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1. Introduction

The research presented in this dissertation explores interactive techniques
designed to overcome the limitations of current conventional search tools
as primary access points to information, and to support a wider range
of information-seeking behaviors, including exploratory search, serendipity and orientation. This ﬁrst chapter introduces the research context,
establishes the objective and scope of the dissertation and the research
questions. It then provides an overview of the research contributions from
eight publications that originated from the research process. Finally it
previews the structure of this work.

1.1

Research Context

The rise of ubiquitous connectivity has dramatically changed our environment, providing access to ever-growing amounts of information, shifting
our economy and giving birth to whole new industries. The web is no
longer comparable to a very large library but has become the primary
place of growth, signiﬁcance, and struggle in our culture and society
[Dörk et al., 2011]. And in that environment, search engines have become
our de facto point of access and way of ﬁnding, ﬁltering and discovering
information. Their centrality in our information practices and pervasiveness in our daily lives makes them infrastructure-like, i.e. as important as
they are invisible [König and Rasch, 2014]. For these reasons, and while
we must acknowledge their usefulness, it is essential to also address their
limitations, which are both ethical and technical.
The ﬁrst ethical limitation pertains to their black-box status. Search
engines do not reveal the way they function. We rely on their artiﬁcial and
arbitrary sense of relevance to sample and rank information of interest,
and ultimately be given access to it, with no visibility regarding what has
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Figure 1.1. Categorization of search activities falling under lookup and exploratory search
[Marchionini, 2006].

been left out and no further explanation. The second ethical limitation has
to do with the documented impossibility, in spite of their claims, for search
engines to be neutral. The simple fact that they are not a public service,
but unregulated commercial operations in charge of ﬁltering and ranking
information introduces a bias [Lewandowski, 2015]. Furthermore, results
to a given query will differ from one user to another as the consequence of
some personalization process, preventing any form of objectivity. The third
ethical limitation lies in the discrepancy between the perceived simplicity
of use, and the actual level of skills required both in formulating effective
queries and analysis of returned search results [König and Rasch, 2014].
This results in inequalities regarding the quality of available information,
making users potentially vulnerable to ﬁlter bubbles [Pariser, 2011] and
various interests.
The core issue regarding the three limitations above lie in the lack of
control we have over the search engines, and the passive role in which
the user is encouraged, which veriﬁes in the type of search behavior fostered by search engines. Marchionini describes fundamental differences
between simple search tasks, or Lookup, e.g., fact retrieval or knownitem search, and more complex tasks, described as Exploratory Search
[Marchionini, 2006]. Exploratory search tasks differ from lookup in that
users engage in them without having a predetermined goal in mind, for
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example when looking for inspiration or wanting to know more about a
given topic. Such tasks, having no predetermined end, become dynamic
and potentially long term, implying information needs and strategies that
shift and evolve as users learn, discover new information and become
familiar with the information space1 [Capra et al., 2007].
As it is shown in Figure 1.1, exploratory search is not to be reduced to a
single type of search activity, but encompasses a wide array of information
related activities.
Neglecting ethical concerns mentioned above, current search engines
offer an incredibly convenient support for lookup tasks, answering all of
our questions in a few milliseconds. However, the lack of support for more
complex search tasks contributes to maintaining users in a passive consumer role instead of rewarding active informational behavior. I describe
these shortcomings as the following technical limitations:
First, formulating and reﬁning textual queries is known to be difﬁcult.
Exploration has users go into information areas with which they are unfamiliar. A user-deﬁned query being built upon pre-acquired knowledge, it
creates little opportunity for discovery [White and Roth, 2009]. Furthermore, as the open-ended nature of exploration makes querying an iterative
process, that difﬁculty is made all the more salient.
Second, conventional result lists offer limited support in understanding
the related information space. Not only are a few search results, commonly referred to as ten blue links, too narrow an access point to offer
any sensible overview of available material related to any given query,
but nothing tells the user how one result relates to another, or how the
ten most relevant results are representative of the information space
[Balasubramanian and Cucerzan, 2010]. In other words, are these results
redundant, or do they offer complementary directions with respect to the
topic at hand? For now, the underlying structure of the data remains
hidden, while only an evaluation of individual results can provide that
kind of insights.
1 Throughout this dissertation, I use Information Space to describe a set of infor-

mation objects. Through the spatial aspect, I consider the numerous relationships
that potentially link these objects. Among possible relationships, semantic relatedness provides a convenient metric distance between objects. Guex provides
affordable preliminary deﬁnitions of graph theory, which tells us a graph is qualiﬁed as spatial when its nodes exist in a metric space, i.e., there is a distance
between them [Guex, 2016]. The consideration of information as a space is an
intrinsic consequence of applying the notion of exploration to information, which
suggests paths between points to be uncovered
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Third, search is considered and supported as an ephemeral single-user
activity. As a result, there is very limited support for keeping track of
encountered information or to take advantage of collaborative work. Such
limitations make information exploration a dissociated experience, with
many missed opportunities to support the user and help her link and make
sense2 of new information.
I advocate instead for greater user awareness and control as well as
increased responsibility for what information is encountered. The research
presented in this dissertation explores interactive techniques designed to
overcome the above-mentioned limitations, and demarcate an alternative
paradigm for information practices. I summarize that goal as making information explorable, and deﬁne explorability as the quality of physical space
that enables humans to become acquainted with it through movement and
exploration. An explorable information space implies situated information,
which enables orientation:
- Choosing a direction instead of formulating queries.
- Meaningful overviews instead of narrow looks.
- Persistent spaces allowing growing familiarity, sense-making, and collaboration instead of quick disposable search sessions.
The promise of an information space with such properties is carried by
the notion of entity. In information science ﬁelds, entities are data elements
and objects of interest [Ware, 2012], and constitute references to real-world
objects or concepts (e.g., persons, places, movies, topics, and products)
[Miliaraki et al., 2015]. “Tom Hanks (actor)”, who plays in “Forrest Gump
(movie)” can both be entities, as well as “the entire cast of Forrest Gump”.
Entities offer a ﬂexible way of structuring concepts in a way that is relevant
to a context or the task at hand. Entities are structured through their
relationships. For example, the entity “Tom Hanks (actor)” and the entity
2 Sense-making is a largely interdisciplinary concept that can be deﬁned as the pro-

cess through which people give meaning to their experience [Klein et al., 2006].
In the context of this dissertation, I consider the deﬁnition of Russel and colleagues, who deﬁne sense-making as the process of searching for a representation and encoding data in that representation to answer task-speciﬁc questions
[Russell et al., 1993]. Through several empirical studies, they were able to provide an operational description of sense-making as: (1) A retrospective analysis
of events, (2) Guiding information exploration, (3) A social activity fostering the
ﬁnding of a common ground, (4) An open-ended process that will consume any
amount of invested time resource. Sense-making is not to be confused with mental
modeling, i.e. a memory representation of linked concepts and principles, or with
situation awareness, i.e. a state of knowledge of current data elements, allowing
inferences, predictions, and decision making.
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“Forrest Gump (movie)” are linked via a relationship of the type "stars in".
Entity-linking relationships are numerous. They can be causal or temporal
[Ware, 2012]. Together, they form a graph in which entities are nodes and
relationships are the edges3 . While conventional databases store data as
lists of items described by a standardized set of features, entity graphs
(also known as knowledge graphs or knowledge bases) deﬁne each item as
a collection of directed links (or typed relationship) to other items. Such
data structure allows algorithms to solve complex queries. For example:
“Who is the inventor of the paperclip?” can be answered by identifying
paperclip as an entity, and inventor of as a type of relationship. Given a
sufﬁciently comprehensive graph of entities, the answer lies at the end of
the identiﬁed path).

Figure 1.2. The notion of information space is often implicit. Semantic adjacencies exist
at a conceptual level, e.g., through the relatedness of the topics discussed.
Once available information is meaningfully structured, these conceptual links
become explicit and can be made visible and interactive. The information
space becomes like a multidimensional medium.

Entity search is investigated by both Information Retrieval and Semantic
Web research communities. In Information Retrieval, entity search is done
primarily through statistical methods. Such methods identify entities that
coexist within a common content, e.g., an article, through which it infers
whether and how they are related. Similar methods allow identifying
of entities that are relevant to a given query [Balog, 2018]. Information
3 Such graphs are commonly used in the Digital Humanities, for exam-

ple as a means of analysis of a character network in ﬁctional work
[Rochat and Triclot, 2017].
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Retrieval methods already yield results and are successfully integrated in
commonly used search algorithms to improve search results.
Within the Semantic Web community, entity search is mainly tackled
as an information structure and path ﬁnding problem. Such approach
implies creation of a global entity database, or knowledge base, to which
point entities referenced in a content [Berners-Lee et al., 2001]. The goal
of the Semantic Web, infusing common content on the web with meaning
that is simultaneously legible by humans and machines, is ambitious and
difﬁcult, and not yet realized [Balog et al., 2010], but it promises plenty of
opportunities, not only in the way complex textual queries can be solved,
but in how we will interact with information.
Once available information is meaningfully structured, the information
space becomes a multidimensional medium ready to be unfolded as explorers pull its threads in various directions and discover content according to
their needs, inspiration or chance (Figure 1.2). Utilizing entities interactively for information exploration requires substantial thinking about their
affordances4 and visualization techniques, to come up with fundamental
principles that are generalizable to, and across, tasks and search contexts,
e.g., academic literature, social media or movies.

1.2

Objective and Scope

The main challenge addressed by this research concerns the state of explorability of the information space, which I intend to address through the
development of entity-oriented interaction and visualization techniques.
The goal of enabling explorability in the information space consists of
turning a highly abstract activity into an embodied and situated experience.
In this context, Suchman’s parallel of Human-Machine Interactions as a
navigation issue [Suchman, 2007] becomes quite literal, and her model
describing the process of meaningful human actions provides us with
a useful way to structure the present research in how to support them.
Therefore, exploring the design space5 of entity affordances supporting
4 An affordance is a possibility for action enabled by an object. A ball affords being

picked up or thrown. A button affords being pushed, a hyperlink, being clicked. In
the case of physical objects, most affordances are visible, as they are constrained
by their physical properties, e.g. a small or visibly light object can usually be
picked up, an empty container can be ﬁlled [Norman, 2013]. In the digital realm,
the disconnection between perceived properties of an object and its utility, makes
it a central challenge in user interface design [Abras et al., 2004].
5 Design space refers to at least three completely different concepts
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information exploration required addressing the following:
1. Enabling the technical means for action, i.e., providing a direction to the
exploration. I refer to the resulting property of explorability as Direction.
2. Enabling the means to situate such actions allowing for planning and
accounting. I refer to the resulting property as pertaining to Orientation.
3. Establishing the spatial consistency required for 1. and 2., i.e., bridging
gaps across heterogeneous information sources and exploration environments. I refer to the resulting property as pertaining to Continuity.
I use these three properties of explorability as design drivers in our
various attempts, which together provide a comprehensive approach to the
research goal. The following expands on their application.

1. Direction
Search in the information space is a common process through which elements are made retrievable or accessible. In lookup tasks, as the user’s
intent is clearly deﬁned, search is aimed at an endpoint, e.g. an answer
to a question. In exploratory settings, users’ intents are less clearly deﬁned and more complex, thus search becomes the process of providing a
direction to the exploration. Techniques involving interaction with entities have been investigated [Miliaraki et al., 2015] but are very limited in
addressing a user’s search intent, especially when compared with typed
queries in conventional search engines. Therefore to address this property
of explorability, I needed to investigate the design space of entity-based
affordances for search, with the objective of developing and evaluating
techniques that would yield search results of a quality at least comparable
to conventional search methods, for effective use in exploratory settings.

2. Orientation
Orientation refers to the location of something in relation to its surroundings. In terms of ability, it refers to the prerequisites for navigation, or one’s
capability to situate oneself with respects to one’s origin or past locations,
therefore enabling decision for future directions. The abstraction of information as a space makes that notion somewhat fuzzy but can be described
[Sanders and Westerlund, 2011]. In the context of this dissertation, I deﬁne it as:
The imaginary set of all possible solutions to a sub-constrained problem.
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as having a sense of overview and direction [Dörk et al., 2011]. Orientation is simply not supported in commonly available ways of accessing
information. Conventional search engines respond to users’ queries with
a short selection of relevant items with no further indication on how one
result relates to others or to the larger context, providing potentially redundant coverage of the topic at hand [Balasubramanian and Cucerzan, 2010].
While interactive visualization methods aimed at supporting sense-making
exist and have been investigated [Stasko et al., 2008, Chau et al., 2011],
they primarily target professionally trained analysts and are explicitly
designed to support problem-solving through an additive approach of providing numerous views and panels to complement each other and achieve
an exhaustive understanding of a complex problem.
Addressing support for orientation in the context of this research requires
instead developing techniques for visualizing information that enable
a user to grow familiar with information areas of her choice, fostering
insights but also serendipity, through visualization and manipulation of
entities.

3. Continuity
Continuity ensures that all parts of space communicate in a consistent way. Information exploration is potentially long-term, collaborative, and often relies on heterogeneous sources for insights and learning
[White and Roth, 2009], including active search, serendipitous ﬁnds online
and ofﬂine, conversations, etc. However, the lack of consistent and direct
communication between various sources of information results in a burden
for the user who must overly rely on her memory to make sense of encountered information and get a sense of context out of it, which creates few
opportunities for insight and contributes to unnecessary cognitive load.
I describe this problem as pertaining to continuity in the information
space, among which the most salient challenge areas are:
1. Navigation through multiple data sets with incompatible structures.
2. Extracting entities beyond dedicated search tasks, and from any
activity pertaining to the exploration, e.g., conversation, reading, writing.

Usability principles related to explorability have been proposed by Dörk in
terms of orientation, visual momentum and serendipity [Dörk et al., 2011].
Both sets of principles differ in that Dörk’s is formulated as applied features of exploration support, while mine attempts to deﬁne a theoretical
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representation of an explorable information space. The principle of orientation is shared in both proposals. Visual momentum matches closely my
proposed principle of direction, but focuses on interface features, such as
animated transitions, zoomable interfaces or detail-on-demand, while I describe the principle of Direction more generally. Finally, when considering
properties of an explorable information space, I believe opportunities for
serendipity should be an intrinsic result of being able to orient and direct
oneself to reveal outlying or unusual results, defeating the need for its
implementation as an added feature. For that reason, I propose instead
the principle of continuity, which allows to further generalize the goal of
an explorable information space.
These three properties of explorability do not exhaustively address all
aspects of the main research problem but provide a comprehensive exploration of the intended design space as they demarcate the research so that
it is possible to conduct within the scope of a doctoral thesis.

The research presented in this dissertation is the result of a highly multidisciplinary collaboration, spanning the ﬁelds of Human-Computer Interaction, Information Retrieval, and Interaction Design. The focus of this
research can be described as Interaction Design applied to Entity Search.
This dissertation does not address Semantic Web challenges or problems
pertaining to the organization of information. It anticipates the availability of entity-oriented information, ideally in the form of an independent
index of the web [Lewandowski, 2014], and utilizes Information Retrieval
methods in the development of prototypes. Such methods enable the use
of large but closed sets of indexed data, allowing the study of devised
interaction techniques.

1.3

Research Questions

In the previous section, we have introduced three properties of explorability as research areas through which we address entity affordances for
explorability that are Direction, Orientation and Continuity. These three
areas have been operationalized into three respective research questions
around which the work presented in this dissertation is articulated.
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RQ1 : How can entity-based querying beneﬁt information exploration?
Conventional search methods usually use the frequency of occurrence of a
phrase in a text as a proxy for relevance. In such a paradigm, text-based
queries are an obvious way of formulating a search intent. In a context
of entity-oriented information, interacting with entities as the primary
method to express a user’s search intent seems to have many beneﬁts.
Among those, the possibility to readily use found information as part
of a query, therefore supporting query formulation through reliance on
recognition over recall [Hearst, 2006]. However, expressing a user’s intent
through entity interaction may lack the precision of a well-formulated
text-based query required to deﬁne a desired end-result. Thankfully, exploration implying non-clearly deﬁned goals and an unfamiliar context, we
can expect entity interaction to enable effective methods for providing a
direction to the search. Therefore, RQ1 leads to the design of such methods, and their evaluation to determine whether entity-based interaction
yields effective methods for expressing search directions, and can beneﬁt
information exploration over conventional text-based querying methods.

RQ2 : How to demarcate and visualize a coherent information space
through entity-based affordances? Enabling orientation in the information
space requires a map, which in itself is a considerable challenge. Common
understanding of information as a space usually substitutes spatial distance for some conceptual distance, e.g., semantic proximity or adjacency.
However, there are usually too many potentially useful components for
computing such conceptual distances and to allow for a usable map-like
projection. For example, two pieces of information could be considered
as close from the viewpoint of their general topic, but extremely different in their approach, and they might have been published in different
centuries but share a common geographic origin. There is virtually no
limit to potential classiﬁers that would allow for some absolute mapping of
information.
Orientation in the information space requires to work around such a
limitation. In accordance with our design goals, we wanted to investigate
user-driven methods to demarcate information of interest. More specifically, we were interested in investigating methods derived from entitybased querying to deﬁne mapping criteria and demarcate a corresponding
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information space.

RQ3 : How to beneﬁt from entity-based interactions for exploration beyond
self-contained systems? We have seen that entity-oriented information
structures already serve the purpose of linking together heterogeneous
information sets, thus partially addressing the continuity issue. I was more
interested in addressing continuity from the viewpoint of explorers, whose
activity is potentially long-term and might not be contained within one
single convenient digital application. Search activities might be conducted
on a search engine, but insights might come from re-reading an old email,
asking a colleague for her opinion, or watching a seemingly unrelated video.
We wanted to address continuity by exploring possibilities for extending
any beneﬁts of interactive entities beyond the conﬁnes of a dedicated
application, which requires a proactive approach that relies on monitoring
multiple aspects of a task in progress, and ﬁnding contextual information
for immediate or later use.

1.4

Research Contributions

RQ1
Publication I

•

Publication II

•

RQ2

Publication III

•

Publication IV

•

RQ3

Publication V

•

Publication VI

•

Publication VII

•

Publication VIII

•

•

•

Table 1.1. Distribution of the eight publications compiled in this dissertation with respect
to the three research questions.

The research presented in this dissertation consists of an extensive
design exploration of the topic at hand, and provides a variety of novel
interaction techniques that have shown to support information exploration,
and together demarcate a paradigm for future information practices. The
research process has yielded eight publications, including seven design
cases, all validated through user experiments, and a position paper. As
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shown in table 1.1, together they provide answers to all three research
questions.

Publication I – Designing for Exploratory Search on Touch Devices
We present an entity-based technique for directing exploratory search
on touch devices. We introduce ExplorationWall, a prototype exploratory
search system that implements such a querying technique and present an
experimental user study comparing the effects on search performance and
behavior of such technique over a baseline system replicating conventional
search engines when using portable touch devices. [Klouche et al., 2015].

Publication II – IntentStreams: Smart Parallel Search Streams for
Branching Exploratory Search
We introduce IntentStreams, a prototype that implements a technique
based on user-intent modeling for directing exploratory search, and parallel
search streams which enable visualization of simultaneous search sessions.
We then present an experimental user study comparing the effects on
the qualities of the search trail yielded by such technique over a baseline
system replicating conventional search engines [Andolina et al., 2015b].

Publication III – Visual Re-Ranking for Multi-Aspect Information
Retrieval
We present a visual querying technique based on multiple entities that
represent result relevance and density on a map, and a technique to
navigate the map by pointing at it, which triggers according re-ranking
of the results. We then present an experimental user study comparing
the effects on perception and retrieval over a baseline system replicating
conventional search engines [Klouche et al., 2017].

Publication IV – QueryTogether: Enabling Entity-Centric Exploration in Multi-Device Collaborative Search
We present a prototype system designed to support co-located multidevice collaborative exploratory search through ﬁnding and sharing entities. We then present an experimental user study comparing the effects on
participation, work-distribution and ﬁnding common ground over a base-
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line system replicating conventional search engines used collaboratively
[Andolina et al., 2018a].

Publication V – InspirationWall: Supporting Idea Generation
Through Automatic Information Exploration
We introduce InspirationWall, a display that leverages speech recognition
to enhance ongoing idea generation sessions with automatically retrieved
entities that relate to the conversation. We then present an experimental
user study showing the effects of such apparatus on idea generation over
time [Andolina et al., 2015a].

Publication VI – Investigating Proactive Search Support in Conversations
We study how a spoken conversation can be supported by a proactive search agent that listens to the conversation, detects mentioned
entities, and proactively retrieves and presents related information.
We then present an experimental user study showing how such proactive search agent augment conversations and affect topical structures
[Andolina et al., 2018b].

Publication VII – Proactive Recommendation in Context: From
Relevant Items to Actionable Entities
We present the design and implementation of an entity-centric proactive
system that makes entity recommendations by capturing users’ digital
context. We then investigate whether the approach can effectively support
everyday digital tasks by providing recommendations that have a concrete
inﬂuence on users’ tasks [Andolina et al., 2019].

Publication VIII – From Hyperlinks to Hypercues: Entity-Based
Affordances for Fluid Information Exploration
We introduce the concept of Hypercue, a complement to hyperlinks in the
form of an interactive representation of real-world entities (e.g., persons,
places, concepts) providing personalized access points to information. The
main contribution is a design template describing the Hypercue, which
consists of a minimal set of affordances that ensure all important features
for supporting exploratory search can be addressed [Klouche et al., 2018].
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1.5

Structure of the Dissertation

The dissertation is articulated as follows:
Chapter 2 provides useful background information for the reader, as well
as an overview of the closest work related to my research and of the notions
that together demarcate and motivate the research.
Chapter 3 describes the methods applied for this research as components
of Research Through Design methodology and Experimental Research, and
provides details on ethical considerations.
Chapter 4 presents the research regarding entity affordances for directing exploration and addresses RQ1: How can entity-based querying beneﬁt
information exploration?. The chapter summarizes the systems developed in Publications I and II, overviews their respective evaluations, then
highlights their joint contributions through their main ﬁndings.
Chapter 5 presents the research regarding entity affordances for orientation and addresses RQ2: How to demarcate and visualize a coherent
information space through entity-based affordances?. The chapter summarizes the systems developed in Publications III and IV, overviews their
respective evaluations, then highlights their joint contributions through
their main ﬁndings.
Chapter 6 presents the research regarding proactive entity recommendation for continuity of the information space and addresses RQ3: How to
beneﬁt from entity-based interactions for exploration beyond self-contained
systems?. The chapter summarizes the systems developed in Publications
V, VI and VII, overviews their respective evaluations, then highlights their
joint contributions through their main ﬁndings.
Finally, chapter 7 reﬂects on the ﬁndings of the research and presents
as the main contribution a design template ﬁrst presented in Publication
VIII, a minimal set of affordances that ensure all important features for
supporting exploratory search can be addressed. Additionally, limitations
of the research and directions for future work are discussed.
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The research presented in this dissertation consists primarily of an extensive design exploration. This chapter provides an overview of the notions
that together demarcate and motivate the design space of our research
and describes these notions through the most closely related work.

2.1

Positive Information Practices

A large body of work builds upon what seems to be a human propensity to
consider information as a space in which we move, progress and discover.
Bates’ berry-picking approach to search [Bates, 1989] acknowledges and
describes the evolution of the cognitive model of a person as she goes
through the search process, which happens bit by bit instead of in a linear
fashion describe users’ and describes such information-seeking behavior
through the metaphor of a physical journey. The information foraging
theory [Pirolli and Card, 1999] posits that human natural informationseeking behaviors use the same evolutionary mechanisms formerly used
to ﬁnd food.
In the “information ﬂaneur”, Dörk and colleagues go deeper into the
physical metaphor and compare information spaces to the 19th-century
city in terms of growth, cultural signiﬁcance, and being the place for
social struggle and negotiation. Information behaviors are not solely motivated by what they call negative approaches, i.e., information needs in
the form of a knowledge gap to be ﬁlled, but include creative, participatory and serendipitous motivations, referred to as positive approaches to
information practices [Dörk et al., 2011]. Such information-seeking behaviors are investigated and exempliﬁed in the work of Thudt and colleagues
[Thudt et al., 2015] through the study of a variety of search patterns of
library patrons. Analysis of these patterns leads them to consider book
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search, in turn, as a creative process, through its social aspects, and as a
serendipitous exploration experience.
Thudt and colleagues address the importance of serendipity in support of
ﬁnding relevant information in exploratory scenarios [Thudt et al., 2012].
With The Bohemian Bookshelf, they explore support for serendipity
through information visualization by taking a cue from the physical action
of "browsing the shelves". As a result, they have devised ﬁve design goals
to promote serendipity through information visualization: (1) multiple
visual access points, highlighting adjacencies, ﬂexible visual pathways,
enticing curiosity and playful exploration. These ﬁve principles have then
been implemented into a search system, The Bohemian Bookshelf, that
was embraced by library visitors. Such an example encourages the conceptual transposition of properties of physical activities into their digital
counterparts. The generalization of such an approach is at the center of
the research work presented in this thesis.
Implications of such work for research offer design goals for fostering or
enabling these experiences by considering various explorability principles,
e.g., orientation, visual momentum, and opportunities for serendipity, and
bridging gaps between information spaces, contexts, and conceptual levels
by exploiting scalable or generalizable rules and common patterns. Such
models have all contributed to shift the emphasis from a mostly technical
consideration of information retrieval toward information practices as
human processes [Kerne and Smith, 2004].

2.2

Direct Manipulation and Fluid Interactions

Direct manipulation describes the mode of operation of reactive interfaces
that continuously represent the objects and actions of interest and rely on
physical action instead of complex syntax [Shneiderman, 1997], an interaction paradigm in which digital representations of objects behave as objects
themselves [Shneiderman, 1993]. Direct interaction with these objects is
enabled by reducing indirections between input and output spaces. For
example, the touch-sensitive layer of a touch device is confounded with its
display and calibrated so that inputs are registered precisely at the display
location. The paradigm relies on immediate visible effects allowing rapid
course adaptation [Hutchins et al., 1985]. The move from devices using
the command line towards mouse input and touch-based interaction are
two important steps in this direction, allowing more closely the human
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action to happen where the effect takes place in the machine. Direct manipulation is known to improve user satisfaction through multiple effects:
Facilitated learning for novices, improved efﬁciency for experts, overall
more conﬁdence and less anxiety through continuous feedback and better
predictability [Shneiderman, 1997].
In advocating for direct manipulation, Shneiderman pits designers who are proponent of autonomous, adaptive, intelligent systems
against advocates of user-control, responsibility, and accomplishment
[Shneiderman, 1995]. By emphasizing control over a system, users become responsible for their actions. Applied to information systems, we
immediately see how conventional search engines, which are suspiciously
reminiscent of the command line, deny such responsibility to users.

When
ﬂuidity

we
is

discuss
often

interactions
cited

as
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and

user

interface

design,

goal

[Guimbretière et al., 2001,

Ramos and Balakrishnan, 2003]. White and Roth [White and Roth, 2009]
mention ﬂuid interactions as an important feature of future search systems
when discussing novel interaction paradigms. They link that notion to
human-machine symbiosis and interactions through ﬂuid hand gestures,
citing the fantasy user interface used by anticipatory investigators in
the movie Minority Report as an example of what a truly ﬂuid interface
could look like. However, that notion is not theoretically deﬁned and is
generally used while relying on the reader’s intuitive understanding of the
metaphor, something that ﬂows continuously, naturally making its way
around obstacles and adapting its pace to the environment.
Elmqvist and colleagues propose a satisfying operational deﬁnition
[Elmqvist et al., 2011], avoiding the difﬁculty of deﬁning ﬂuidity theoretically by focusing on the properties we can expect from ﬂuid systems. These
properties are grouped into three sets:
1. Fluid interactions support direct manipulation.
2. Fluid interactions promote ﬂow1 .
1 Flow is a mental state induced by immersion in one’s activity, characterized

by a loss of sense of time. The main actionable property for inducing ﬂow relies
on letting users feel in control, and employ just the right amount of skills to let
them progress in their tasks at a pace that will feel neither too slow nor too fast,
accommodating a person’s continued and deepening enjoyment as skills grow
[Nakamura and Csikszentmihalyi, 2014].
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3. Fluid interactions minimize the gulfs of action2 .
A limitation of this deﬁnition is that these properties are largely overlapping, and they seem contained in Shneiderman’s understanding of
direct manipulation, and advocacy for comprehensible, predictable and
controllable user interfaces; however, it provides various approaches to the
implementation of such goal.

2.3

Entity Search

In web searches, a majority of emitted queries pivot around a speciﬁc entity
[Jansen and Spink, 2006, Pound et al., 2010, Garigliotti and Balog, 2018].
In common search engines, queries pointing towards an entity, e.g., “Who
is Tom Hanks?” or more simply “Tom Hanks”, will usually trigger a
ﬁrst result that points to the information source with the most general
information about the entity, typically the corresponding Wikipedia entry.
As the web still lacks a deﬁnitive repository of entities, Wikipedia is often
used as such a repository, as it provides information on most entities.
Google Search provides for most entity-based queries not only a relevant
entry but what they call “the knowledge graph”, an infobox showing relevant information about the central entity in the query, with recommended
related entities. For example, in the case of an actor: name, age, and lists of
movies and co-stars. Miliaraki et al. [Miliaraki et al., 2015] studied the behavior of users of Yahoo Spark, a system that recommends related entities
alongside Yahoo Search results; the users take advantage of the system
to engage in explorative entity search by discovering information through
successive clicks on recommended entities. Such cases exemplify why
entity-search is considered an ideal paradigm for exploratory search and
an important topic in information retrieval and semantic web communities.
A large body of recent research work addresses challenges regarding the
computation necessary for entity search, such as the ﬁnding and ranking of
related entities, matching entities with occurrences in free text queries and
completion of entity lists based on given entity examples. However, as techniques improve, it is difﬁcult to ﬁnd research addressing interaction techniques that enable end-users to access and beneﬁt from such rich informa2 The gulfs of action are a notion introduced by Donald Norman [Norman, 2013],

who uses it to describe the gap between a user’s expectation of a system and the
system’s actual state.
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tion in a wide variety of activities, as examples usually target very speciﬁc
scenarios and tasks. Several such entity-based exploration systems have
been designed to support expert investigators in making sense of a corpus
of documents [Bier et al., 2008, Stasko et al., 2008, Carmel et al., 2012].
The goal of entity-based ﬂuid information exploration requires substantial thinking about the way we display and interact with entities and
come up with fundamental principles that are generalizable to any search
contexts (e.g., academic publications, social media, movie database and
personal emails).

2.4

Features of Exploratory Search Systems

The work of White and Roth on Exploratory Search provided a
precious frame to our understanding of how to support exploration
[White and Roth, 2009].

Their work includes a list of features of ex-

ploratory search systems that exemplify essential aspects of supporting
information exploration and provide a useful overview of the various directions in which the work presented in this dissertation has sought to
address the problem at hand.

Support for Querying and Rapid Query Reﬁnement
Search tasks are commonly addressed by inputting queries in a search
system, which then yields a set of related results. However, conventional
text-based queries are mostly user-deﬁned. Relying on the user’s existing
knowledge to formulate satisfying search directions limits the range of
incrementation in the iterative exploration process [Teevan et al., 2005].
Support for querying is commonly addressed by providing the user with
ideas for new queries or additional terms.

Facets and Metadata-Based Result Filtering
Being able to navigate a large result set according to personal needs and
preferences is a central requirement of ﬂuid information exploration. That
is why this ability – to narrow down such results according to a variety
of criteria that are representative of what is available in the data and
complementary enough to provide a meaningful choice of search directions
– is an important feature to support.
Facets and metadata-based parameters are an attempt to structure
information by linking documents semantically through common fea-
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tures (e.g., an author, a title, a date or a location).

Faceted brows-

ing has shown to be effective in supporting sense-making. Various visualization techniques have been explored through a variety of work
[Lee et al., 2009, Smith et al., 2006], supporting the exploration of a collection of documents through meta-data-based commonalities.
Similarly, entity search is the ideal paradigm for result ﬁltering, given
the richness and complexity of readily-linked data. From an initial query
entity, a system would retrieve the most central neighboring concepts or
elements and provide them as related entities to choose from. The initial
result set can then be narrowed down or re-ranked with respect to the
relatedness or dependency of each element to the chosen related entity.

Leverage of search context
A substantial part of context can already be harnessed by accessing contextual data provided by sensors (e.g., GPS signal or personal account
information). From our interaction design perspective, and in light of
our goal of increasing user control, I am more interested in techniques
enabling inference of context through users’ input, either explicit or implicit. Inferring context from explicit user input includes detecting relevant
relations from the way she organizes stored information. Useful implicit
inputs can include what the user has been reading, oral conversation, or
physiological signals [Barral et al., 2018], which can be used by the system
to infer suitable relations or topics.

Visualizations to Support Insight and Decision Making
Interactive information visualization is an important tool for sense-making.
Being able to encode data visually and to play with various parameters is
a powerful way of discovering trends, understanding relationships, gaining insight from the data and ultimately informing decisions. Entities
in knowledge graphs generally make for inspiring material regarding
visualization techniques such as node-and-link diagrams and adjacency
matrices.

Support for Learning and Understanding
As it is necessary to offer some result-ﬁltering ability for the user to take
better advantage of a large set of results by narrowing down a list, it is also
important to provide the user with access to more general knowledge when
necessary. Support for learning and understanding implies that a user is
given the means to ﬁnd information that is adapted to his current level of
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understanding. This is typically achieved through the recommendation
of related material. For example, any modern browser or eBook reader
provides the ability to look up the deﬁnition of a word or to link a concept
with its corresponding Wikipedia entry.

Support for Collaboration
Collaborative information exploration is a common strategy to tackle large
information spaces through the sharing of ideas and allocation of search
tasks [Hearst, 2014]. Collaboration can take multiple forms, with settings in which collaborators either share or do not share the same space
(i.e. co-located or distributed collaboration), either synchronously or asynchronously.

Histories, Workspaces, and Progress Updates
Information exploration is a sense-making activity [Marchionini, 2006].
As such, it is open-ended, potentially long-term, and changes continuously
as the information needs evolve [Pirolli and Card, 2005]. The process often produces long and complex search trails with multiple branches and
revisits. In this context, a user needs to be able to take advantage of
previously encountered information and to keep track of past activity to
more efﬁciently recognize new and interesting information.

Support for Task Management
As information exploration is potentially long-term, users need to have
the ability to interrupt and resume their activity and to carry it over time
and across devices. This requires the ability to not only save selected
information but to provide future access to whole workspaces, including
histories and information conﬁguration with which a user has engaged.

2.5

Visualization of the Information Space

The following section provides an overview of closely related work involving
data visualization. First, with regards to directing the exploration, the
section covers various techniques for visual information retrieval and multiaspect search, i.e., search involving multiple simultaneous criteria. Then,
pertaining to orientation in the information space, I overview techniques
for visualizing large document collections and examples of user-driven
visualizations.
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2.5.1 Visual Information Seeking
Information spaces can be huge and thus hard to comprehend. However,
visualizing the space and allowing the user to directly interact with and
manipulate objects in the space facilitates comprehension. For instance,
when the results of actions are shown immediately and when typing is
replaced with pointing or selecting, exploration and retention increase
while errors decrease [Shneiderman et al., 2009]. For information seeking, the following visualization and interaction features are of particular
importance [Shneiderman, 1994]: (a) dynamic querying for rapid browsing and ﬁltering to view how results change; (b) a starﬁeld display for
the immediate, continuous, scalable display of result sets as different
queries are processed; (c) tight coupling of queries to easily use the output of one query as input to another [Ahlberg and Shneiderman, 1994].
For instance, a user study indicates that dynamic querying signiﬁcantly
improves user response time and enthusiasm. Using such techniques, systems like FilmFinder [Ahlberg and Shneiderman, 1994] support querying
over multiple varying attributes such as time, while showing the changing
query results in the context of the overall data. Another example is found
in VisGets [Dörk et al., 2008], which augments search and exploration on
the Web with a variety of coordinated visualizations, providing not only a
multidimensional overview of the information space, but also the visual
means to precise the query and ﬁlter the data.
User studies also indicate that user interfaces that show the result list together with an overview of the result categories encourage a deeper and more extensive exploration of the information space
[Kules and Shneiderman, 2008], especially when the system allows relevance feedback to be given on such categories to direct the exploration
[Ruotsalo et al., 2013b, Ruotsalo et al., 2015].

2.5.2 Multi-Aspect Search
In multi-aspect search the information need of the user consists of more
than one aspect or query simultaneously. As a consequence, an item in a
collection needs to be ranked differently based on its multiple attributes.
The Graphics, Ranking, and Interaction for Discovery (GRID) principles
and the corresponding rank-by-feature framework state that interactive
exploration of multi-dimensional data can be facilitated by ﬁrst analyzing
one- and two-dimensional distributions and then by exploring relation-
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ships between the dimensions, using multi-dimensional rankings to set
hypotheses and statistics to conﬁrm them [Seo and Shneiderman, 2005].
However, comparing, analyzing and relating different ranks is difﬁcult and
requires an interactive visualization that supports the various requirements identiﬁed by Gratz et al. [Gratzl et al., 2013]. For example, Polaris
[Stolte et al., 2002] is a visualization tool for exploring large multidimensional databases. The system allows the user to drag relational aspects
from the database schema onto the display area and select context-relevant
display speciﬁcations to generate a variety of rich visualizations.
Multi-aspect search support is provided in Song et al. [Song et al., 2012],
with the proposal of a strategy for a multi-aspect oriented query summarization task. The approach is based on a composite query strategy, where
a set of component queries are used as data sources for the original query.
Similarly, Kang et al. [Kang et al., 2012] propose a multi-aspect relevance
formulation, but in the context of vertical search.
LineUp [Gratzl et al., 2013] is an interactive visualization that uses bar
charts to support the ranking of objects with respect to multiple heterogeneous attributes. Stepping Stones [Das-Neves et al., 2005] visualizes
search results for a pair of queries, using a graph to show relationships
between the two sets of results. Sparkler [Havre et al., 2001] allows us to
visually compare results sets for different queries on the same topic. Tilebars [Hearst, 1995] visualizes the frequency of different words in various
sections of documents as a heat map and ranks the documents accordingly.
Similarly, HotMap uses a two-dimensional grid layout to augment a conventional list of search results with colors indicating how hot (relevant) speciﬁc
search terms are with respect to the document [Hoeber and Yang, 2006b].
Ranking cube [Xin et al., 2006] is a novel rank-aware cube structure that is
capable of simultaneously handling ranked queries and multi-dimensional
selections. RankExplorer [Shi et al., 2012] uses stack graphs for timeseries data. Techniques for incomplete and partial data have also been proposed [Kidwell et al., 2008]. TreeJuxtaposer [Munzner et al., 2003] was
primarily devised to compare rankings.
For document collections, the vector space model could be used, such that
each document and search query is a vector in a multi-dimensional space,
each axis is a term, and the document position is determined by the frequencies of each term in that document (e.g., [Raghavan and Wong, 1986]). Visualizations of such a model could aid understanding of the document space,
but more research is required, particularly for user-driven approaches that
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allow the user to specify the dimensions of interest [Olsen et al., 1993].

2.5.3 Visualization of a Document Collection
Various visualizations have been proposed for large document collections
[Kucher and Kerren, 2015]. Most of these techniques adopt the visual
information seeking mantra [Shneiderman, 1996] to provide an overview
at ﬁrst and details only on demand. The documents are often visualized on
a 2D plane, in the form of a map based on a similarity metric. Higher-level
entities, such as topics, are also displayed on the map for immediate and
better understanding of the document space organization.
Document Atlas [Fortuna et al., 2005] uses Latent Semantic Indexing
and multi-dimensional scaling (MDS) to extract semantic concepts from the
text and position the documents with respect to the concepts. Document
densities around concepts are visualized as a heat map. On mouse hover,
common keywords in the area are listed, and on zoom in, more details are
shown.
Self-Organizing Maps have also been used by systems like WEBSOM
[Kaski et al., 1998] and Lin’s maps [Lin, 1997] to position the documents
on the 2D plane. WEBSOM also suggests areas in the map that could
be relevant to the user’s search query. Lin’s maps are further split up
into regions whose area indicates the number of documents with speciﬁc
related terms.
Other techniques visualize the documents as glyphs to indicate
additional inter-document relationships and metadata on the map
(e.g., [Rohrer et al., 1998, Miller et al., 1998]). Various metaphors have
also been adopted; examples include the terrain metaphor, in which
dense regions in the map are seen as mountains with valleys in between [Boyack et al., 2002, Wise et al., 1995]; the galaxy metaphor, in
which documents are seen as stars in different constellations (document clusters) [Hetzler and Turner, 2004]; and the physical metaphor,
in which documents are considered to be moving particles and the
inter-particle forces move similar documents closer to each other
and dissimilar documents apart [Chalmers and Chitson, 1992].

Vi-

sualizations with two dimensions and meaningful axes (e.g., categories vs.
vs.

hierarchies [Shneiderman et al., 2000], query results

query index [Ruotsalo et al., 2016], production vs.

popularity

[Ahlberg and Shneiderman, 1994]) have also been proposed.
ResultMaps [Clarkson et al., 2009] takes advantage of pre-existing on-
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tologies used in digital libraries to create a hierarchical view in the form
of a tree-map [Johnson and Shneiderman, 1991]. Such a technique allows
for consistent representation of a given document collection. Integrated
within the result page of a digital library, found or explored documents
can be highlighted on the visualization, providing the user with a growing
sense of familiarity over areas of interest.
These visualizations provide an overview of the entire document collection, but they do not allow the user to direct and focus the exploration as required. A user-driven rather than a data-driven technique
could be more helpful when searching for documents relevant to multiple
keywords. To that end, such a technique should visualize the ranking
of documents with respect to multiple keywords so the user can easily
judge the relevance of documents to each of the keywords of interest
[Olsen et al., 1993]. However, most of the current techniques only visualize
whether a document is relevant or not to a keyword using set visualizations [Alsallakh et al., 2014], without showing the document’s degree of
relevance to each keyword.

2.5.4

User-driven Visualization

VIBE [Olsen et al., 1993] is one of the most well-known user-driven multidimensional ranking visualization for large document collections. To indicate the subspace of interest, the user ﬁrst enters two or more query terms,
known as "points of interest" (POIs). POIs are then shown (as circles) on a
2D plane, together with documents (as rectangles) related to at least one
POI, forming a map. The position of each rectangle indicates the relevance
of the corresponding document to each of the POIs. The size of a rectangle
indicates the relevance of that document to the search query. Citation
details of documents selected from the map are listed; clicking on an item
in the list opens the full document. Any time a POI is added, removed
or moved, the map is updated accordingly. However, regions of the map
with numerous close-by documents are not easily detectable because the
rectangles are not color-ﬁlled; using semi-transparent color-ﬁlled shapes
reduces overplotting [Matejka et al., 2015] and facilitates the perceptual
ordering of different regions in the map by their density [Mackinlay, 1986].
Also, documents are not re-ranked as the user navigates over the map.
Variants of VIBE include: WebVIBE [Morse and Lewis, 1997], in which
POIs act like magnets that attract documents containing related terms;
VR-VIBE [Benford et al., 1995], which visualizes the space in 3D (for more
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space to view documents between POIs) and depicts relevance by color;
and Adaptive VIBE [Ahn and Brusilovsky, 2009], in which POIs are query
terms (as in VIBE) but also user proﬁle terms that are automatically
extracted from user notes.
Similar to VIBE, GUIDO [Nuchprayoon and Korfhage, 1994], DARE
[Zhang and Korfhage, 1999] and TOFIR [Zhang, 2001] also allow users
to specify POIs and display documents based on their relevance to the
POIs. However, in GUIDO each POI is an axis (not an icon on a 2D plane)
and documents are positioned based on their absolute rather than relative distances from the POIs. In DARE and TOFIR, relevance to POIs is
indicated by both distance and angle.
Other user-driven systems, like combinFormation [Kerne et al., 2006],
TopicShop [Amento et al., 1999] and InfoCrystal [Spoerri, 1993], retrieve
and display search results related to user-deﬁned keywords but do
not visualize the results’ multi-dimensional ranks. Similarly, HotMap
[Hoeber and Yang, 2006b] supports a weighted re-ranking of the search
results, but without leveraging a graphical interactive approach for specifying the weights. WordBars [Hoeber and Yang, 2006a] also supports
re-ranking of the search results, but uses additional terms extracted from
the search results rather than relying on the query terms.
This section aimed to exemplify the extensive previous work surrounding
information visualization and the various purposes to which it can be
applied in the context of this research. It would not be complete without mentioning the work of Hinrichs and Forlini defending sandcastles
[Hinrichs and Forlini, 2017], in which they make the case for information
visualization as an exploratory process in itself that can potentially yield
insights through its inherent interdisciplinarity and aesthetic provocations,
independently from its consideration as a means to an end.

2.6

Digital Activity Monitoring

Continuity between various information spaces, for example, harnessing
insights from a read or a conversation for immediate or later use, requires
proactive approaches involving monitoring of a user’s digital activity. Research on digital activity monitoring and prediction of user behavior has
typically focused on large-scale tracking, e.g., based on what people are
sharing on social media [Zhu et al., 2013, Yang et al., 2015]. This mass
monitoring approach has some important drawbacks, including loss of
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privacy and lack of trust for the system [Chaudhry et al., 2015]. However,
some recent work has studied technologies for individual monitoring of personal data, putting the collection and analysis of the data into the hands of
the individuals themselves [de Montjoye et al., 2014, Sjöberg et al., 2017].
Most of the approaches mentioned so far have focused on monitoring speciﬁc applications or other limited data sources. However, recent
work [Vuong et al., 2017a, Vuong et al., 2017b] has explored using screen
monitoring, which captures the entire visual content of the computer screen
for task recognition. Latent Semantic Analysis [Deerwester et al., 1990]
with a simple bag-of-words data representation was found to be the most effective to detect users’ tasks and helpful for proactive information retrieval.
This tracking "inside the screen" paradigm has the beneﬁt of being more
general, as any visually communicated information can potentially be captured, and utilized for building a richer task model. An approach similar
in spirit, but more limited, is described in [Gyllstrom and Soules, 2008]
where seen text snippets are associated with ﬁles opened at the same time.

2.6.1

Using Background Speech for Interaction

Speech-based interaction has been thoroughly studied in the literature.
However, the interest in speech-based systems seems to have risen again
in recent years, probably due to the recent advances in automatic speech
recognition [Negri et al., 2014]. In particular, a large body of work focuses
on a dialogic mode of interaction [McTear, 2002] where users communicate
with the system using natural language. Commercially available examples
include Apple’s Siri, Microsoft’s Cortana, and Google Now.
Less investigated is the use of background speech for interaction. One
example is Ambient Spotlight [Kilgour et al., 2010], which uses speech
recognition during meetings to search for desktop documents and puts
them in a folder associated with the calendar entry related to that meeting.
Other systems use background speech to retrieve words and other kinds
of visual stimuli to support a creative conversation [Shi et al., 2017]. As
opposed to those systems, which are designed to support creative conversations where even misrecognition and random results may lead to useful
stimuli [Kirsh, 2014], we investigate how to support more generic conversations by proactively retrieving richer sources of information, such as
documents, from the Web.
An important study related to our work is that of McGregor and Tang
[McGregor and Tang, 2017]. The aim of their study was to understand
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how well a speech-based agent could detect useful actions during formal
meetings. Although the study used a simulated system to create a best-case
scenario, results showed that extracted action items failed to ﬁt with the
meeting or gave an incorrect summary of what was being discussed or what
the participants intended. A different approach was that of McMillan et al.
[McMillan et al., 2015]. Their study suggested that a continuous speech
stream, rather than containing directly actionable items, can be used to
identify users’ next actions such as searches. This result inspired our
research, as it means that regardless of the limitation of current automatic
speech recognition technology, many useful words that would likely be used
for a search could still be recognized. In this study, we aim to understand
whether performing those searches proactively during conversations could
effectively enrich those conversations.

2.7

Summary

The overview of positive information practices presented in this chapter
has shown how activities pertaining to information seeking are not to be
limited to the bridging of a gap or the fulﬁllment of a need but can be led
by curiosity and serendipity. The design goal of explorability through orientation and continuity described by Dörk and colleagues [Dörk et al., 2011]
inspire us a mental picture of a wanderer engaging with an information
space as she would with a city, orienting herself and becoming familiar enough with her surroundings that she starts noticing unadvertised
changes. In today’s reality, conventional search tools will only help her ﬁnd
something for which she already has an interest in and some knowledge of,
and recommender tools remove her from the active role required in exploration. Is it then possible to think of tools that would enable or facilitate
such behavior?
As this chapter has shown, ﬂuidity in interactions results from the ability
of a user to feel in control of a process despite the potentially high level
of abstraction of such process. When looking for examples of interactions
qualiﬁed as ﬂuid, we realize all examples focus on replicating properties of
physical interaction to take advantage of a user’s existing experience of the
world as a means to infer the correct sequence of action to take towards
the desired goal. Such observation encourages us to identify properties of
the physical space that can be emulated in the information space to enable
exploratory behaviors that do not beneﬁt from conventional search and
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recommendation approaches.
Then the chapter covers the use of entities for search and exploration.
Entities create a double opportunity: On the one hand, they enable the
organization of information into a continuous metric space. On the other
hand, they offer a ﬂexible unit of information with which to interact in
novel ways. These two aspects seem to simultaneously provide the ﬁeld
and the vehicle for ﬂuid exploration, which encouraged us to make entity
interactions the technical focus of our research. The features of exploratory
search systems summarized in this chapter offer precious guidelines when
designing for information exploration. However, we want to avoid the trap
of implementing these features individually into bloated interfaces that
would largely defeat our goal of ﬂuid interactions. Instead, we will be
using these features as a lens to assess the validity of our designs and
their potential for exploration.
Subsequently, the chapter showcases a variety of signiﬁcant works pertaining to information visualization. Through examples of how a document
collection and an information space of interest can be demarcated and
explored visually.
Finally, the chapter presents research work pertaining to digital activity
monitoring as it is used as a means to transpose the property of continuity
from the physical space to the information-seeking practices.
Together, these sections provide the reader with the necessary background to understand the variety of techniques used in the present research as well as the preliminary information required to put the present
research in its proper context.
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3. Methodological Considerations

This chapter overviews the research strategies and methods used, as well
as the ethical concerns and how they were addressed.

3.1

Research Through Design

The work presented in this dissertation is an exploration of a design
space through seven projects reported in publications I to VII, each of
which follows the structure of Research Through Design as established
by Alain Findeli and colleagues [Findeli et al., 2008], as they all feature
clear Research For Design, Research About Design and Multidisciplinary
components.

Figure 3.1. Model of the role of the interaction design researcher among other HCI researchers, emphasizing the production of research artifacts as units of analysis.

Applied to Human-Computer Interaction, the role of the designer en-
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gaged in such methodology is accurately described by Zimmerman: Interaction design researchers integrate the models and theories from behavioral
scientists, with the technical opportunities demonstrated by engineers to
produce artifacts. These artifacts enable speculative exploration inﬂuencing both the research and practice community [Zimmerman et al., 2007].
The model is illustrated on Figure 3.1.

Research For Design
Each project starts with a thorough literature review around the challenge
at hand, aimed at identifying a clearly demarcated gap in knowledge, and
inform the design of an information system and its user interface. The
speciﬁcations for the system are in the case of this research put in the
form of a scenario exemplifying a detailed use case. The scenario is used
as a designed tool at various stages of the design process as it provides
multiple beneﬁts exempliﬁed by Caroll [Carrol, 1999]. In the ideation
phase, it helps deﬁne the design intent through typical use cases to be
addressed. In a multidisciplinary context such as the one from which
the present research stems, a scenario is a precious tool for involving
collaborators with different ﬁelds of expertise, e.g., interaction designer
and engineers in retrieval systems, by communicating an intent grounded
in real-world use, then letting them infer resulting technical requirements
and raise questions, potential difﬁculties or provide insights, therefore
ﬁnding common-ground and ensuring converging work effort throughout
the design, implementation and evaluation processes. This stage qualiﬁes
as Research For Design as it consists of drawing on available knowledge to
produce an artifact.

Research About Design
Each of these artifacts then becomes itself a unit of analysis. It is evaluated
following rigorous experimental research methods with the objective of
producing new knowledge that is relevant to the design community, usually
in the form of design principles that have been identiﬁed as providing
beneﬁts in the context of the challenge at hand.

Multidisciplinarity
All the research work reported in this dissertation is the product of highly
multidisciplinary collaborations at the intersection of Information Retrieval, Human-Computer Interaction and User Interface and Experience
Design. As evidenced by the generally high number of authors on Pub-
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lications I to VII, corresponding projects are the outcome of the various
domains of expertise being involved at every level of each project.

3.2

Experimental Research Methods

Findeli et al. emphasize the necessity for Research Through Design
projects to be rigorous and stand up to usual scientiﬁc standards
[Findeli et al., 2008]. We used experimental research methods allowing
us to design tasks involving various conditions whose comparison would
enable investigation of a set of hypotheses. To design a task or select a
method most suitable to validate a hypothesis, we strived to maximize
three features of measurement devised by McGarth: generalizability of
the results across the population of users, precision of the results through
control of confounding factors, and the realism of the context in which the
experiment is conducted [McGrath, 1995].
To answer the research questions, we have opted for controlled laboratory experiments as a method for maximizing precision and control over
confounding factors, thus enabling comparison of the experimental condition with a corresponding baseline condition, which would have been
extremely difﬁcult to do in the ﬁeld. As McGarth explains it, each of the
three features tends to interfere with one another, and the chosen strategy
represents challenges the realism of the context as it constrains the location and the task. We strived to compensate such trade-off by designing
naturalistic tasks grounded in the literature. Generalizability was assured
through a sufﬁcient amount of participants and systematic computation of
the signiﬁcance of the results, i.e., the probability that a difference between
the conditions is not coincidental.
We opted for systematic within-subjects experiment designs, meaning
that we relied on the same pool of participants for testing both experimental conditions, as opposed to between-subjects, which would imply distinct
pools of participants for testing each condition. Within-subjects experiment designs require less overall participants while minimizing random
noise introduced by individual personalities, however, they require some
care to avoid participants to transfer acquired knowledge from the ﬁrst
tested condition to the next. To that end, we carefully balanced among
participants the order of the tested conditions, as well as the provided
topics to be explored.
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3.3

Data Collection

Data collection was done in several forms:

3.3.1 Experimental and baseline conditions
Experimental and baseline conditions were prepared to allow logging of
user actions, e.g., queries sent, typed, results received, displayed, consulted
and saved. Despite needing the baseline condition to accurately replicate a
realistic situation, we could not simply use conventional existing tools, as
they would have utilized a different backend, i.e., data collection and retrieval algorithm, thus introducing noise. Therefore, to be able to compare
interaction-based effects between conditions, we needed for our baselines
to create custom systems with a conventional interface that used the same
backend as in our experimental condition.

3.3.2 Videotaping
Videotaping enabled transcription of dialog and logging of occurrences
of screen gaze in Publications IV, V and VI, which are summarized respectively in Sections 5.2, 6.1 and 6.2 of this thesis. Dialog transcription
was done by hand using specialized software for qualitative experiments
(ATLAS.ti) that facilitated the assignment of transcribed dialog to speciﬁc
timecodes in the video. Screen gaze monitoring was also done manually.
In the study reported in Publications V and VI, the setup conveniently
involved laptop computers whose embedded camera right above the display
provided a point of view that made occurrences of screen gaze obvious. In
the study reported in Publication IV, the large public display to which
gazes were monitored was large enough and positioned in a speciﬁc angle
that allowed us to pick up such occurrences from the point of view provided
by the general camera.

3.3.3 Usability Testing
Standard questionnaires were used to inform us of usability factors.
The Standard Usability Scale (SUS), seen in Figure 3.2, is a questionnaire
described as a "Quick and Dirty" usability scale that provides a global view
of subjective assessments of usability [Brooke et al., 1996]. SUS broadly
covers the notions of effectiveness, efﬁciency, and satisfaction provided
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by a given system in the general context of the purpose in which it is
being tested. It consists of a simple, ten-item scale, each item consisting
of a Likert scale, i.e., a statement to which the participant indicates
a level of agreement on a (usually) ﬁve-point scale. SUS was used in
the experiments reported in Publications I, II, IV and VI, respectively
summarized in Sections 4.1, 4.2, 5.2 and 6.2.

Figure 3.2. The ten items of the Standard Usability Scale (SUS).

The User Engagement Scale (UES), seen on Figure 3.3, is a multidimensional questionnaire, initially developed with thirty items
(Likert scale) allowing to assess users’ perceptions of six factors: the
Perceived Usability (PUs), Aesthetics (AE), Novelty (NO), Felt Involvement (FI), Focused Attention (FA), and Endurability (EN) aspects of
a system [O’Brien and Toms, 2010].

UES has proved useful in the

contexts of exploratory search and interactive information retrieval
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[O’brien and Toms, 2013]. In its revised short form [O’Brien et al., 2018],
UES includes twelve questions addressing four factors: Focused Attention
(FA), Perceived Usability (PU), Aesthetics (AE) and Reward (RW). UES
was used in its short form in the experiments reported in Publications I, II,
IV and VI, respectively summarized in Sections 4.1, 4.2, 5.2 and 6.2.

Figure 3.3. The twelve items in the short form of the User Engagement Scale (UES)
address four factors: Focused Attention (FA), Perceived Usability (PU), Aesthetics (AE) and Reward (RW).

ResQue (Recommender systems’ Quality of user experience) is a usercentric evaluation framework for recommender systems [Pu et al., 2011].
The prototypes developed in our exploration of entity-based querying
techniques function as recommender systems, as they use a collection of
items – in our case deﬁned by the users as a means of inputting their
intent and direct the search– to return a selection of related items. Such
questionnaire was useful in assessing whether the returned elements
matched users’ expectations. SUS was used in the experiments reported in
Publications I, II, IV and VI respectively summarized in Sections 4.1, 4.2,
5.2 and 6.2.
Usability was also assessed through semi-structured interviews performed
after the session, to inform us on users’ subjective experience and beneﬁt
from her potential insights. The Semi-structured qualiﬁer refers to the
fact we usually had a prepared bullet-point list of subjects to address, but
we did not avoid digressions and informal conversation. Such interviews
were used in the experiments reported in Publications I, III, IV and VI,
respectively summarized in Sections 4.1, 5.1, 5.2 and 6.2.
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3.4

Ethical Considerations

In all our experiments, participants were informed of our privacy guidelines
upon joining. They were told that the data would be encrypted and stored
on a secured server at the university, only to be used for research purposes.
When applicable, participants were also informed of the use of Google and
IBM services in the experiment. According to the term of services given
by Google and IBM, the data would only be stored for a period of time
sufﬁcient to perform its analysis.
Prior to taking part in the study, participants had to sign a consent form
stating the procedure of the study and data usage policy. Participants
were informed that they were allowed to withdraw from the experiment
at any time, in which case all resulting data would be removed from any
respective server or storage device.
No experiment involved the collection of data without the participants’
prior knowledge and consent. All research followed the ethical guidelines
of the University.
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4. Directing Exploration Through Entity
Interaction

While document-based search relies heavily on frequency – the occurrence
rate of a text-based query in the content of a document – entity-based data,
or knowledge graph, is less content-focused, therefore the same technique
does not apply. The theory of how to retrieve entities in a graph is well
established and already common use in conventional search engines. These
still rely on typed queries but use many techniques to identify entities
within a query typed in natural language for disambiguation purposes and
to improve search results.
Techniques involving direct interaction with entities also exist, however
it mostly consists of following information paths provided by successive
single recommended items, like following a path of hyperlinks. Such an
approach can lead to enjoyable serendipity, but it lacks the means to yield
the personalized results that a typed query can provide. As for typed
queries, we already established that recalling search terms to formulate
and reﬁne queries, is not as easy as following or selecting visible items,
especially when exploring unfamiliar information spaces.
We were interested in developing techniques for entity-based search that
involve direct interaction with entities and are able to yield a scope of
search results that is at least comparable to typed queries.
Entity-based queries consist of a set of one or several entities of interest
that together express a user’s search intent. As a result, such query yields
a crop of new entities, ranked according to their overall relatedness to the
query. Entities from the results, besides conveying potentially interesting
information, can readily be added to the current query or be used as
a new separate query. Entity-based querying offers support for rapid
query reﬁnement while enabling more personalized search directions than
following single recommended entities.
The process of formulating queries through association of concepts is
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a compelling idea but to our knowledge, the literature does not provide
observations on whether such approach is effective in enabling users to
express and reﬁne search intents, and can beneﬁt an iterative process such
as exploratory search, especially when compared to the conventional typedqueries approach. Therefore, validation of the use of entity-based querying
for exploratory search ﬁrst required testing of system implementing such
features to understand how it affects performance and behavior when used
in exploratory tasks.
This chapter reports on the design of two prototype systems that make
use of different techniques for entity-based querying, showcasing the effects of these systems on search performance and user behavior in tasks
pertaining to exploratory search.
The ﬁrst one, summarized in Section 4.1 and reported in Publication
I, allowed us to investigate the potential of entity selection for directing
exploratory search. The second one, summarized in Section 4.2 and reported in Publication II, adds the possibility for relevance feedback and
user modeling to explore the potential for user-driven recommendations
in directing exploratory search. User-testing of both systems provided us
with satisfying answers to RQ1 : How can entity-based querying beneﬁt
information exploration?.

4.1

ExplorationWall: Directing exploratory search through direct
manipulation

Taking cues from the simplicity of the hyperlink, we looked for a technique
that would allow someone to quickly react to any inspiring bit of information and be able to follow any encountered conceptual lead. As stated
above, several search engines already suggest entities to follow (“you might
be interested in...”) but a succession of single entities does not rival with
the scope of results that can yield more complex types of queries.
Therefore, we decided to investigate the results of querying by following
multiple entities simultaneously. This technique allows for different kinds
of concept associations. For example, using “Finland” as an initial query
would yield a crop of various results, potentially including “Independence”.
Adding then “Independence” to the initial query would narrow down the
results quite dramatically. In the same way, “Leonardo da Vinci” could yield
several works and topics, among which “drawings” which could readily
be used to precise the search intent. The same technique can be used to
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disambiguate a query, like adding “Elon Musk” to “Tesla”, or to look for
unexpected conceptual intersections, like “Tesla” and “Drawings”.
The nature of entities is such that nothing prevents querying using a
person, a location or even a document. A query consisting of an academic
article would yield adjacent entities, e.g., authors, keywords and publishing
details. Such queries can consist of a single entity, as well as two or much
more. We refer to that technique as entity picking.
This section reports on the design and evaluation of ExplorationWall
(EW), a system that implements entity picking.
The reliance of information exploration activities on search and iterative
querying [Capra et al., 2007] tends to exacerbate any challenge in the basic
search process. First, activities considered as related to exploratory search
usually take place in areas that are unfamiliar to the user which makes
query formulation intrinsically difﬁcult. Second, the conventional search
process relies heavily on text-based and window-based interaction, which
are notorious weaknesses of touch devices, e.g., tablets and smartphones,
on which text manipulation is made difﬁcult by the absence of a physical
keyboard, hotkeys or shortcuts, and the lack of an accurate selection tool
[Esenther, 2006, Varcholik et al., 2012].
Therefore, we decided to take this challenge as an opportunity to develop
a system speciﬁcally designed for touch devices, by using entities and
developing affordances that would enable direct manipulation of entities
for querying. Entity-based querying not only provides a substitute for
typing, but also provides possible search directions to the user, who does
not need to recall search terms and formulate queries, but can readily use
entity search results to express and reﬁne her search intents.
Three principles were derived from these requirements for the design of
the system:
1. Querying and organization of information was to be done through
direct manipulation of entities to provide a substitute for text entry and
provide users with search directions in unfamiliar areas.
2. Results would consist of entities of different types, e.g. persons, topics,
documents — by opposition to conventional purely document-based search
results — each ready to be used as a new query or to reﬁne or precise an
existing query.
3. Multiple search sessions — or result sets — would share a common
workspace to foster insights and parallel search, and address the limitations of windowed parallel search sessions.
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Figure 4.1. The ExplorationWall interface consists of the query area (a), the results area
(b), search streams (c), 3 types of information items: papers (d1), authors
(d2) and keywords (d3), and the reading-list drawer (e). Entities can be
moved freely to the query area. A relevance gauge over their label visualizes
their computed relatedness to the query. Queries consists of entity clusters
positioned manually. The whole workspace is scrollable and horizontally
unlimited.
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Multi-touch gestures allows user to easily add or remove space between streams. Papers
can be consulted by tapping on their icon.
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4.1.1 Overview of the System
The system works as a full-screen standalone application.

The User Interface
The interface of ExplorationWall (Figure 4.1) consists primarily of the main
workspace, which is divided into two areas, the query area at the bottom
(Figure 4.1 a), and the result area on top (Figure 4.1b). An entity dropped
in the query area constitutes a query and automatically yields a set of
related entities (Figure 4.1 d) aligned vertically on top of it in the result
area. We refer to this vertical presentation as a search stream (Figure 4.1
c). Any entity from the result set can be in turn drag-and-dropped to the
query area to constitute a query and yield a new crop of related entities in
a parallel search stream. Entities in the query area are freely positioned
by the user. When two entities are put horizontally close enough together
in the query area, they attach through a thin line that signiﬁes that they
will be considered as a single query. Their respective result set merge into
a new one, now forming a single search stream containing a result set of
entities that, if possible, relate simultaneously to both entities in the query.
Queries can consist of a virtually unlimited number of entities. In the
same way, there is no ﬁxed limit to the number of parallel search streams
that can be created in the workspace, which can be scrolled horizontally to
provide some space or to retrieve some previous search stream. Horizontal
space can also be added to, or removed from, a speciﬁc location using a
conventional pinch gesture, the same pinch gesture can also be used to
dilate or contract space, to quickly improve legibility of an area become
cramped with information. Any entity taken from one search stream can
be used either as a new query or to reﬁne the query of an existing search
stream.
This instantiation of ExplorationWall is developed around a collection
of academic publications, for such information is readily structured into a
graph of entities, namely authors/persons (Figure 4.1 d2), keywords/topics
(Figure 4.1 d3) and articles/documents (Figure 4.1 d1), which constitute the
three types of entities that are available here. Each entity is represented
by a pictogram and a name or title label. Result entities are also displayed
with a relevance gauge that indicates their relatedness to the query as
estimated by the system’s algorithm. Document entities also display the
author’s list in addition to their title and below it. Document entities can
be tapped to reveal additional metadata and an abstract.
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A reading list is accessible as a collapsible drawer on the right side of
the workspace (Figure 4.1 e) and can be swiped open or closed. Entities
of interest can be dragged and dropped inside it for storage and later use.
Stored entities will appear highlighted in the workspace.

Interaction Scenario
On the 5th of August 2014, Alice has just heard about the ESA Rosetta
space mission which probe had just reached the vicinity of the comet
Churyumov–Gerasimenko. Having learned that the mission has launched
ten years prior, using ExplorationWall, she is curious to see what kind of information she can ﬁnd within the academic data of the system. She starts
by instantiating the keyword “Rosetta” and uses it as a query. Without
surprise, most of the results refer to the rosetta stone, she unfortunately
does not see information related to the space mission. She adds the keyword “Comet” to the query, now all information is related to her subject
of interest. She sees a number of articles, researchers and recommended
topics on the subject. One article is about MIRO, a microwave instrument
onboard the orbiter. She drops the article as a new query, and a parallel
search stream opens. She sees the authors of the papers, related papers,
and a few recommended topics, including “Instruments”. She adds that
entity to her ﬁrst query now consisting of “Rosetta”, “Comet” and “Instruments”. The refreshed results now offer a catalog of all instruments on
board the spaceship to be inspected. Simply following her curiosity and
without prior technical knowledge of the subject, Alice was quickly able to
ﬁnd new information of interest in a highly technical area, which would
require higher cognitive load using conventional search tools1 that forces
the user to iteratively come up and formulate her search intent.

4.1.2

Overview of the Study

The main purpose of the evaluation was to observe the effects and implications of entity-based querying on search performance and search behavior.
Therefore, ExplorationWall was compared to a search interface that was
implemented following the interface principles of traditional search tools
as seen in Figure 4.2.
The evaluation consisted of two tasks, a short one and a long one. We
1 As conventional search tools would rely on her recollection of search terms of

interest instead of providing search directions. Recognition has been shown to be
less cognitively taxing than recall [Hearst, 2006].
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Figure 4.2. A screenshot of the baseline system replicating a conventional search interface
with typed query.

chose 6 possible different topics for the two tasks: crowdsourcing, smartphones energy efﬁciency, diagrams, semantic web, lie detection and digital
audio effects. In order to ensure that participants were not experts in
the topics and could perform a real exploratory search, they pre-rated
their familiarity with the topics on a 1 (less familiar) to 5 (most familiar)
scale. The four less familiar topics were used in the tasks. Both tasks
were performed with different topics, so the participants did not know
the results from the previous task. For the short task, participants were
given ﬁve minutes to address the following instruction: “Search and list
5 relevant authors, documents and keywords that you consider relevant
in topic Y.” For the long task, they were given twenty minutes: “Imagine
that you are writing a scientiﬁc essay on the topic X. Search and collect
as many relevant scientiﬁc documents as possible that you ﬁnd useful for
this essay. During the task, please, list what you think are the top ﬁve key
technologies, persons, documents and research areas and write ﬁve bullet
lines, which would work as the core content of the essay.”
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In this study, we followed a within-subjects experiment design2 , counterbalanced by changing the order of the two tested interfaces, as well as
the order of the two tasks. We recruited ten participants who performed
the task using an iPad tablet. Before starting the main tasks, users
received detailed instructions on how to use the interface and performed
a ﬁve-minute training task on each interface. For text entry, we relied
on the native virtual keyboard of the tablet. At the end of the sessions,
participants were asked to answer the UES and SUS questionnaires for
each interface.
We measured effectiveness, in other words, the quality of the information
retrieved and displayed by the system, by computing usual metrics in
information retrieval that are Trecision, i.e., found relevant information
over all found information; Recall, i.e., relevant information found over
all available relevant information; and F-measure, i.e., a single measure
that combines both Recall and Trecision3 In order to understand and
compare users’ search behavior, we analyzed participants’ search trails
using a method resembling White’s [White and Morris, 2007]. In a similar
manner, we looked for descriptive statistics of the search trails by selecting
six parameters relevant to both interfaces:
• Number of queries: the total number of queries that were submitted
during each task on both interface.
• Number of text entries per query
• Number of revisits: The number of revisits to a query or stream consulted
2 A within-subjects experiment means we relied on the same pool of participants

for testing both experimental conditions, as opposed to between-subjects, which
would imply distinct pools of participants for testing each condition. Withinsubjects experiment designs require less overall participants while minimizing
random noise introduced by individual personalities, however, they require some
care to avoid participants to transfer acquired knowledge from the ﬁrst tested
condition to the next. To that end, we carefully balanced among participants the
order of the tested conditions, as well as the provided topics to be explored.
3 The F-measure is especially useful when comparing two conditions, as Precision
and Recall are generally involved in a trade-off. A system that displays every
available item from the data after a query would measure perfectly in Recall, as
all relevant items would have been retrieved, but would be unusable since the
Precision measure would be very low, as these items would be lost in a sea of
irrelevant ones. While a system that returns only one relevant item would have
perfect Precision but very low Recall. The F-measure therefore measures any
beneﬁt beyond such trade-off.
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earlier in the current trail.
• Number of branches: The number of times a subject revisited a query or
stream on the current trail and then proceeded with the formulation of a
new query.
• Number of queries per minute: the number of queries per minute that
were submitted during each task on both interface.
• Number of parallel queries: Number of parallel streams produced with
ExplorationWall or number of tabs opened with the baseline.
We also measured usability and engagement through standard questionnaires: System Usability Scale (SUS) [Brooke et al., 1996] and the
User Engagement Scale (UES) for exploratory search [O’brien et al., 2014].
SUS consists of a ten-item questionnaire and is a widely used and validated for measuring perceptions of usability. Since the degree of user
engagement is a strong indicator of exploratory search performance
[White and Roth, 2009], we chose to use UES for exploratory search, considering six different dimensions: Aesthetics, Focused Attention, Felt
Involvement, Perceived Usability, Novelty and Endurability aspects of the
experience.

4.1.3 Findings
Effectiveness: ExplorationWall shows substantial improvement in effectiveness in the long task. The improvement was found to hold for task-level
measurement, but also for averaged interaction-level measurement for
which the recall and the F-measure were found to be substantially higher
compared to the baseline (Figure 4.3). These measures indicate that, on
average, participants covered more ground over the given topic of interest
using ExplorationWall when compared to the baseline, without sacriﬁcing
any precision or quality in the search results. No signiﬁcant differences
between the systems were found in the short task or in the expert ratings.
Search Trail Analysis: The users in the ExplorationWall condition were
found to use all of the measured interaction features signiﬁcantly more
than the users in the baseline condition in the long task. Differences were
also found in the short task. The users in the ExplorationWall condition
typed less, branched more, and used more parallel queries.
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Figure 4.3. The effectiveness results showed a signiﬁcant advantage for ExplorationWall
in Recall, i.e., the amount of relevant documents that were found over all
relevant documents available, while Precision, i.e., amount of found documents that were relevant over all found documents, showed non signiﬁcant
differences, resulting in an overall signiﬁcantly better F-measure, i.e., the
harmonic mean of precision and recall. Such results show that participants
covered more of the explored topic using ExplorationWall.

Usability and Engagement: The results for the mean of answers of
the SUS questionnaire showed a signiﬁcant difference between the two
systems, revealing higher usability for ExplorationWall. The results of the
UES questionnaires are also favorable for ExplorationWall.
The difference in recall proves that more relevant documents were retrieved when using ExplorationWall, which can be explained by our measure of a more active search behavior that was induced by the use of
ExplorationWall, with more queries per minute and more branching. Such
more active behavior could in other cases be the result of a poor search
performance, where unsatisfying search results force users to frequently
reformulate their query. However, in the present case, the precision measure proves the quality of each result set was comparable to those obtained
in the baseline.
Furthermore, participants voluntarily avoided to use text entry when
using ExplorationWall, preferring the direct manipulation, which again,
could in other cases be a sign of poor implementation, but the results
from the UES questionnaire also show a better user engagement, a factor
that is likely to have contributed to the more active search behavior, and
validate the hypotheses that the design of ExplorationWall makes the
direct manipulation of entities preferable to conventional text-based search
mechanics.
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4.1.4 Design Implications
Direct manipulation and selection of entities for querying proved successful, in both user preference and search performance. Allowing users to
search for not only documents but various entities helped users make sense
of the information space linked to an unfamiliar topic. Such results validate the entity picking technique for entity search and provides
a suitable alternative to text-based querying when designing future touch-based interfaces.
The multiple-stream layout also proved key in fostering insights over multiple parallel search sessions as suggested by users’ search behavior and
overall better coverage of the explored topic. Users were able to organize
and visualize past and new search efforts simultaneously and voluntarily took advantage of this. These results indicate the importance of
valuing search efforts instead of considering it as ephemeral, by
facilitating storing, organization and visualization of found information.

4.2

IntentStreams: Querying Through Parallel Search Intent
Modelling

As explained in the Introduction, typed queries rely on a user’s current
knowledge, thus creating limited opportunity in exploratory settings for
inputting accurate search intents, since users are often plunged in unfamiliar information environments. Allowing the system to receive relevance
feedback from the user regarding the perceived quality of individual results to a query is a known method for improving the expression of a user’s
search intent, however the lack of possibility for inputting the reason for
a any result’s level of relevance requires the user to go provide a lot of
feedback for it to be effective.
An enticing workaround would be to present the user with a representation of her search intent as perceived by the system, that she can in
turn tweak so that it better matches her actual intent. Such an approach,
commonly referred to as a User Model consists of creating a dynamic
template of the user and infer in real-time her knowledge through her
actions [Suchman, 2007]. Applied to search activities, this technique is
referred to as Interactive User Intent Modelling by Ruotsalo, Głowacka,
and colleagues, and has proven effective in exploratory search tasks
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[Ruotsalo et al., 2013a, Glowacka et al., 2013].
User intent modeling takes an initial typed query to return a result set
of documents. From this set, the system extracts a set of entities that are
most representative of the set of retrieved documents, and weights these
entities according to their estimated relevance. These entities represent
the intent model, which is presented to the user who can modify individual
weights, e.g., increase or decrease their relevance, or completely discard
them. The system then refreshes the results to better reﬂect the updated
intent model.
This technique offers a slightly different way of supporting query formulation compared to entity picking: Providing relevance feedback on a set
of entities is more input heavy and could hinder the overall ﬂuidity of the
exploration. Also, by providing only entities extracted from the retrieved
set, the technique creates limited opportunities for branching away from
the initial topic.
For this reason, we were interested in applying this technique while
supporting parallel sessions and support the transport of entities from one
session to another. To that end, we decided to reuse the overall structure
provided by the user interface of ExplorationWall in section 4.1 and adapt
it for the new prototype, referred to as IntentStreams (IS).
The evaluation results of ExplorationWall showed that the parallel search
streams conﬁguration fostered a more active exploratory behavior, with
participants being more aware of past search results as measured through
the number of revisits and branching of the exploratory path. We were
interested in further investigating such an effect on users’ exploratory
behavior. Since the focus was not speciﬁcally on supporting exploration on
touch devices anymore, and to allow comparison to a baseline consisting
of a naturalistic search setting, the system should support entity based
interaction, but yield the same document-based results as the baseline.
Following is a summary of the main requirements for the design of
IntentStreams:
1 The prototype should support direct manipulation of entities and retrieve document-based document set.
2. A user model was to be implemented in the form of a set of weighted
keywords.
3. Querying was to be done through relevance feedback.
4. The prototype should support parallel search streams and support the
transport of entities across search streams.
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Figure 4.4. The user interface of IntentStreams. The ﬁrst query, in this case mobile
display (a), returns a search stream consisting of news articles most relevant
to the query (b), as well as a set of most relevant keywords extracted from a
larger set of related articles (c). These keywords represent the user model,
or how the system perceives the user’s search intent. The user can modify
the weight of the keywords by sliding them vertically, thus emphasizing or
reducing their desired importance (d), after which the stream will refresh,
updating articles and keywords accordingly.
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If dropped outside their initial stream, keywords will either trigger a new search stream
(e) or be passed to an already existing parallel stream. Articles can be consulted by clicking
on their title, which opens a reading panel.
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4.2.1 Overview of the System
We refer to the present prototype system as IntentStreams. In the instance
of the prototype that was used for evaluation, it was connected to a repository of English language editorial news articles crawled from publicly
available news sources. The database contained more than 25 million
documents.
The documents were originally collected for monitoring media presence
of numerous interested parties, hence the collection’s wide variety of topics.

The User Interface
IntentStreams provides a workspace divided into two areas: the keyword
area at the bottom and the document area on top (Figure 4.4). By clicking
on the workspace, the user is prompted to type an initial query (Figure 4.4
a). That query yields two sets of elements: A ranked set of news articles
displayed through their titles is listed vertically in the document area
(Figure 4.4 b), while below, in the keyword area, the typed query has split
into a variety of keywords, i.e., the user intent model (Figure 4.4 c).
These keywords, between ﬁve and ten4 , are separated horizontally for
legibility, and positioned vertically according to their estimated relevance,
the higher the more relevant. We refer to such a vertical arrangement of
documents and keywords as a search stream.
Clicking, on a news article title will reveal its content on top of the result
list. Click-and-holding a news article will highlight in the intent model the
keywords directly related to the article (rarely will a found article relate
to all keywords in the intent model simultaneously). In a similar fashion,
click-and-holding a keyword will highlight related articles.
Keywords can be moved vertically to adjust their desired level of relevance (Figure 4.4 d). Keywords that have been manipulated will change
color, and a validation button will appear for triggering the update of the
results, which allows the user to adjust several keywords before triggering
any change.
Additional search streams can be created by clicking on the workspace,
anywhere outside of an already existing stream. This allows a user to
compare the results in parallel search sessions. Parallel search streams
4 The user intent model shows only extracted keywords whose estimated relevance

is above an arbitrary threshold, set through trial and error, hence the variable
amount of displayed keywords. Therefore only the most representative keywords
are displayed to limit overwhelming visual clutter.
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each exhibit their own set of articles and user intent model. Any keyword
from one intent model can be transferred to a parallel one. A keyword can
also be dragged outside of an existing search stream, which will trigger
the creation of a new stream (Figure 4.4 e).
The workspace can be scrolled horizontally to make space for additional
search streams and not be limited by the boundaries of the display, with
the effect that after creating a sequence of search streams, the horizontal
layout will often reveal the search history of the session. Search streams
can also be dragged and rearranged horizontally.

4.2.2

Overview of the Study

We evaluated the system to ﬁnd out if and how IntentStreams supports
parallel browsing and branching behavior. IntentStreams was compared
against a baseline system with an interface similar to a traditional Google
search interface (see Figure 4.2 as it was the same baseline system we
used for evaluating ExplorationWall in section 4.1). Our hypothesis was
that, compared to the baseline, IntentStreams generates (1.) more parallel
streams, (2.) more revisits, and (3.) more branches. We used the following
metrics: the number of parallel streams, number of revisits, and number
of branches.
In the baseline, the number of parallel streams denotes the number of
tabs opened, a revisit indicates returning to an already open tab, and a
branch denotes a query updated after a revisit. In IntentStreams, a revisit
occurs when a user performs certain activities (opening an article, weight
change) on a previously created stream. A branch occurs when a new
stream is created from an existing one. That includes both creating a new
query by dragging a keyword or updating the existing stream by modifying
the weights of its keywords.
We evaluated the system with thirteen volunteers. We used a withinsubject design, where participants were asked to perform two tasks, one
with IntentStreams and one with the baseline, after each receiving detailed
instructions and having performed a ﬁve-minute training session. The
task was formulated as follows:
You have to write an essay on recent developments of X where you have
to cover as many subtopics as possible. You have 20 minutes to collect the
material that will provide inspiration for your essay. You have 5 additional
minutes to write your essay.
The two tasks performed by the participants covered two topics: (1)
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Figure 4.5. Visualization of two search trails resulting from the same participant during a
similar amount of time, once performed using IntentStreams (top), once using
the baseline (bottom). Rows visualize parallel searches while columns show
the user’s sequence of actions. This example illustrates the difference in revisiting and branching behavior fostered by each system, with IntentStreams
leading to a much more active exploratory behavior.

NASA, and (2) China Mobile.
To evaluate the system, we connected it to a news repository of English
language editorial news articles crawled from publicly available news
sources from September 2013 to March 2014. The database contains more
than 25 million documents. The documents were originally collected for
monitoring media presence of numerous interested parties, and hence the
collection has wide topical coverage.
The baseline system was connected to the same news repository as
IntentStreams. In the baseline system, users could type queries and
receive a list of relevant news articles. To start a new parallel query, a new
tab had to be opened.

4.2.3 Findings
IntentStreams on average generated 7.84 more queries (SD = 7.27), 6.38
more parallel streams (SD = 4.03), 4.54 more revisits (SD = 4.52), and
3.62 more branches (SD = 4.01). A paired t-test indicated that all those
differences were statistically signiﬁcant (p < 0.01).
Results show that users created more parallel streams than opened new
tabs. While the system allows the creation of parallel streams, the users
revisit earlier ones consistently.
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With IntentStreams, more queries and parallel streams were created
through branching as seen in Figure 4.5. A visual representation of a
participant’s search behavior shows the difference between the linear
search behavior in the baseline and the more articulated search behavior
in IntentStreams. Further, IntentStreams has shown to better support
exploration, as can be seen from the higher number of queries.

4.2.4

Design Implications

IntentStreams is an example of how to successfully utilize intelligent
agents, in this case, user intent modeling, in a user-driven way that
puts users in control and allow them to tinker and explore the results.
Direct manipulation and selection of entities for querying proved successful
again, and the study conﬁrmed the beneﬁts of having multiple-stream
layout in fostering insights over multiple parallel search sessions as
suggested by users’ as the search trails proved richer and less linear,
demonstrating better overall coverage of the explored topic by participants.

4.3

Contribution

The aim of this chapter was to answer RQ1: How can entity-based querying
beneﬁt information exploration? User experiments with ExplorationWall
yielded substantial results, demonstrating that entity picking could rival
and even outperform conventional text-based querying in search performance, while having a positive effect on search activity, behavior and
engagement. With IntentStreams, we investigated an alternative technique through user intent modeling and relevance feedback, more input
heavy, while further reducing differences between the prototype and a
naturalistic baseline condition and we still obtained signiﬁcantly positive
results regarding search performance and engagement. Both these results
comforted our conﬁdence in the potential of entity-based affordances for
information exploration and brought satisfactory answers to RQ1.
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5. Enabling Orientation in the
Information Space

Exploratory activities rely on search and discovery, but in a larger context,
in which knowledge and intents keep evolving. Information exploration
by deﬁnition describes open-ended and potentially long-term activities.
As such, the temporal and spatial components of exploration are usually
provided with little support in our information practices, because of tools
that tend to consider search as an ephemeral single-user activity.
Orientation – the knowledge of one’s location in relation to one’s surroundings – is necessary in making a conscious decision of where to go
next, which makes it a crucial ability in getting the most beneﬁt from
exploration. Unfortunately, orientation is made difﬁcult by search tools
returning narrow slivers of the information space, ordered according to
hidden criteria.
With our larger goal in mind – translating properties of spatial exploration into the information space – we were interested in designing and
investigating visualizations that would provide users with a map of such
space.
The biggest challenge lies in the high multi-dimensionality of any information space: the semantic distance between elements depends on so many
criteria that any attempt of absolute translation into two or even three dimensions suitable for visualization purposes, would be highly inconsistent
and unusable.
The available solution was to let the user determine criteria relevant
to her needs or interests so that the mapped information space is speciﬁc
to a user and a given context, e.g., a given project or time. Entities and
entity-based querying seem convenient in not only expressing a search
intent but also letting a user deﬁne and demarcate an information space
that is relevant to her interest, following a number of criteria that make it
manageable to visualize and explore.
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A resulting limitation of such an approach is that enabling orientation for
one given user in one given context only partially addresses the challenge
at hand. Therefore, a remaining challenge was to investigate techniques
for users to share such information spaces and ﬁnd common ground.
This chapter reports on the design of two prototype systems designed to
support deﬁning coherent information spaces through entity affordances.
The ﬁrst one, summarized in Section 5.1 and reported in Publication III,
implements information mapping for exploration and allows investigation
of its beneﬁts. The second one, summarized in Section 5.2 and reported in
Publication IV, allowed us to investigate the possibility of ﬁnding common
ground in collaborative exploration through entity-based affordances. Both
systems and their user-based evaluation brought satisfying answers to
RQ2: How to demarcate and visualize a coherent information space through
entity-based affordances?.

5.1

RelevanceMap: Multidimensional Perception of the Information
Space

Chapter 1 has addressed the limitations of one-dimensional ranked lists
of results and how they fail at providing a meaningful overview of the
result space. Multiple simultaneous criteria allows for rich mapping of
the result space, while at the same time allows the user to demarcate
the information space through entity-based querying. By limiting the
mapping to user-deﬁned criteria, the mapped information space becomes
a subset of the available data set. Remembering the Information Flaneur [Dörk et al., 2011], the desired resulting information map should be
reminiscent of a city, with boundaries as gates, consisting of user-deﬁned
criteria; more or less semantically consistent or diverse areas as districts;
and opportunities to constitute parallel sets of criteria, like paths to neighboring cities.
To that end, the design or RelevanceMap had to follow the following
requirements:
1. Possibility for a user to arrange criteria in the form of manipulable
entities on a map.
2. Have the system return all available relevant information.
3. Have retrieved information visually encoded on the map as a topology,
with respect to the user-deﬁned criteria.
4. Allowing through interaction with the map, the progressive exploration
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of chosen areas of the map by revealing location-relevant information
content.

5.1.1

Overview of the System

The User Interface
The user interface of RelevanceMap (Figure 5.1) consists primarily of a
map area (Figure 5.1 a), with a companion panel on the right for displaying
search results (Figure 5.1 b). The map area contains a text input ﬁeld
(Figure 5.1 c). Typing a phrase in the input ﬁeld adds it as an interactive
entity (Figure 5.1 d) on the map that can be freely repositioned. Repeating
this process, a user can input multiple query phrases describing topics or
areas of interest, and arrange them on the map. After each phrase input,
the system retrieves from the data set all documents that relate to one or
several of the query phrases. The number of retrieved documents being
possibly quite large, possibly in the thousands or more, it is not possible to
inspect them all at once. Therefore, these documents are instead displayed
on the map as a visual marker.
Document markers each take the form of a semi-opaque dark circle with
a distinct location and radius (Figure 5.1 e). The location of a document
marker depends on the individual relevance estimation of the document
to each of the query phrases. The positioning of a document marker can
be described by the effect of springs, that would link each query phrase to
the document marker (Figure 5.1 f). The higher the relevance estimation
of the document to the query phrase, the stronger the spring. As a result,
the more semantically close a document is to a query phrase, the more
spatially close its marker gets.
Since the end location reveals only relative relevance, i.e. a document
with nothing but very weak relevance scores to each of the query phrases
can share the same position as a document with strong relevance scores,
we have introduced the notion of overall relevance, which is the sum of
all the relevance scores of a document. This value is then encoded as the
radius of the document marker.
The transparency and variable radius of all document markers together
contribute to building a topography of how a document set is populated with
respect to a user’s interests. The superimposition of document markers
creates darker areas informing the user of a high density of information,
while light and white areas indicate a gap in the semantic distribution.
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Figure 5.1. The relevance map displays documents in relation to multiple entities, displayed as red text labels (d). The exploration cursor (g) is located at the
user-speciﬁed position to be used for the re-ranking of all related documents
in the right panel (b).

70

Enabling Orientation in the Information Space

71

Enabling Orientation in the Information Space

Initially, the result list displays all related documents in a long list, ranked
according to the overall relevance of each document. Exploring the content
of the map and accessing documents of choice requires the user to tap
somewhere on the map, to position a cursor (Figure 5.1 g) inspired by the
one used in Google Maps. This cursor tells the system what area of the
map the user is interested in discovering. As a result, the system re-ranks
the list of all related documents in a way that prioritizes the ones whose
markers are in the vicinity of the cursor. Details of the methods used to
compute the visualization and re-ranking are provided in Publication III
[Klouche et al., 2017].
The actual method through which the ranked list is computed takes
into account both the marker-to-pointer distance and the overall relevance
value of each document. The system then re-ranks the complete list of
retrieved documents according to these values.
The pointer can be re-positioned by dragging or tapping on the map. Any
change in the pointer position or query marker organization triggers a
re-ranking of documents based on their overall relevance and proximity to
the pointer.
The ranked articles appear in a conventional one-dimensional scrollable
list layout in the result panel, with title, authors and publishing information, abstract and keywords. Keywords from the results panel are readily
usable as interactive entities and can be dragged to the map to become
new query phrases (Figure 5.1 h).

5.1.2 Overview of the Study
Twenty participants took part in a controlled laboratory experiment in
which RelevanceMap was compared to a conventional ranked list visualization in two basic tasks: perception and retrieval.
The perception task sought the understanding of the beneﬁts of the
visualization in perceiving the distribution and density of resulting documents with respect to multiple query phrases. The retrieval task sought
the understanding of the beneﬁts of the visualization in re-ranking the
results according to a user-speciﬁed distribution over the importance of the
different query phrases. The beneﬁts were measured with respect to task
completion time and effectiveness (quality of the perception or retrieval).
The perception task aimed to measure task completion time and effectiveness, to help understand how a document space is populated and organized
with respect to speciﬁc query topics. Participants were asked the two
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Figure 5.2. In the perception task, participants must identify the two and three keywords
out of four that are the most related to relevant information. In the baseline (a),
they must skim through the ranked list of results to infer the most prevalent
keywords from the top articles. Using the relevance map, they must interpret
the distribution of document markers. In the retrieval task, participants must
ﬁnd an article that shows a high relevance to one keyword (say, tabletop), and
a lesser relevance with two other keywords (say, tangible and interaction).
Using the baseline (a), they must query the three keywords, then ﬁnd a ﬁtting
article in the result list. Using the relevance map, they point (by tapping
on the touch-enabled monitor) at an area between the three keywords (c1),
somewhere closer to tabletop than tangible or interaction, which triggers
a re-ranking of retrieved articles based on the selected position (c2). The
participant should be able to select one of the top articles as a ﬁtting task
outcome.
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following questions: (1) “Out of the 4 topics provided, which 2 topics are
related to the highest amount of relevant documents?”, and (2) “Out of
the 4 topics provided, which 3 topics are related to the highest number of
relevant documents?” (Figure 5.2).
The retrieval task aimed to measure task completion time and effectiveness in ﬁnding documents with varying multi-dimensional relevance
toward several topics. Participants were given the following instruction:
“Find one article that is highly relevant to Topic A and slightly related to
Topic B and Topic C.”. The task was then repeated one more time with a
different topic priority: “Find one paper that is highly relevant to Topic B
and slightly related to Topic A and Topic C.”

5.1.3 Findings
The results of the experiments show signiﬁcant improvements in task
completion time in both perception and retrieval, without compromising
effectiveness.

Figure 5.3. Results from the performance measures displayed for both systems with
conﬁdence intervals for: (a) task completion time in the perception task and
(b) task completion time in the retrieval task with the mean duration (lower
is better), (c) effectiveness in the perception task with the mean topic quality,
and (d) effectiveness in the retrieval task with the mean document quality
(higher is better).

In the perception task, participants were able to use the relevance map
visualization to make decisions with greater accuracy and 111% faster.
The visualization allowed the participants to understand more accurately
the distribution of information with respects to the multiple aspects of the
query.
In the retrieval task, documents ﬁtting complex criteria were retrieved
70% faster using re-ranking through interaction with the relevance map.
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While ﬁnding documents with different relevance to several topics requires
users to go through long lists of results and assess the relevance of individual documents, our proposed method for re-ranking through pointing at
the map successfully narrows down the top results to documents that ﬁt
the criteria.
The quality of the task outcome was the same in both conditions in the
retrieval task. A possible reason for equal performance is the absence of
strict time constraints for participants to complete the tasks. It is possible
that a constrained time to complete the task would have negatively impacted the quality of the task outcome for the baseline, as the participants
would not have been able to carefully examine the list to ﬁnd a ﬁtting
article, but would have been forced to skim, resulting in possibly lower
quality of selected topics and articles.

5.1.4

Design Implications

While the relevance map utilizes a similar result list component as the
baseline system, the visualization, and the possibility to quickly re-rank
the results help avoiding the trap of the ten blue links. The simplicity
of the search engine is here substituted by a necessarily more complex
behavior, but users showed an encouraging adaptability and enthusiasm
to the new paradigm. This suggests that richer user interfaces for
accessing information can be accepted and worth being explored.

5.2

QueryTogether: Collaborative Orientation

Search is often thought of as a solitary user activity, focusing on eliciting a
user’s information needs and improving search-result relevance. Recently,
increasing attention has been devoted to search as a collaborative activity that is often co-located, spontaneous and initiated informally from a
dialogue [Brown et al., 2015, Morris et al., 2010]. Users are inspired or informed by others’ searches and can distribute search efforts, exploring the
information space in parallel. Despite the increasing number of situations
in which several co-located people engage in collaborative search, available devices, and public screens are not effectively used for synchronous
collaboration.
Section 5.1 makes the case for dynamic mapping of an information space
to make it relevant to a speciﬁc context and user. In the case of collabora-
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tion, this raises the question of how entity-based techniques for demarcating an information space of interest can be used effectively among multiple
users. To investigate the question, We wanted to focus on a common ubiquitous computing scenario in which several co-located users spontaneously
engage in collaborative search, using personal devices as well as available
large screens or projectors. In particular, we investigate how entity-based
user interfaces and search systems can facilitate collaboration across such
devices.

5.2.1 Design Rationale
• Entity-centric exploration. The units of search and collaboration can be
any information entities – such as documents, keywords, and authors
– that can be shared for collaboration or used as queries to trigger exploration. The design should also provide different starting points for
exploration, including not only entities suggested by peers but also entities suggested by the system. System suggestions should be provided
every time a new query is triggered, so users are always provided with
possible directions for future exploration. In both cases the suggested
entities should be encapsulated in interactive search objects that can be
directly used to trigger new queries and explore new directions.
• Flexible use of devices. To study the effect of entity-centric exploration in
a scenario that reﬂects the current trends as closely as possible, one design goal is to make the system usable from a variety of devices and thus
support different modalities (e.g., mouse and touch) and different platforms. To facilitate interaction on smaller devices (and on touch screens
in general), the main features such as querying and sharing should not
necessarily require typing. Enabling typing-free interactions may also
prevent unnecessary overhead when accepting system suggestions and
thus lead to less distraction and better exploration.
• Support for diverse working styles. Previous work on co-located collaboration has stressed the importance of supporting a variety of
working styles ranging from individual work to tight collaboration
[Scott et al., 2004, Tang and Joiner, 2006]. It is important to allow for
various degrees of coupling as at times, the work is more efﬁcient if it
is performed by an individual or loosely coupled. This is also important
due to the fact that in some instances, it might be appropriate to allow
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for maintaining the privacy of the information being manipulated by
participants [Steﬁk et al., 1987]. Moreover, the system should allow for
ﬂexible switching between different working styles. Users should have
the option to work independently and to decide if and when to share
and whether to share privately or publicly. While this could lead to
more effective collaboration [González-Ibáñez et al., 2013], it could also
be beneﬁcial from a privacy perspective, as users decide what to share
without needing to disclose their entire search log.

5.2.2

Overview of the System

The User Interface
Since QueryTogether adapts the user interface from ExplorationWall,
this section will focus on describing the speciﬁc features enabling collaborative use. Please refer to subsection 4.1.1, or to Publication IV
[Andolina et al., 2018a] for the full description of the interface.
As seen on Figure 5.4, The side panel/reading list, already present in
ExplorationWall, now additionally displays at the bottom the user list,
where each user’s name is displayed as a label along with his or her share
status, i.e., “public” for shared devices and common workspaces, or “private”
for users with individual/private devices. In the prototype implementation,
the status was to be selected at login, along with a user name.
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Figure 5.4. The user interface of QueryTogether. Differences with the ExplorationWall
system include: (a) The reading list is now a share history and contains
simultaneously entities bookmarked by the user, as well as entities received
from collaborators. Their origin is indicated over the entity. (b) The user list
shows online collaborators and the status of their device to differentiate at
a glance between shared public screens and private devices. Entities can be
shared by dragging them to the desired recipient in the user list.
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Sharing is performed by dragging an entity onto the chosen recipient in
the user list, as seen in Figure 5.5. The recipient will instantly receive a
new instance of the sent entity in her side panel. If the side panel is closed,
a visual notiﬁcation in the corner informs the user of the number of new
entities received. Next to each user label, a “Message” icon allows the user
to send a short message along with an entity.
To facilitate exploration based on saved and shared entities and documents, the reading list/share history can be ﬁltered according to a chosen
collaborator, simply by tapping his or her name. Filtering based on a collaborator that uses a personal device will show only entities and documents
sent to and received from that user. Filtering based on the moderator, or
any collaborator using a public workspace, e.g., through a shared monitor,
large screen or projector, will display the content of the common collection
shared among all users. Filtering based on one’s own name will display
only entities that have been saved locally and ignore anything sent or
received remotely.

Figure 5.5. This sequence illustrates the coordination and exploration process between
collaborators: a) From the results of a search, User 1 chooses an entity - in
this case, a keyword - to send to User 2. User 1 drags the chosen entity to User
2’s label in the user panel. b) The received entity appears in User 2’s reading
list along with information on the sender and the time it was sent. User 2 can
then use it as an exploration trigger to start a new search stream by dragging
the received entity to the query area. c) In the same way, entities can be sent
to User 3. In this case, User 3 uses the system on a common workspace on a
big screen and is set as public, so entities on the big screen are shared with
all collaborators.

Example Scenario
Max, Anna, and Oscar are three computer science students. They have
teamed up to present a common project in the context of a workshop on the
semantic web. They meet to look for ideas as they only have a superﬁcial
knowledge of the topic. Max and Oscar take out their tablets, while Anna
takes control of the shared large multi-touch screen, assuming the role of
the public user and moderator of the session.
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As they each log on to the collaborative search system, their names stack
up in the user list on each device. They agree to start by exploring the topic
of “semantic web” at large, to ﬁnd inspiration and become more familiar
with related subtopics. Anna starts by tapping somewhere in the query
area of the shared screen, which opens a local text box. A soft keyboard
pops up, with which she types “semantic web.” Based on that query, the
system returns a variety of related documents and keywords organized
in a vertical stream. They discuss and review the keywords suggested
by the search engine that seem to be the most central. They eventually
agree that Oscar will further investigate the topic “ontologies” while Max
will explore “web mining.” On the shared screen, Anna drags the keyword
“ontologies” from the result stream to the user label “Oscar” in the user
list. A new instance of the keyword appears instantly in Oscar’s side panel
with the mention “Shared by Anna (Moderator) at 10:36:17.” Anna then
does the same with the keyword “web mining” to Max. Without having
to type anything, Oscar privately drags the freshly received keyword on
his device toward the query area, which returns a new stream of articles
and keywords all related to “ontologies”. He reads the abstracts of the
retrieved articles and performs a few follow-up searches based on the
related keywords. The new result sets appear as parallel streams on his
interface, allowing him to compare their contents. In the same way, Max
explores information related to “web mining.”
As they both encounter interesting documents and keywords, they send
them to the large screen by dragging them over to Anna’s user label. After
a little while, they decide to stop collecting new material to discuss the
shared content. Anna leads the discussion on the large screen. As they
review the outcome of their individual searches, they agree on which
documents to keep in the list and which to dismiss. To remove an entity
or a document from the list, they simply drag it out of the side panel. In
the end, all three participants share the same collection of a few highly
relevant documents that will make for an excellent basis to start their
project.

5.2.3

Overview of the Study

We evaluated QueryTogether to investigate the type of improvement such
a system could yield relative to a baseline condition that would replicate
a realistic conventional collaborative exploratory setting. The study was
aimed at providing understanding regarding the following aspects:
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Figure 5.6. Experimental setup

Effectiveness: Does QueryTogether improve the search session effectiveness of retrieved information when compared to the baseline system?
Collaboration: Does QueryTogether enhance collaboration or lead to a
more balanced contribution within the group of participants when compared to the baseline system?
Engagement: Does QueryTogether lead to more engaging search behavior
when compared to the baseline system?
Additionally, we aimed to investigate potential changes regarding the use
of searchable objects/entities, style, and heterogeneous devices:
Entities as searchable objects: What is the extent of use of entities as
searchable objects in conversation or through the use of QueryTogether?
Collaboration styles: Does the collaboration differ in tightly or loosely
coupled work styles or transitions between these?
Heterogeneous devices: Are there differences in how participants attend
to the different devices?
The study followed a within-groups design with nine groups and two
system conditions. Nine in-person teams of three people were assigned
a collaborative search task (Figure 5.6). The system conditions were the
full QueryTogether and a baseline version of the system that did not have
the design features of QueryTogether. Each group performed two tasks:
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one with the support of QueryTogether and one with the baseline. The
conditions and tasks were counterbalanced by changing the order in which
the two tasks were performed and the order in which the groups were
subjected to each condition.

Figure 5.7. Baseline system replicating a conventional search interface while using the
same backend as QueryTogether.

The baseline illustrated in Figure 5.7, was implemented based on this
rationale. The baseline was a control condition that mimicked the conventional search interfaces, allowed for isolating confounding factors related
to data or search engine functionality, and enabled the users’ de-facto
collaboration practice to be conveyed by combining the baseline system
with the tools that the participants would use in real-life situations. We
selected Google Docs as the information gathering and sharing platform,
as this is the most commonly used collaborative platform available and the
participants were likely to be familiar with the platform.
Two of the participants sat in chairs with an optional table, and the
moderator sat at a separate desk. The three participants were placed in
a triangle facing each other at a distance of approximately 2 meters to
make it easy to see each other and communicate. When using the baseline,
all participants used laptop computers. When using QueryTogether, two
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participants used tablets, and the moderator used a laptop computer. In
both conditions, the moderator’s computer was mirrored onto a large screen
that faced the other two participants.
The participants had twenty minutes to complete the task with each
system. After completing the task, participants were asked to ﬁll out the
User Engagement Scale questionnaire. The entire experimental session
lasted about 80 minutes.

5.2.4 Findings
A ﬁrst ﬁnding to highlight is a conﬁrmation of the results obtained through
the ExplorationWall study. As tasks pertaining to exploratory search
are generally easier to perform on a desktop computer due to intrinsic
limitations of touch-based devices [Singh et al., 2011]. Our measure of
recall over time shows that QueryTogether, like ExplorationWall, allowed
participants to be as effective with tablets as with laptops and conventional
search tools. We also observed the same reduced need for typing, with
53% of search terms created by dragging and dropping entities into the
query area, which emphasizes the utility of providing support for query
formulation, and indicates that, when given the opportunity, people tend
to prefer direct manipulation to typing on soft keyboards.

Figure 5.8. Measure of subtopic-Recall (S-Recall) [Zhai et al., 2015] over time averaged
across groups. The curve shows how relevant elements were found earlier
using QueryTogether, indicating a better distribution of work, with the positive
consequence of leaving more time for discussions.

Analyses of effectiveness and verbal activity showed that most of the
relevant subtopics were found sooner by participants using QueryTogether
when compared to the baseline condition, as shown in Figure 5.8, which
enabled more time for discussion and establishing a common ground. It
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also revealed how, with QueryTogether, collaboration strategies typical of
collaborative exploratory search, e.g. division of labor or establishing a
common ground, were better supported through the availability of entities
as searchable objects. We also observed that QueryTogether supported
a more ﬂexible coupling [Dewan and Choudhary, 1991], meaning that the
system made it easy to switch between phases of individual work with
little coordination involved, and phases of tightly coupled collaboration, in
which participants engaged in intense verbal communication.
Previous research shows group awareness as a positive factor in the coordination of actions, anticipation, and assistance provided to collaborators
[Gutwin and Greenberg, 2002]. Our results suggest a higher group awareness has been achieved as the higher lookup rate at the shared display
indicates. Moreover, the higher awareness of publicly shared information
suggests the system supported the creation of a common understanding.
Such interpretation is also supported by our results on verbal usage of entities, revealing that more time was spent in establishing common ground
when using QueryTogether, by sharing prior knowledge on entities, asking
clariﬁcation questions, explaining, and reporting activities performed with
entities.

5.2.5

Design Implications

The main question regarding the design of QueryTogether was the use of
entities to demarcate information spaces collaboratively. Participants
successfully shared entities as a means to understand each other
and ﬁnd common-ground, they also were able to naturally come up with
ﬂexible strategies to alternate between individual and collaborative work,
on top of conﬁrming individual beneﬁts observed using ExplorationWall in
section 4.1.

5.3

Contribution

The aim of this chapter was to answer RQ2: How to demarcate and visualize a coherent information space through entity-based affordances?. User
experiments with RelevanceMap showed how mapping of information can
be achieved to provide users with the means to perceive the information
space in a way that is semantically consistent. As a result, we observed
participants performing effective orientation leading to efﬁcient discovery
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of information related to complex criteria. User experiments with QueryTogether allowed us to better understand how entity-based affordances
could support exploration by multiple users collaborating in a common
information space, helping them distribute the work and ﬁnd common
ground. Together, these results provided satisfactory answers to RQ2.
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6. Enabling Entity Affordances Across
Environments

We have established that information exploration is long-term, and relies
on insights from many sources, including active search, serendipitous ﬁnds
online and ofﬂine, conversations, etc. However, the lack of consistent and
direct communication between various sources of information results in a
burden for the user who must overly rely on her memory to make sense of
encountered information and get a sense of context out of it, which creates
few opportunities for insight and contributes to unnecessary cognitive load.
We describe this problem as pertaining to continuity in the information
space.
It is clear how the affordances proposed so far can function within one
application. However, to be useful, such affordances should potentially be
harnessed beyond such a limited environment. For that reason, the next
logical step is to investigate the potential for enabling these techniques
across various applications, e.g., browser, email client, ebook reader, but
also beyond the digital realm, by exploring techniques to channel physical
or temporal resources, such as conversation-sourced information, into
entities to be interacted with.
We decided to address this continuity problem through the implementation of proactive systems, able to monitor an active situation, e.g., a
conversation, writing of a report or planning of a trip, and from the data
acquired, the system proposes entities that can then be interacted with,
shared, or integrated to a visualization and used to steer and further the
exploration.
This chapter reports on three separate systems. The ﬁrst two, summarized in Sections 6.1 and 6.2 and reported in Publication IV and Publication
VI, use speech recognition technologies to provide proactive help and entity
recommendation to users engaged in natural conversations. The last system, summarized in Section 6.3 and reported in Publication VII, visually
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monitors a user’s activity across digital applications, makes inferences
regarding the tasks at hand, and ﬁnally proactively provides recommendation on various entity types. The three systems are summarized in the
following sections, as well as their respective evaluation. Together they
provide a rich exploration of techniques for enabling continuity in the
information space, therefore providing satisfying answers to RQ3: How to
beneﬁt from entity-based interactions for exploration beyond self-contained
systems?.

6.1

InspirationWall: Topic Recommendation Through Speech
Recognition

As a proof of concept, we ﬁrst wanted to develop a minimal system that
would positively inﬂuence the outcome of a conversation, as a basis for
more complex systems. With that in mind, we settled on augmenting an
ideation – or brainstorming – session. In such sessions, participants try
for a limited time period to come up with as many ideas as they can on a
given topic or with a few given constrains, while deferring judgment and
avoiding censoring themselves. Such focus on quantity over quality often
yields silly ideas that can however trigger insights and novel associations.
The same focus on quantity over quality is also something that can easily
be emulated by a digital agent, that would use expressions pronounced
by human participants as queries to retrieve additional topics that would
then fuel the session. As unexpectedly interrupting the participants would
obviously be counterproductive, we strived to design a system that could be
consulted any time with minimal effort, while being completely unobtrusive
when not needed. We were interested in understanding if, in such a limited
setting, participants would make use of the system, and if input from the
system would inﬂuence the session in any positive way.

6.1.1 Overview of the System
InspirationWall has been designed to be a supplementary participant in
group ideation meetings. A system that “listens” and contributes in a way
that does not interrupt the ﬂow of ideas. Therefore, the system required
minimal interaction from users/co-participants. The visible part of the
apparatus consists of a screen and a microphone. The system continuously
monitors an ongoing conversation. The audio is transcribed into text in real
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Figure 6.1. User Interface in situ. Words related to the ongoing conversation fall slowly
across the display, ensuring a constant ﬂow of new topics.

time1 . From the text, signiﬁcant words are isolated and used as a query in
a search system – which uses the same backend as ExplorationWall – to
retrieve related keywords to be displayed.
Visually, the InspirationWall (Figure 6.1) user interface has a dark background with, at ﬁrst, nothing but a small microphone icon blinking in
the upper left corner to indicate the system is active and listening. When
signiﬁcant words are heard by the system, and related keywords found,
these are displayed in a silent “rain of words”: words appear at ﬁxed intervals from the top edge of the screen, at a random horizontal position, and
moves down at a slow, ﬁxed speed. This provides a slow continuous stream
of words to potentially enrich the ideation session, without disturbing it
through sudden changes or sounds. The system is conceived as an aid, that
1 The technique used for automatic transcription of natural speech is detailed in

Publication V [Andolina et al., 2015a].
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Figure 6.2. Experimental setup

can be consulted or ignored depending on each participant’s need.

6.1.2 Overview of the Study
We conducted a study with six pairs of participants to evaluate the effects
of InspirationWall on the idea generation process, with the goal of understanding whether it helped small groups generate more ideas. Each pair
took place at a table, with the display on one side, as if it was a third
participant (Figure 6.2). Paper and pens were provided. They had twice
twenty minutes to come up with as many project ideas as possible on a
given topic. Once with InspirationWall being active, and another time
without the help of the system. We used two different topics, i.e., robotics
and wearable computing, and we fully counterbalanced both the order and
topics used for both conditions. Participants were recorded through the
same microphone used by the system for the speech-recognition, and a
camera at the top of the screen was taping each session. The alignment
of the camera with the display made it easy to identify occurrences of
participants glancing at the screen.
We measured quantity of ideas over time. Using video and data logs,
we were able to identify individual ideas and the approximate time of
inception. We also counted the occurrences of participants looking at the
display to identify when an idea could be linked to something that was on
display at the time.
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6.1.3

Findings
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Figure 6.3. Accumulation of ideas per condition (BL = Baseline; IW = InspirationWall)
in the different sessions S1,...,S6. On the Y-axis is the cumulative number
of ideas, and on the X-axis is the time from the beginning of the session
(minutes).

Participants were asked to generate ideas but not explicitly to use or
interact with the system which was simply provided as-is. Our study shows
that participants that used InspirationWall more – as indicated by the
count and duration of gazing occurrences obtained through video analysis
– tended to generate more ideas in total and over time, as seen in Figure
6.3. Those results suggest that InspirationWall contrasts the decay of idea
productivity over time – typical of traditional idea generation sessions –
and conﬁrm the effectiveness of automatic information exploration and
keyword suggestion on idea generation.

6.1.4

Design Implications

InspirationWall is constitutes a preliminary, quick and dirty implementation of a proactive system monitoring conversations. However, our study
shows it as an example of an entity-oriented system that is able to
provide support in information practices taking place outside a
digital environment, which opens a variety of directions for future work,
including allowing richer interactions with such systems.

6.2

SearchBot: Proactive Entity Search

Following the encouraging results of InspirationWall, we were interested
in further exploring how a digital agent could support/inﬂuence a conversation by providing proactive entity recommendations and contextual
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information. To that end, we needed the setting to be more common and
naturalistic than an ideation session, and we wanted the system to allow
more interaction with the presented information. Therefore we settled on
a natural conversation setting and aimed to develop a system that would
listen to the conversation and provide individual understanding support
by showing entities and links related to what is being discussed, enabling
quick contextual on-demand information.

Figure 6.4. The user interface of the SearchBot system. The system monitors a conversation and provides continuous recommendations of related documents and
entities in a non-intrusive way: On the lower half, a continuous stream of
recognized entities; In the middle, a timescale with timecodes; On the upper
half, sets of recommended entities, i.e., documents and keywords. The user can
go back by sliding the timescale to the left to retrieve past recommendations,
and return to the present by sliding again to the right.

6.2.1 Overview of the System
We designed the SearchBot system to monitor a conversation and provide
continuous recommendations of related documents and entities. SearchBot
listens to conversations through a microphone and a speech recognizer
(i.e., Google Web Speech API). Each detected sentence is then processed
by Google’s Cloud Natural Language API, which detects entities in
the sentence and uses them for the recommendation process. Related
documents are retrieved via Google Custom Search with detected entities
as a query.
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Figure 6.5. Example screen capture of the system in a session where the participants were
having a natural conversation about movies. The corresponding transcripts of
the spoken conversations are shown below the screen captures. The system
is recognizing and recommending entities and matching documents based on
the conversational input.

An example of a sentence, extracted entities, their types, and the resulting
queries:
Sentence:

Bordeaux is famous for its wines.

Entities:

Bordeaux (type location), wines (type consumer good)

Named entity query vector:
General query vector:

Bordeaux

Bordeaux + wines

The system runs in a regular browser window (Figure 6.4). It consists of
a timeline that displays a stream of recognized entities in the lower part
of the window, a timescale with timecodes displayed in the center, and
successive sets of four retrieved documents and four recommended topics
in the upper part of the window. A new set extends the timeline every time
a new transcription is available.
The user can interact with the system in multiple ways. Clicking on
recognized or recommended entities triggers a search and opens the most
relevant article in a new tab. Clicking on a document will open its content
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Figure 6.6. Experimental setup. Participants were sitting around a table, and a laptop
was placed in front of each participant. The laptops were displaying the
SearchBot interface. Microphones were placed on the table to record the
conversation.

in a new tab. Users can also move back and forth in the timeline by clicking
on and dragging the central portion of the window.
An example of a system screen captures during a spoken conversation
in which participants were having a natural conversation about movies is
shown in Figure 6.5.

6.2.2 Overview of the Study
We aimed to investigate how a proactive search agent can support natural
spoken conversations between people by augmenting the conversations
with additional information. To that end, we conducted a user experiment
with 12 pairs of participants in a within-subjects design. Each pair of
participants took part in twice twenty minutes of informal conversation,
once with access to SearchBot and the second time without SearchBot but
with access to a custom version of Google Search to avoid any confounding variable regarding variation in the quality of retrieved information.
Conversations were kick-started through a suggested topic, i.e., Movies
or Travels. Both topics were fully counterbalanced with respect to the
condition in use, and order of sessions.
In order to assess the SearchBot’s effect on the conversation, we used
objective and subjective measures.
Inﬂuence of information shown on the conversation.

To understand

whether the information presented on the screen inﬂuenced the conversa-
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Figure 6.7. Number of entities that were mentioned within 60 seconds of when they were
shown on the screen.

tion, we counted the entities extracted from the items shown on the screen
that were mentioned in the 60 seconds following their ﬁrst appearance on
the screen. To control for possible cases in which displayed entities were
mentioned by chance, we performed the same calculation in the control
condition. In this case, the proactive search interface was running in the
background, and results were not shown to the participants.
Consumption of web resources. The number of pages opened by participants during the conversation served as a proxy for the consumption of
Web resources.
Perceived quality of the recommended items. We showed participants the
list of the 100 recommended entities and the list of the 100 Web documents
that the system displayed most frequently, and we asked them to mark the
items that they considered pertinent and relevant to the conversation. We
considered this measure a proxy for the perceived quality of the items the
system suggested.
Preferred items with the proactive search agent. In the experimental
condition, we logged the item types (i.e., Web documents, recommended
entities, and recognized entities) that the system displayed and that the
user clicked on to seek more information.
Subjective experience. We investigated participants’ subjective experiences with the system using a questionnaire and a semi-structured interview.

6.2.3

Findings

Results show that participants in the experimental condition frequently
referred to the entities and documents shown on the screen during their
conversations (Figure 6.7). The comparison with the control condition, in
particular, demonstrated that these references were not due to chance.
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This result indicates that not only did the proactive search system retrieve useful information, but the displayed information inﬂuenced the
conversation, as questionnaires and interviews further conﬁrmed.
There was no signiﬁcant difference in the number of Web resources consulted between the experimental and control systems. This result suggests
that participants retrieved the same number of useful resources supporting
the conversation in both experimental conditions. However, while in one
case the resources were automatically retrieved by the proactive search
agent, in the other case, explicit query formulation and reﬁnement was
needed.
In general, the reported quality of the experience of using the system was
more positive for the experimental condition, as it allowed participants
to keep eye contact with each other, enabling more ﬂuent conversation.
Participants reported that SearchBot allowed them to check facts and build
common ground without needing to exert much mental effort. Furthermore,
the system was able to expand the conversation in new directions. However,
the added value of the proactive search experience seemed to come with
the cost of feeling less in control of the search process.

6.2.4 Design Implications
These results show that entity-based interaction can be engaged successfully in conversations, as a way to support an interlocutor’s immediate
understanding, or as an advanced method for automatic note-taking. Future work could investigate, how a proactive system could present,
after a conversation has taken place, a summary of it in the form
of a network of entities. Such visualization would provide an overview
of the different topics, opinions, entities of interest, in other words, not only
a transcript but the context of the conversation displayed as interactive
entities ready to be used in queries, organized or shared.

6.3

Entity Recommendation Across Digital Environments

So far, the systems described in this chapter have presented opportunities
for harnessing entities outside of digital environments through conversation monitoring. An important remaining challenge consists of enabling
entity affordances across multiple digital environments, allowing a user to
search, read, write, communicate using a variety of digital tools while still
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taking advantage of entities.

6.3.1

Overview of the System

User Interface
The system’s user interface is illustrated in Figure 6.8. It implements
three speciﬁc features:
1. Showing entities being recommended by the system
2. Allowing selection of entities of interest by the user (explicit feedback)
3. Allowing direct action on entities when relevant
In the following, we describe how each of these features were implemented in our experimental setup. Finally, we provide a use case example
demonstrating the use of the entire system.
Recommended entities are displayed within four rows of ﬁve items, one
row per entity type, i.e., people, applications, documents and topics (as
keywords).
People are identiﬁed by their name under a photo-based icon when
available, and a standard anonymous silhouette when not. Applications are
identiﬁed by their names under a standard icon or logo of the application
or service. Documents are identiﬁed by their name under an icon based
on a preview of their content, with a small icon of the application used
to read or edit it. Finally, topics are identiﬁed as a single keyword. In
each row, recommended entities are ranked horizontally from left to right.
Since the main purpose is to show a small variety of the most relevant
entities, the ranking is not visually emphasized. As users perform their
tasks, the system progressively updates the recommendations. These
changes are reﬂected in the UI as entities eventually shift places and
new entities replace old ones in each row. In the prototyping phase, since
entities are displayed on an orthogonal grid, some users tried to derive
meaning from the vertical alignment of entities across rows. To prevent
that, the grouping of recommended entities by type in each row has been
emphasized with a grey rectangle that acts as a container.
When the user is interested in a speciﬁc entity among the recommendations, she must be able to express her interest in a way that informs the

97

Enabling Entity Affordances Across Environments

Figure 6.8. Two states of the system’s user interface. Recommended entities are displayed
within four rows, here with ﬁve items each: people, applications, documents,
and topics. The user can select entities of interest by clicking on them, which
updates the recommendations. Up: the user sees entities related to her
current work. She notices ﬁgures she has made for one of her papers (a1). She
clicks on “Illustrator” (an application for editing vector graphics) (a2), then
on the topic “diagram” (a3). Down: As a result, the entities of interest are
displayed in the top area (b1) and the system updates the recommendations
accordingly with the user’s selection. In the document row, she selects an
illustration (b2) that she will modify for use in her new paper.
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system so that recommendations update accordingly. To that end, every
recommended entity displayed on the UI can be selected with a click. As a
result, the selected entity, or entity of interest, appears in the area at the
top and the overall recommendations (in every row) are updated, taking
the selection into account (i.e., a positive feedback on the selected entity
is sent to the system). More entities can then be selected and added to
the entities of interest at the top of the screen, providing an explicit way
to inﬂuence the recommendations. Entities of interest can be removed
from the selection by clicking the cross that appears at their upper right
corner when the mouse cursor hovers their icon. Removal of an entity of
interest from the selection sends a neutral feedback on the selected entity
to the system, which updates the recommendations accordingly. The whole
selection of entities of interests can be reset by clicking the “Clear selection”
button on the right.
An important feature of the system is to make the recommendations
actionable. While work on translating recommended persons and keywords into potential actions is ongoing, the present version simply allows
to directly open recommended applications and documents. Figure 6.9
illustrates the user interface through an example scenario.

Example Scenario
Alice is evaluating a Master’s Thesis about interactions in virtual reality.
The work is quite interesting and she’s almost done with the ﬁrst pass
of annotations. A notiﬁcation pops up in the corner of her display: it
is an email from the university administration stating the budget she
has submitted for a conference trip next month has been approved. This
makes her think she better hurry if she wants to be able to choose which
ﬂights and hotel will better suit her needs. Prioritizing the new task, she
interrupts the evaluation and opens the travel portal. After a few seconds,
the entity recommendation display gets updated with entities of the budget
document she sent last week, the concerned administration person, as well
her colleague and co-author Bob, who is supposed to give a talk at the
conference as well. By glancing at the screen Alice sees the name of Bob
and she realizes he could provide useful advice for what concerns which
hotel to stay as he had already planned his trip. She opens a new direct
messaging conversation. “Hi there. Do you already know in which hotel
you’ll be staying in Hong Kong?”. Bob answers and shares some points
of interest he plans to visit. With that information, Alice ﬁnishes her
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Figure 6.9. Use case scenario.
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booking. Now intrigued, she resumes her exploration of what to do in
the city when she’s there. The entity recommendation screen now shows
related trip advisor links, but the system also recommends her friend
Charlie. That recommendation makes her recall Charlie had once sent
an email describing his own trip to Hong Kong. Looking for that email,
she selects Charlie and the email client, which tells the system to focus
on items related to these entities in the following recommendations. With
the provided feedback the system manages to dig up Charlie’s old emails,
which included some personal recommendations that have become useful
at last. Alice starts to be pretty excited about the trip but realizes she has
an urgent matter to attend. She clears the selected entities and resumes
her thesis evaluation task. After a few seconds, the system shows again
an entity-based overview of her current tasks, including the submitted
Master’s Thesis manuscript and her annotated document.

6.3.2

Overview of the Study

A user experiment was conducted to assess the quality of recommendations
and understand how it inﬂuences users’ behavior and subjective experience
of the task at hand. The study followed a within-subjects design, with
two conditions, one with the recommender system visible, and a control
condition with the same system running in the background without being
visible to the participant. Thirteen participants took part in a two-phase
experiment: two-week digital activity monitoring, in which participants
had to keep a diary of all their digital activities, while the system’s logging
software was running in the background on their personal laptop, followed
by a controlled lab study (see setup on Figure 6.10) in which participants
had to perform two tasks picked from their diary, e.g., course preparation,
literature review, programming or travel planning, using each system
condition for ten minutes. The order of both conditions mas fully counterbalanced amongst participants. For the lab experiment, participants’
laptops were hooked to a supplemental display, which showed the entity
recommendations in one of the conditions, and to a calibrated eye tracker
that would record gaze data. After the task, participants were interviewed
to register their subjective experience of relevance and inﬂuence of the system, then had to assess the relevance of entities that were recommended
to them during the session. The inﬂuence was measured through duration of gaze ﬁxation on recommended entities, explicit interaction with
recommended entities and direct utilization of recommended information.
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Figure 6.10. The interactive setup. Participants used their own laptops to perform the
tasks. An external monitor was set up to connect to the laptops showing
the recommender system’s UI. SMI eye tracking device was installed and
mounted onto the external monitor to track participants’ eye gaze behavior
during the tasks. In the ﬁgure, a participant continues a writing task
for a research paper while the recommender system continuously suggests
relevant references to the manuscript.

6.3.3 Findings
Our results showed that the proactive recommender system effectively
supported users in performing their tasks. The system was able to accurately extract context across applications. The proposed entity interactions,
with the added context leverage, often helped participants retrieve useful
items for which they could not recall a speciﬁc pointer, e.g., title, source or
location. The simple possibility to select an entity of interest to orient the
recommendations proved effective, with data showing that such affordance
was consistently used during the session, and our qualitative ﬁndings
suggest such affordance was an important factor in the overall positive
experience using the system.

6.3.4 Design Implications
Beyond immediate use, as the entity recommendation was used here, this
prototype and study show how a person’s activity can be followed in the
background by a proactive agent, which would transcribe these activities
into an entity-oriented log, allowing the user to ﬂuidly transition
into an entity-oriented environment, utilizing her recent insights
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as material to enrich ongoing or past explorations.

6.4

Contribution

This chapter aimed at answering RQ3: How to beneﬁt from entity-based interactions for exploration beyond self-contained systems?. InspirationWall
demonstrated the possibility to inﬂuence the outcome of collaborative
ideation sessions using speech recognition to leverage context, implemented into a non-intrusive setup. SearchBot also used speech recognition
in a conversational setting with the added possibility to interact with recommended entities to access more contextual information and help ﬁnd
common ground with the interlocutor. Finally, we demonstrated the utility
of a system proactively recommending entities in relation to a user’s task
at hand.
It must be noted that proposing systems that infer information of interest
based on implicit inputs would not do much in terms of improving user
control over encountered information. Transparency-wise, recommender
systems represent a less than ideal form of support for information seeking.
Our use of proactive agents in the tested systems allow us to evaluate
the effects of the possibility to incorporate traces of relevant information
extracted from temporal activities, e.g. conversation or everyday tasks,
into the greater exploration activity, in the form of actionable entities
that can be actively shared, organized and used into queries. The dangers of automated recommendation could ideally be avoided through the
comprehensive extraction of entities in such settings, which would yield a
large amount of information to be visualized and explored using the same
techniques described in chapters 4 and 5.
Instead, the main contribution of such systems lies in the possibility
to incorporate traces of relevant information extracted from temporal
activities, e.g. conversation or everyday tasks, into the greater exploration
activity, in the form of actionable entities that can be actively shared,
organized and used into queries. As such, the three described systems and
respective studies have demonstrated that entity affordances proposed
in chapters 4 and 5 do not constrain a user’s exploration within a single
dedicated digital application and can be used as a way to augment various
aspects of it and to centralize respective outcomes, thus addressing RQ3.
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In this chapter, we reﬂect on our exploration of entity-based interaction
techniques designed to support information exploration. First, I summarize the main ﬁndings of the presented research. Then, I propose a design
template describing the Hypercue [Klouche et al., 2018], an interactive
representation of entities that provides personalized access points to information and serves as a complement to hyperlinks. The Hypercue design
template consists of a minimal set of affordances that ensure all important
features for supporting exploratory search can be addressed while leaving
enough design space to facilitate its integration in a variety of systems.
Finally, we discuss the implications of our work and propose future work
directions.

7.1

Summary of the Main Findings

The work presented in this dissertation aimed to investigate the design
space of entity-based explorability of the information space, following three
properties: Direction, Orientation, and Continuity.
Chapter 4, which summarized the work reported in publications I and
II, aimed to address Direction by answering RQ1: How can entity-based
querying beneﬁt information exploration? Both systems described, ExplorationWall and IntentStreams, successfully demonstrated techniques for
directing exploratory search through entity affordances. Study results
showed, in the case of ExplorationWall, that the proposed solution, dubbed
Entity Picking, had positive effects on search activity, behavior, and engagement in exploratory search tasks, and even outperformed conventional
text-based querying in search performance. IntentStreams introduced
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support from an intelligent agent in the form of interactive user intent
modeling that coupled relevance feedback with visualization of the user
model to keep the user in control. The signiﬁcantly positive results obtained regarding both performance and engagement conﬁrmed that the
proposed interaction techniques were effective for directing exploration,
therefore addressing RQ1.

The work summarized in Chapter 5, reported in publications III and IV,
aimed to address Orientation by answering RQ2: How to demarcate and
visualize a coherent information space through entity-based affordances?
First, RelevanceMap showed an example of a user-driven visualization
of an information space that helps users more accurately demarcate and
perceive an information space using situated entities on a 2D map. Second, QueryTogether showed how users took advantage of entity-based
affordances in co-located collaborative exploratory tasks using multiple
devices, to coordinate their team and ﬁnd common ground. These two
complementary cases showed how entities can be used interactively to
demarcate a coherent information space of interest, thus answering RQ2.

Chapter 6, which summarized the work reported in publications V, VI
and VII, aimed to address Continuity by answering RQ3: How to beneﬁt
from entity-based interactions for exploration beyond self-contained systems? InspirationWall and SearchBot showed two examples of background
conversation monitoring for proactive entity recommendation. SearchBot
in particular demonstrated the feasibility of real-time relevant recommendations from such conversation monitoring. The last presented system
used another type of monitoring, i.e., digital activity analysis, to infer the
task in which the user was engaged and provide relevant entity recommendation and possible related actions. Beyond the setting of these cases,
the successful monitoring of a user’s activity outside the boundaries of
one dedicated digital application demonstrated the potential for entities
to be harnessed in various contexts pertaining to the complex process of
information exploration, thus providing a satisfying answer to RQ3.
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7.2

From Hyperlinks to Hypercues: Integrating Entity Affordances

Following the research ﬁndings, I reﬂect in this section on my exploration
of interaction techniques designed to support entity-oriented information
exploration. This reﬂection is summarized from Publication VIII. That
last work aimed at devising a minimal set of affordances that ensure all
important features for supporting exploratory search are addressed while
facilitating their integration in various existing applications. A driver for
such reﬂection, and a followup to my three research questions, was the
following new question: What would be an equivalent to the Hyperlink in
the proposed paradigm of entity-oriented exploration?
My answer is dubbed the Hypercue, an interactive representation of
entities that provides personalized access points to information and serves
as a complement to hyperlinks. Hypercues create opportunities to ﬂexibly
discover, store, and share information, and to gain insights from the data.
We describe the rationale behind the design template for Hypercues and
discuss its implications.
A cue is a stimulus and a signal for action. A hypercue is an interactive
representation of an entity; it offers affordances for the user to explore,
share and organize her thoughts. Systematic inspection and exploration of
the design space of each feature of exploratory search systems allowed us to
identify three complementary affordances that are responsible for enabling
these features and that together constitute a minimal design template for
implementing hypercues. The following template aims to guide the creation
of future interfaces for exploration without overconstraining the design
of such systems, or hindering the ability to address speciﬁc cases through
the choice of a speciﬁc form of visualization. The proposed affordances
can also be implemented in most existing media-handling applications
(e.g., in browsers, PDF and e-book readers). From the user’s perspective,
the following template provides a base set of rules and expectations to
facilitate users’ engagement in complex information behavior.

Affordance 1: Entity-Based Querying
Each entity or combination of entities yields various new related
entities, thus providing an overview of the respective information
space.
Providing the ability to create queries through the direct manipulation of
recommended entities can support query formulation and facilitate
query reﬁnement. The ability to add more entities to an initial query

107

Discussion

makes it possible to reﬁne it by narrowing down or expanding the result set.
Adding external entities (e.g., from somewhere else in the article or page
being consulted, or from another source) results in the expansion of a query,
thereby supporting learning and understanding. Adding an entity
to the query from the result set enables facets and metadata-based
result ﬁltering.
Entities become resources for users to express their information interests
and search intents. Sets of related or previously observed entities can
be used to collect feedback from users on their current reliance, which
would support advanced personalization in iterative user modeling where
the exploration system presents predictions of user intent through sets of
entities helping the user to discover and formulate her current intent.
Modern browsers and operating systems already implement affordances
to inspect the deﬁnition of an expression, its corresponding Wikipedia
entry or related search engine results. Such affordance is here generalized,
using entity search to yield a crop of related entities from any selected
object (e.g., an expression, article, or link).

Affordance 2: Entity Mapping
Entities can be moved around, and users are provided with the
spatial freedom to organize the entities of interest in a layout that
reﬂects their understanding and their mental representation of
the information space.
Spatial organization of thoughts is a common behavior. We draw mind
maps, we make piles of documents, we organize sticky notes, and store
documents within directories or under consistent tags. Sense-making is
an important part of exploratory search [White and Roth, 2009], and as
such it relies on users building a mental representation of the state of the
world (i.e., the information space at hand) and then iteratively contrasting this representation against the real world (i.e., new information) to
update it and acquire a progressively more accurate understanding of the
information space [Russell et al., 1993].
Entity mapping provides support for mind mapping, which supports
learning and understanding. It provides an implicit input channel
for leveraging the search context. It also allows for creating visualizations that support insight and decision-making by enabling
multi-aspect search, as well as for addressing the need for histories,
workspaces, and progress updates.
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Affordance 3: Entity Storing and Sharing
Entities and groups of entities can be easily saved for later use
and shared with collaborators.
In today’s paradigm, documents often serve as units of information.
Users search for, bookmark, and share such documents. Such actions
are not sufﬁcient, however. The user often forgets the intent behind the
bookmarking and thus loses the utility of the stored document. Some additional action is required, such as giving each bookmark a context-relevant
title or organizing bookmarks within theme-speciﬁc directories. Sharing
requires the use of messaging channels, as text messages are necessary
to convey context and intent. Entity-oriented information enables the use
of variable and personalized units of information. Users can search for,
store, and share references to persons, media, excerpts, and organizations.
Taking advantage of affordances 1 and 2, the exchange of information
involves potentially sharing – and collaborating on – whole contexts in the
form of organized entities, which facilitates collaboration. The same
principle gives access to these contexts across devices, providing ﬂexible
support for task management and enabling histories, workspaces,
and progress updates. Stored or saved information also provides an
implicit input channel for leveraging the search context.

The present template consists of fundamental principles aimed at guiding
the design of future systems and supporting information exploration while
also limiting the number of constraints imposed on the overall design space.
In this section, we discuss aspects that are not addressed by the template
and attempt to outline the remaining design space.
Hypercues are designed to be identiﬁed and deﬁned by users (although
they could also be recommended within contents). For instance, in the
latest iteration of its operating system for tablets (iOS 11), Apple has
introduced a generalized ability to drag and drop. Pictures, text snippets,
news articles, hyperlinks, and other bit of information pop out of the
environment with a gesture of the ﬁnger, thus becoming interactive objects
that can be dragged across applications and dropped into messages, notes,
or cloud-based storage. This ability lets the user interact with predeﬁned
objects and with user-deﬁned selections, and it offers an ideal interactive
base for the integration of the affordances proposed in this paper.
Although the template does not provide information about the shape
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and size of displayed hypercues, it is useful to discuss the requirements
and provide some recommendations based on our experience. The ﬁrst
requirements of the hypercue marker is for the represented entity to be
identiﬁable and placed in a space that allows it to be moved and positioned
in relation to other entities. A constant challenge when designing entitybased interfaces balancing the amount of information conveyed through
the entity marker against the number of entities that can be comfortably
displayed. In any case, it is necessary to provide the option to quickly
inspect the entity, so that the user can access a comprehensive overview of
the entity through linked content and related material. However, it is also
essential to show enough information up-front to trigger the user’s recognition and incite her interest. Modern desktop-based operating systems
offer a good model for representing ﬁles and directories as manipulable
objects using an icon and one or two short lines of text. The most useful
information depends on the task and on the information space. Although
movies are usually displayed with a poster, a title and a release year, ﬁnding the most relevant movie in a set could depend on other information,
such as the cast or the rating. Likewise, ﬁnding useful academic articles
can require variable criteria (e.g., authors, venue or citations). The solution
might lie in a balance between user-deﬁned preferences and automated,
context-sensitive, and adaptive interface settings.
These guidelines are generalizable to every information space. Their
reliance on direct manipulation and spatial layouts makes the hypercue a
potentially interesting candidate for integration with the physical world
through playful tangible interactions. Registering an entity or a set of entities as physical objects allows users to combine and share such objects to
playfully discover information through machine vision or sensing surfaces.

7.3

Implications of the Research

An important implication derives from the fact that all interactions explored in this work require substantially more effort from the user than
current methods require, as users have grown accustomed to content feeds
and to the simplicity and immediacy of today’s search engines. I advocate
for information practices in which users are more active, and posit that
this is the cost of providing greater transparency and control over information. However, this cost can be mitigated through ﬂuidity by having every
interaction serve an informational goal and letting the user become truly
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absorbed by the task, thus rewarding her with persistent and constructive
search sessions that remain useful in the long run.
We can imagine that, in the future, a user’s search interface of choice will
be independent from the data being explored. As a result, a user could apply her tool of choice to discover information of interest indifferently within
academic articles, music, movies, and social media posts, thus increasing
the potential for serendipity and creative solutions. A standardized base
set of affordances such as the Hypercue provides not only a useful design
template for the future design of such tools, as well as establishing a consistent and effective paradigm in the way we will, as users, interact with
information.
Beyond the purely interactive layer of potential information seeking
techniques discussed in this thesis, it is important to remember that the
present research presumes the existence of organized entities, and the
road to such reality most likely involves machine learning and artiﬁcial
intelligence constructing such entities from the current amorphous textbased information that populates our searchable information space. As I
conveniently delegate, in my introductory chapter, all responsibility related
to the organization of information to the semantic web and information
retrieval communities, I must acknowledge that such task is not only
difﬁcult but harbors the very same potential lack of transparency that the
present research addresses in current search systems.

7.4

Limitations and Future Directions

The lack of readily available entity-oriented information has made this
research a challenging venture. As a consequence, our various prototypes
and experiments relied on limited closed – although very large – sets of
home-indexed entity-oriented data. For that reason, our studies were
limited to the laboratory, under controlled conditions. Moreover, our focus
on fundamental aspects of entity interaction encouraged systematic comparison with baseline conditions replicating conventional methods. This
approach yielded a strong and focused understanding of the beneﬁts of our
designs over the de facto paradigm, and I believe was the right strategy
at this point in the research on this topic. But an important trade-off
results from the fact that for most experimental tasks, participants were
driven by extrinsic motivations, i.e., topics of interests that were provided
to them, instead of intrinsic motivation in the form of free exploration
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following their own inspiration. Another limitation of our comparative
studies lies in the minute differences between our baseline systems and the
actual system they imitate. While great care has been taken in creating
these systems, their models, e.g. Google Search, incorporate beneﬁcial
features, e.g. predictive typing based on a large number of queries, that
could not be replicated at the time. In all cases, the experimental system
was treated comparably, as it also was missing such features. A natural
future research direction would consist of utilizing affordances proposed
in this research to implement systems that are ready for larger studies in
the ﬁeld. Such a setting, coupled with qualitative research methods, would
yield a richer understanding of potential futures of how we, as users, will
interact with information, and how future paradigms could change and
beneﬁt our societies.
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