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Abstract

In this paper we examine the state of research into the domain of information visualization.
We start by describing the spectrum of current paradigms of information visualization. We
address the problem of their integration in the web applications and precisely in information
search systems. Then, we deal about the challenges and directives for a good conception of
semantic visualization. Then, we discuss about the existing methods of information
visualization evaluation and present the most relevant challenges facing both information
visualization construction and evaluation tasks.

Keywords: Information visualization, Representation paradigm, Interaction and
navigation, Cartography paradigms, Visualization challenges, Visualization evaluation

1. Introduction

If search engines play a dominating role for the search of information on the web,
their graphic interfaces are rarely revolutionary: a single-line text field for the query, a
button to validate it, and a list sometimes ordered by pertinence to display the results.
These classical methods have been criticized for many reasons.

The query based search engines offer to users only one search type “the precise
search” which supposes that the user knows exactly for what he looks for: a precise
paper knowing its title, authors and major theme. It is not unusual for users to input
search terms that are different from the index terms used by the information search
engines. Various methods have been proposed to help users choosing their search terms
and articulating their queries. One widely used approach is to incorporate into the
information system a thesaurus-like component that represents both the important
concepts in a particular subject area and the semantic relationships among those
concepts [6]. Unfortunately, the development and use of thesauri is not without its own
problems. The thesaurus development process, if done manually, is both time
consuming and labor intensive and the produced thesaurus has often been developed for
a general subject area and needs significant enhancement to be tailored to the
information system where it is to be used. Some other research works tried to resolve a
part of this problem by proposing methods for query expansions [14]. These methods
suppose that users know exactly their needs and assist them to define their query in
order to reduce the problem of noise and confusion. However, users may have the need
to make search without knowing exactly to what they look for, at least at the beginning.
In these cases, it will be very interesting to offer to users other search types which assist
them in their searches.
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The second great limit of existing information search systems is the means used for
displaying the search results: result lists. Indeed, the result lists return an enormous
guantity of information which leads to a cognitive overload of users who cannot, in the
majority of the cases, consult all the returned documents [30]. An innovative idea to
guide users in their searches is to propose them a method of location centered on the
navigation in the informational spaces. This type of interaction benefits from an
important characteristic of the human cognition: it is easier to users to discover or to
locate for what they look, than to produce formal descriptions of information which
they do not have [16]. So, navigation within maps can replace advantageously writing
of queries as far as semantics, being more explicit in maps, limits the problems of
confusion and ambiguity often met in the query based systems. As a primarily step to
find solutions for the previously evocated problems we propose in this paper a study of
the state of the art concerning the existing paradigms, challenges and evaluation
methods in the domain of information visualization.

The remaining of this paper is organized as following. In section 2, we present a
survey of existing cartography paradigms. Based on the study of the state of the art, we
propose in section 3 some directives that must be respected for a good conception of
semantic maps. In section 4, we present a survey of the existing evaluation methods of
information visualization based systems and discuss about the relevant challenges
relative to this visualization task. Then, in section 5, we study the real integration of
cartography paradigms in existing information search systems.

2. Survey of Cartography Paradigms

The field of Information Visualization is influenced by many different research
domains including psychology, semiotics, graphic design, and art. The goal of
information visualization is generally defined as providing useful tools and techniques
for gaining insight and understanding in a dataset, or more generally to amplify
cognition [8]. In the last few years, several paradigms of knowledge and information
cartography were proposed in the literature. These paradigms were classified in three
categories [45]: the representation paradigms, the visualization paradigms and the
interaction paradigms. In the following we present a synthesis of these three categories
of paradigms.

2.1. Representation Paradigms

The representation paradigms allow representing the structure of the information.
Several and different representation paradigms were proposed in the literature, we
classified them into five categories according to the type of information structure they
support (See Figure 1):

— The representation paradigms supporting the tabular structure are used to represent the
characteristics and the attributes of the entities [21], [33][70][71][72].

— The representation paradigms supporting the agglomerative structure (Themescapes [50])
are used to represent agglomeration of entities which are grouped together according to
certain criteria.

— The representation paradigms supporting the treelike structure are used to represent the
hierarchical relations between the different entities in a single tree or in multiple tree
visualization [60]. Treelike structure are commonly represented using a node link
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approach (cone tree [35], bifocal tree [5], radial tree [45], Ring tree [42], Botanic tree
[69]), an indented list approach [59] or by containment approach (Beamtrees [48],
DocuBurst [55] [74], Sunburst [58]).

— The representation paradigms supporting the graph structure are used to represent different
type of relations between the entities (associations, connections) [75]. There are two main
approaches for representing graph structures: the matrix representation [56] and the node-
link representation (VisuGraph [29], Hypergraph (http://hypergraph.sourceforge.net/) and
TouchGraph systems).

— The representation paradigms supporting the temporal structure are used to represent the
time dimension which could be modeled linearly (ThemeRiver [19], Linear representation
[73]) or periodically (spiral representation [7] )

In Table 1we give some strengths and weaknesses of the presented representation
paradigms.

2.2. Visualization Paradigms

The visualization paradigms concern the means of displaying the information
representations in a clear and coherent way on a limited space of visualization so that a
person can become aware quickly of the presented information. The visualization
techniques are classified in two groups (see Figure 2):

— The uniform visualization techniques which are based on geometric transformations of
the map like zoom, translation, rotation [23].

— The not uniform visualization techniques which display the elements on the map with a
variable level of details according to the interest of the user. These techniques include
bifocal visualizations like document lens [34] and the elusive walls [32], and polyfocal
visualizations like fisheye visualizations [28] [36] [2]).

In Table 2 we give some strengths and weaknesses of the presented visualization
paradigms.

2.3. Interaction Paradigms

The interaction paradigms concern techniques put at the disposal of users to interact
with the produced visualizations. Interaction paradigms could be classified in three
types of techniques according to the goal of the user: Overview techniques (Reducing
Data Quantity [9], Miniaturizing Visual Glyphs [25]), Navigation techniques
(Zoom+Pan, Overview+Detail [61], Focus+Context, semantic zoom [4][17]) and
Interaction techniques (Selecting, Linking, Rearranging and Remapping, Filtering[20]).
Some interaction paradigms are closely related to the representation paradigm used in
the visualization. For example, in information disk representation paradigm we can
found specific interaction techniques like angular zoom navigation, external detail
navigation, internal detail navigation [41], circular and radial distortion [51]. Examples
of interaction paradigms related to treelike and graph representations are node
centering, pruning and expansion [5] [42].
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Figure 1. Examples of Representation Paradigms
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Table 1. Strengths and Weaknesses of the Representation Paradigms

Representation paradigms | Characteristics (+) strengths (-) weaknesses

+Apply deformations in order to magnify certain ranges of cells and emphasize
TablesLens[33] them
- Do not reveal the underlying structure in the data

+Allow to discover underlying structures in the informative space

Parallel Coordinates [21] - Itis difficult to understand every case in detail independently of the others

+ It exploits the habit and the strong capacity of the human to perceive very light
changes in the facial expressions

Chernoff Faces[57] - The number of variables which we can represent is limited
- Interpretation of the meaning is not intuitive; requires an important cognitive
effort
+ Avoid the problems of occlusion

Matrix Representations [56] - Itis very delicate to represent several not binary relations with a single matrix.

- Do not allow to understand every entity independently of the others

+ Reveal underlying structures in the data and more particularly the related and
strongly related constituents

- Problem of occlusion due to the tangle of the links. As soon as the size of the
graph or the density of the links increases, it becomes very difficult for the user to
visually explore the graph and to interact with its elements

Node-Link Representations
[51[29 [35]

+ Allow to visualize big trees

Containment Representations | +Avoid the problems of occlusion

[48][55][58] -The representation of the structure is not explicit

- Cognitive overload (visual exploring of the structure requires a detailed reading)
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Figure 2. Examples of Visualization Paradigms
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Table 2. Strengths and Weaknesses of the Visualization Paradigms

Visualization paradigms Characteristics (+) strengths (-) weaknesses
Zooming in a Single View - The user is forced to change permanently of point of view what
[23] engenders the cognitive overload of the user

+ Avoid the inconvenience of the cognitive overload caused by the
change of zoom in a single view

- Create a spatial discontinuity with several points of focus, what leads
to another problem of cognitive overload for users

Multiples view [23]

Elusive walls [32] - Allows the visualization of one-dimensional vector spaces only
Polyfocal transformation + Allows to obtain a visualization with several points of focus
[28]

+ Filter the display of the information with regard to their degree of
interest

+ The user can concentrate on his center of interest and use his
peripheral vision to watch the remaining space of the map

Fisheye [2] - Due to the effects of the deformation, visual components are not
aligned and sometimes overlap

- Unpredictable Movement of elements during the manipulation of the
structure. This engenders the cognitive overload and the disorientation
of users by losing temporarily the perception of the context

3. Challenges for the Conception of Visualizations

The conception of semantic visualizations is a very challenging task. One of the most
important problems, during the conception of semantic maps, is not to associate a visual
structure to every type of objects (for example a rectangle or a circle) but to distribute
them in the space of the map knowing that this distribution has an impact on the
meaning perceived. Besides, a good paradigm of cartography has to find a balance to
the compromise of the quantity of information to be visualized and the legibility of the
map. Indeed an excess of precision filled the cognitive environment with noise and
forces the user to supply a big cognitive effort to filter the information from the useless
details. A map must be conceived so that it represent and reflect the maximum of
information with the minimum of cognitive effort supplied in a minimum of time with
least ink onto the smallest surface [3] [46]. A map has to be also multivariate, showing
simultaneously several variables.

There are many other challenges which make difficult the conception of an efficient
visualization such as the complexity and the quantity of the concerned information [24].
Indeed, the quantity of the treated information could be enormous and these
informations can have several types and different structures.

But, the biggest challenge of the conception of visualization is that there is no
strategy of “ideal” visualization; the conception is always specific to the application.
Different systems are efficient for users having different backgrounds and needs (expert
or novice, scientist or general information). A universal model is difficult to be
generalized. However there is certain number of criteria which, when they are present,
improve sharply the quality of the map. Below we give some general directives for a
good conception of maps. These directives, we classified them according to their
natures in three categories: semantic directives, cognitive directives and technical
directives.
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The semantic directives concern especially the analysis of the informative space and
are interested in the following criteria:

— Consideration of the domain semantics: it would be necessary to conceive a graphic
representation which is intuitive and which represents semantics of the domain and the
structures of the knowledge.

— Multidimensional visualization: often we cannot visualize on the same map all the
knowledge required by the user. So, organizing the visualizations according to several
axes would be doubtless very useful. Every axis has to display a facet or a point of view
different from the others to satisfy a specific need of users.

— Management of the big quantities of information: how to display a very big quantity of
information on a limited space? This is one of the fundamental problems of the
researchers in the field of the information visualization. To answer this question, several
solutions can be considered. These solutions share the same principle which is to build a
global view of the space. Two approaches are possible. The first one consists of reducing
the quantity of information to be visualized by aggregation or by filtering. The second
consists of reducing the size of the visual used representations (miniaturization).

The goal of the cognitive directives is to minimize the cognitive effort made by the
readers. These directives are relative to two criteria:

— User familiarization with the produced visualizations: this is dependent to the
knowledge of the readers about the reading-keys of the visualizations.

— Consideration of user’s needs and profiles: Humbert et al [18] assert that the efficiency
of a representation is defined according to its use: “from a set of data shared by several
persons, each of them can require a different and fragmentary point of view on these data,
according to the objective at which it aims and its need in information.” Besides, each
type of user must be represented by a predefined set of needs. But the user builds
gradually and individually his knowledge by the collected information, so that his needs
evolve [10]. The problem is then to find a means to enrich this model by taking into
account the evolution of the individual needs.

The technical directives concern the process of visualization and are interested in the
following criteria:

— Management of the space of the screen: during the conception of a map it is necessary
to think to exploit the maximum and most adequately possible the vacuum of the screen
without cluttering the interface. So, it is necessary to eliminate from the screen the
elements which have no informative or operational utility and to choose one paradigm of
representation which exploits well the space of the map.

— Optimization of the interaction modes: a static map is either too much cluttered (if we
want to integrate in it the maximum of information), or too restrictive (if we want to have
a clear and readable map). To keep the interface at an optimal level of complexity, the
user must have the possibility to move interactively between the various layers of
information and to reduce dynamically the number of shown variables. It is also necessary
to use an interaction language which is intuitive and substantial which supports and
increases the cognitive flow. To optimize the interaction modes it would be necessary to
provide a variety of tools for the navigation, the search and the exploration. The
interaction has to offer the maximum of features with the minimum of operational
difficulties.
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— Management of the contextual stability: It is necessary to make sure that every
presented information is contextualized in term of whom, what, when, where and how it is
produced [13]. The contextual stability requires, in the first place, the authorization of the
user to choose the information to be shown to satisfy its needs. Secondly, visualize most
details possible (defined by the user) as long as the map remains readable. So, it is
necessary to make sure that the visualization of the context remains stable to promote the
understanding and the familiarization. For this it is necessary to keep easily available
views of the global context and the details of the center of interest, for example hidden in
the background, in the neighboring window or integrated directly into the map.

4. Evaluation Methods of Information Visualizations

The task of information visualization evaluation aims at determining the performance
of visualizations by estimating some criteria such as: functionality, effectiveness,
efficiency, usability and usefulness. This allows answering questions like: To what
extend the system provides the functionalities required by users? Does the visualization
provide value? Do they provide new insight? To what extend the visualization may help
users in achieving a better performance? How easily users interact with the system? Are
the information provided in clear and understandable format? Is the visualization
useful? How may benefit from it?

Current evaluation practices are based on methodologies established in Human
Computer Interaction (HCI) which fall into two types: analytic evaluations and
empirical evaluations [31].

The Analytic evaluation methods come from psychological models of human
information processing and are based on studies of human cognition and behaviour.
They are performed with expert-based methods such as heuristics evaluations (where an
expert evaluates an interface and judge its compliance with recognized usability
principles called “heuristics” [54]), or cognitive walkthroughs (where an expert walks
through a specific task using a prototype system, thinking carefully about potential
problems that could occur at each step) [43]. They are also used to evaluate usability
and accessibility issues. Analytic evaluations usually occur during the system's design
and are oriented to identify problems and guide modifications during the development
of a system. In [54] the authors used three sets of previously published heuristics to
assess a visual decision support system that is used to examine simulation data. The
meta-analysis shows that the evaluation process and results have a high dependency on
the heuristics and the types of evaluators chosen. Zuk et al describe issues related to
interpretation, redundancy, and conflict in heuristics and provide a discussion of
generalizability and categorization of these heuristics. We can distinguish from this
work between three categories of heuristics: Perception heuristics [49] [44] like
(Ensure visual variable has sufficient length, Don’t expect a reading order from color,
Color perception varies with size of colored item, Consider people with color blindness,
Preserve data to graphic dimensionality, Put the most data in the least space, Remove
the extraneous (ink), Provide multiple levels of detail, Integrate text wherever relevant),
Usability heuristics [38] like: (Zoom and filter, Overview first, Details on demand,
Relate, Extract, History) and Discovery process heuristics [1] like: (Expose
uncertainty, Concretize relationships, Determination of Domain Parameters,
Multivariate Explanation, Formulate cause & effect, Confirm Hypotheses).
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The Empirical evaluation methods (also known as user studies) involve real users in
the study and allow designers to obtain qualitative and quantitative data [43] [39].
Usually they are performed with system already implemented (in form of prototypes or
demonstrators), as they are suitable to make formal claims. Empirical evaluation can be
done by quantitative studies and/or by qualitative studies. The Quantitative studies
consist of an analysis of determinate hypotheses tested through direct measurements
[11]. This requires the definition of one or more variables related to the hypotheses
examined and a metric associate to each of them (time required to learn the system,
time required to achieve a goal, error rates, retention of the use the interface over the
time). The evaluation is carried out usually by the means of controlled experiments
(also known as experimental studies) [22]. They consist of asking the user testers to run
a task and performing some measurements using observation, and completing the study
with questionnaires or interviews.

The Qualitative studies involves the analysis of qualitative data, which may be
obtained through questionnaires, interviews and observing users using the system, to
understand and explain social phenomena. They are opposite to quantitative methods
used in experimental studies for their ability to analyse phenomenon from the point of
view of the participants that it is largely lost when textual or analytical data are
quantified [26]. The combination of both qualitative (e.g. focus group [31] and
individual interviews) and quantitative methodologies (e.g. experimental study) is
known as cross examination or triangulation [27] and it is appropriate to InfoVis
applications because it allows to examine data gathered with different and
complementary ways, establish commonalities or differences and to provide rigour to
the study [12].

The evaluation of information visualization is a very problematic task [37] [40][47].
Several challenges rise when researchers conduct an infoViz evaluation. These
challenges can be related to many factors: the context of use, participant gathering, data
collection, existence of evaluation environment (standard, reference tool for
comparison, etc.). In the following we synthesize some of the most important
challenges.

— Integrating Tools in Daily Work Processes: Tools have to be stable, robust to changing
data sets and tasks, and — if they replace previous tools — should support the functionalities
of the tools being replaced.

— Choosing an Evaluation Context: There may be many teams with similar data analysis
tasks and data types that can collaborate in the evaluation process but the qualitative
results collected during the evaluation can be vastly different.

— Finding Domain Expert Participants: Getting domain experts for studies is generally
difficult.

— Attachment to Conventional Techniques: By working with their traditional tools over a
long period of time people may be very accustomed to them. This may lead to certain
reluctance to learn a new system. In addition, some domain experts may have learned to
master complex tools and data analysis tasks over the years. If the designed tool
significantly simplifies a specific data analysis compared to a previous tool these experts
may be stripped from their respected expert status so that other peoples can also conduct
the same tasks [21]. These issues can complicate acquiring participants for the evaluation
studies.
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— Getting the Data: To evaluate a visualization tool the evaluator may have to deal with
issues of interoperability between different data sources on different machines and within
different work groups. Additional challenges can be raised by different data versions,
different or inappropriate format, unmaintained sources, and most importantly security
restrictions.

— Confidentiality of Information: large companies often have confidentiality guidelines
and restriction policies (Intellectual Property Rights (IPR) security requirements) that
might forbid certain recording techniques and the publication of the results.

— Complex Work Processes: One important goal in information visualization is to support
people in solving complex tasks. For this purpose, an important first step is to understand
current data analysis problems with pre-design evaluation [14] which may be difficult for
an outsider.

— Existence of comparable (reference) systems: Relatively few systems in the area are
designed to address the exact same problem. When two systems have differing goals and
objectives, even if only slightly different, it is difficult to perform direct comparative
evaluations of them.

— Technical performance: It is difficult to separate a technique from its specific system
implementation. That is, the accompanying user interface and set of basic user interaction
capabilities of a system can strongly influence the utility of said system and people’s
perceptions of the value of the system.

— The lack of standard, accepted evaluation tests and techniques in the field of
information visualization is yet another challenge. Such tests and techniques would help
researchers who are not so experienced in evaluation to assess and evaluate their new
systems. The variety and diversity of information visualization techniques may make
standardized evaluations unlikely and impractical, however.

— Formalization of outcomes: When a software tool addresses a problem with concrete,
easily-quantifiable outcomes, then evaluation of the tool is relatively straightforward. For
instance, when we can clearly determine if the user of a system has achieved a desired
outcome, then evaluation of the system is made easier. In the field of information
visualization, however, outcomes of system use are difficult to clearly articulate and

quantify.
5. Information Retrieval Visualizations

In a traditional information retrieval system, information retrieval is primarily
keyword-based search and the search process is discontinuous because users have no
control over the internal matching process. The internal matching process is not
transparent to users, search result list presentation is linear and has a limited display
capacity, relationships and connections among documents are rarely illustrated, and the
retrieval environment lacks an interactive mechanism for users to browse. These
inherent weaknesses of traditional information retrieval systems prevent them from
coping with the sheer complexity of information needs and the multitude of data
dimensionality [63].

To remedy to these problems a new emerging trend is to integrate information
visualization techniques in the information search process. According to Gershon and
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Page [16] the visualization amplifies the cognition and it allows to users and readers to
observe, to understand and to make sense of these information.

Information retrieval visualization refers to a process that transforms the invisible
abstract data and their semantic relationships in a data collection into a visible display
and visualizes the internal retrieval processes for users. Basically, information retrieval
visualization is comprised of two components: visual information presentation and
visual information retrieval. The visual information presentation provides a platform
where visual information retrieval is performed or conducted.

According to Zhang there are three information retrieval visualization paradigms
[52]:

— The QB paradigm (Query searching and Browsing). An initial regular query is required
to submit to an information retrieval system to narrow things down to a limited search
results set, then the search results set is visualized in a visualization environment. Finally,
users may follow up with browsing to concentrate the visual space for more specific
information.

— The BQ paradigm (Browsing and Query searching). For the BQ paradigm, a visual
presentation of a data set is first established for browsing. Then users submit their search
queries to the visualization environment and corresponding search results are highlighted
or presented within the visual presentation contexts.

— The BO paradigm (Browsing Only). This paradigm does not integrate any query
searching components.

These three paradigms presuppose the integration of the information visualization
paradigms in the information search systems. However, in spite of the variety of the
cartographic paradigms proposed in the literature, their concrete integration on web
applications remains however very limited and this for two main considerations. In the
first place, from the user point of view, numerous are the ones who are not familiarized
yet with these new paradigms [30]. Secondly, as regards to material and software
configurations, a big part of equipments connected on the net are not adapted to this
type of applications.

Nevertheless, the evolution of hardware performance and the considerable
development in the domain of interactive information visualization for years, allowed
the emergence of new systems integrating techniques of information visualization with
varied levels. Among these systems let us quote Kartoo (http://www.kartoo.com),
Toolnet (http://www.toolenet.com), Ujiko (http://www.Ujiko.com) and Grokker
(http://www.grokker.com).

All these systems are based on query definition as a search mode, but as output they
offer to users a graphical result maps. The common limit to all these systems is that the
means given to users to interact with the produced maps remain elementary (selection,
zoom). There are no mean of semantic interaction and navigation in the informational
space visualized by the maps.

Based only on a query search mode, these systems support only a single search type
which is the precise search (where the user knows exactly for what he looks). It would
be very useful to propose to users other search mode [62] guiding and assisting them in
their searches and allowing them to navigate in the produced maps to refine their
searches and to discover new knowledge.

It would be very interesting to integrate in a visual context search types such as
“thematic search” (allowing the user to navigate in the corpus according to a particular
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theme [15][45]), or “connotative search” (allowing the user to discover the associated
and similar concepts of his interest concept [53][47]) or “explorative search” (allowing
the user to make an idea about the content of the corpus; and after a preliminary
consultation that he will exactly define his needs).

In [67][68] the authors present an explorative and thematic search platform based on the
semantic mapping paradigms. The idea is to offer to users graphic maps in which they
navigate to look for the information which interest them. This allows helping users to
go beyond their difficulties for formulating their needs using queries. The architecture
of this platform is divided into two constituents. The first one concerns the descriptive,
conceptual and thematic annotation and indexation of the textual corpus. The second
constituent, concerns the problem of exploring textual documentary space using
graphical visualization and semantic navigation techniques.

Several recent research works are undertaken in information visualization domain.
The study presented by Masquilier and Cuxac [64] aims to analyzing in a synthetic way
a scientific domain. It offers a representation mode of the scientific literature using
thematic maps. These maps allows an expert, in this study an ecologist, to visualize the
landscape of the scientific ecology such as it appears in 2010 and ten years ago in the
scientific publications and to identify the relations between the search themes.

A similar research was realized by Collignon and Cuxac [65] within the framework
of the valorization of the medical scientific production of African countries. The results
of these two research works are visualized as maps developed using Neurodoc module
of Stanalyst platform http://stanalyst.inist.fr/. /.

In [66] Samuel Szoniecky discuss about what makes the symbolic languages limited
to face the knowledge management stakes in particular in front of the information
ecosystems vitalisme. Szoniecky develops a proposition of allegorical language to show
how an analogical approach is better adapted to the knowledge management through
Web. He develops an application which uses an allegorical agent to put in relation two
catalogs of bookmarks resulting from the application of management of folksonomies
www.delicious.com.

6. Conclusion

In this paper we present a survey of the domain of information visualization. We talk about
the representation, visualization and interaction paradigms and the challenges of information
visualization conception. We propose some guidelines to enhance the conception of
visualizations, and we summarize the principle of the existing evaluation methods. The study
presented in this paper could be considered as a first step toward the conception of new
solutions for information retrieval visualizations.

This review of current work demonstrates that information retrieval visualization is still an
open research topic. We can identify several research directions in this domain. However, it is
in the techniques of interaction that we can expect for the most significant developments.
Indeed it is at the level of the interaction that we can improve the coupling between
techniques of information visualization and information retrieval.
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