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Abstract. In complex search scenarios like planning a vacation or finding a
suitable gift for a friend, the user usually does not know exactly what he is
looking for at the beginning. However, this is the question that most search in-
terfaces present as first step. In this paper, we discuss approaches for supporting
the user in expressing a search query based on vague feelings and ideas. We
therefore consider search interfaces on the syntactic, semantic and pragmatic
level and discuss different mechanisms of these levels to support the first stages
of the information seeking process.
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1 Introduction

Complex search tasks such as looking for a suitable car, planning a vacation, or find-
ing the perfect investment opportunity can last days or weeks and usually the user
does not know exactly what he is looking for at the beginning. Unfortunately, most
conventional web search interfaces require the user to transform a possibly vague
information need into a specific search query [1]. These search systems are based on a
bottom-up, system-driven approach that originated from a bibliographic paradigm. It
is centred on collecting and classifying texts and devising search strategies for their
retrieval, which describes the use of information from the system’s perspective [2, 6].
But information seeking is an inherently complex human experience that includes a
wide range of emotions and motivations beyond a particular problem or need. Conse-
quently, search criteria are often based on emotional and desire-oriented decisions [3,
4]. There is an obvious gap between the system’s traditional patterns of information
provision and the user’s natural process of information use: the system assumes cer-
tainty and order, whereas the problems of the user are characterized by uncertainty
and confusion [5]. To get a better understanding of how people seek information and
to describe the process of information search from the user’s perspective, Carol
Kuhlthau performed a series of studies and identified distinct phases and emotions
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unique to each phase [6] (see Fig. 1). Particularly in the beginning stages, uncertainty
and anxiety are an integral part of the process, followed by feelings of confusion,
doubt and frustration in the exploration phase. The stage of exploration is often the
most complex phase and involves actions such as locating information about the gen-
eral topic, reading to become informed, and relating new information to what is al-
ready known to extend personal understanding. The formulation stage is the crucial
turning point at which all the information explored thus far is expressed in a concrete,
tangible requirement and the feelings change towards a sense of clarity. Although the
first phases include the most complex tasks for the user, most search applications
invest most of their effort in the collection and action phases [7] and the user is forced
to express his vague ideas and feelings as a specific query which the system can un-
derstand.

| Initiation ]—)| Selection |—»| Exploration HFormulationP| Collection H Action ‘

Uncertainty QptimisT Confus on / Doubt / Cla-izy Confidence / Re ief / Satisfaction
1 Frustration + Dense of Direction  cr Cissappeintment
e _I

Fig. 1. The stages of the information seeking process and its distinct emotions [6]

Our goal is to investigate strategies and methods to support the first stages of the
process of information search. In this paper, we focus on the stage of selection and
exploration to lead the user from a feeling of uncertainty to clarity (see Fig. 1). There-
fore, we concentrate on complex search tasks - we use the example of planning a
vacation - in which the user is unsure of what he is looking for at the beginning. There
is just a motive that specifies some general conditions and is influenced by emotions
and interests of the user. Because this motive is the starting point of the search task,
we call this type of task “motive-based” search.

2 Levels of an Information Retrieval System

Information retrieval systems operate on different levels depending on their ability to
understand the user’s needs. The three core levels described in Becker’s IR Layer-
Model [2] are defined as syntactic, semantic and pragmatic Level. These layers
originate from linguistic and communication theory and can be subsumed under the
large research area of semiotics [8].

2.1  Support on the Syntactic Level

Syntax operations represent the lowest form of semiotic user support. They are widely
supported by popular search engines. Based on the contents of web pages, XML-
descriptions and databases, the syntactic level enables the system to offer spelling
corrections, query completion and many other search strategies described in [9] to
improve the number of relevant hits and avoid empty results or deadlocks in the
search process. The majority of these operations and moves still need explicit inter-
vention by the user like choosing the most promising proposal or supplements for his

query.
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2.2 Support on the Semantic Level

The semantic model describes the meaning of signs and objects in form of hierar-
chies, whole-part relations and other meaningful linkages between concepts. Using
these semantic models to provide the computer with a knowledge domain is a central
idea of the Semantic Web [8]. With the help of web languages like RDF, DAML+OIL
and OWL it is possible to create “machine understandable” knowledge by defining
entities and their relations in subject-predicate-object triples [10]. The resulting On-
tology Networks are a means of an intelligent and implicit user support and of the
autonomous understanding of the domain and the goal of the user’s actions. Lopez
[11] identifies three different approaches to create a semantic engine: The closed do-
main approach supports only one previously selected domain (embodied by one or
few linked ontologies). Approaches restricted to the own semantic resources like
Wolfram Alpha'allow open domain requests relying on their own permanently up-
dated dataset representing the knowledge of the world. Open Linked Data search
approaches try to use the broadest information base by consulting different large
knowledge sources like Freebase * or DBpedia’.

2.3  Support on the Pragmatic Level

While the semantic level centres on the content [8] and its meaning for the computer,
the pragmatic level is concerned with the context of the user’s interaction with the
machine. From the user’s point of view, most of his information retrieval actions are
basically on the pragmatic level [2]. He is trying to solve a specific task by combining
his knowledge with the information presented by the search system. Therefore, the
main challenge on this level is to present the most relevant information by considering
the user’s intentions. Since Computer and user don’t share the same knowledge base
it is important to observe and understand the context of the user [12].

The Pragmatic Web initiative addresses these issues by focussing on the user and
his intention [8]. The goals of the initiative range from describing tools, practises and
theories of why and how people use information [13] to improving the quality of col-
laborative, goal-oriented discourses in communities [14].

The Pragmatic Web cannot be seen as a separate web technology. Instead, it should
be used as an additional input to enrich semantic technologies [15] to support and
automate human to human knowledge exchange.

3 The Role of Context in Search Interfaces Design

When humans converse with other humans, they are able to incorporate implicit
situational information like facial expressions and emotional dispositions of their
conversational partner. In human-computer dialogue, the computer cannot take full
advantage of the immediate situation of the user. By improving the computer’s access

! http://www.wolframalpha.com/ (last access: 28.02.13)
2 http://www.freebase.com/ (last access: 26.02.13)
3 http://dbpedia.org/ (last access: 28.02.13)
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to the context, the richness of communication in human-computer interaction can be
increased [16, 17].

The context plays an important role in the research areas of embodied interaction
and the design of search interfaces. This leads to a wide variety of definitions. Dou-
rish claims that context can be manifold such as the tasks that the system is being
used to perform, the reasons for which the tasks are being carried out, the settings
within which the work is conducted, or other factors that surround the user and the
system [17]. Schilit et al. define the main aspects of context as the computing envi-
ronment such as devices and network capacity, the user environment such as location,
collection of nearby people, social situation and the physical environment like light-
ing and noise level [19]. Abowd et al. define the context as “any information that can
be used to characterize the situation of an entity. An entity is a person, place, or object
that is considered relevant to the interaction between a user and an application, in-
cluding the user and applications themselves.”[16] Abowd et al. also distinguish be-
tween primary context types and secondary context. The primary context types such
as location, identity, time and activity are used to characterize the situation of a par-
ticular entity. They can act as indices of other sources of contextual information and
can help to find secondary context for the same entity, e.g. phone number or address
to a given identity, as well as primary context for other related entities, e.g. other
people in the same location [16].

Gathering contextual information to get a picture of the user’s current task, prob-
lem or emotional disposition is a key for creating pragmatic and semantic support
functions in information retrieval systems. Especially for a user who is entering a new
and unfamiliar knowledge domain, context information could be used to adapt the
interface, provide help or correct, specify and extend his inputs. An approach to the
modeling of the user’s context is to analyze interactions of the user. This includes
explicit interactions such as direct and intentional clicks or touches, but also implicit
interactions such as accidental movements, gestures and facial expressions. Since the
visual analysis of the emotional disposition and spatial situation of the user is still a
research issue, other clues could provide pieces of the context puzzle. Schmidt [18]
and Davies [12] propose different sources of information like the location, time, dura-
tion, and technical aspects of the interaction, previous queries and parallel activities
while searching, or the user’s level of sophistication in language and tendency to spel-
ling errors.

3.1 A Pragmatic Scenario

Tamani et al. propose a simple model to describe a pragmatic scenario with four types
of collaborators [20] (see Fig. 2). The Requestors goal is to find web services provid-
ing solutions to his needs and problems. These services are made available by a large
number of different Providers. The entity that matches the requirements of the re-
quester with the services on the provider side is called Broker Service. To fulfill this
task the broker needs to combine pragmatic and semantic functionality. It therefore
needs access to contextual information on the requestor side as well as comprehensive
meta information on the provider side. To make sense of the given information and
resolve conflicts and ambiguities the broker should use machine readable ontologies
and knowledge graphs of Trusted Knowledge Bases (KB).
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Fig. 2. A pragmatic scenario based on [20]

3.2  The Architecture of a Broker Service

Yuanchun et al. [21] refine the idea of the context sensitive Broker Service by adding
a context layer to store personal, implicit, and explicit information about the user in a
dedicated Context Base. The associated Context Components provide functions to
acquire, manage, and distribute information about the user context. This covers de-
tecting implicit and explicit context information by observing the input and sensors of
the physical Input Layer, transferring them to the Context Base and offering an inter-
face for the web service layer. The web service layer uses the preprocessed user in-
formation for Discovery and Collection of services that are likely to match the user’s
intentions. The Service Composition Component collects the service data and presents
it to the user in a coherent and uniform way via the Output Layer.

Service Service
Discovery || Composition
A~ I Web Service Layer
discovery Context -
aggr.?at"o” Components Context
provide
I Context Layer

physical devices
software components
sensors, etc. Input/Qutput Layer

Fig. 3. Layered architecture of context services based on [21]

4 Supporting the Exploration Process

As shown in section 1, the initial stages of the search process need more support by
the system and the user interface. Our goal is to develop a model with proposals on
different layers for the interface designer to support the user in the exploration stage.
Therefore, we distinguish different phases during the stage of exploration and, use the
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scenario of planning a vacation as illustration. In the beginning of the search, the user
decides to book a vacation without concrete idea where he wants to go. Based on his
motive for the vacation, some basic conditions and constraints have to be met. In our
example, he is looking for a cheap short trip in the near future and all travels by air
can be quickly discarded because of his fear of flying.

To support the user on creating new ideas, the interface has to provide functions
that broaden his scope of information (see Inspiration, section 4.1). When finding
some interesting topic, e.g. a trip to Paris, Rome or Madrid, the user’s task is to read
thematically relevant information, and to relate this information with previous know-
ledge in order to extend the personal understanding of the topic. The interface can
support the user by offering functions to construct and organize his knowledge space
(see Investigation, section 4.2). Subsequently, the user has to grasp the many possibil-
ities of combining bits of information and different alternatives. The task of the inter-
face is to help the user to narrow the scope and to create a focus (see Evaluation,
section 4.3). These phases, illustrated in Fig. 4, cannot be seen as a sequential
process; rather they describe different situations the user can be confronted with dur-
ing the process of expressing his vague feelings and ideas as a concrete and tangible

query.

Inspiration Investigation Evaluation
. search
motive o
criteria
Task: - create new ideas - construct & organize know- - select, exclude, prioritize,
- broaden the scope ledge space / don't get lost - narrow the scope, create a focus
Input/ Output - multiple visual access point - structure information - visual analyzis of alternatives
Layer: - inspiring, playful exploration - create overview - visualize dependencies
- create emotional experience - visualize relations - personal moodboard
Context - implicitly & explicitly analyze - system knows about the - try to gain knowledge of
Layer:  the user's interest knowledge of the user and limiting factors (context)
- define fuzzy categories his information gaps - advise / help user to find
tailored results
Web Service - map pictures/moods/feelings/ | - present user additional - help user to narrow his “infor-
Layer:  tags/media/... to results background information mation cloud” to the best fitting
- offer themes the user is - show alternatives to the results for his profile
interested in user's selections - rank the results / divide results
in ,must have” and ,nice to have”
Fig. 4. Functions to support the exploration process
4.1 Inspiration

The motive of the user can depend on several factors such as a special reason for
planning a vacation, e.g. relaxation, an activity like surfing or hiking, or a special
place he wants to visit. For this reason, it is important to offer multiple access points
to select the basic conditions and provide inspiration according to the user’s needs.
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Besides the collection of context information, the input/output layer displays the
information to the user. To create an emotional experience, generate needs and stimu-
late desires, media like pictures, sounds, and movies can be used, e.g. mood boards in
stylepark [22] or gettyImages Moodstream®. A playful interface is helpful as well, to
increase curiosity, e.g. etsy.com, where the user can choose between different colour
moods to explore the products (see Fig. 5, left).

Fig. 5. Left: playful interaction on etsy.com, center: organizing collected items in BrainDump
[23], right: visualized relations between included and excluded tags in DelViz [24]

The Context Layer is responsible for gathering information about the user and for
analyzing where his interests lie. Therefore, context information can work with im-
plicit information about the user, that is already known, or the device type, location,
time etc. or the user can explicitly enter his interests, e.g. in form of selection of a
theme or a questionnaire. For instance, the Moodstream of gettylmages offers differ-
ent sliders describing tagged asset attributes, such as happy vs. sad, warm vs. cool, or
nostalgic vs. contemporary, to gather explicit context information and match the pic-
tures and sounds to this situation. Fuzzy Categories [26] can be helpful as well to
describe vague ideas. The Context Layer has to deal with the challenge of generating
fuzzy categories out of cultural, regional and individual preferences, e.g. “what does
the colour red mean to the user?”, “what is warm for the user?”.

Finding suitable information according to the constructed context is the task of the
Web Service Layer. It presents interesting articles concerning the user’s interests or
other people with similar interests and maps the selection, e.g. in form of a picture,
sound or colour, of the user to relevant results.

4.2 Investigation

If the user is uncertain about the results gathered in the inspiration phase, e.g. a city he
saw on a picture, he has to become informed about the topic, find relationships and
create categories. In this phase, the user often has to handle a large amount of data
and getting lost in this information space is highly probable.

4 http://moodstream.gettyimages.com (last access: 26.02.13)
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The interface can support the user in structuring his gathered information and vi-
sualize relations between his findings. The BrainDump system for example provides
the functionality to create and manipulate visual images of his result set (see Fig. 5,
center). The user can group collected items and annotate content during the search
process, to visually memorize his findings [23]. In this case, the relations are made
explicit. By using the capabilities of the Context Layer, the system keeps track of the
current knowledge and the information gaps of the user. This can be used to visualize
implicitly the state of knowledge in this topic and show relations between the read
articles. The task of the Web Service Layer is to provide missing information e.g.
climate and main season in the chosen country, and similar results to the ones found
in the inspiration phase. This can be another place where the user can visit the concert
of his favorite band.

4.3 Evaluation

To narrow down the scope of possibilities and create a focus, the user has to select,
exclude, and prioritize his findings. For example, the user reads information about
Paris and finds out that a concert of his favorite band is taking place there as well as
in Rome, Madrid, and Berlin. Paris is easy to reach via train, but simultaneously with
the concert the fashion-week takes place there, which leads to increased prices for
accommodations in this time.

The task of the interface is to visualize the properties of his findings such as loca-
tion, time, price, and activities and the dependencies between his constraints to
support the user to compare the alternatives. For example, the search interface DelViz
offers the selection and exclusion of different entities and the analysis of the relation-
ships between these constraints using Bezier curves [24] (see Fig. 5, right). Another
example is the Bohemian Bookshelf that uses interlinked visualizations to offer an
efficient and analytical view on the properties of the result set [25]. The results that
match the ideas of the user can be collected in a personal mood board as used in the
Moodstream of gettylmages.

The Context Layer tries to gain knowledge of limiting factors, e.g. holiday times,
religion, health issues, dislike, fears, and income of the user. With this kind of infor-
mation, the system can advise against choosing Madrid by taking into account the
user’s fear of flying and the duration of travelling by car or train that would exceed a
short trip. The Web Service Layer helps the user to narrow his “information cloud”
down to the most fitting results for his profile and to rank his results, e.g. in
likes/dislikes, must-have/nice-to-have.

5 Conclusions and Future Work

Search interface design in the area of embodied interaction has to address context as
an important tool to adapt the interface to the user’s needs. Recently many approaches
have been developed that collect and provide contextual information through auto-
mated means, which removes the need for users to make all information explicit [16].
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We introduced a scenario in the context of travel search that is supported on the syn-
tactic, semantic, and pragmatic level and discussed requirements in different phases of
exploration as well as the implicit use of context. We also emphasized the important
role of visualization to support the user in finding (e.g. creating an emotional expe-
rience to inspire the user), structuring (e.g. visualize the state of knowledge) and ana-
lyzing (e.g. in visualize dependencies between the constraints of the user) huge
amounts of data that the user has to deal with. Developing interfaces considering
these levels and supporting the user in different stages of the search process to express
his needs and to find suitable information is part of our future work.
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