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Résumé

Les moteurs de recherche exploratoire (MRE) sont des logiciels aidant les utilisa-
teurs a explorer un domaine d’intérét pour y faire des découvertes. Ces moteurs se
distinguent en cela des moteurs de recherche classiques tels que Google, Bing ou Ya-
hoo!, lesquels supportent plutét des recherches ciblées ou recherches de consultation
(lookup). Si'on admet que I'évaluation des MRE vise a vérifier si ces derniers aident
effectivement les utilisateurs a réaliser leur tache d’exploration, on constate que les
méthodes existantes d’évaluation de ces systéemes ne permettent pas réellement cette
vérification. L'une des raisons a cela est que ces méthodes ne reposent pas sur un
modele approprié de la recherche exploratoire (RE) ou qu’elles restent accrochées a
un modele de la recherche de consultation. L’objectif principal de cette thése est de
proposer aux concepteurs de ces MRE des méthodes d’évaluation centrées utilisateurs
reposant sur un modele du processus de RE. Ainsi, apres avoir modélisé le processus
de RE, nous proposons deux méthodes d’évaluation qui peuvent étre utilisées tout au
long du processus de conception. La premiére méthode, une méthode d’inspection
sans utilisateurs, peut étre utilisée dés les premieres maquettes, et repose sur des
heuristiques de RE. Nous avons également proposé des outils facilitant 1'utilisation
de ces heuristiques : un formulaire en ligne ainsi qu'une extension Google Chrome
appelée CheXplore. La seconde méthode, avec utilisateurs, peut étre utilisée des
la premiere version d’un prototype fonctionnel. Cette méthode se présente comme
une procédure de test utilisateur personnalisable. Dans cette thése, nous nous in-
téressons plus particuliérement a deux éléments de cette procédure : un protocole
d’élaboration de taches de RE et une grille d’analyse d’enregistrements vidéo de
session de RE. La pertinence du modele ainsi que les méthodes qui en découlent
ont été évaluées a I'occasion de tests utilisateurs. Le modele, les heuristiques et le
protocole d’élaboration des taches de RE ont été validés. Les premieres évaluations
de la grille d’analyse d’enregistrements vidéos ont révélé des points a améliorer.

Mots-clefs: Méthodes d’évaluation, Recherche Exploratoire, Méthodes basées sur

un Model, Approche centrée utilisateurs



Abstract

Exploratory search systems are search engines that help users to explore a topic
of interest. A shortcoming of current evaluation methods is that they cannot be
used to determine if an exploratory search system can effectively help the user in
performing exploratory search tasks. Indeed, the assessment cannot be the same
between classic search systems (such as Google, Bing, Yahoo!...) and exploratory
search systems. The complexity and the difficulty to have a consensus definition of
the exploratory search concept and process are reflected in the difficulties to evaluate
such systems. Indeed, they combine several specifics features and behaviors forming
an alchemy difficult to evaluate. The main objective of this thesis is to propose for
the designers of these systems (i.e. computer scientists) user-centered evaluation
methods of exploratory search systems. These methods are based on a model of
exploratory search process in order to help the evaluators to verify if a given system
supports effectively the exploratory search process. Thus, after elaborating a model
of exploratory search process, we propose two model-based methods, with and
without users, which can be used all along the design process. The first method,
without users, can be used from the first sketch of the system, consists of a set of
heuristics of exploratory search and a procedure for using them. We also propose
two tools facilitating their use: an online form format and an Google Chrome plugin,
CheXplore. The second method involves real end-users of exploratory search systems
who test a functional prototype or version of an exploratory search system. In this
thesis, we mainly focus on two model-based elements of a customizable user testing
procedure: a protocol for the elaboration of exploratory search tasks and a video
analysis grid for the evaluation of recorded exploratory search sessions.

Key words: Evaluation methods, Exploratory Search, Model-based methods, User-
centered approach
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Introduction

Savoir s’étonner a propos est le premier pas fait
sur la route de la découverte.

— Louis Pasteur

In a context of search engines increasing the personalization of their results (e.g.
Google, Yahoo! or Bing), exploring and learning new things becomes for the users,
as well, increasingly difficult. Eli Pariser introduced the notion of filter bubble in
[58], which consists of an intellectual isolation that can occur when search engines’
or websites’ algorithms filter the information they provide, without the knowledge
of the users. These algorithms, in the same approach as personalized advertising,
base this selection of information on the users’ browsing history, or their "likes" on
social networks (e.g. Facebook, Twitter...) for instance. Thus, the provided results
are those that suit to users’ opinion and preferences, because these personalized
information are presupposed more relevant for users. This selection process therefore
locks the users in a personalized ecosystem of information, a filter bubble, created
by these algorithms. The main limitation of this filter bubble is that users are
progressively shown an increasingly more biased vision of their surrounding world.
Indeed, everything is made to please and comfort the users: they are therefore less
exposed to contradicting points of view. The users become intellectually isolated, and
it becomes difficult for them to learn and discover new things.

The concept of filter bubble was especially popularized after the election of the United
States president in 2016. Many journalists and people, with liberal political opinion,
did not expect the election of Donald Trump as the president of the United States
because they were locked in their opinions by a filter bubble which did not provide
them with enough information on the Republican supporters!. In other words, users
having a liberal political orientation had been presented more information with
similar political opinion, than information favorable to the opposing party. They did
not have a full picture of the situation, but a rather biased one.

For a given subject, impartial discoveries or information monitoring are almost
impossible and become more and more crucial in today’s world. In the field of

'For example, https://goo.gl/a69kuP ; https://goo.gl/mpESJI7


https://goo.gl/a69kuP
https://goo.gl/mpESJ7

Computer Sciences, specific search systems are designed in order to support and
help users to explore a topic and, or, data without any, or as little personalization of
the results as possible. They are called exploratory search systems. Such systems aim
to support the users’ exploratory searches.

The main objective of this thesis was to elaborate a set of user-centered methods
allowing exploratory search engines’ designers (computer scientists) to evaluate
their systems. User-centeredness meaning to seek the greater compatibility between
the functionalities of a system and the processes carried out by users to perform the
tasks to be supported by the system, the methods ought to allow designers of a given
system to verify if it effectively supports the exploratory search process.

1.1 Evaluation of exploratory search: an
open-ended problem

For many years, almost from the outset, the evaluation of exploratory search systems,
i.e. how can we say whether these systems support exploratory search process, is one
of the principal research focus of the exploratory search systems designers. Indeed,
this interest in evaluation of such exploratory search engines leads to:

* the organization of a first workshop in 2006 on the evaluation of exploratory
search systems in the context of a conference on research and development in
information retrieval [78];

* the organization of a second workshop in the context of a conference on
Human-Computer Interaction in 2007 [77];

* as a result of these two workshops, a special issue was published in the
Information Processing and Management journal in 2008 [76]; and,

* the important chapter "Evaluation of Exploratory Search Systems" in the ref-
erence book "Exploratory Search: Beyond the Query-Response Paradigm" in
2009 [75] .

Since then, the importance of the evaluation of exploratory search systems did not
decreased with the ACM Workshop on Exploratory Search and Interactive Data
Analytics (since 2017) where the issue of evaluating such systems is frequently
discussed [20, 21]. The researchers agree on the need to address the issue.

1.1 Evaluation of exploratory search: an open-ended problem



1.2 Exploratory search systems evaluation: the
need for specific methods

Exploratory search is a specific process or activity which demands to be supported by
dedicated systems. By extension, these exploratory search systems need dedicated
evaluation methods which aim to verify if they effectively support exploratory search.
The existing evaluation methods of exploratory search systems are still incomplete
and need:

* A more stabilized definition of the exploratory search characteristics (e.g. a
description of the users’ needs and behaviors in an exploratory search task);

* A more suitable process model of the exploratory search process. Generally
the evaluation methods do not use a model of exploratory search process, and
if one model is used, the selected model is not a suitable one;

* More suitable metrics. The commonly used metrics are those used in the
evaluation of classic search engines. They are more focused on the outcomes
and the algorithms and it is not sufficient in the evaluation of exploratory
search systems. In [75], the authors say that they "may be inappropriate";

* A more suitable user-centered procedure. The existing methods do not suffi-
ciently take into account the user interaction behavior.

1.2.1 Exploratory search: an undefined concept

Exploratory search is a particular information seeking activity. It is a loosely defined
concept as its definition is not stable and continues to evolve. Marchionini proposes
in [33] the first attempt to characterize exploratory search and describes “a set
of search activities associated with an exploratory search process” [74] such as
knowledge acquisition, comparison, analysis or evaluation. He compares exploratory
search to the most basic and well-known type of search activity, lookup, which refers
to focused searches where the user has a specific goal in mind and an idea of the
expected result. The main goal in exploratory search is learning. But, "learning in
exploratory search is not only about memorization of salient facts, but rather the
development of higher-level intellectual capabilities" [74].

The exploratory search concept have no stabilized or consensus definition adopted

by the researchers of the field; rather they agree that it is a complex and unclear
concept which is still in its infancy.

1.2 Exploratory search systems evaluation: the need for specific methods



1.2.2 The existing evaluation methods issues

Designing exploratory search systems that support the exploratory search process
involves "highly interactive interfaces" [2]. Mark Nolan says that "in the design of
search results and interfaces for browsing rich information resources we need to design
a certain degree of elasticity into the product to give users more control over the results"
[50]. White and Roth add that the evaluation of exploratory search systems needs
subjective measures (such as user satisfaction, engagement and information novelty)
but it is through the evaluation of interaction behaviors and cognitive aspects that
"one can truly evaluate the effectiveness" of exploratory search systems [75].

Then, evaluating such search engines is still an open issue. One of the reasons is
that the concept of exploratory search is loosely defined and does not have yet a
clear and stable definition. Moreover, the process of exploratory search itself is
continuously changing and different depending on the user (expertise, attention,
motivation, fatigue...), the context (the location, the noise around...) and the
system (the database, the functionalities...). As a result, the evaluation methods
of exploratory search systems are still incomplete as they are not fully based on a
suitable exploratory search process model.

The issue of evaluating exploratory search systems arises because these specific
search engines cannot be evaluated in the same way, metrics or methods as classic
search engines that mainly support lookup searches. Indeed, the process, the goals
of search, or the users’ expectations are really different in terms of users’ needs,
behaviors, or even in terms of interactions between the systems.

A shortcoming of existing evaluation methods is that they cannot be used to deter-
mine if an exploratory search system can effectively help the user in performing
exploratory search activity. The complexity and the difficulty to have a consensus
definition of the exploratory search concept and process are reflected in the difficul-
ties to evaluate such systems. Their evaluation is recognized as a difficult and subtle
activity because "it entails a qualitative and quantitative analysis both of the user
behavior and of the search results" [12].

1.3 Thesis research questions

In this thesis, we answer to the following research questions:

1. Which model of exploratory search process to choose or to elaborate for
designing more appropirate evaluation methods?

1.3 Thesis research questions



2. How to elaborate a model of exploratory search process which will be used as
a basis for our methods?

3. How to design model-based methods?

4. How to design designer-oriented methods?

1.4 Thesis contributions: model-based evaluation
methods for exploratory search systems

In this thesis, we answer the research questions raised earlier. Our work and the
research questions are at the intersection of different research domains: cognitive
ergonomics, human computer interaction, cognitive psychology, information seeking
and retrieval, computer sciences...Our approach can be seen as top-down: we
base our methods on a model of the users’ exploratory search process. The main
contributions of this thesis are as follows:

* A set of stabilized exploratory search characteristics. This set is used as an
analysis grid for the evaluation of existing information seeking models as
candidate models on which the evaluation methods to be designed could be
based?.

* A model of exploratory search based on the previous evaluation of information
seeking models>.

* A model-based evaluation method without users: a heuristics inspection
method which includes*:
— The heuristics of exploratory search;

— A procedure of use of the heurisitc: an online evaluation checklist for an
easy use of the heuristics of exploratory search;

— A Google Chrome plugin to facilitate the inspection of exploratory search
systems with our heuristics of exploratory search.

* Elements of a model-based evaluation method with users: a customizable user
testing procedure including:
— a protocol for the elaboration of exploratory search tasks;

— avideo analysis grid.

2This work was published at the Workshop Exploratory Search and Interactive Data Analytics (ESIDA)
2017 in the context on Intelligent User Interface (IUI) conference [56]

3This work was published in the Work in Progress track at IHM conference 2018 [57]

4This work was published in the Work in progress track in the context of British Human Computer
Interaction (BHCI) conference 2018 [55]
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1.5 Thesis Structure

The remainder of this dissertation is as follows:

Chapter 2

In Chapter 2 we provide a survey of the existing exploratory search systems and the
ways they are evaluated. We underline the necessity of a user-centered evaluation
of these systems. We also introduce our approach to the design of the model-based
evaluation methods.

Chapter 3

In Chapter 3 we present our approach to the design of a model of the exploratory
search process. We also present our model and how we evaluated its relevance by
confronting it to the observed behaviors of twelve users performing a real exploratory
search session.

Chapter 4

In Chapter 4, we present our first evaluation method: an inspection method. The
method consists of a set of heuristics and a procedure for using them. After presenting
the design method of the heuristics of exploratory search, we describe the evaluation
of the proposed method.

Chapter 5

In Chapter 5, we present our second evaluation method which consists of a customiz-
able user test procedure. In this chapter we mainly focus on two elements of this
procedure: the protocol for the elaboration of exploratory search tasks, and a video
analysis grid for the evaluation of recorded exploratory search sessions. For each of
these elements, we describe how we designed them and how we assessed them.

Chapter 6

In Chapter 6, we present CheXplore, our Google Chrome plugin. This plugin aims to
facilitate the interface inspection of exploratory search systems with our heuristics
of exploratory search presented in Chapter 4.

Chapter 7

In Chapter 7, we conclude the thesis by summarizing its main contributions and
proposing some perspectives.

1.5 Thesis Structure



General state-of-the-art and
Approach

In this Chapter we provide a general sate-of-the-art related to the exploratory search
systems evaluation issue; further details will be presented in the following chapters.
This general context allows us to introduce our approach. Here, we present an
overview of the concept of exploratory search, and in a second time we link the
difficulty to have a stable definition of this concept to the limits of existing evaluation
methods of exploratory search engines. We present our approach to the design of
model-based evaluation methods.

2.1 Exploratory search: an undefined concept

Exploratory search is a particular information seeking activity. This loosely defined
concept has an unstable definition which continues to evolve. The first attempt to
characterize it was [33] written by Marchionini in 2006. Exploratory search refers to
cognitive-consuming search tasks like learning or investigation [36], see Figure 2.1.
Marchionini compares exploratory search to the most basic and well-known type of
search activity, lookup, which refers to focused searches where the user has a specific
goal in mind and an idea of the expected result. A typical example would be a user
wanting to make a reservation to a restaurant and looking for the phone number
on the Web. On the other hand, exploratory search is described as open-ended,
with an unclear information need (as in Belkin’s anomalous state of knowledge [8]),
an ill-structured problem of search with multiple targets. This search activity is
evolving and can occur over time. For example, a user wants to know more about
France, she does not really know what kind of information she wants or what she
will discover in this search session; she only knows she wants to learn more about
that topic: it can be France’s history, kings, cheeses, wine. .. Hence, the main goal
in exploratory search is learning. But, "learning in exploratory search is not only
about memorization of salient facts, but rather the development of higher-level
intellectual capabilities" [74]. In addition, the process is continuously changing and
depends on various factors such as the user (her expertise on the explored subject,
her attention, her motivation, her fatigue. . .), the context (the physical environment,
i.e. where the user is performing her search...), and the system (the data base, its
functionalities. . .). In fact, two exploratory searches with the same goal of search
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Fig. 2.1: Taxonomy of search tasks proposed by Marchionini in [33]

cannot be identical, and the relevance of a result may vary depending on the user,
the time. .. It is an unpredictable search activity.

Many works use the dichotomy lookup/exploratory searches to define or introduce
the exploratory search concept. The exploratory search’s complexity is reflected in
this approach of contrasting the two types of searches in order to propose a definition
of exploratory search concept, and to make it understandable. However, we believe
in a continuum/spectruum between these two extremes [56], because we can find
some lookup activities in an exploratory search session [75]. Indeed, Marchionini
depicts in Figure 2.1 these two search activities as overlapping clouds, suggesting
that "lookup tasks are embedded in exploratory tasks and vice versa" [33].

White proposes in [74] a complete definition of exploratory search characteristics:
“[the term] exploratory search can be used to describe both an information-seeking
problem context that is open-ended, persistent, and multifaceted, and an information
seeking process that is opportunistic, iterative, and multi-tactical. [...] Although
almost all searches are in some way exploratory, it is not only the act of exploration that
makes a search exploratory; the search must also include complex cognitive activities
associated with knowledge acquisition".

In addition to exploratory search characteristics, this concept is also related in the
literature to other information seeking behaviors such as information foraging. The
information foraging theory [62, 61] attempts to understand and explain how people
seek information. The authors relied food foraging behaviors to information seeking
behaviors, in a sense that behavioral patterns are similar. For example, based on the

2.1 Exploratory search: an undefined concept
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information scent concept, information seekers detect and use cues (e.g. Web links or
bibliographic citations [60]) to move from one information path to another, looking
for relevant information to their goal. This kind of behavior can be linked to the
informavore concept which characterizes an organism that consumes information.

Children have exploratory search behaviors when they discover the world around
them and learn (new) information about it. They explore without any idea in mind
of what they are going to discover everyday. Exploratory search implies a certain
level of uncertainty [75] and maybe a little bit of innocence in the way the problems
are addressed.

In conclusion, there is no stabilized or consensus definition of exploratory search
adopted by the researchers of the field. Actually, they agree in the literature or in
conferences that exploratory search is a complex topic of interest, which is still in its
infancy. We can retrieved in the literature several characteristics but the process of
exploratory search is still poorly researched and little-understood.

2.2 Exploratory search systems and their
evaluation: limited methods

Exploratory search is still at an early stage of research. In order to support that
specific kind of information seeking activity, some systems, called exploratory search
systems, were designed, mostly in the computer sciences field. Their features and the
proposed interactions are essentially many attempts to support exploratory search
tasks and process. However, as the exploratory search activity have an unclear
definition, the evaluation of exploratory search systems is still an open issue. A main
point is the capacity of the evaluation methods to effectively assess whether users’
exploratory search behaviors and tasks are actually supported by the exploratory
search systems.

In this section we introduce some existing exploratory search systems and the way
designers evaluated them.

2.2.1 Exploratory search systems

In the literature, we can identify different kinds of exploratory search systems, with
different databases, different interfaces, different user experiences, etc. Table 2.1
presents a non-exhaustive list of existing exploratory search systems.

The main goal of these kinds of system is to support the exploratory search activity.
It means that the user’s needs when she achieves an exploratory search task are

2.2 Exploratory search systems and their evaluation: limited methods



different from her lookup tasks’ needs, and the designers have to elaborate new
suitable interfaces supporting this specific activity.

Note that, in Table 2.1 only Cerchiamo is a collaborative exploratory search system.
The numerical superiority leads us to focus only on individual exploratory search
systems in this work.

2.2.2 The need for new evaluation methods of exploratory
search systems

In Chapter 1 we said that the evaluation of exploratory search systems is still an
open issue and a principal subject of interest of the field of research. This problem is
reflected in the designers’ difficulty to evaluate their exploratory search systems. In
the following subsections we present the importance of exploratory search evaluation
and make a survey of the existing methods and their limitations.

2.2.2.1 The importance of exploratory search systems evaluation

Exploratory search is a particular activity and, as mentioned in Section 1.1, its
definition is still vague and non-consensual. Evaluating exploratory search systems
is, almost from the beginning, one of the principal issue which is still open-ended.

Exploratory search systems aim to support a particular information seeking activity
where the goal of search is not really defined in users’ mind. They aim to help
the users to find and discover what they are not looking for. Actually, this implies
some specific features adapted to users’ behaviors when they perform an exploratory
search task.

2.2 Exploratory search systems and their evaluation: limited methods
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In their book [75], White and Roth say that "when evaluating exploratory search
systems, it is impossible to completely separate human behavior from system effects
because the tools are so closely related to human acts, they become symbiotic". It means
that exploratory search activity must to be supported by features, and more broadly
systems, which allow and support this kind of activity in which "the information-
seeking process itself is just as important — if no more so — than the final state" [26].

The main goal in evaluating exploratory search systems is to determine if they
effectively support the users’ exploratory search activity and tasks. The evaluation of
exploratory search systems is recognized as a difficult and subtle activity because
“it entails a qualitative and quantitative analysis both of the user behavior and of the
search results” [12]. These complex systems combine several functionalities and
behaviors forming an "alchemy difficult to evaluate" [54]. The assessment cannot be
the same between classic search systems and exploratory search systems.

The question that always arises is the pertinence of the methods and metrics used in
the evaluation of exploratory search systems.

2.2.2.2 Survey of existing evaluation methods and their limits

While many exploratory search systems have been described in the literature, the way
their designers assess them is very limited and only few of them report evaluations
involving real end-users (see Table 2.1). Exploratory search systems are often
not evaluated, e.g. [1, 13, 22, 41, 40, 42, 43, 53, 59, 69]. When an evaluation
is performed, it generally focuses on one aspect only. It can be, for example,
metrics that assess the outcomes such as the standard Information Retrieval precision
and recall metrics [36, 44, 72], or the evaluation of the interface’s usability [70].
However, standard Information Retrieval metrics are mainly focused on the result
ranking or the algorithm efficiency and they suppose a precisely identified search
target and result set. They are not sufficient because the success of exploratory

search systems does not only depend on the search algorithm quality [63, 75].

In addition, usability issues may only reveal a bad design by a misunderstanding
of the exploratory search system’ interface. But such an evaluation excludes the
interactions and users’ specific needs in an exploratory search task. Then, these
evaluations are not sufficient because the success of an exploratory search system
mainly depends on an appropriate interaction between the user and the system, so a
further characterization of the interaction is necessary. Indeed, in [75], the relation
between the user and the system is considered as "intentionally symbiotic", which
means that for a complete exploratory search systems the user, as like the system’s
algorithms, must be taken to account.

2.2 Exploratory search systems and their evaluation: limited methods
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Mark Nolan said in [50] that "in the design of search results and interfaces for browsing
rich information resources we need to design a certain degree of elasticity into the
product to give users more control over the results", which involves highly interac-
tive interfaces [2]. Limiting the assessment to one aspect only, and ignoring the
importance of the user’s exploratory behaviors, do not allow to demonstrate that the
systems effectively support the exploratory search process.

Evaluation methods of exploratory search systems are always based on an exploratory
search process model, whether implicit or explicit. We only consider the evaluation
methods based on explicit models. We observe that the models used in these methods
do not exactly reflect the exploratory search task. We provide two examples that
illustrate this state of affairs.

In [80], Wilson et al. combine two models in order to automate the evaluation of
advanced search interfaces: (1) Bates’ model [7] of the four levels of search strategies
(move, tactic, stratagem, and strategy), and (2) Belkin’s model of information-
seeking strategies [9]. Wilson et al. also designed an inspection evaluation method
that can be performed without users. However, this evaluation does not take into
account the user’s exploration process in its entirety. Indeed, it mainly focuses on the
tactics the users may employ, and Bates’ tactics are low-level actions such as select,
focus, check, or pinpoint.

In [12], Bozzon et al. extend Kuhlthau’s Information Seeking Process model [28]
and use it in their evaluation. Here again, the evaluation does not take into account
the user’s exploration process in its entirety. Even if the authors involve users in
their evaluation, the main problem is the selected model. The model identifies five
cognitive or mental phases: Initialization, Selection, Exploration, Formulation, and
Collection. Exploration is only a component of the search process while exploratory
search must be considered as the main activity of the user and not a fraction of the
process [75]. Thus, the model cannot reflect the exploratory search process. Another
issue is related to the finite-state automaton (FSA) representation of the Kuhlthau
model used by the authors. In this representation, the cognitive phases of the
model correspond to states, and user actions within the exploratory UI correspond
to transitions between states. Here again, the actions are analyzed at a low level:
click, select, zoom...All the possible actions are listed, for example: Click on the
Select source button for selecting the service to be used as source for the first query. This
low-level actions analysis does not link the actions to higher-level activities. This
gap cannot actually allow a complete assessment of an exploratory search system in
order to verify if it supports users’ exploration behaviors.

To sum up, these two previous model-based evaluation methods propose to analyze
the exploratory search process at a too low level and they do not link the considered

2.2 Exploratory search systems and their evaluation: limited methods
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basic actions to higher-level activities. This gap prevents from having a complete
exploratory search process reflection. In a word, none of these approaches takes
into account the user’s exploration process in its entirety. To design our model-based
evaluation methods of exploratory search systems, we need a model that describes
the information seeking process at a behavioral level.

2.2.3 Conclusion

The complexity of the task and the difficulty to have a consensus and stable definition
of the exploratory search concept are reflected in the limits of existing evaluation
methods of exploratory search systems. These evaluation methods can hardly be
used to determine if exploratory search systems can support users’ behaviors and
exploratory search tasks. Indeed, most of the chosen traditional information retrieval
metrics ignore the nature of the exploratory search process. Furthermore, the few
existing evaluations based explicitly on a model proceed at a too low level avoiding
the analysis of a user’s exploration process in its entirety. Thus, the evaluation
methods of exploratory search are still incomplete as they are not fully based on a
suitable exploratory search process model. Indeed, these methods rely on a model
of exploratory search which is still loosely defined, or at least on a definition which
is not yet clear and stable.

We need a better understanding of the exploratory search process in order to be in
position to verify if exploratory search systems effectively assess users’ exploratory
search behaviors and tasks. Moreover, we need evaluation methods that can be
applied easily or, ideally, tools that help and support evaluators in their system
assessment.

2.3 Our approach to the design of exploratory
search systems evaluation method

The main objective of this thesis is to elaborate a set of user-centered evaluation
methods. Our approach can be seen as top-down in the sense that the methods
we propose are based on a model of users’ exploratory search process. Figure 2.2
depicts our approach schematically.

The first step of our approach is to select an existing model of information seeking
which suits the exploratory search process, or to adapt it, or even to elaborate a
new model of exploratory search process, the most important being that the model
reflects the actual behaviors of users performing an exploratory search task. The

2.3 Our approach to the design of exploratory search systems evaluation method
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Fig. 2.2: Our top-down approach in the elaboration of exploratory search systems evaluation
methods

methods we intend to design are based on this model of exploratory search process,
because exploratory search systems have to be suitable to this specific information
seeking activity. Then, these model-based methods aim to determine if the evaluated
system effectively supports the exploratory search process. The targeted methods
are divided into two: one method with users and another without users. The idea is
to allow the evaluators to have a set of methods which can be used iteratively all
along the design process of an exploratory search system. The method without users
should allow preliminary assessment and be less burdensome. It translates the model
into concrete interface elements or possible actions required to effectively support
exploratory search behaviors. The method with users involves an analysis of users’
activity and behaviors in an exploratory search session with a simplified version of
the model. Furthermore, the two methods are complementary because they do not
highlight the same issues. These targeted methods of exploratory search systems
are designer-oriented and discount. In more concrete terms, the methods can be
widely and easily used, which means that evaluators will not have to know and
understand the model of exploratory search process to use the evaluation methods.
In that sense of facilitating the evaluation process, we also want to increase the test
automation.

In brief, the main specification of these evaluation methods of exploratory search
systems are:

* Two model-based methods which aim to determine if the evaluated systems
effectively support the users’ exploratory search process:one method with users
and another without users.

* Designer-oriented methods, which means:
- easy procedures;

— discount methods;

2.3 Our approach to the design of exploratory search systems evaluation method
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- Tools facilitating the evaluation process.

In the next chapter we present a model of exploratory search which will be used as
a basis of two exploratory search systems evaluation methods.

2.3 Our approach to the design of exploratory search systems evaluation method 17



A model of exploratory search
process

3.1 Introduction: the need for an approximate
model

The difficulty to assess exploratory search systems is related to a lack of knowledge
on the exploratory search process (Chapter 2). A better understanding of this specific
search process is necessary to verify if the exploratory search behaviors are supported
by these systems.

The information seeking process model of exploratory search we are looking for
is what Donald Norman calls an approximate model [51]: it does not depict the
whole exploratory search process in detail or precisely, but it is “good enough for
the purpose to which [it will be] applied” [52]. Norman’s model of the seven stages
of action is such a model. In [51], Norman claims that the process of performing
and evaluating an action can be approximated by seven stages of user activity. He
adds that "real activity does not progress as a simple sequence of stages" and the
identified stages appear out of order and, in the process, "some may be skipped,
some repeated". Unlike the models used in the methods described in Section 2.2.2.2,
Norman describes an approximate model process of action at a general level:

* Establishing the Goal
* Forming the Intention
* Specifying the Action Sequence
* Executing the Action
* Perceiving the System State
* Interpreting the State
* Evaluating the System State with respect to the Goals and Intentions
In our case, the model we are interested in should be designed so as to be accurate

enough to support the elaboration of evaluation methods of exploratory search
systems, and not to describe the whole process of exploratory search exactly. The
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model may describe the main actions, at a behavioral level, of the exploratory search
process.

Furthermore, in the selection of information seeking models, we choose to restrict
our interest to models that describe user’s behavior and the information seeking
process in a search task.

There are three main ways to get the exploratory search process model we are
looking for: (1) we choose an information seeking model that already exists and
conform to the description of exploratory search; (2) we choose a model close to the
concept and adapt it; (3) we elaborate a new model.

The first difficulty in this search for an exploratory search model is the lack of
knowledge we had on the exploratory search process. We cannot find a model if
the definition of this search task is still unstable. Thus, we first needed to stabilize
the definition of the exploratory search by emphasizing its characteristics. These
characteristics allow us to know what to look for in existing information seeking
models. We develop this aspect in Section 3.2. In Section 3.3, we present the
exploratory search model we designed. In Section 3.4 we provide a preliminary
evaluation of the model which leads us to extend it. In Section 3.5, we present the
second assessment of the extended model.

3.2 The information seeking models analysis

Even if the definition of exploratory search is still unstable and open ended, some
characteristics are frequently found in the literature and the different descriptions
of this specific search activity. A certain stabilization of the concept of exploratory
search is necessary to know what to look for in the existing information seeking
models. We will use these exploratory search characteristics as a grid for evaluating
the information seeking process models. To be selected as the model which will
underly our evaluation methods, the candidate models will need to be compliant
with the acknowledged characteristics.

3.2.1 Characteristics of exploratory search

We started to identify the characteristics of exploratory search that appear most
often in literature. Most of the characteristics come from the same few references:
[33, 75, 79]. Even though the same characteristics can be found elsewhere under
different descriptions, they refer to the same idea. We summarized and listed these
characteristics in Table 3.1 [56]. In this table, the order of characteristics is not

3.2 The information seeking models analysis
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meaningful. All are equal insofar as the whole characteristics reflect the exploratory
search behavior. Furthermore, some of them are linked, e.g. characteristics 5 and
6 do not refer to the same thing but they share the same definition because they
are linked. Moreover, some of them refer to other characteristics, e.g. the "evolving
process" characteristic, refers in its definition to characteristics 3, 4, 5, 6 and 7.

Tab. 3.1: Eleven characteristics of exploratory search

Characteristics Definition References

(non exhaustive
list)

1. An evolving search | The user adopts an opportunistic be- | [36, 44, 54, 74,

process havior, and will change or specify | 75, 79]
the objective or goals of search or
even the strategies used to achieve
them through multiple queries refor-
mulation or refinement. During the
search, the user can accomplish for-
ward or backward steps.

2. Several one-off pin- | Throughout the search session, the | [33, 75, 74]
point searches user can do several one-off pinpoint
searches, e.g. she’s looking for a
specified information to better un-
derstand a result or the reason why
the result was proposed. These pin-
point searches can be related to the
exploratory search task or not. This
is closely related to sensemaking ac-

tivities.
3. An evolving infor- | Throughout the search session, the | [39, 75, 74, 79]
mation need user has an evolving information

need. The elements or results dis-
covered may change her information
need and the way she first consid-
ered the framework of the search.
This evolution of the information
need may appear several times in
one search session. It is closely re-
lated to characteristic n°1.

Continued on next page
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Tab. 3.1 — Continued from previous page

Characteristics

Definition

References
(non exhaustive
list)

4. Multiple targets/
goals of search

The user may not have one single
precise goal, but rather one vague
objective and several smaller goals
which may change or evolve during
the exploratory search task so as to
achieve it.

[4, 36, 39, 54, 74,
75]

5. Multiple possible
answers

6. Not an expected ex-
act answer

As the user has one vague objective
and several smaller goals to achieve
it (see characteristic n°4.), the user
might not have one precise answer
but an aggregate of relevant
information which will help her go
further in her reflection and
exploratory search process.

[4, 36, 39, 64, 75]

7. A serendipitous at-
titude

Having a serendipitous attitude is
the faculty to be surprised and to pay
attention to it. The user carries out
her search by adopting a serendipi-
tous attitude; with such open mind-
edness, she can allow herself to be
surprised by some unexpected ele-
ment. She then exploits this discov-
ery by changing the search strategy
or search goal/objective, etc.

[33, 64, 74]

8. An open ended
search activity which
can occur over time

The user might never end her
exploratory search. She can stop
it for multiple reasons (she con-
siders she has enough information
to perform another task for ex-
ample; she doesn’t have time to
carry on the search; etc.), and
she will continue the search few
hours/days/weeks/months/years

later.

[33, 39, 54, 75,
74, 79]

Continued on next page
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Characteristics

Definition

References
(non exhaustive
list)

9. An Anomalous
State of Knowledge
(ASK) and an ill-
structured  (vague,
general or unsure)
context of search or
goals

At the beginning, the user has an
ASK and a general context of search:
she knows the motivation to start the
search, but does not have a precise
idea of what she is actually looking
for (type of results, kind of informa-
tion). She only has a lack of knowl-
edge, a vague objective of search but
no specific of definitive plan to attain
1t.

[36, 54, 75, 74,
791

10. Multifaceted

During the exploratory search, the
user selects one or multiple filters
or facets, to explore the information
space. She will try to find an ap-
proach to her problem, she may find
an angle of attack or a framework
which may include these facets of
the explored subject.

[4, 36, 75,74, 79]

11.
fluctuating

Uncertainty is

The user starts the search with an
intense feeling of uncertainty. The
level of uncertainty is intrinsically
linked to the specification of the
problem. The further the user goes
in her search tasks (she will spec-
ify her objective and maybe define
an approximate plan), the more she
reduces her uncertainty. But if some-
where along the way she changes
her objectives, the uncertainty will
tend to increase again.

[36, 74, 79]

Tab. 3.1: Eleven characteristics of exploratory search

Contrary to the notion of "serendipity", the notion of "serendipitous attitude" that
describes the user’s state of mind, cannot be found in the literature. Nevertheless, this
idea or concept, matches other descriptions / characteristics such as serendipitous

3.2 The information seeking models analysis



discoveries or opportunistic behavior. We were inspired by Sylvie Catellin’s and
Forster and Ford’s descriptions of the serendipity concept [19, 14].

3.2.1.1 Exploratory search and serendipity: two related but different
concepts

In the literature, exploratory search is often linked and sometimes confused to
another concept: serendipity, such as in [19, 23, 36, 72, 73, 74, 75]. Moreover, [24,
27] add serendipity to the exploratory search’s component, proposed by Marchionini,
assuming that "exploratory search behavior comprises a mixture of serendipity, learning,
and investigation". These elements show that the line between these two concepts is
blurred, which can lead to a certain confusion.

Horace Walpole created the word serendipity in 1754. He based his neologism on
the tale of The Three Princes of Serendip and the camel. Walpole’s definition of
serendipity is the human’s capacity to discover by accident and sagacity [14]. Con-
trary to some common definition, serendipity is not only the act of finding by chance
what one is not looking for. Indeed, the role of human’s surprise, interpretation and
sagacity, which is the acuteness of mental discernment and soundness of judgment,
are a part of serendipity concept which cannot be avoided in its definition. Indeed,
the human’s cognitive processes and the element encountered by chance cannot be
separated in a serendipitous discovery. Unfortunately, the second and impoverished
description of the concept is the most widespread, especially in English-speaking
countries or even in the information seeking or retrieval domain [3, 15, 74].

Serendipity may occur in many domains and is widely regarded as valuable in their
process. Indeed, important discoveries in sciences (experimental, humanities and
social sciences, biology. .. ), art or even daily life for example are linked to serendipity.
The most important aspect of serendipity is that it cannot be induced [14]. Indeed,
we can create a favourable environment for its apparition, but serendipity is linked
to uncontrollable aspects, e.g. we cannot induce human’s disposition to make such
discoveries.

We focus here on serendipity in the context of information seeking or retrieval. When
a user performs a search on a search engine, she can make serendipitous discoveries.
André et al. say that these discoveries in a search session potentially match search
results that are interesting but not highly linked to users’ goal of search [3]. This is
really interesting because we can find similar aspects in the definition we made of
exploratory search results in previous work [39]. We describe exploratory search
results in two axes, their interestingness and surprisingness:

3.2 The information seeking models analysis
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* aresult is interesting if:
— the user thinks it is similar to the explored topic, i.e. if the user finds a
result relevant to her goal of search;

— the user thinks she will remind or reuse it, i.e. if she finds the result
interesting but not highly relevant to the actual search.

* aresult is surprising if:
— the user discovered an unknown resource or relation, i.e. between the
query and a result or between two results;

— the user discovered something unexpected.

Serendipitous discoveries are undeniably linked to a certain kind of exploration and
exploratory searches. We can find similarities between the one who makes serendipi-
tous discoveries and children’s exploratory behaviors mentioned in Section 2.1: both
are curious of the surrounding world, intuitive, creative, with an intrinsic motivation
to explore and discover new things [14, 71].

Even if serendipity can be an important part of the exploratory search process,
exploratory searches do not always lead to serendipitous discoveries (users can find
relevant information for their search which are not always serendipitous discover-
ies). As mentioned earlier, we cannot induce serendipitous discoveries, but we can
design exploratory search systems that support the exploratory search process which,
consequently, will be more favorable to discoveries, whether serendipitous or not.

3.2.1.2 Categorisation of the exploratory search characteristics

Based on the previous descriptions of the exploratory search characteristics, we
observed that they can be clustered into three categories (see Figure 3.1) [56]:

* The User category refers to characteristics which are related to the inner state
of the user (feelings, attitude, expectations, etc.).

* The Exploratory search task category refers to characteristics which are related
to the exploratory search task and its process, e.g. the description of the task
or strategies employed by the user.

* The User & Exploratory search task category which refers to characteristics

under both the user and the exploratory search task

The characteristics of these three categories are presented in Figure 3.1. It also
depicts the imperative need to take into account the user and her task in the
exploratory search system development process: from the design to the assessment.

3.2 The information seeking models analysis
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Fig. 3.1: Venn diagram of characteristics of exploratory search.

We have to understand the user’s specific needs and the task she performs to adapt
and improve exploratory search systems.

3.2.2 Existing models of information seeking

It is difficult to differentiate information seeking models and information retrieval
models, especially interactive information retrieval models and information seeking
models involving search component and process. Xie distinguishes in [81] two types
of models, regardless of what terms are used by their authors (information retrieval or
information seeking): models that mainly illustrate the information seeking process,
and models which emphasize the factors influencing the process. In our selection
of models, we choose the first type of models because we want a model that takes
more into account the user and her behaviors in the search process. These process
models represent generally searchers’ activities in a "multi-stage representation" [74]
and many of them were developed before the appearance of the Web or at it early
stage. However, they present relevant aspects of information seeking behaviors that
"transcend technological advance" [74]: they describe typical information seeking
activities such as "clarify vague information needs, learn for information present in the
collection, and investigate solutions to information problems" [74].

We select five candidate models that suit to this definition: Ellis model in its extended
version [17, 18], Bates’ berrypicking approach [6], Kuhlthau’s information seeking
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process model [28], and Marchionini’s model of information seeking [34] and
Marchionini’s model exploratory search [33].

3.2.2.1 Ellis’ model

Based on empirical studies, Ellis’ model proposes a set of six types of information
activities, or features, characterizing the information seeking patterns of real infor-
mation seekers [17]. Few years later, the model was extended in [18] with two other
features. Ellis’ features are described as follows:

* Starting activities such as the initial search for and overview of the literature
or locating key people working in the field;

* Chaining: following footnotes and citations in known material or “forward”
chaining from known items through citation indexes or proceeding in personal
networks;

* Browsing: variably directed and structured scanning of primary and secondary
sources;

* Differentiating: using known differences in information sources as a way of
filtering the amount of information obtained;

* Monitoring: regularly following developments in a field through particular
formal and informal channels and sources;

* Extracting: selectively identifying relevant material in an information source;
* Verifying: checking the accuracy of information;

* Ending: activities actually finishing the information seeking process.

These features form a framework for information seeking [75]. They provide a
"framework for a flexible model to underpin recommendations for information retrieval
system design and evaluation" and they can be employed to derive a set of general
recommendations [17]. The model does not specify the order in which the features
are carried out: an information seeker is not “guaranteed to undergo an identical
information-seeking process as outlined in the model” [75]. The model does not
define either the interactions or interrelationships between the features. Ellis ex-
plains that "the detailed interrelation or interaction of the features in any individual
information seeking pattern will depend on the unique circumstances of the information
seeking activities of the person concerned at that particular point in time". The model
explicitly describes fairly concrete process steps [25]. However, the freedom in this
search representation is really relevant for the design of our exploratory search
model.

3.2 The information seeking models analysis
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Most situations involving information seeking can be characterized by this model,
which might include exploratory search. Moreover, Ellis identifies the model as a
flexible behavioral model rather than a process model.

3.2.2.2 Bates’ model

Bates’ berrypicking model is much closer to the real behavior of information searchers
than the traditional model of information retrieval [6]. It highlights the dynamic
nature of the information seeking process [11]. It is one of the first model which
underline the exploratory nature of this activity. In the model’s description, the
author proposes a dynamic, nonlinear and evolving search process.

The term berrypicking is an analogy to "picking berries in a forest; berries are scattered
on bushes, not in bunches, and the seeker must pick the berries singly" [75]. The
searcher moves into the information space to find relevant information, one by one,
dispersed into several documents. All along the search, every step gives new ideas
to the searcher and can redefine the query or the search goal (see Figure 3.2). It’'s a
constant renewal of the information need.

Berrypicking model differs from classic lookup model in two aspects. The first is the
nature of the query which is described as an evolving one: the queries change and
evolve during the search process. The second concerns the search process which
follows a berrypicking pattern: each stage consists in the identification of a relevant
information which leads to a modification of the search (e.g. a new query). In
other words, Bates highlights the importance of the information encountered in the
modification of the information need.

Boubée and Tricot claim in [11] that Bates’ berrypicking model offers, in that sense,
a formalization of the serendipity concept. We are not agree with this claim. Indeed,
the berrypicking model illustrates exploration behaviors, like the opportunistic
behavior or evolving search. Nevertheless, White and Roth describes berrypicking
as a "commonly used strategy in exploratory searches" [75] (which can be common
with serendipity); and there is no mention in Bates’ model of the surprise linked to
the information encountered, which is essential to the serendipity concept.

3.2.2.3 Kuhlthau’s model

Based on a series of empirical studies, mainly with high school students, Kuhlthau
developed a model of information seeking behavior from the user’s perspective. Here,
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Fig. 3.2: Berrypicking model proposed in [6], (picture from [75]).

information seeking is seen as a problem solving activity [34]. Her Information
Seeking Process (ISP) model is explicitly a process model and proposes several stages
of a successful search [11]. Kuhlthau’s model incorporates the psychological aspects
of search [75] and proposes that the feelings of doubt, anxiety, and frustration play a
role in the search process [74]. Kuhlthau’s approach of the search can be considered,
for this reason, as holistic, with a more global description of the information seeking

process [11].

Kuhlthau describes a model with six stages and incorporates, like nobody did before,
three realms common to each stage: the affective (feelings), the cognitive (thoughts),
and the physical (actions) [28]. The ISP stages are defined as follows by[25]:

1. Initiation: becoming aware of the need for information, when facing a problem
Selection: the general topic for seeking information is identified and selected
Exploration: seeking and investigating information on the general topic
Focus formulation: fixing and structuring of the problem to be solved

Collection: gathering pertinent information for the focused topic

A T e

Presentation: completing seeking, reporting, and using the result of the task

3.2 The information seeking models analysis
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Appropriate

Feelings Thoughts Actions Task
Stages Common Common Common According
in to Each to Each to Each to Kuhlthau
ISP Stage Stage Stage Model
1. Initiation Uncertainty General/ Seeking Recognize
Vague Background
Information
2. Selection Optimism Identify
3. Exploration Confusion/ Seeking Investigate
Frustration/ Relevant
Doubt Information
4. Formulation Clarity Narrowed/ Formulate
Clearer
5. Collection Sense of Increased Seeking Gather
Direction/ Interest Relevant or
Confidence Focused
Information
6. Presentation Relief/ Clearer or Complete
Satisfaction Focused
or
Disappointment

Fig. 3.3: Khulthau’s model of Information Seeking Proces (ISP), proposed in [28]

The search activity is a dynamic process led by feelings interacting with thoughts
and actions (see Figure 3.3). The changes in feelings, thoughts and actions depend
on stages. From the initial stage to the end of the search process, the user makes
choices to achieve her goals by a complex interplay between these three realms.
The importance given to this interplay is really interesting because in exploratory
searches, the user must deal with her feelings (e.g. uncertainty), her thoughts (e.g.
fairly vague) while she is interacting with exploratory search systems.

3.2.2.4 Marchionini’s model (95)

Marchionini’s model focuses on a searching process in electronic environments [34].
In this description of the process, the user is central, she is the one who defines
the task, interacts with the search system of her choice and determines when the
information seeking process is over. The user “possesses unique mental models,
experiences, abilities, and preferences” which have an impact on the search process
and its development. The experience refers to the expertise level of the user about
the setting, the search domain or the chosen system.

3.2 The information seeking models analysis
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Fig. 3.4: Marchionini’s model proposed in [34] (picture from [75])

The model details eight sub-processes which evolve in parallel during the search
process:
1. Recognize and accept an information problem
Define and understand the problem
Choose a search system
Formulate a query statement
Execute search
Examine results

Extract information

® N o ok W Db

Reflect/iterate/stop

This model is more suitable for electronic environments than Ellis’ model [75]. It
focuses on "search for information and does not consider learning and understanding"
[74], which are two main important activities of exploratory search [33].

The model describes, maybe in great detail the information seeking process by
taking into account many elements [11]. Marchionini says that information seeking
"depends on interaction among several factors: information seeker; task, search system,
domain, setting and search outcomes" [34]. The setting is the physical, social and
cognitive environment in which the search takes place. The task here, is explicitly
goal-driven and the user interact with the system with mental and physical actions.
In this model the goal of the search is the same from the beginning to the end of
the search, but the task evolves throughout the search process. Figure 3.4 of [34]
shows an evolving process with many possible transitions between the sub-processes.
There are three types of transitions : default, high probability and low probability.
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Fig. 3.5: Taxonomy of search tasks proposed by Marchionini in [33]

3.2.2.5 Marchionini’s model (06)

The description of exploratory search in [33] is the first attempt for exploratory
search tasks characterization. This seminal model is often used by authors working
on exploratory search.

Marchionini compares exploratory search to the most basic and well-known type
of search activity, lookup, which refers to focused searches where the user has a
specific goal in mind and an idea of the expected result. Marchionini depicts these
two search activities as overlapping clouds (Figure 3.5), suggesting that "lookup
tasks are embedded in exploratory tasks and vice versa" [4].

Marchionini’s model proposes among other things a set of activities, based on Bloom’s
taxonomy [10], related to exploratory search and highlights the activities associated
to exploration (learn and investigate) or lookup: such as knowledge acquisition,
comparison, analysis or evaluation for exploratory search, and known-item search,
verification and fact retrieval for lookup. This model presents the interplay between
these activities (and sub-activities) but does not detail them.

The main goal in exploratory search is learning. But, “learning in exploratory search
is not only about memorization of salient facts, but rather the development of
higher-level intellectual capabilities” [74]. Thus, Marchionini’s model describes the
exploratory search activity at an intellectual level derived on Bloom’s taxonomy of
educational objectives [75].

3.2 The information seeking models analysis
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3.2.3 The information seeking model analysis based on the
characteristics of exploratory search

We identified in the last sections the characteristics of exploratory search and the
information seeking models we want to evaluate.

The next stage is to analyze the identified information seeking process models
and confront the author’s description of the corresponding model to our list of
characteristics of exploratory search. Although we can conceive that any model
would not completely fit the exploratory search definition, the idea here is to
emphasize models that best satisfy the exploratory search characteristics. If we can
adapt one of them to match with the exploratory search characteristics, it may be an
imperfect or incomplete exploratory search model, but good enough to help us in
the design of an evaluation method of exploratory search systems.

In the analysis, we are continuously looking for characteristics of exploratory search
for each information-seeking process model using Table 3.1 as an analytic grid. For
a selected model, we check if the characteristic:

1. is explicitly mentioned in the description provided by the author(s); or
2. can be inferred from the description; or
3. is absent or cannot be inferred.
The model we are looking for presents in its description all the exploratory search’s

characteristics listed previously and depict a model with steps. It also allows a
certain freedom in its search process description because exploratory search is an

unpredictable one, and a search process can differ among exploratory search systems.

Note that the specification of the inferences may show the possibility we will have to
adapt the model, in order to have a model which covers all the exploratory search’s
characteristics. Results of the checking are reported in Table 3.2; in this table, case 1
is coded as Yes (the characteristic is present), case 2 is coded as Yes (Inferred), and
case 3 is coded as No (the characteristic is absent).

Neither of the models checked all the exploratory search characteristics of our
analytic grid. As we can see, Marchionini’s model (06) is the one which fulfills most
of the criteria. Nevertheless, this model cannot be referred as a sequential model, or
in line with Norman’s approximate model. It does not correspond to the multi-step
process we are looking for, and we need lower-level activities to mobilize in our
method in user tests [56]. It is moreover impossible to adapt it in this way. This is
an important point, because we need a model that identifies process steps for our
evaluation method.

3.2 The information seeking models analysis
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Exploratory Ellis Bates Kuhlthau| Marchionini Marchionini
Search Charac- 95 06
teristics

1. An evolving | Yes Yes No Yes Yes
search process

2. Several one-off | No Yes No No Yes
pinpoint searches (inferred)

3. An evolving in- | No Yes No Yes Yes
formation need

4. Multiple tar- | No Yes No Yes Yes
gets/goals of (inferred)
search

5. Multiple possi- | Yes Yes No Yes Yes

ble answers (inferred) (inferred)
6. Not an ex-| Yes Yes No No Yes
pected exact an- | (inferred) (inferred)
swer

7. A serendipitous | No Yes No Yes Yes
attitude

8. An open | No No No No Yes
ended search ac-

tivity which can

occur over time

9. An Anomalous | Yes Yes Yes Yes Yes

State of Knowl- | (inferred) | (inferred)

edge (ASK) and

an ill-structured

(vague, general or

unsure) context of

search or goals

10. Multifaceted No No No Yes No

11. Uncertainty is | No No Yes No No

fluctuating

Tab. 3.2: Information seeking models analysis.

In this table, (1) “Yes”refers to a characteristic explicitly mentioned in the descrip-
tion provided by the author(s); or (2) “Yes (inferred) refers to a characteristic
which can be inferred from the description; or (3) “No” refers to an absent
characteristic or a characteristics which cannot be inferred.
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Bates’ model describes more a strategy used in exploratory searches than exploratory
searches activities. Indeed, it is representative of a form of exploratory search
behavior but does not detail actual activities a user performs in an exploratory search
task (e.g. formulate a query, analysis of the results or results list...) [75]. Morever, it
does not check all the exploratory search characteristics. As the preceding model, it
cannot be used as a basis for a new model.

Kuhlthau’s and Marchionini’s (95) models describe models with steps, closer to the
model we are looking for. As mentioned previously in Section 2.2.2.2, in Kuhlthau’s
model, exploration is only a component of the search process while exploratory
search must be considered as the main activity of the user and not a fraction of the
process [75]. In addition, it describes only a successful search process. It means
that the user achieves her goals of search. The concept of successfulness is different
in exploratory search, because the goals are vague and evolving. A successful
exploratory search is more a formation of an aggregate of relevant information to
pursue the search or knowledge acquisition. For its part, Marchionini’s model (95)
describes a complex model, maybe too much detailed, that takes into account
too many elements [11]. Even if the description is closer to exploratory search
characteristics than Kuhlthau’s description, the exploration is again only a part of the
search process and not the main activity. Furthermore, as described in Section 3.2.2,
the two main activities of exploratory search, learning and understanding, are not
fully considered in the process description.

Ellis’ model does not fulfill either all the characteristics of exploratory search but
its definition and features can be easily adapted to the exploratory search concept
and its characteristics. Indeed, it proposes a non-linear process without predefined
sequences, and we want a model describing an unpredictable process. The author
specified that the model’s features can be employed to derive a set of general
recommendations. This model was already used as a basis for the design of user-
centered evaluation methods, e.g.[32]. Thus, Ellis’ description matches our objective
of an model-based evaluation method for exploratory search systems. For all these
reasons, we selected the Ellis’ features-based model of information seeking as a first
approximation for the design of our model.

However, noticing that the Ellis’ model, in its original form, does not define either
the interactions or interrelationships between the features, we needed to adapt the
model to better suit the exploratory search concept and its characteristic, leading
thus to a second approximation.

3.2 The information seeking models analysis
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3.3 The design method of the model of exploratory
search

As mentioned earlier, the selected Ellis’ model needs to be adapted to better suit
exploratory search concept and its characteristics. Indeed, the features of Ellis’ model
in its original form does not fulfill all the exploratory search characteristics:

* Starting (char. 9)

* Chaining

* Browsing

* Differentiating(char. 10)

* Monitoring (char. 8)

* Extracting(char. 5)

* Verifying (char. 2 partially)
* Ending (char. 8 partially)

We adapted Ellis’ model and designed a new model of exploratory search process.

In the following description of the model, each feature is linked to the corresponding
exploratory search characteristic(s) [56] described in Table 3.1. In Table 3.3, we
present our model of exploratory search process, which consists of ten features
characterizing the exploratory search process. The ten features of the model express
typical exploratory search behaviors and are mostly related to the exploratory search
characteristics.

We did the evaluation of the model in two times, and the preliminary evaluation led
to an extended model incorporating the notion of transitions between features; this
is this model which we used to design the methods reported in Chapters 4 and 5.
In the following Sections 3.4 and 3.5 we describe the first evaluation of the model,
which leads us to extend it, and a second assessment of the extended model.

3.4 Preliminary evaluation of the model of
exploratory search

Exploratory search is a particular information seeking activity. Our model of ex-
ploratory search process satisfies all the principal steps of an information seeking
process described in [35]. We associated the features of our model to Marchionini
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A. Define the search space (char. 9, 10): The user starts her search session with
an anomalous state of knowledge as a general context of search. She has a lack
of knowledge and a vague objective of search, and no specific plan to attain it.
She will find an approach to her problem and may find an angle of attack.

B. (Re)formulate the query (char. 11): The user (re)formulates the problem with
a fluctuating uncertainty. It can be an explicit or implicit formulation: depend-
ing on the user interface, the user may use the search bar or keep in mind her

query.

C. Gather information (char. 5, 6): The user might not have one precise answer
but an aggregate of relevant information which will help her go further in her
reflection and exploratory search process.

D. Put some information aside (char. 3, 4, 7): Throughout the search session, the
user might put some information aside. She will probably come back to it to
pursue/re-start the exploration later.

E. Pinpoint result(s) (char. 2): The user wants more information on one element
(query, answer, or the link between them, etc.). This feature is related to
sense-making activities such as verifying information.

F. Change goal(s) (char. 1, 4): The user will change or specify the objective/goal
of search

G. Proceed backward/forward (char 1): The user can accomplish backward or
forward steps when the pathway followed is not suitable for her.

H. Browse results: The user browses or scans the results given by the system.

I. Analyze results (char. 10): The user selects one or multiple filters (or facets)
to explore the information space. She will try to fit the results into an analysis
framework (relevance of the results). Then, she will identify and analyze all
results and possible paths that can be relevant.

J. Stop the search session (char. 8): The user might never end her exploratory
search. She can stop it for multiple reasons, and she may continue the search
a few hours/days/weeks/months/years/. .. later.

Tab. 3.3: Initial model: the ten features of exploratory search
The features related to one or several characteristics of exploratory search is
indicated with "char X"
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and White’s description of information seeking model, and we can clearly observe
that the two models match:

* Recognize a need for information (Feature A)

* Accept the challenge to take action to fulfill the need (Feature A)
* Formulate the problem (Feature A)

* Express the information need in a search system (Feature B)

e Examine the results (Features E, G, H, I)

* Reformulate the problem and its expression (Feature B and F)

e Use the results (Features C, D and I)

From this mapping we can conclude that our model of exploratory search is indeed
an information seeking model.

In this section we want to verify the relevance of the model. We compare it to the
actual exploratory search behaviors of three information seekers. In this evaluation
we want to evaluate the following hypothesis:

H1: in the user’s exploratory search sessions, we only identify the model’s features.

3.4.1 Protocol

The relevance of the model was tested by comparing it to the actual behaviors of
three information-seekers performing an exploratory search task. We ask three users
to perform an exploratory search on the exploratory search system Discovery Hub!
(see a. in Table 3.6).

3.4.1.1 The test’s protocol

The evaluations follow this protocol:

* Discovery step of the exploratory search system (the day before the ex-
ploratory search session)
1. Presentation of the test’s goal

2. Discovery scenario: interactive demo presenting the exploratory search
system and all its features (see A. in Table 3.7). Thanks to that, users
learned how to use the system and its different features (filters features,

'http://discoveryhub.co/
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explanation features...), and they did not waste time to discover the
system when they will perform the search the day after

* Exploratory search session
1. A reminder of the test’s goal

2. A reminder of the exploratory search system’s features
3. Definition of a personalized search task (the query)
4

. Test session: The participants perform their exploratory search. Each
search session was recorded with a screen recorder?

5. Debriefing session: the participants watch the video of their search session
and commented their choices, their actions, their thoughts, etc. These
explanations were again recorded with another screen record.

6. End of the test and acknowledgment

All the exploratory search sessions are about twenty minutes. We supposed that
twenty minutes will be enough to show a large sample of exploratory search behav-
iors.

3.4.1.2 The elaboration of exploratory search tasks

In this protocol, we allow the user to choose the search task and the query. Indeed,
users’ engagement is really important in user tests, especially in the test of exploratory
search systems. It is this engagement, and the user’ motivation to explore a subject,
which we wanted to induce in this test. We are talking about ecological tasks. In
other words, the task should suit the user’s profession and/or interest to be realistic.
For example, "write an article on topic X" is right for journalists or bloggers because it
is in line with their daily activity and profession.

Then, in these evaluations, we ask to the participants their personal interests in
order to propose personalized exploratory search tasks. In the tests, the tasks are:
"Discover new board games" for the first participant; "Learn new information about
the history of free-jazz" for the second one, and "Learn new information about
Senegal" for the third one.

*We used Silverback, (https://silverbackapp.com/) and Apowersoft (https://www.apowersoft.
com/free-online-screen-recorder)
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frankenfplace

Fig. 3.6: The three different interfaces of the exploratory search system used in the model’s
evaluation: (a) Discovery Hub, (b) 3cixty, and (c) Frankenplace.

3.4.2 Preliminary results

In the exploratory search records analysis of the three records, we want to verify
whether our model reflects the reality of user’s exploration. In this section we present
the records analysis and the first results.

3.4.2.1 Records analysis

In this analysis, we used the recorded videos together with the comments. The
analysis consists in verifying the presence of the model’s features in the users’
exploratory search activity. The analysis was performed by the designer of the model,
by checking the presence of the exploratory search features in the videos and the
users’ comments, using indicators of this presence. For example when the user is
scanning the result list and says "I briefly explore the results list, just to have an idea
of the retrieved results", the identified feature is H. Browsing results.

Following this methodology, for each video, we write down the different chains of
the different model’s features users used in their exploration. Table 3.6 shows an
example of one exploratory search session analysis on Discovery Hub.

3.4.2.2 Results of the analysis

In this analysis of the three records on Discovery Hub, we do find the features of
our model of exploratory search in users’ pathway. Table 3.4 lists the number of
identified model’s features for each exploratory search session. It shows that all the
features are not performed in one single exploratory search session (e.g. Feature D
for the first participant). All these elements valid our hypothesis H1: we only find
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the model’s features in an exploratory search session. We concluded that, even if
further evaluation was needed, the first records analysis validate in the first instance
the model of exploratory search.

We also find an unexpected result: based on the analysis of the chains of the model’s
feature, we present a non exhaustive list of the possible transitions between the
model’s features in Table 3.5. In this table, the left column presents the observed
features that appear before the features in the central column. One will notice that
a search session always starts with A. Define the search space and ends with J. Stop
the search session. The right column presents the features that can appears after
the features in the central column. The transitions list was an unexpected result
but turned out to be extremely relevant to better understand the exploratory search
process. These results led us to complete our model with the notion of possible
transitions between exploratory search features.

3.4.3 The first version of the extended model

These first results allowed us to valid and extend the model. Indeed, as explained
previously, the transitions between the model’s features give a really interesting infor-
mation about the exploratory search process. These transitions express exploratory
search behaviors that all exploratory search systems should facilitate.The list of these
possible transitions is not exhaustive because further evaluation may identify new
ones.

In our model of exploratory search, as well as in Ellis’ model, there is no unique order
between the features. The user follows her own search session pathway, according
to her thoughts, her expertise in the field explored, the elements of information
she encounters, and so on. A user might not perform all of them in an exploratory
search session, as shown in Table 3.4. Therefore, different orders are followed by the
users when performing their exploratory search session, and it is very informative to
identify the transitions that exist between the features: they reflect the important
interaction and interdependence between the user and the system in an exploratory
search.

3.4 Preliminary evaluation of the model of exploratory search
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In Section 4 and 5, we based our evaluation and design methods on this version of
the extended model of exploratory search with the possible transition list described
in Table 3.5. In this version of the possible transitions, the two transitions in bold
with asterisks were not observed in the first records analysis but were inferred. We
added them because they seemed natural to us. We give here some examples:

G — F: When the user does backward or forward steps, she can have an idea and
change her goal(s) of search.

I — G: When the user analyzes the relevance of a result, she also analyzes the
pathway that took her there. If she is not satisfied, she can do backward or forward
steps to restore a satisfactory state.

Marchionini in [34] presents a model with three types transitions between the sub-
processes: default, high probability and low probability. At our stage of knowledge on
the possible transitions we cannot assume that there is different probabilities between
the transitions of our model’s features. Moreover, the frequency of occurrence
presented in Table 3.4 does not allow to establish probabilities of appearance because
the transitions depend on the user, the task, the system’s interface (some transitions
are not possible in all exploratory search systems, e.g no possibility to bookmark a
result from the result list). Then, in Table 3.5, we want only to list all the observed
transitions the users wanted to do in their exploratory search session, regardless of
the systems.

3.5 Second evaluation of the model of exploratory
search

Additional evaluations of the model, following the same protocol, were realized in
parallel with the design and evaluation of the two methods described in Sections 4
and 5.

3.5.1 Protocol

Nine exploratory search sessions were performed on three exploratory search systems
chosen for their very different user interfaces: one on Discovery Hub?, four on 3cixty*
and four on Frankenplace® (see b. and c. in Figure 3.6).

Shttp://discoveryhub.co/
“https://nice.3cixty.com/
Shttp://frankenplace.com/
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Previous features Feature Next features

NA A B;J
A;F B G;H;I;J
D;E;I C D;E;F;G;H;J
E;I D C;F;G;J
G;H;I E C;D;F;G;J
C;D;E;G*;H;I F B;H;I;J
B;D;E;H;I* G E;F*;H;I;J
B;F;G;I H E;F;G;I;J
B;F;G;H I C;D;E;F;G*;H;J
all J NA

Tab. 3.5: Non exhaustive list of possible transitions in an exploratory search session. The
transitions in bold with asterisks were not observed in the analysis of the first
records.

Participant #7 (on Frankenplace):

A—-- B+ H~-E—--C—--G—+E—+C—G—>H—-E—-G—-H-—-E-—C
—-E—-C—>G—1J

Participant #10 (on 3cixty):

A - B — F (failed) -+ G - H = E (failed) 4 G - B - H —+F -G —+ H
— E (failed)  H—-E—-I1—-F—-B—+H—-B — H (failed)  B—+H—-E—+C—
D++H—+E—-I—-D—-G—+H—->G—-F—-B—>1J

Participant #4 (on Discovery Hub):

A B+ H—~I—--B—+H—->E—-G—+H-—->E—->C—>E—-E—-G-—>E
+!1-G—-+H—-E—-1-G—-E—-G—+H—-E—-G—2>E—-I-G—-H—-E—G
—+H—-E—-G—-H—-F—2E—>I1—-G—J

Tab. 3.6: Records analysis: example of correspondence between users’ activity and our
model features.
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In this second evaluation we reduce the time of the search session to ten minutes
because the first evaluations showed that in ten minutes the users can do a quite
advanced exploratory search. Thus, we think that ten minutes were sufficient for
the next evaluations.

3.5.1.1 The test protocol

The used protocol was the same as the one described in Section 3.4. The Discovery
Scenarios of the tested system used for the exploratory search system’s interactive
demo are described in Table 3.7.

3.5.1.2 The elaboration of exploratory search tasks

As we said in the preliminary evaluation, where the protocol is the same for all the
exploratory search systems, we cannot give one same task for the three systems. In
this protocol, we allow the user to choose the search task and the query as often as
we can. We only impose a predefined task for 3cixty, but the task was sufficiently
vague for a personal interpretation (e.g. it could be interesting places or events such
as museum, restaurant, concert...). Thus, the way we define ecological exploratory
search tasks and queries differs for the three systems:

* Discovery Hub. As in the preliminary evaluations, we ask to the participant
her personal interests in order to propose a personalized exploratory search

task. The participant wanted to "discover Snooker®"

* 3cixty. The system proposed a database only on the city of Nice (south of
France), so we propose one task for all the participants, which can concern
everybody in this context: "You want make discover the city for your friends,
and in order to do that, you want to plan an outing (find an event) in Nice".
Note that all the participants live in Nice or in the area, and they know this
city.

* Frankenplace. The system offers a very unique user experience. Indeed, the
results are presented with heat map on a world map (see Figure 3.6). The
number of results depends on the database and the subject explored. We ask
the participants to choose the most interesting query on the examples proposed
by the system on its home page. We needed a query that offers a rich amount
of result for a richer exploration. Indeed, in the design phase of the protocol,
we realized that only few queries offer on this system a large number of results.

®Snooker is a cue sport
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A. Discovery Hub: "A user heard about Claude Monet on the radio. She wants
to know more about this impressionism painter and goes on Discovery hub.
She reads the tutorial, and the descriptive text below the search bar. Then,
she writes "Claude Monet" on the search bar and launches the query without
specifying the characteristics. The results are classified in categories and
carrousels. First, she wants to clarify her knowledge on Claude Monet and
she clicks on its icon. A pop up opens and she reads the little descriptive text
of Wikipedia. She goes back to the result list. She is interested in Camille
Pissarro and opens the corresponding pop up. She clicks on the explanation
features in order to learn why the result is recommended by the system, what
is the link between Claude Monet and Camille Pissarro. Then, always on the
descriptive pop up of Camille Pissarro, she reads the associated tags and clicks
on "Paul Cézanne". A description of Paul Cézanne appears. She returns on
Camille Pissarro’s description using the breadcrumb at the top of the pop up.
She adds Camille Pissarro to her bookmarks and launches a new search on the
painter from the button "run an exploration"."

B. 3cixty: "A user lives in the city of Nice (France). Two of her friends will come
a weekend to visit her. She wants to organize the weekend in order to make
discover the city and to find them an accommodation. She goes on 3cixty,
reads the text describing the system. She clicks on the tutorial button ("?") in
order to better understand the interface and what she can do. She clicks on
"Explore all events & places" and again on the tutorial button. The user uses
the filter features with the "current location" specification and specifies 800
meters in order to get suggestions of hotels, places and restaurants around
her apartment. She selects five results and clicks on "make a new box" and
analyses them with the other two views: (1) descriptive view, and (2) the map.
She adds one result on her wish list on the descriptive view."

C. Frankenplace: "After visiting Turkey, a user wants to know more about Alexan-
der the Great and goes on Frankenplace. She writes on the search bar "Alexan-
der the Geat" and launches the query. The results are presented on an heat map
and the user observes that they are mainly concentrated on Greece and Turkey.
The user zoom in to get refined results and more precision. An overview of the
results appears in a box when the user’s mouse pointer hovers the Izmir zone.
She scans them and clicks on the zone to fix the results list, which allow an
analysis of the results box with more precision. Then, she analyzes the associ-
ated tags and moves the mouse over the different results from "Wikipedia" and
blog articles in the "TRAVEL" section. She clicks on a tag, and continues her
exploration on an other map zone."

Tab. 3.7: Evaluation of the model: the discovery scenarios for the three systems
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If the user chose a query by herself, we cannot be sure that the system will
present enough results for a ten minutes search session. For all these reasons,
when one example matches with participant’s interest, we ask the participant
to launch a query on the subject (e.g. Castle, Bronze Age, and Olympics). Only
one participant was not interested in the example and she choose by herself a
subject of exploration : Bruce Springsteen.

3.5.2 Results

As in the preliminary evaluations, we want to verify whether our model reflects
the actual exploratory search behaviors. In that sense, we still want to evaluate
hypothesis H1: in the user’s exploratory search sessions, we only identify the model’s
features.

3.5.2.1 Records analysis

Like the preliminary evaluation, the analysis was performed by the designer of the
model, who follows the same analysis methodology: she checked the presence of the
exploratory search features in the videos and the users’ comments, using indicators
of this presence. Table 3.6 shows three examples of exploratory search session record
analysis on Frankenplace (participant #7), 3cixty (participant #10) and Discovery
Hub (participant #4). When a user failed, for any reason, to do one feature, we
noted them X (failed).

As the first evaluation, for each of these exploratory search sessions, we do find again
the exploratory search features of our model. Moreover, in the twelve exploratory
search sessions, we still do not find any other activity that do not correspond to one
model’s feature. Considering that we do not find any other activity than our model’s
features, we can say that our model of exploratory search represents exploratory
search behaviors involved in an exploratory search task. The hypothesis H1 is
validated, and so is our model.

3.5.2.2 New observed possible transitions

We can therefore say that our model can express the users’ activity during an
exploratory search task. This time, the possible transitions were an expected result,
and we list again the observed ones. With the additional records analysis, we
extended Table 3.5 with new observed possible transitions, exposed in Table 3.8.

3.5 Second evaluation of the model of exploratory search
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Previous features Feature Next features

NA A B;J
A;B;F;G;H;I B B;E;G;H;I;J
D;E;I C D;E;F;G;H;I;J
E;I D C;F;G;H;J
B;E;F;G;H;I E C;D;E;F;G;I;J
C;D;E;G;H;I F B;E;H;G;I;J
B;D;E;F;G;H;I G B;E;F;G;H;I;J
B;D;F;G;I H B;E;F;G;I;J
B;C;E;F;G;H I B;C;D;E;F;G;H;J
all J NA

Tab. 3.8: Extented version of the non exhaustive list of possible transitions in an exploratory
search session. The transitions in bold were non observed in the precedent version
of the table (Table 3.5).

Note that the new table is still non exhaustive and, as our model of exploratory
search, it can evolve with further records analysis.

The inferred possible transitions, with in bold with an astreriks in Table 3.5 were

observed in the second evaluation, in the analysis of further exploratory searches.

Table 3.8 presents an extended version of the observed possible transitions. These
are two versions of a non exhaustive list of the possible transitions between the
features of our model. This list can be completed with further analysis of exploratory
search sessions.

3.5.3 The extended model

With the additional records analysis of the second evaluation, we validated the model
but also discover new possible transitions between the model’s features. These new
elements led us to extend our model’s features with the new observed possible
transitions, exposed in Table 3.8. The new version of the extended model is based on

the model’s features (Table 3.3) and on the new version of the transitions (Table 3.8).

Note that the new table is still non exhaustive and, as our model of exploratory
search, it can evolve with further records analysis.

3.5 Second evaluation of the model of exploratory search
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3.5.4 Discussion

In this second analysis we observe that, sometimes, depending on the exploratory
search system, some features cover several actions. For example on Frankenplace,
H. Browsing History refers to scan the heat map, and scan the associated results and
tags on the window on the right side of the screen; on Discovery hub, it refers to
scroll the result list and the carousels; and finally, on 3cixty, it refers to scroll the
result list, or observe the results on a map. We voluntarily choose a model of the
exploratory search process that can be used on all exploratory search systems. It
means that a model’s feature can cover several actions depending on the proposed
interface, but describes one exploratory search activity. The designer or the evaluator
of the system has to specify in her analysis which actions correspond to which
feature.

We also observe that sometimes, users failed to do the feature they wanted. For
example, in Table 3.6, the participant #10 failed at four times. In these cases, there
are two observed reasons: the users do not know how to use the system, or how
to achieve an action (which we associate with the corresponding feature in the
analysis). We are talking about usability issues (when a user wants to do an action,
which is possible, but fails because she does not know how to do it) and missing
system’s features (when a user wants to do an action, but the system does not offer
the possibility to do it; e.g. if a user wants to bookmark a result and the systems
does not offer this possibility). Actually, the failed features are really informative

and give clues to improve the system in term of usability and proposed features.

Indeed, these failed features show how the system should support the exploratory
search behaviors.

In this analysis, we observe that, rarely, some model’s features iterate. We explain
here the observed situations:

* B — B: when the user refines the query (e.g. on 3cixty, the users can refine
the launched query by using filters features).

* E — E: when a user discovers a result and clicks on an associated tag for
discovering the tag’s description (e.g. on Discovery Hub tags are associated to
result’s description).

* G — G: when a user performs several backward steps.

From this observation, we can suppose that the possible transitions we described in
Table 3.8 are not the same for every system, according to their interface (e.g. there
is no possibility to do the transition E — E on 3cixty).

3.5 Second evaluation of the model of exploratory search
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Finally, we observe some patterns in the users’ behaviors. Here, the term pattern
refers to identical series of features. Further analysis of exploratory search behaviors
may show more patterns. We think that strategies of exploratory search can appear
from these patterns. This may be really informative for a better understanding of
exploratory search process. Indeed, strategies are exploratory search behaviors that
every exploratory search system also should support. We give here some examples
observed in the analyzed exploratory search sessions:

* Start the search session: all exploratory search sessions start with A. Define
the search space — B. Formulate the query — H. Browsing results, which means
that when a user defines the goal of search (A), she formulates the query (B)
and scans the result list (H).

* Reformulate a query: all the query reformulations are identified with F.
Change goal(s) — B. Reformulate the query. In other words, before reformulat-
ing the query (B), the user may change her goal of search (F).

* Bookmark results: all the bookmarked results are preceded by I. Analyze
results — C. Gather information — D. Put some information aside. It means that
the user first analyzes the relevance of a result (I), gathers information that
she finds interesting (C) and puts it aside as a bookmark (D) for individual
reason.

3.6 Conclusion

In this section we wanted to find or elaborate an approximate model of exploratory
search which will serves as a basis to our evaluation methods.

In this design process, we first established the eleven characteristics of exploratory
search. We used them as an analysis grid to evaluate five candidate models of
information seeking. Our goal was to establish if we can choose without modification
one of them. None of the models checked all the characteristics of exploratory search
and we had to adapt one of them to the exploratory search process. The selected
model is Ellis’ model because its description of the search process is non-linear, and
without predefined sequences. Moreover, the author describes explicitly a model
that can be used for the design of recommendations.

Thus, we designed our model of exploratory search on Ellis’ model and we evaluated
its relevance by verifying if it effectively reflects the activity of three successive
groups of participants using respectively one of the following exploratory search
systems: Discovery Hub, 3cixty and Frankenplace.

3.6 Conclusion
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The results analysis shows that in the twelve analyzed records, we can find all the
model’s features and no other kind of search activity. The model of exploratory
search is validated and then expresses the users’ activity during an exploratory search
task. From the evaluations, we also find an unexpected result: an non-exhaustive
list of the possible transitions between the model’s features. These transitions are
extremely interesting for a better understanding of users’ exploratory behaviors. We
extended the model by integrating in it this notion of possible transitions.

The evaluation shows also the importance of a good usability. Indeed, problems of
usability are more than a half of the cause of failed features. It shows also what kind
of information or interactions the user may wants to get a satisfactory exploratory
search experience.

In the next chapter we will present the first evaluation method we designed based on

our exploratory search model. This method is an inspection method of exploratory
search systems’ interfaces.
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An inspection method without
users

4.1 Introduction: the need for a simple and
inexpensive inspection method

In Chapter 3, we introduce a model of exploratory search. We designed this model
with the intent to use it as a basis for the elaboration of evaluation methods of
exploratory search systems that effectively assess their capacity of support the
exploratory search process. After the model design, we decided to propose two
different user-centered evaluation methods for a complete user-centered evaluation
of exploratory search systems. These two methods fall into two categories which
are commonly used for the users interfaces evaluation: inspection methods and
empirical methods. The inspection methods (e.g. cognitive walk-through, heuristic
evaluation, feature inspection, Standards inspection. .. ) differ from empirical methods
(e.g. user test, interviews. . .) in that way they do not involve users in the evaluation.
The inspection of the interface is realized by evaluators, mainly experts in user-
centered evaluation (e.g. user experience, usability, persuasive technologies...).
These methods are also qualified as discount, i.e., low-cost methods [16, 46]. Indeed,
interface testing with users requires a lot of time (for the preparation, the recruitment
of users, the tests, the analysis. ..) and often a budget for the recruitment. On the
contrary, inspection methods are easier to apply and save users for tests at a later
stage. Empirical evaluation and inspection methods are not enough by themselves:
they are complementary to the other methods. Reporting on usability inspection
methods in [47], Nielsen claimed that these methods "are able to find many usability
problems that are overlooked by user testing but that user testing also finds some
problems that are overlooked by inspection, meaning that the best results can often be
achieved by combining several methods".

We decide to propose two kinds of model-based methods: an inspection method that
can be use all along the design process of the exploratory search system, and an
empirical method that involve end-users during the assessment phase, which imply
at least a functional prototype (see Chapter 5). We focus in this chapter on the way
we designed our heuristics of exploratory search and evaluate them.
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The work exposed in this section was published in [55].

4.2 Heuristics evaluation as the type of expected
inspection method

The evaluation methods we design target the designers of these systems. It means
that the computer scientists that will use the methods are not familiar with evaluating
their systems in a user-centered way. This include the use of inspection and empirical
methods. This fact imply a constrain: we have to design evaluation methods that
can be used as they are, without requiring any knowledge about them.

We are focusing in this section on the design of an inspection method which will be
based on our model of exploratory search. In the literature, we can find different kind
of inspection method. [47] offer a description list of inspection methods (heuristic
evaluation, cognitive walk-through, feature inspection...) which can be used in the
usability analysis. The heuristic evaluation and cognitive walk-through are the most
used ones:

* Heuristic evaluation: from all the inspection methods, heuristic evaluation
is the "most informal" one [47]. It is an easy method to perform, and can be
used several times along the design process, from the first sketches of the user
interface to the final product. Heuristic evaluation is therefore compatible with

classical development life cycles, as well as prototyping and agile approaches.

A heuristics-based evaluation method allows the identification of issues and
their correction in a specific domain. In such a method, evaluators use a set of
established principles, called heuristics or criteria, to inspect the user interface.
For each element of the interface, they will determine its compliance with the
appropriate principle/heuristic. Several expert evaluators (generally between
3-5 evaluators) evaluate the interface individually. They will combine the
inspection reports and confront what they identified. Nielsen’s heuritics [45]
and Bastien and Scapin’s ergonomic criteria [5, 65] are a good examples of
heuristic evaluation in usability domain.

* Cognitive walk-through: this inspection method is a task specific approach,
in contrast with the heuristic evaluation which is more holistic in the issues
identification!. Indeed, Cognitive walk-through method is usually used to

evaluate the learnability of software interfaces [68]. As heuristic evaluation,

this method can be applied at an early stage in the design process of the

evaluated system. In cognitive walk-through the evaluators define the task or

1From: https://www.interaction-design.org/literature/article/how-to-conduct-a-cognitive-
walkthrough
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tasks system’s users would do. The idea is to verify if any action leads to the
next correct action to achieve the identified task.

Cognitive walk-through presupposes a good knowledge on users’ tasks, in our case
exploratory search tasks. However, we cannot predict what actions are needed to
achieve one feature. Indeed, each interface of exploratory search system is different.
In addition, we cannot predict the transitions between our model’s features (see
Tables 3.5 or 3.8), all the more as we have not ourselves an exhaustive knowledge
of transitions. It would be quite difficult to design such an inspection method. Thus,
we choose to design a heuristic evaluation method because it matches to our needs:
it is an inspection method with a simple protocol and which can be easily used by
non-experts. In addition, the principles (or heuristics/criteria) can be derived from
our model of exploratory search. These principle can be fairly generic and applied
on all kind of exploratory search systems. Indeed, these principles will allow to
verify whether the system effectively support model’s features and the transitions
between the features.

4.3 The model-based design process of our
heuristics of exploratory search

The inspection method we want is divided into two elements: the heuristics of
exploratory search and a procedure to use them (see Section 4.4). In this section
we focus on heuristics and explain that they are based on our model of exploratory
search process (in its first extended version) we designed and presented in Chapter 3.
The heuristics must help assess that the evaluated exploratory search system support
the model’s features and facilitate the transitions depicted in Table 3.3 and 3.5.
Indeed, the evaluation method must take into account the transitions, in order to
make the exploratory search process easier. In other words, the heuristics translate
the features and the transitions into concrete interface elements or possible actions
required to effectively support exploratory search behaviors. Designed appropriately,
these elements will help the user perform her exploratory search task.

In this section, we present the design method of our heuristics of exploratory search
and their two different forms.

4.3.1 Heuristics’ design methodology

The heuristics of exploratory search are based on the model’s features and transitions,
in the sens that they translate them in concretely elements or possible actions
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required to support exploratory search behaviors. However, in the design process of
the heuristics, we realized that one heuristic is not necessarily linked to only one
feature or to only one transition. So we had to cluster features and transitions.

We fist start with the transitions between the model’s features: we listed the different
ways to facilitate them. We chose to start with the transitions because they are more
linked to concrete system’s features than the model’s features (e.g. transition E,I —
D is related to bookmarks feature). In addition, we saw in Section 3.4 what kind of
systems’ features support these transitions. Thus, we started the heuristics design
from a baseline, with concrete elements (e.g. necessary system’s features) observed
in the exploratory search sessions in Sections 3.4 and 3.5. For example, F (Change
goal(s)) — B ((Re)Formulate the query) can be realized in different ways and implies
different needs in terms of interface elements: the user must be able to change easily
her search at any time during her search session. This includes different situations,
and that is why two heuristics are proposed:

* The search bar or the bookmarks are accessible anytime during the search
session.

* The system should allow to start a new search from the search bar but also
from an element of the interface (e.g. a result, a world/element on the result
description. .. ).

After that, we cluster the transitions corresponding to the same action with the
same interface elements. For example, we cannot cluster the previous heuristics, but
the transitions E (Pinpoint result) — D (Put some information aside) and I (Analyze
results)— D can both be facilitated by using bookmarks.

Notice that transitions C, D, E, G, H, I — F does not have linked heuristics because
there are no interface elements that facilitate the transition to F (Change goal(s)).
Indeed, feature F cannot be translated by a physical action: it occurs when the user
decides to change her search goal.

We then add heuristics that facilitate model’s features, and we also based the
heuristics we propose on the observed exploratory search sessions of Sections 3.4
and 3.5. We note the elements of interface on the four systems analyzed that allow
or facilitate the performance of a feature (e.g. a search bar for feature B). We also
propose solutions for failed model’s features related to a missing system’s feature
(e.g. an browsing history). Same heuristics can refer to different features, for
example we cluster "A & B" and "E & I" sometimes more than once.

At this time we have our list of heuristics of exploratory search which support the
exploratory search behaviors.
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Furthermore, we notice that the heuristics can be classified into different screens:
home page, list of results/data, elements’ description, browsing history/breadcrumb,
and any screen. It appears to us that this classification would facilitate the usability
of the heuristics for computer scientists. And to this end, sometimes, we need to
split some heuristics in two, e.g. the previous transitions E,I — D:

* List of result/data: The system should allow the user to bookmark elements
from the result list.

* Elements’ description: The system should allow the user to bookmark ele-
ments from the elements’ description.

The evaluator will be able to use these classified heuristics without understanding
or knowing the model of exploratory search process or the transitions between the
features to evaluate the exploratory search system. She will only use the heuristics
and verify if the system satisfies all of them.

All the heuristics provide elements that support at least one feature or transition.
Thus, if at the end of an evaluation of a given exploratory search system we find that
the system satisfies all the heuristics,we can conclude that it supports the exploratory
search process and behaviors. As mentioned earlier, this evaluation of exploratory
search process should be performed by persons familiar with the exploratory search
process (e.g. exploratory search systems designer, UX designer...). The level
of knowledge on exploratory search can vary but a certain level of experience is
required: the evaluators must be familiar with the project and the exploratory search
concept. Indeed, they will use the heuristics as well as their own experience in
exploratory searches to analyze and improve their exploratory search system.

4.3.2 The heuristics of exploratory search: the classic form

Here we introduce a list of exploratory search heuristics based on our model of
exploratory search. For an easy use, they are classified according to the user interface
screens (e.g. home page, list of results. ..). The evaluator can inspect her system by
following our heuristics’ presentation.

Here we present the twenty two heuristics of exploratory search we designed. They
are classified into five different screens: the home page, the list of results/data,
the elements’ description (referring to the results’ description and/or the query’s
description), the browsing history/breadcrumb and the heuristics which can be
applied on any screen.

1. On the home page
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Description of provided information: from the very start, the user
should understand what kind of information she will find by using the
system (the explored field, the mediatype...). She may know what kind
of query or search she can do. (A)

Tool for defining the search space: the system use tools to help the
user to define her search space (e.g. query auto-completion feature,
suggestions, automatic correction or filtering tools, etc.). (A & B)

Proximity of the search bar/system’s description: the search bar (or
bookmarks, filtering tools, etc.) and the system’s description are always
nearby. (Transition A — B)

2. On the list of results/data

List of results after query formulation: the system should present the
results list after a query (re)formulation and a change of goal(s). (Transi-
tions B, F — H)

Picture/snippet associated to a result title: the system should associate
to the title of the result a picture and, if it is possible, a result snippet.
The idea is helping the user to understand and evaluate the results list
faster. (I)

Result presented WRT result type/main activity: the system should
present the result/data in a relevant way according the type of the re-
sult/data and the main activity (list, graph, carrousel, parallel inter-
faces...). ()

Bookmarking from result list: the system should allow the user to
bookmark elements from the result list. (Transitions E, I — D)

Way to access to element description: the system should show in the
results list the way to access to the elements’ description (e.g. more
details button). (Transitions H, I — E)

Most relevant results displayed first: the system should first display
the most relevant results (e.g. a top selection list, the similarity or even
the distance between the query and the result, etc.). (Transition B — I)

Filters features available: the system should make available filters fea-
tures that help the user to understand and analyse the results’ list. These
filters can be proposed by the system and/or chosen by the user (e.g.
common facets). (Transition F — 1)

Explanation of the results: the system should explain why a result is
proposed from the results’ list. This explanation should help the user to
analyse its relevance. (Transition H — I)

3. On the elements’ description
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* Query description: if there is query formulation, the system should
provide a description of the query. Sometimes the user may explore
unknown subject and need to learn more about it. (E & I)

* Several types of information for one result: the system should give
enough information to provide a better understanding of the result. Ev-
ery result should propose a description (text, picture(s), video, maps,
sources. . .), the associated tags, characteristics, links, etc. These infor-
mation enable the user to analyse the relevance of the result. The user
mustn’t need to go elsewhere (another search engine or website) to search
the explanation. (E & I)

* Explanation of the results: the system should explain why the result or
element is proposed (why the user would find it relevant). Indeed, the
link between two elements should be described (e.g. the link between the
query and the result: the characteristics in common, a chosen filter...).
(E&D

* Comparison features: the system should offer comparison features be-
tween at least two elements (including the query, different results...).
This point is really important, especially if the user is often led to compare
several element of information in her goal task or exploration. (E & I)

* Bookmarking from the description: the system should allow the user
to bookmark elements from the elements’ description. (Transitions E, I —
D)

4. On browsing history/breadcrumb
* Element description already read: in the browsing history or the bread-
crumb, the system should show the elements’ descriptions the user already
read. (Transitions G — E, and G — 1)

* Presence of a shortcut to the results lists: in the browsing history or
the breadcrumb, the system should show where the user was browsing
the results’ list. (Transitions G — H, and G — 1)

5. On any screen
* Always accessible search bar and bookmarks: the search bar or the
bookmarks are accessible anytime during the search session. (Transition
F— B)

* New search launchable from search bar/any element of the inter-
face: the system should allow to launch a new search from the search bar
but also from an element of the interface (e.g. a result, a world/element
on the result description, etc.). (Transition F — B)
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* Easily or always accessible browsing history/breadcrumb: the sys-
tem should propose an easily (or always) accessible browsing history
breadcrumb and back/next buttons. (Transitions B, D, E, H, I — G)

* Launched query always accessible: the system should help the user to
keep in mind her goals of search (e.g. the user can see, at any time, the
query and the exploratory search pathway throughout breadcrumb or
browsing history). (G)

4.4 The protocol

In Section 4.3.2 we present our heuristics of exploratory search. In this section, we
present two other adapted version of the heuristics for an easy use. We also propose
a simplified evaluation procedure to use them.

4.4.1 Usability of the heuristics of exploratory search

In a inspection evaluation, the evaluators can print them use them as they are.
Nevertheless, we thought about ways in which the usability of the heuristics would
be easier. We propose here two other version of the classics heuristics of exploratory
search: an interrogative form version, and a online version of this interrogative form.
Indeed, the first computer scientist’s feedbacks on the classic version of the heuristics
reveals that heuristics in an interrogative form were more understandable for them.
As we said earlier, they are not familiar with inspection methods, and an interrogative
form allow a better understanding on what they have to do in such evaluation (e.g.
seek on the interface if a specified element is effectively present).

In sum, the heuristics can be used:

* In a paper form for the two version of the heuristics: classic and interrogative;

* Online with a Google Form which use the interrogative form of the heuristics.

4.4.1.1 Heuristics of exploratory search: the form format

Here we present the heuristics of exploratory search in their interrogatory form. As
the classic form, they are classified into five different screens: the home page, the list
of results/data, the elements’ description, the browsing history/breadcrumb and the
heuristics which can be applied on any screen.
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1. On the home page
Q1.a. Is there a text describing the system and/or a tutorial (or other)?
From the very start, the user should understand what kind of information
she will find by using the system (the explored field, the mediatype...). She
must understand from the starting screen what kind of query or search she can
perform.

Q1.b. Does the system propose features or tools that help the user to define
the search space?

The system use tools to help the user to define her search space such as: query
auto completion feature, query suggestion, automatic correction, filtering tool,
other...

Q1.c. Are the search bar (or bookmarks, filtering tools, etc.) and the sys-
tem’s description nearby on the home page?

2. On the list of results/data
Q2.a. After formulating a query (or refining one), does the system present
the result list?

Q2.b. On the result list, does the system associate to the retrieved results
several information about them?

The idea is helping the user to understand and evaluate the results list faster
(e.g. a title, a picture, a result snippet, other...)

Q2.c. Does the system present the results or data in a suitable way accord-
ing to the main activity (e.g. list, graph, carrousel, parallel interfaces. .. )?
For example, if the main activity is to compare elements, a parallel interface
would be more appropriate. On the other hand, if the main activity is to
explore a large amount of data, a graph visualization would be more relevant.

Q2.d. Can the user bookmark elements from the result list?

Q2.e. Does the system indicate the way to access to the elements’ descrip-
tion from the results list (e.g. more detail button, other...) ?

Q2.f On the results list, does the system first display the most relevant
results?

e.g. top selection list, Features showing the degree of similarity, Features
showing the degree of distance between the query and the result, other. ..
Q2.g. Are there filters features that help the user to understand and ana-
lyze the results list?

These filters can be proposed by the system and/or chosen by the user (e.g.
common facets).
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Q2.h. Does the system explain why a result is included in the results list?
This explanation should help the user analyze its relevance (e.g. explanations
features, other...)

. On the elements’ description

Q3.a. When a query is launched, does the system propose a description of
the query?

Sometimes the user may explore unknown subject and need to learn more
about it. A description of the query will help the user to explore and evaluate
the results.

Q3.b. Does the system associate in the description of a result enough infor-
mation to perform an exploratory search?

The system should give enough information to provide a better understanding
of the result. Every result should propose a description (text, picture(s), video,
maps, sources, other...), the associated tags, characteristics, links, etc. These
information enable the user to analyze the relevance of the result. The user
must not need to go elsewhere (another search engine or website) to search
the explanation.

Q3.c. Does the system provide in an element’s description an explanation
about the link between two elements (query - result, or between two re-
sults)?

The system should explain why the result or element is proposed (why the
user would find it relevant). Indeed, the link between two elements should be
described (e.g. the link between the query and the result: the characteristics
in common, a chosen filter...).

textitQ3.d. Does the system provide comparison features between at
least two elements (including the query, different results, etc.)?

This point is really important, especially if the user is often led to compare
several element of information in her goal task or exploration.

Q3.e. Can the user bookmark elements from the elements’ description?

. On the browsing history/breadcrumb

Q4.a. Does the system provide a breadcrumb or a browsing history?

A browsing history or a breadcrumb should help the user to make some
backward steps when she estimates that the followed pathway is no longer
suitable for her.

Q4.b. In the browsing history or the breadcrumb, does the system show
the elements’ descriptions the user already read?

If your system does not provide any browsing history or breadcrumb, please
skip this question.
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Q4.c. In the browsing history or the breadcrumb, does the system show
where the user was browsing the results’ list?

If your system does not provide any browsing history or breadcrumb, please
skip this question.

5. On any screen
Q5.a. Does the search bar and the bookmarks are always accessible during
the search session?

Q5.b. Does the system allow the user to launch a new search from the
search bar but also in another way (e.g. from an element of the interface)?
For example it can be from a result snippet, a world/element on the result
description, etc.

Q5.c. Does the system propose an easily (or always) accessible browsing
history, breadcrumb and back/next buttons?

Please skip this question if your system does not provide browsing history,
breadcrumb and back/next buttons.

Q5.d.Does the system show the launched query on any screen?

The system should help the user keep in mind her goals of search (e.g. the user
can see, at any time, the query on the result list and the exploratory search
pathway throughout breadcrumb or browsing history).

For a better understanding, we illustrate these heuristics with screenshots when it
was possible in a document accessible online: https://goo.gl/odrS2e.

4.4.1.2 The evaluation checklist

We propose the heuristics in their interrogative form on an online Google From,
we call it the evaluation checklist:http://bit.ly/evaluation-checklist. We de-
signed this evaluation check list for an easy use of the heuristics: the evaluators
can record online their answers for each heuristics. Moreover, the inspection of an
interface is performed individually by several evaluators. The online form groups all
the evaluators’ answers in one unique report and therefore ease the comparison. We
suggest the evaluators to perform their inspection with the evaluation checklist, and
that is why we tested them in the evaluation of the heuristics in Section 4.5.

4.4.2 Prepare and perform the evaluation

Accompanying the heuristics, we propose a simplified procedure to use it, i.e., a
procedure for performing a heuristic evaluation based on our evaluation checklist.
This procedure is inspired from the classical heuristic evaluation procedures (see, e.g.,
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Nielsen [47]). The procedure consists of three steps: (1) preparing the evaluation;
(2) performing the evaluation; (3) analyzing the evaluation results and suggesting
recommendations.

1. Preparing the evaluation

* Forming the evaluation team. The evaluation is supposed to be directed
by an evaluation director, who first recruits two to five evaluators to
ensure that a large part of the critical interface aspects (negative and
positive) will be identified. The evaluators must be familiar with the
exploratory search process and belong to the same design team (computer
scientists, UX designers, etc.). Their knowledge about exploratory search
can vary but a certain level of experience is required. Indeed, they should
understand users’ needs and behaviors in an exploratory search session.
Experts will notice more interface issues than novices.

* Briefing the evaluators. The evaluators are informed of the goal of
the evaluation and familiarized with the system to be evaluated. They
are provided with the heuristics in their form format? i.e. phrased in
an interrogative form and classified into different screens (home page,
results list, etc.) in order to facilitate the evaluation process.

2. Performing the evaluation

* Inspecting the interface. The evaluators perform the evaluation individ-
ually. Using the evaluation checklist, they analyze the interface screen by
screen. On a screenshot, they identify for each question the corresponding
elements of the interface (e.g. search bar, description the system, result
snippet. ..). They indicate for each element of the interface if it complies
the heuristic in its question format (positive aspect - “Yes”) or not (neg-
ative aspect - “No”). It is very important to record the positive aspects
also in order to keep them as is thereafter. For example, consider the
evaluation of Aemoo a Semantic Web application supporting knowledge
exploration on the Web. When considering the Aemoo home page (see
Figure 4.1), this evaluator may notice that it fulfills the heuristic: HOME
PAGE > The search bar and the system’s description are always nearby.

* Reporting the results of the evaluation session. To document the posi-
tive and negative aspects they observed, the evaluators write a personal
report in which they include the screenshots corresponding to each ob-
served aspect, and an explanation of why the heuristic is fulfilled or not.
Each evaluator sends her report to the other evaluators.

3. Analyzing the evaluation results and suggesting recommendations

* Group discussion: the evaluators compare and discuss together their

results and see if they missed one or several issues or positive aspects.

2http://bit.ly/evaluation-checklist
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Fig. 4.1: Illustration of the fulfilled heuristic: "The search bar and the system’s description
are always nearby". (1) The search bar, and (2) The system’s description which is
a click away from the search bar.

They discuss how the highlighted issues could be corrected and suggest
recommendations (e.g. "add a browsing history" or "add a query auto-
completion feature").

* Reporting the results of the discussion: The evaluation director and the
evaluators write a collective synthesis of the evaluation. This document
summarizes the positive and negative aspects with the corresponding
heuristics and screenshots, and the resulting recommendations. The
report is sent to the rest of the design team in order to take design
decisions. If this evaluation procedure is used iteratively throughout the
whole design process, it means that each interface improvement will
respect the exploratory search process.

4.5 Evaluation of the heuristics of exploratory
search

The main goal of our work here is to determine if an exploratory search system
supports users’ exploratory search behaviors. In order to do that, our heuristics
intend to identify system’s features, interface elements or possible actions that are
required for the proper achievement of the exploratory search task. We assume that
an evaluation of the system with our heuristics of exploratory search allows a better
identification of these elements. We want to evaluate the following hypotheses:

(H1) users following the evaluation checklist identify more provided or missing
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system’s features, interface elements or possible actions than users not following the
evaluation checklist.

(H2) users following the evaluation checklist perform a more systematic identifica-
tion than users not following the evaluation checklist.

4.5.1 The method used for the evaluation of the heuristics

We present here the used methodology for the evaluation of the heuristics.

4.5.1.1 The selected participants

In this evaluation we have twenty participants, all of them are computer scientists
with any knowledge on exploratory search concept. All participants did not know
any of the evaluated systems. Ten participants evaluated Discovery Hub: five
with the heuristics (Group A) and five without the heuristics (Group B). The ten
other participants evaluated 3cixty: five with the heuristics and five without the
heuristics.

4.5.1.2 The material

Exploratory search systems. We asked the participants to evaluate two different
exploratory search systems: Discovery Hub and 3cixty. These systems were chosen
for their really different interfaces, see Figure 3.6.

Online evaluation checklist. In the users tests we proposed to the participants the
heuristics in their form format mentioned in Section 4.4.1.1. More precisely we ask
the participants to use the online version: the evaluation checklist®. We printed the
evaluation checklist because we could not split the screen of the used computer for
a parallel presentation of the systel and the online form. We also provide paper and
a pen for the users who do not evaluate the systems with the evaluation checklist.

4.5.2 The used procedure in the evaluation of the heuristics

We present here the used procedure for the evaluation of the heuristics of exploratory
search for the two groups A and B. From the protocol exposed in Section 4.4.2 we
only use and adapt the steps Briefing the evaluators and Inspecting the interface.

*http://bit.ly/evaluation-checklist

4.5 Evaluation of the heuristics of exploratory search

66



4.5.2.1 Scenario

Participants not knowing the evaluated systems at the beginning of the test, we
proposed to familiarize them with a scenario-based demo of these systems. The
demo was carried out by the evaluator conducting the test. The scenario were also
used by Group B in the inspection phase of the evaluation. The scenarios were
designed to show all the features and the possibilities of the two systems:

Discovery Hub: "A user heard about Claude Monet on the radio. She wants to know
more about this impressionism painter and goes on Discovery hub. She reads the
tutorial, and the descriptive text below the search bar. Then, she writes "Claude
Monet" on the search bar and launches the query without specifying the charac-
teristics. The results are classified in categories and carousels. First, she wants to
clarify her knowledge on Claude Monet and she clicks on its icon. A pop up opens
and she reads the little descriptive text of Wikipedia. She goes back to the result
list. She is interested in Camille Pissarro and opens the corresponding pop up. She
clicks on the explanation features in order to learn why the result is recommended
by the system, what is the link between Claude Monet and Camille Pissarro. Then,
always on the descriptive pop up of Camille Pissarro, she reads the associated tags
and clicks on "Paul Cézanne". A description of Paul Cézanne appears. She returns on
Camille Pissarro’s description using the breadcrumb at the top of the pop up. She
adds Camille Pissarro to her bookmarks and launches a new search on the painter

nn

from the button "run an exploration".

3cixty: "A user lives in the city of Nice (France). Two of her friends will come a
weekend to visit her. She wants to organize the weekend in order to make discover
the city and to find them an accommodation. She goes on 3cixty, reads the text
describing the system. She clicks on the tutorial button ("?") in order to better
understand the interface and what she can do. She clicks on "Explore all events &
places" and again on the tutorial button. The user uses the filter features with the
"current location" specification and specifies 800 meters in order to get suggestions
of hotels, places and restaurants around her apartment. She selects five results
and clicks on "make a new box" and analyses them with the other two views: (1)
descriptive view, and (2) the map. She adds one result on her wish list on the
descriptive view."

4.5 Evaluation of the heuristics of exploratory search

67



4.5.2.2 Inspection of the interface

At this point, the procedure differs for the two following groups:

* Group A (Evaluation with checklist): the questions of the evaluation check-
list, as well as the heuristics of exploratory search, are classified according to
the different screens of the exploratory search systems: the home page, the list
of results/data, elements’ description and browsing history/breadcrumb, and
any screen. This classification provides a guidance of the system evaluation
that is both easy to understand and use. We asked the participants to follow
the form and answer to the questions.

* Group B (Evaluation without checklist): after the demo of the system with
the scenario, we repeated the scenario and we asked the participants to
formulate all the negative and positive aspect that can facilitate or compromise
the exploration.

4.5.3 Evaluation metrics

We measured the effectiveness of our heuristic method in terms of precision, recall
and F-measure of the participants’ answers:

* Group A (with the evaluation checklist): each time a participant has to
check "Yes" or "No" in a multiple choice list.

* Group B (without the evaluation checklist): each time a participant’s com-
ment refers to an answer ("Yes" or "No") to the evaluation form.

In [49], Nielsen and Molich evaluate their heuristics by comparing the participants’
identified usability problems to a list of problems developed by the authors. We used
the same approach here. Then, we created a gold standard by asking two usability
experts who possess a good knowledge of exploratory search process to evaluate
the two systems with the evaluation checklist. Each expert made the evaluation
independently. In a first phase, those two evaluations were confronted in order to
evaluate the understandability of the questions. This phase leads to a reformulation
of questions 2.a, 3.a and 5.a. Moreover, questions 2.b, 2.f were more detailed for an
easy understanding. In a second phase, the two experts re-evaluate the two systems
leading to a new computation of their agreement score. All these elements are in
Table 4.1

According to Landis and Loch, there is a perfect agreement between the experts after
the phase 2. We evaluate the answers analysis using this second gold standard. For
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Testing phase

Tested systems
Phase 1 Phase 2

Discovery Hub | 0,309623431 | 1

3cixty 0,573275862 | 1
Tab. 4.1: Cohen’s kappa (x) according to the testing phase and the tested system

Group As answers analysis: we calculate the number of correctly and incorrectly
identified "Yes" and "No" answer. For Group B’s answers analysis: we first identified
the comments only corresponding to evaluation checklist’s answers. Then, we
calculate the number of "Yes" or "No" correctly and incorrectly identified. From
that, and for each participant, and for each system, we used the following two
formulas in order to calculate recall and precision for all Yes, No, and the two
answers combined.

number of X correctly identified by the participant(s)

Recall =
i number of X the participant(s) should have identified

. number of X correctly identified by the participant(s)
Precision =

number of X identified by the participant(s)

Here, X refers to provided or missing system’s features, interface elements or possible
actions

4.5.4 The quantitative and qualitative results

The results were analyzed quantitatively and qualitatively. The qualitative results
refers to Group B’s answers that are not taken into account in the quantitative
results.

4.5.4.1 Quantitative results

As described in the last section, we use precision and recall metrics to analyze
the participants’ answers. F-measure is the harmonic mean of these two metrics
and reflects the test accuracy. Figures 4.2 and 4.3 show the F-measure for the two
experiments with the two different systems. In each figure the first bar on the left
(green) shows the F-measure for the users following the evaluation checklist (Group
A) while the second bar on the right (red) shows the F-measure for the users not

4.5 Eval