction menu for an edge (link).

Figure 3.7: Final graph after user validation and edge-interaction menu
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 Adding new nodes and edges
Analysts can add new nodes and edges from the menu bar buttons, drag and
drop nodes and edges at anywhere on the network panel. A new added node is
labelled with “new’’ which the analyst has to rename.
Each new edge created between two nodes has to be set either as association or
disjunction relation.
 Generating Dictionaries
After constructing the nodes-links graph the analyst can generate the
corresponding terms and relations dictionaries just by clicking on ‘Générer
Dictionaires’ button. Once the dictionaries are generated successfully a
confirmation message is delivered.
 Switching to Matrix and Dictionary-Based graph
After generating the dictionaries from the constructed graph, the text analyst
can easily switch either to the matrix visualization or to the dictionary based
nodes-links graph for future update without losing any information. Figure 3.8
shows the corresponding matrix diagram and dictionary-based graph.

Figure 3.8: From Construction-Based visualization To Matrix and Dictionary-Based
visualizations.
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3.4. User interactions in EVOQ
The solution we have implemented presents a lot of advantages as far as user’s
interactions on visualizations are concerned.
Firstly it keeps the text close to the visualizations by displaying both the text
and visualizations on the same window. This enables the analyst to have full
control on the text and visualizations at the same time. Therefore, analysts are
not disconnected from the text while working on the visualizations and vice
versa.
Secondly, it offers more features regarding user interactions with the
visualizations such as linking and brushing, selection (interactions on a
particular node or edge), details on demand etc... The paragraphs in this section
and the next section give more details on the interaction features.

3.4.1. Linking and Brushing
Linking and brushing is defined by Keim as “the idea to combine different
visualization methods to overcome the shortcomings of single technique” (Keim, 2002).
Wills writes that visualizations are linked if “when the user interacts with one view
[…], the other views will update and show the result of such an interaction” (Wills,
2008). This implies that when the user makes a change on one visualization the
others should also be consequently updated. The user can therefore easily
switch from one visualization to the other without losing any information.
Visualizations bound with linking and brushing are more informative than the
same visualizations considered independently (Keim, 2002).
The interactions features with the matrix diagram (respectively node-links
diagram) have linking and brushing with the node-links diagram (respectively
matrix diagram).
Table 3.1 summarizes some features offered by EVOQ as regards to linking and
brushing.
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Table 3.1: Linking and Brushing in EVOQ
Interactions
Source entities
Deleting a term, node or Matrix diagram,
relation
Relations graph, terms
and relations
dictionaries
Adding a relation
Add button, Text, Matrix,
Relations graph
Change a term colour

Edit a term

Switching

Impacted entities
Matrix diagram,
Relations graph, terms
and relations
dictionaries
Matrix diagram,
Relations graph, terms
and relations dictionary
Matrix diagram,
Matrix diagram,
Relation graph, and the
Relations graph, Text
Text
Matrix diagram,
Matrix diagram,
Relations Graph, terms
Relations graph
and relations
dictionaries
From Matrix diagram to Relations graph and vice
versa

3.4.2. Construction-Based Graph vs. Dictionary-Based Graph
In this present work, we offer the analyst two different ways to build
visualizations mainly the relations graph visualization. Both ways of building
the graph have the same objective which is to help the analyst draw much
understanding from a text using visualization. However each of them
implements the visualization differently.
The construction-based graph also referred as construction-based solution helps the
analyst to construct the nodes-links (terms relations) graph graphically and
generate the dictionaries at the end of the construction whereas the dictionarybased graph requires relations dictionary to be encoded first before generating
the visualization. Encoding terms and relations dictionaries could be time
consuming when the number of terms or relations increase. In such case
construction-based graph which offers a way to encode relations via the graph
could help the analyst save time much more than the dictionary-based graph.
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Also, the level of interactions with the visualization is higher when constructing
the graph because the user has more control over the graph and can update or
adjust the construction at ease.
Therefore the construction-based graph could increase the user interactivity
more than the dictionary-based graph.

3.5. Existing Interaction techniques and Analyses
In traditional or rigid visualization systems the user has no interactions with the
visualizations. As stated by (Brodbeck et al., 2009) “traditional systems work in
batch mode: first the search query is completely specified, then the query is sent to the
system. The system executes the query and finally shows the results.”
Highly interactive systems on the contrary work incrementally and reversibly.
Every change is immediately sent to the system and a dynamic feedback is
generated. Changes can be easily reverted. These systems work after the
principle of "direct manipulation": relevant objects and processes are visually
represented and can be manipulated directly with the mouse. The
manipulations take the place of a complex syntax and results are immediately
visible. Interactive visualization systems combine visualization with
interactivity (Brodbeck et al., 2009).
Interactivity allows users to effectively uncover the information visualization
insights and is one of the most important parts of visualization: “being able to not
just see the data, but quickly change the view, add different data, etc., makes analyzing
it much faster and more effective” (Kosara et Mackinlay, 2013).
Successful interactive visualization combines expressive graphical
representations and effective user interaction (Tominski, 2015).
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3.5.1. Existing interaction techniques in information visualization
Currently many researchers proposed taxonomies for interaction techniques in
visualization. Table 3.2 bellow gives an overview on the proposed interactivity
techniques by (Shneiderman, 1996), (Keim, 2002) and (Yi et al., 2007).
Table 3.2: Interaction techniques taxonomies by (Shneiderman, 1996), (Keim,
2002) and (Yi et al., 2007) extracted from (Ana Figueiras, 2015)
Authors
Shneiderman
Keim

Yi et al

Interactivity techniques
Overview, zooming, filter, details on-demand, relate,
history, and extract
Dynamic projections, interactive filtering, interactive
zooming, interactive distortion, and interactive
linking and brushing
Select, explore, reconfigure, encode,
abstract/elaborate, filter, and connect

In order to more systematically explore the purpose of interactivity in
information visualization, (Ana Figueiras, 2015) proposed a framework to help
discuss and evaluate interaction techniques based on eleven (11) categories of
interaction techniques. Basing her work on the existing techniques proposed by
(Shneiderman, 1996), (Keim, 2002) and (Yi et al., 2007), she conducted an
extensive review of popular visualization techniques and their interactive
capacities. Then, she evaluated 232 visualizations8 that were popular on the web
and studied the type of interaction they use.
The eleven (11) visualization interaction techniques provided by Figueiras
framework and a brief description of each technique are presented in Table 3.3.

8

The visualizations are available at www.rethinkingvis.com/
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Table 3.3 Framework for interaction techniques from (Ana Figueiras, 2015)
Interaction techniques
Filtering
Selecting
Abstract/Elaborate
Overview and Explore
Connect/Relate
Reconfigure
Encode

History

Extraction of features
Participation/Collaboration
Gamification

Description
Only show me the data
in which I am interested
Mark or track items in
which I am interested
Adjust the level of abstraction
of the data
Overview first, zoom
and filter, then details-on-demand
Show me how this data
is related
Give me a different arrangement
of the data
Give me a different representation
of the data
Allow me to retrace the
steps I take in the exploration
of the data
Allow me to extract data
in which I am interested
Allow me to contribute
to the data
Show me the data in a
more playful way

3.5.2. Interaction Analysis
This paragraph compares the user interactions we have implemented in EVOQ
with some of the interaction techniques provided by Figueiras framework such
as selecting, overview and explore, connect/relate, reconfigure, and encode.
Selecting: EVOQ offers the possibility to the user to focus on a particular node
of the graph. This reduces the opacity of any node or link which is not connected
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to a focused node. The user can also have access to a context menu of a given
node or term to change its colour, edit it or delete.
Overview and Explore: With EVOQ the user can overview nodes, select a
particular node and get more details on that node (term). The details include the
selected term’s synonyms (in green edges) and antonyms (in red edges) and are
represented in form of a collapsible tree. Figure 4.1 shows an example.

Figure 3.9: D3 collapsible tree for “injustice”

Connect/Relate EVOQ node-links or relations graph reveals the kind of
connection or relation between terms (nodes). Associated terms are linked with a
short green edge to show their closeness whereas disassociated terms are linked
with a long red edge.
Reconfigure: On the relations graph provided by EVOQ, the user can rearrange
at his/her ease the position of each node just by dragging and dropping the
node. Rearranging the visualization helps the analyst to improve both its
esthetic and his/her understanding of the text.
Encode: EVOQ offers the analyst the possibility to view different
representations of the data. He/she can view data in form of a matrix diagram or
a nodes-links graph and can combine these two different representations to get
better insight into the analysis. Also, encoding data on one visualization directly
update the other visualization in such a way that the analyst can easily switch
from one visualization to the other without losing any information.
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Chapter 4: Evaluation of EVOQ
User experience evaluation (UXE) or user experience assessment (UXA) refers
to a collection of methods, skills and tools utilized to uncover how a person
perceives a system (product, service, or a combination of them) before, during
and after interacting with it. It is non-trivial method to assess user
experience since user experience is subjective, context-dependent and dynamic
over time (Law et al., 2009). Measures used as the basis for defining the user
experience include among other utility, usability, and aesthetics.
This chapter aims at evaluating EVOQ with some users and proposing
guidelines for future improvements.
The evaluation’s objectives are to access the usability of the application and
compare the three different ways users can encode relations with EVOQ in
order to check the improvement of the users’ interactions on the visualizations.
The first section of this chapter describes the evaluation methodology. The
second section presents the evaluation results. And the third section proposes
future improvements that could be implemented in the present EVOQ to
increase the user’s interactions and thoroughly match with the existing
interactions techniques.
4.1. Evaluation with Users
An evaluation session with users was held on June 27, 2019 in the faculty of
computer science of the University of Namur. The overall evaluation process
lasted two hours.
4.1.1. Participants
Five management masters students of the faculty of Economy of the University
of Namur participated in the evaluation. They were aged between 23 and 30
years old. Two of them were studying in management and finances and the
other three were studying in international economy and development.
They were given the same text and were asked to encode nine relations.
4.1.2. Evaluation Methodology
The methodology used for the evaluation belongs to within-subjects category.
Indeed there are two primary ways in which experimenters (participants) can
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experiment a product: within-subject design and between-subject design (Charness
et al., 2012).
In a “within-subject” designed experiment, each individual is exposed to more
than one of the treatments being tested, whether it be playing a game with two
different parameter values, being treated and untreated, answering multiple
questions, or performing tasks under more than one external stimulus. With
such designs, causal estimates can be obtained by examining how individual
behaviour changed when the circumstances of the experiment changed
(Charness et al., 2012).
In a “between-subject” designed experiment, each individual is exposed to only
one treatment. With these types of designs, causal estimates are obtained by
comparing the behaviour of those in one experimental condition with the
behaviour of those in another (Charness et al., 2012).
Both designs have their merits, and their choice depends on the context of the
question being studied. According to (Charness et al., 2012) “within-designs”
have three main advantages with respect to between-designs. First, their
internal validity does not depend on random assignment. Second, in many
frameworks they offer a substantial boost in statistical power. Finally, they are
more naturally aligned with most theoretical mind sets. However, in
environments where an individual is likely to only face a single decision, a
between design might have more external validity.
The different steps of the evaluation are as follow:
Step 1: Introduction
We began the session with a brief introduction on the fundamental concepts of
text structural analysis and visualization. Then we explained the participants
the purpose of EVOQ and the importance of the evaluation session.
Finally participants were granted access to the test version of the application
online and were asked to use the application and proceed with structural
analysis without being given any explanation on how to use the software. While
participants were exploring the application we were carefully observing every
action they were doing as well as their reactions on each interface. This first
exercise helped us to check how easy it could be for users to find out EVOQ
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interfaces and functionalities without being given any training, and how they
feel about their use of EVOQ.
The participants at this steps were able to import a text and to scroll among the
menu items. Although they could guess the function of some menu items and
buttons, they were not able to encode relations and interact with the
visualizations.
Step 2: Demonstration and Testing
The second step started with a brief demonstration on how to use EVOQ and
ended with the testing of the tool with a concrete example of text structural
analysis. Focus were put on the different ways user can encode relations, the
generation and construction of visualisations both matrix and relations graph
and on the different interactions with the visualisations.
The participants were given the same text and nine relations. Each participant
was asked to encode the relations in the three following order:
(1) the three first relations should be encoded via the graph using the
construction-based solution;
(2) the three next relations should be encoded via the matrix;
(3) and the three last relations should be encoded via the text.
When the participants faced difficulties, they were encouraged to try to solve
the problem for at least two minutes before we helped them. The advantage of
this technique is to evaluate how easy the user would actually use EVOQ and
deal with encountered difficulties. The users can then efficiently express
themselves on the unclear elements of the design.
The results of the participants’ evaluation are presented in paragraph 4.2.
Step 3: Filling evaluation questions
After the participants had processed all the tasks, they were given an evaluation
form to fill. The evaluation form we used was taken from the User Evaluation
Questions available online at https://www.ueq-online.org/. In addition, we
have added three other questions to check how easy or difficult the participants
found each of the three above mentioned methods for encoding relation.
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4.2. Evaluation Results
The evaluation of EVOQ with the participants lasted two hours and reveals the
following limitations:
 Absence of a help menu to provide information on how to use the
application;
 It is difficult for the participants to intuitively encode a relation unless
they are shown how to do it;
 The application is less fast when displaying the relations graph than the
matrix and updating visualization takes some seconds;
 Sometimes there are spontaneous movements of the nodes during the
construction of the graph;


The button ‘+’ is not explicit enough to guess its function.

The average results of the participants’ evaluations are summarized on the User
Evaluation Questions presented by figure 4.1. Figure 4.2 presents the result for
the evaluation of the three different ways to encode relations.

Figure 4.1: Average Results of the UEQ
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Figure 4.2: Average Results for relation encoding
Although the number of participants is statistically small, the analysis of the
results of this preliminary evaluation reveals the following indications:
 The application interfaces are very attractive; the menu, buttons and
labels are simple, clear and easy to understand;
 The application is pleasant and easy to use after little training;
 The three ways to encode relations are not complicated. But encoding
relations via the graph and via the text are easier and faster;
 The application efficiently generates the expected results;
The participants also found the different interactions with the visualisations
easy and interactive although some actions may take few seconds to be
completed. They mainly appreciated the interactive updates on the
visualizations and the possibility to switch from one visualization to the other.
As regards to the research question, based on this preliminary evaluation we
could say that some improvements have been made concerning the user’s
interactions on the visualizations in the present EVOQ. These improvements
concern the linking and brushing, the interactive updates on the visualizations,
and relations encoding via the visualizations (matrix or graph). A further
assessment with a greater number of participants could be held for accurate
validation.
The functionalities which were not covered in the user evaluation were
explained to the participants. Despite the aforementioned limitations, the
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participants were very enthusiastic about the solutions offered by EVOQ
regarding text analysis and about the whole process of the evaluation.
4.3. Suggestions of future improvements on EVOQ
This paragraph proposes three guidelines for the improvement of EVOQ that
future works could take into consideration in order to increase user interaction
on the visualizations.
Guideline n°1: Improving performance
Some functionalities of EVOQ such as displaying relations graph, updating terms
and generating dictionaries are less faster and could take much more time when
the number of relations increases. Therefore, it could be convenient to reduce
the complexity of the algorithms for those functionalities in order to make their
execution faster.
Guideline n°2: Improving filtering
One way to reduce complexity is by filtering the data. The most successful way
to filter data is through the use of dynamic filters which will allow the user to
quickly see on the visualizations only the items he/she is interested in. A
dynamic filter could be implemented in EVOQ for both matrix and relation
graph visualizations. Examples of filter could be ‘Terms filters’ and
‘Relationships filters’.
Terms filters would help arranging term on the matrix diagram in alphabetic
ascendant or descendant order, or selecting only a list of terms to display on the
visualizations.
Relations filters would help to filter and display only association or disjunction
relations on the visualizations.
Guideline n°3: Improving Zooming
Zooming allows the user to see an overview of the visualization or to see a
smaller more detailed view without fundamentally altering the representations.
Zooming-in enlarges smaller data elements in which the user is interested,
removing from view or reducing the size of large uninteresting data. The
zooming-out produces the opposite result, it reduces larger data elements.
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Zooming could be implemented on the visualizations offered by EVOQ to allow
the user to get more insight on interested data. User could zoom on the whole
or a precise part of the matrix or relation graph.
Guideline n°4: Improving Reconfigure
The reconfigure interactive technique provides the users with different
perspectives about the data set by changing the spatial arrangement of the
representation (Yi et al., 2007). The arrangement of the data allows the user to
have different perspectives that he/she probably would not have with a rigid
representation.
In EVOQ, the user can rearrange the nodes-links graph by dragging nodes and
edges. In addition, we could implement a function to save the final
configuration of the graph by saving the position (x,y) of each node while saving
the project so that the analyst would not lose the positions of the nodes when
he/she reopen the project. This would be very helpful to the analyst in case of
complex graphs with a great number of nodes and edges.
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Chapter 5: Conclusion
The interest of this thesis lies in the importance of user interactivity in
visualization and more specifically in text visualization. The general question of
research of this thesis was how to improve the text analyst interactions on a text
visualization based on structural analysis.
In order to efficiently answer this question our work explored the three
following approaches:
(1) Providing an up-to-date literature review on text visualization and user
interactivity;
(2) Improving the existing text visualization tool EVOQ to enable text
analysts to visualize both the text and visualizations at the same time;
(3) Implementing a visualization algorithm which enables text analysts
with more dynamic interactions on the visualizations.
To achieve the first approach we used (Clarinval et al., 2018) work as a starting
point and conducted an up-to-date state of the art on visualization techniques
and tools that represent relationships between text elements, as well as on user
interactivity.
As far as the second approach is concerned, we used an agile method of
software development and open source web technologies to implement a new
work interface for the existing visualization tool EVOQ.
The previous EVOQ enables the text analyst to generate a relational graph
visualization from an encoded terms (words) relations dictionary. We referred
this way of generating the visualization as dictionary-based graph.
To achieve the third approach, in addition to dictionary-based graph we proposed
in the new version of EVOQ an algorithm referred to as construction-based graph
algorithm which helps the analyst to fully construct the relational graph rather
than generating it. Also, given a node or a term, the analyst can easily generate
its synonyms or antonyms (associations or disjunctions relations) making
therefore the construction easier and faster. At the end of the construction, the
analyst can generate the relations dictionary and switch to the matrix
visualization. This new approach of constructing the visualization seems to
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increase the analyst interactions on the visualization. We used a JavaScript open
source library Viz.js to implement the construction-based graph algorithm.
We compared our solution with existing interaction techniques found in the
current literature. Our analysis was based on the 11visualization interactions
techniques described in Ana Figueiras framework (Ana Figueiras, 2015).
We also conducted a preliminary evaluation with five participants to access the
usability of EVOQ and evaluate the three different ways users could encode
relations which are: via the graph, via the matrix and via the text. The overall
evaluation results reveal that the present EVOQ offers some improvements as
regard to user interactions on the visualizations; mainly: linking and brushing,
interactive updates on the visualizations, and relations encoding via the
visualizations (matrix or graph). A further evaluation with a significant number
of participants is determinant for accurate results and conclusion.
Finally, we proposed four guidelines for future works to improve user
interactivity in EVOQ in order to fully match EVOQ with the existing
visualization interactions techniques.
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Appendices
Description of the functionalities of EVOQ
1. Managing evoq project menu
The analyst can either import an existing project, save a new project or modify project
parameters.
Import a project: clicking on this button allows the user to import an existing
evoq project file (.evoq). When the project file is successfully imported, the text of the
project is loaded in the text input bock and the related terms dictionary and terms
relations dictionary are also loaded in their respective data structures. The analyst can
zoom on the text.
Save a project: the analyst can save the current project. Saving a current project
saves the project text as well as all the related terms dictionary and terms relations
dictionary. The project file is saved in the format filename.evoq where filename is the
name encoded by the user in the project title input.
Project parameter: the user can change project parameters such as project name,
number of synonyms and antonyms to display for terms in the node-links graphs etc.
Close a Project: the user can close a project. When the user clicks on this button,
a confirmation is asked from him before closing the current project. We user can also
save the project during the closing process.
Figure 1 shows the project management menu with its items.

Figure 1: EVOQ the project management menu
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2. Managing a text menu
The analyst can import a text or save a project text.
Import a text: clicking on this button allows the user to import an existing text. The
accepted format for the text is .txt. Once imported, the text is displayed in the text input
block.
Save a text: this button saves the project text alone in .txt format.

3. Managing terms dictionary menu
In this submenu, the analyst can either display the list of terms from the term
dictionary, import an existing list of terms or save (export) the current list of terms in
a file.
Display term list: this button displays all the terms related to the current evoq project.
It also enables the analyst to delete a term from the term dictionary. Figure 2 gives an
overview of the terms dictionary.

Figure 2: Terms dictionary of a given project
Import terms dictionary: clicking on this button helps the analyst to import an existing
terms dictionary and load them into the current project term dictionary data structure.
The imported file must be with the extension .evoqtd
Save term dictionary: by clicking here the analyst can save or export the current
project terms dictionary with the extension .evoqtd
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4. Managing terms relations dictionary menu
In this submenu, the analyst can either display the term relation dictionary, import an
existing relation dictionary or save (export) the current terms relation dictionary in a
file.
Display term relation dictionary: this button displays all the terms relations related
to the current evoq project. It also enables the analyst to delete relations from the
dictionary. When the user deletes a relation from the relation dictionary the
visualizations are automatically updated (i.e. the deleted relation is removed from all the
visualizations, both the matrix diagram and nodes-links graph). Figure 3 (a) and (b) give an
overview of the terms relation dictionary.

Figure 3 (a): Relations dictionary of a given project
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Figure 3(b): Relations dictionary of a given project
The force of a relation is either an association (

) or a disjunction (

).

Import terms relation dictionary: clicking on this button helps the analyst to import
an existing terms relation dictionary and load it into the current project term relations
dictionary data structure. The imported file must be with the extension .evoqrd
Save term relation dictionary: by clicking here the analyst can save the current project
terms relation dictionary with the extension .evoqrd.

5. Display matrix diagram
When the analyst clicks on “Matrix des Relations” button, the matrix diagram is
displayed. The matrix visualization represents a set of relationships of the terms. The
terms are displayed on the two axis of the diagram. The brackets are used to indicate
that the term is not present in the text. The color of the square indicates the type of the
relation. A green color of a square indicates that there is an association relation
between its two terms whereas a red color indicates an opposition or disjunction
relation between its two terms. A gray color of a square means there is no assigned
relation between the two terms.
The user can add a new relation by clicking on the add button.
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The Export image button helps to export the matrix diagram as an image whereas the
save relations button is used to save (export) the terms relations encoded from the
matrix visualization.
Figures 3 above shows the matrix visualization of a given project we have chosen.

Interactions with the matrix
The matrix visualization allows some interactions from the user such as adding new
relation, deleting a term or a relation, editing a term, and changing term color.
To add a new relation the user has to click on the

“add button”.

Users can also add a new relation or term by double-clicking on a term form the text
and filling the relation form. Finally users can add relation via the matrix by rightclicking on the concerned relation from the matrix and validating. Figure 4 (a) and (b)
show respectively examples for adding a relation via the text (or via button ‘+’) and
via the matrix.
When the user add a new relation, the terms dictionary and the relations dictionary
are updated automatically. The visualizations are also updated automatically.

Figure 4(a): adding new relation form (via text and button ‘+’)

64

Figure 4(b): adding new relation via the matrix
To delete a term, the user right-clicks on the term, then clicks on ‘Supprimer’ in the
context menu and confirms by clicking on “OK”. When a term is deleted the terms
dictionary and the relations dictionary are updated automatically meaning that all the
relations concerned by the deleted term are removed from the relation dictionary. The
visualizations are also updated automatically.
To edit a term, the user right-clicks on the term, then clicks on ‘Editer’ in the context
menu. Then he/she inputs the new name of the term and confirms. The term is
therefore renamed in the terms and relation dictionaries as well as on the
visualizations.
To change a color for a term, the user right-clicks on the term, then clicks on ‘Changer
de couleur’ in the context menu. Then he/she chooses the new color from the color
panel and confirms. Therefore the color of the term changes automatically in the term
dictionary, in the text and on the visualizations.
The color of a term can also be changed from the text by double-clicking on the term
and choosing ‘change term color’.
Figures 5 (a) and (b) show respectively the interfaces to change a term color and to delete
a term.
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Figure 5: (a) Change the color of a term

Figure 5(b): deletion of the term “segregation”

6. Display node-links diagram
The node-link diagram (also called relation graph) is the graphical representation of
the terms relations as a bi-dimensional graph. The terms relate to the nodes and
relations relate to the links between two given nodes. We used a colored disk
containing the corresponding term to represent a node and we present a link as a
colored line drawn from a node to another. The color of the line depends on the type
of the relation it represents: we used green color for a conjunction relation and red color for
a disjunction relation. These colors were chosen because they remind respectively

66

association and opposition. On the other hand, the user can choose any color for a node
by right-clicking on the node.
Figures 6 (b) and (c) show an example of a node-link diagram generated by the
following relations dictionary of Figure 6 (a):

Figure 6 (a): a given relations dictionary

Figure 6 (b): nodes-links graph visualization
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When we click on the + of the node we can have the trees of the synonyms of the terms.

Figure 6 (c): nodes-links graph visualization showing some synonyms of “injustice”
As the analyst has a critical role for the interpretation in structural analysis, our nodelink visualization provides him ways to extract knowledge by several interactions
possibilities offered to the user such as:
 Drag and drop a node
The drag and drop of a node is the most important interaction feature. When a user
drags a node, they can observe the effect it has on the semantic field represented by
the diagram. This is precisely what an analyst who performs structural analysis is
looking for because it is the type of knowledge they need and that is difficult to get
without a visualization. This is what makes the node- link diagram the visualization that
brings the most added-value to the analyst. The focus, links hiding, and the drag and drop
interactions allow the user to reduce the number of visible edge crossings in the graph.
In this regard, they improve the legibility of the diagram. The number of edge
crossings is indeed the most penalizing issue for legibility in a node-link diagram.
 Change the color of a node
To change a node color, the user right-clicks on the node and selects ‘Changer de couleur’
in the displayed context menu. Then he/she chooses the color and validates.
Figure 7 bellow shows a change of color for the node “poverty”.
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Figure 7: changing the color for node “Poverty”
When a node color is changed, the color of the corresponding term changes
automatically in the term dictionary, in the text and on the visualizations.
 Remove a node
To remove or delete a node, the user right-clicks on the node and clicks on ‘delete’ in
the displayed context menu and confirms. When a node is deleted, all the relations
concerned by the corresponding terms are deleted. Therefore the terms dictionary and
the relation dictionary as well as the visualizations are updated.


Remove a link

To remove or delete a link, the user right-clicks on the link and clicks on ‘delete’ in the
displayed context menu. This deletes the corresponding relation and updates
dictionaries and visualizations.
 Add new relations
The user has to click on the
example of adding relation to

“add button”. Figures 8 (a) and (b) show an
a graph.
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Figure 8(a): adding new relation to the node-graph
If the user clicks on “Associé” button an association relation will be created between
captivity and poverty and the node-graph will display as shown in figure Figure 8(b)
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Figure 8(b): association link created between poverty and captivity



The Export image button helps to export the node graph diagram as an image.
Hide links button hides the links of the graph when clicked on.
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