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Abstract. The development of systems to support collaborative infor-
mation seeking is a challenging issue for many reasons. Besides the sup-
port expected for an individual user, such as query formulation, rele-
vance judgement, result set organization and summarization, the smooth
exchange of search related information within the team of users seeking
information has to be supported. This imposes strong requirements on
visualization and interaction to enable user to easily trace and interpret
the search activities of other team members and to jointly make sense
of gathered information in order to solve the initial information need.
In this paper, we briefly motivate specific requirements with a focus
on collaborative professional search, review existing work and point out
major challenges. In addition, we briefly introduce a system that has
been specifically developed to support collaborative technology search.

Keywords: Collaborative search - Information behaviour - Search user
interface

1 Introduction

With the increasing amount of digitally stored data and information the require-
ments and expectations on information search systems, in particular web search
engines, steadily grow. To achieve an appropriate user experience, search systems
not only have to retrieve web documents related to the explicit given (keyword)
search query, but also have to consider the user’s context and ideally support
the whole search process, i.e., all steps from query formulation over relevance
judgement to result set organization and summarization. Current search engines
already provide several features to support users regarding context, e.g., by
considering the location, previously used search queries or already visited result
pages, to adapt query suggestions or the search result set. But if the user’s infor-
mation need gets more complex and the search goes beyond a simple fact finding
task the support provided by existing systems is still rather limited.

In this paper, we focus on search systems for domain experts, also called
professionals. This group of users usually not only need to retrieve simple facts
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or explore an area of interest, but have to satisfy a complex information need.
For professionals the search is rather a creative process in which domain specific
information is collected and very often used to derive solutions for an applica-
tion domain. For example, a frequent task in the business area is to perform an
extensive technology research to keep up to date, know about state-of-the-art
methods and hence to be competitive. In addition, since the tasks to be solved
by professionals are usually complex, they often have to be processed by a team
of experts in order to solve the task in reasonable time and appropriate qual-
ity. Therefore, adequate support methods for collaborative information seeking
(CIS) tasks are needed. Unfortunately, we still lack tools and methods to sup-
port complex search tasks [11] and collaborative search tasks [14], especially for
professional searchers.

Different (theoretical) models for information seeking, or more general infor-
mation behaviour, have been proposed [17,35]. These models underline the com-
plexity of the search process, describe essential components and consider the
search process from different perspectives. However, the majority of the models
rather consider information seeking as a process that is performed by an indi-
vidual and not a group of users. Therefore these models have to be adapted
and extended to be applicable to support design and evaluation of search sys-
tems that enable collaborative information seeking by a team of professionals.
To make collaborative information seeking feasible, a search user interface (SUI)
is required that covers all steps of the search process and its phases, such as
planning, exploration, sensemaking and summarization. That is, the search sys-
tem should enable the team of searchers to trace the seeking process and to
collaborate in understanding structure and meaning of the revealed informa-
tion [11]. Hence, we start in the following with a discussion of aspects and issues
of complex information seeking processes and then propose two SUI concepts
that focus on supporting traceability and creative sensemaking in collaborative
search. Section2 provides a brief overview of information seeking, established
models and illustrates their relation to collaborative search. In Sect. 3 we address
the process of collaborative information seeking from different perspectives and
describe important aspects. Afterwards, we provide two suggestions for SUISs,
that support traceability (Sect.4) and creative sensemaking (Sect.5). The last
section summarizes the paper and provides an outlook towards prospective, col-
laborative search systems.

2 Related Work

Information behaviour models provide the most general approach to describe
a user during information acquisition and exploration. The models are used to
characterize and formalize seeking behaviour, context information, possible dia-
log partners and the search system itself. The literature provides a huge variety
of models that address different levels and aspects of information behaviour.
In Wilson [35] several models are summarized. A more recent overview can be
found in Knight and Spink [17]. Wilson’s nested model of information behaviour
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Fig. 1. Wilson’s model of information behaviour from 1981 [35].

(as proposed in [35]) defines information seeking behaviour in the framework of
information behaviour and considers these models as a subset. That is, infor-
mation behaviour models additionally describe intervening variables, activat-
ing mechanisms and different information sources to embed information seeking
behaviour. Models of information seeking behaviour cover all methods describing
a user who is conducting a search to discover and yield access to information
sources, i.e., all used strategies and tactics. In Wilson’s first model of infor-
mation behaviour [34] (see Fig. 1), the user recognizes an information need and
starts seeking for information on different formal or informal information sources.
Alternatively, the user can seek for information exchange with other people. If
successful, the user may use the gained information to further refine his or her
information seeking behaviour or to transfer information to other people. Fur-
thermore, successfully gained information may be used to evaluate the current
state of satisfaction and to (re-)formulate the information need. However, the
model considers information (seeking) behaviour rather as an individual process:
The user has an individual information need, seeks individually for information
and merely exchanges or transfers information with other users, but not the need
itself nor is the seeking process linked or synchronized with others.

Information-seeking can also be considered from other perspectives than pro-
posed by Wilson. The cognitive or mental perspective allows to describe infor-
mation seeking in several phases. For example, Kuhlthau [19,20] proposed a
phenomenological model with six stages: Initiation, Selection, Exploration, For-
mulation, Collection and Presentation. Ellis (et al.) [7-9] discussed a model with
empirically supported categories, termed features: Starting, Chaining, Browsing,
Differentiating, Monitoring, Extracting, Verifying and Ending. If the models’
perspectives coincide, they even can be aggregated, c.f. Wilson [35]. Especially
in a collaborative setting this cognitive perspective can be used to describe the
current state of understanding and sensemaking within the team.
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Information seeking can also be studied from a perspective related to con-
ducted information activities, i.e., interactions with the information system and
its components, such as result information acquisition, comparison or planning,
are addressed. To consider these activities for collaboration is essential as well,
since the individual information needs and the resulting individual information
seeking behaviour of the professionals need to be coordinated to contribute to the
team’s goal to solve a complex task. An established model for search activities
was proposed by Marchionini [21] based on the concept of exploratory search.
Exploratory search is usually motivated from the uncertainty of a user in his
information need or lack of knowledge of how to tackle it. It combines a standard
lookup-search with the activities learning and investigation. Lookup-search can
be understood as a standard fact-finding search, with a specified query request,
that is related to Kuhlthau’s selection stage and contains activities like naviga-
tion, verification and question answering. Learning and investigation are both
iterative processes, that involve different search strategies and contain activities
like comparison, interpretation, synthesis and planning.

Collaborative search can be defined as a special case of a social search [10],
in which all participants have the same information need and actively conduct
a specific search together in order to achieve a common search goal [13]. While
n [12] different roles and dimensions of collaboration are discussed, such as
intent (explicit and implicit), depth of mediation, concurrency and location,
Shah provides in [30] a more general introduction and definition of collaborative
information seeking. Poltrock’s et al. [25] definition of collaborative information
seeking as “the activities that a group or team of people undertakes to identify
and resolve a shared information need” (p. 239) nicely agrees with the activ-
ity related perspective as discussed above. Reddy and Jansen [26] study the
collaborative information seeking behaviour of two healthcare teams in a busi-
ness setting. They found that collaborative information behaviour differs from
individual information behaviour on several dimensions and present a model
in which they contrast the context (individual vs. collaborative information
behaviour) with the actual behaviour (information seeking vs. searching). Capra
et al. [5] study search strategies in a collaborative search task. Their results show
that collaboration in a search task occurs at various stages. They present three
higher-level search strategies how collaborative information seeking is carried
out: Participants acted on their own, unaware of their collaborators (indepen-
dent strategy), they also used their collaborators’ previous work to do additional
work in the same space (parallel strategy), and used knowledge of what their
collaborators have done to take new directions (divergent strategy). In her early
assessment Morris [22] advocates four aspects (coverage, confidence, exposure,
and productivity) in which dedicated collaborative search systems can influence
a user’s search experience in an exploratory search task. A collaborative search
system has been proposed by Morris et al. [24]. They study how personalization
of web search can be achieved based on a membership in a group that works on
the same task. They show how three techniques (groupization, smart splitting,
and group hit-highlighting) can enhance the individual search experience in a
collaborative context.
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3 Information Seeking for Professionals

Powerful (web) search technologies have made a lot of business-relevant infor-
mation available for domain experts of a company to explore, collect, and use
in their problem-solving tasks. These experts satisfy most of the characteristics
described by Knight and Spink [17]. The experts are not necessarily informa-
tion professionals, i.e., are “unlikely to have any formal training in developing
appropriate search queries or retrieval strategies”, “likely to use a wider vari-
ety of search strategies, with more inconsistent results”, and “more likely to be
the’information user’ of the information they are seeking.” However, they often
have (a lot of) domain expertise which influences individual search strategies
and often leads to more successful findings than having little expertise [15,33].
Professionals often perform a complex, exploratory search task, to gather
domain-related information for an underlying problem-solving task [21]. This
search task is usually open-ended and has an uncertain process and outcome.
Furthermore, problem-solving often requires collaboration in exploring the infor-
mation space together, collecting domain-related information, making sense of
it and using it. Professionals within an organization are often part of commu-
nities and typically know each other personally. Therefore, in addition to the
exploratory nature of this task, there are further characteristics which can be
attributed to the business setting in which a search is performed. The domain-
related problems that need to be solved by the community often exist over a
longer period of time which results in a continuous information need. That is,
the search topics need to be updated, which leads to repeatedly executed search
tasks dealing with similar or overlapping contents. In the following, we discuss
crucial aspects of collaborative information seeking for professionals in more
detail and provide a model that links essential components for search systems.

3.1 Aspects of Collaborative Information Seeking

Problem-Solving Context: The type of professional search we want to address
is often part of a so-called known genuine decision task (c.f. Bystrom and
Jarvelin’s [4] categorization in which they distinguish between five task cate-
gories based on a priori determinability of the tasks). In our case, the structure
of the result is often known a priori but the procedures for performing the task,
i.e., the needed information and the process are unknown. This kind of task
often goes along with a complex information need. There has been some debate
about what constitutes a complex information need or, more generally, a com-
plex search task especially in contrast to an exploratory search task. Aula and
Russell [2] present an interpretation that fits to our professional search scenario.
Among other criteria they argue that complex search often requires exploration
and more directed information finding activities, where the searcher often uses
multiple sources of information. Additionally, a complex search often requires
note-taking because of the searcher’s limited ability to hold all gathered infor-
mation in memory. Besides, relevant information is typically spread across lots
of resources in the information space. This makes the information space sparse
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Fig. 2. Illustration of collaborative information seeking with an emphasis on a group
of domain experts

with facts, as opposed to a dense information space where a single resource may
contain all relevant information to sufficiently answer the information need.

Collaboration: Professional search often concerns a community of experts that
face similar problems and thus have similar, overlapping information needs. A
professional search tool, therefore, should allow these experts to work together
in these tasks. Most experts within such a community know each other person-
ally, which distinguishes it from other scenarios where collaborative search is
analyzed. The collaboration is explicit, active, remote (mostly), and asynchro-
nous. In the context of a collaborative exploratory search, it is important to note
that it may not be known beforehand, who will take part in the search task. It
may happen that some experts join the team while others have already started
gathering and using information. Based on Reddy and Jansen [26], reasons why
users engage in collaboration are (1) the complexity of information need, (2)
fragmented information resources (sources reside in multiple and dispersed sys-
tems), (3) the lack of domain expertise and (4) the lack of immediately accessible
information.

Updates: Professionals are often required to update their knowledge about the
domains they are responsible for which is why they have to repeatedly perform
search tasks about various, sometimes overlapping search topics. Professional
search requires the ability to investigate, update and extend previous search
tasks. In Kotov et al. [18] such tasks are considered cross-session tasks which
often evolve over time. The information need in a cross-session task is typically
complex and progressively refined with each new update.

The diagram in Fig. 2 is based on Wilson’s information behaviour model [34]
(c.f. Fig. 1) and provides an extension regarding collaborative information seek-
ing with an emphasis on a group of domain experts. After the emergence of
a complex task, the group of professionals has to discuss about and define the
corresponding, shared information need. Even if the need cannot be specified pre-
cisely (due to the exploratory character of the task), the group has to divide it in
sub-needs that can be (at least initially) processed by an individual. As a result
each domain expert can start to satisfy their resulting individual information
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need by performing individual information seeking. Since this information seek-
ing occurs in the context of a collaborative task the collaborative information
seeking behaviour component emphasises that search-related and collaborative
activities have to be taken into account when the experts reveal new informa-
tion. Here, it is important that the group can organize the seeking process and
that they can follow and participate in understanding the revealed information.
The organization can be enabled by the collaborative activities illustrated on the
right. The tracing and the cognitive phases of the seeking process are supported
by planning, exploration, sensemaking and summarization (as depicted on the
left). By exploration, the team reveals structural information that can influence
the individual information need or the information seeking behaviour directly.
Sensemaking and information use allow to reveal new insights and key aspects
that influence the information need on a semantic level and to perform a rele-
vance evaluation. In the end, the gathered and combined information discovered
by the collaborative seeking may influence the initial shared information need.

3.2 Traceability and Creative Sensemaking

When it comes to search-related activities that are performed by the whole
group of collaborating searchers exploring an information space, making sense
of collected information and using this information in a problem solving situation
should be traceable for each individual, so that he or she understands how the
various contributions of the searchers relate to each other. Every team member
needs to be able to understand their joint search strategy in order to make better
or more relevant contributions and benefit from each others’ domain knowledge
and search expertise. The second challenge in professional search is sensemaking
in context of the underlying genuine decision task in which the search process is
embedded in. Sensemaking can be understood as the “process of searching for a
representation and encoding data in that representation to answer task-specific
questions” [27]. It is an integral part of many information seeking models because
it describes how a searcher (mentally) models, interprets, disambiguates, and
interacts with the information that is gathered during search. The requirements
on traceability and sensemaking can be defined as follows:

Traceable Collaboration: Traceability in collaborative search describes the team’s
ability to understand the structure, semantics, and relevance of their collabora-
tive information seeking behaviour. Traceability concerns especially the search-
related activities exploration, sensemaking, and information use. Co-searchers
should be able to understand how they explore the information space as a team,
what information they collect in the resources they discover, and how they syn-
thesise/interpret this information with respect to their search goal.

Crreative Sensemaking: Creative sensemaking can be defined as satisfying (com-
plex) information needs in a problem solving context to “form a coherent func-
tional whole” and reorganize “elements into a new pattern or structure through
generating, planning, or producing” (c.f. Anderson and Krathwohl’s [1] taxon-
omy of learning). The core task is to make sense of the gathered information of
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a search task and create solutions to the underlying domain problem. Therefore,
creative sensemaking inherits some properties of information use as well. Since
professional search is often embedded in a problem-solving task creatively using
the collected information and generating new ideas, concepts, or solutions to
solve the problems is very important. Creative sensemaking is central to search
tasks with complex information needs where solutions in an application domain
have to be generated based on the collected information.

Traceability and creative sensemaking are still rarely addressed in (collabora-
tive) search settings. They are, however, particularly important in order to sup-
port experts engaged in a professional search task. Since the type of professional
search we outlined above refers to an explicit collaboration between experts, one
approach of supporting them is to design specially-tailored user interfaces that
provide new types of visualizations and interaction methods. Before we outline
an example of a tool that is designed with traceability and creative sensemaking
in mind, we briefly discuss current shortcomings of collaborative search tools
and our general approach in the next section.

3.3 Challenges of Collaborative Search User Interfaces

There already exist some interesting approaches towards supporting explicit col-
laboration in a search task with the help of special collaborative search user inter-
faces. Some of them are mentioned in Sect.2. However, there are reasons why
collaborative search tools have not become widely accepted (yet). Hearst [14]
argues that in order for users to move from a solitary to a collaborative search
tool there “must be enough additional value as yet in the tools offered.” In
particular, Shah [29] mentions cost factors that one should keep in mind when
designing collaborative search tools, e.g., the cost of learning a new system,
adaption/adoption costs when using a collaborative system, and the collabora-
tive costs when being part of group task. Capra et al. [6] study how searchers
perform ongoing, exploratory searches on the web and share their findings with
others. Their results show that searchers employ a variety of tools and techniques
that go “beyond the functionalities offered by today’s search engines and web
browsers”, e. g., note-taking, information management, and exchange. The study
by Kelly and Payne [16] confirms these results. They also find that (collabora-
tive) searchers want to “repurpose” their search results at the end of the task to
arrange them into a more meaningful way. Shah [28] proposed guidelines for the
design of a collaborative search tool that focus on behavioural aspects of col-
laboration. These include that a tool should allow for effective communication,
encourage individual searchers to make contributions, coordinate the individual
actions and needs, and provide means to explore and negotiate individual differ-
ences. When it comes to concrete features that a collaborative search tool should
support, various authors have contributed their ideas:

— Awareness: “knowing what other people are doing” during collaborative infor-
mation behaviour activities [23,26].

— Communication: share information with other members of the collaboration
team bilaterally or in conference [26].
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— Division of Labour: reduce individual effort by avoiding redundant actions
and allow for effective “divide-and-conquer” techniques [14,23].

— Feedback: with respect to collaborative search includes a “feeling of accom-
plishment”; Co-searchers should be able to step back and get an understanding
of what actions are required next and by whom [14].

— QOverview: refers to a visualization of the “land-scape” that the team has
covered in their collaborative search task that also allows them to depict
what they still have to do [14]. “Users must have access to a visualization
of not only their search process, but also of their collaborators. ... [This] will
allow users to discuss each other’s searches and provide feedback on how to
improve them.” [26]

— Persistence: makes the context, content, and task of a search session available
for future access and for others in a collaboration; In particular, it is the
precondition for remote and asynchronous collaborative search [23].

— Personalization: means to provide “structure to let individuals define what
their personal constraints or preferences are” when they engage in collabora-
tive search [14].

There are still many features missing in today’s collaborative search tool
stack [14]. Therefore, two design decisions are central to our approach presented
in the following. First, we create an independent collaborative layer that can
be used in conjunction with any (standard) solitary web-search tool. This addi-
tional layer should integrate seamlessly and effortless into the user’s web-search
infrastructure. The idea is to be as little intrusive to the user’s search environ-
ment as possible. The layer adds custom collaborative features to enhance the
individual’s collaborative search experience while maintaining most of the soli-
tary appearance. Second, searchers should be able to personalize the outcome
of a collaborative search task given they often have individual needs within the
collaboration. This is achieved by allowing searchers to create personalized views
with which they can interpret the outcome of the collaborative search task in
their own individual context.

4 Traceable Collaborative Search

Most of the current collaborative search systems are designed to “allow partic-
ipants to find, save, and share documents, and see the activities of others in
the collaboration group” (Hearst [14]). These tools are used, e.g., to increase
awareness, communication, control, and coordination of the collaboration. In
our attempt to make a collaborative information seeking more traceable within
a group we focus more on the search-related activities of the task. In particu-
lar, we seek to make individual exploratory and sensemaking activities of each
participant more transparent and understandable for the others.

Our general approach is to treat exploratory search like an orienteering hike
where participants use maps and other tools to navigate in previously unfamiliar
terrain to find special points of interest (control points) within a given time. In
exploratory search points of interest are resources that contain information that
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(partially) answer an information need. One of the main differences between
orienteering and exploratory search is that in orienteering the maps of the terrain
are provided upfront to help navigation, whereas maps of the information space
typically do not exist in exploratory search. In contrary, even the “terrain” of the
information space is unknown beforehand and unveils itself dynamically in the
course of the exploration. Moreover, in our case exploration is carried out as a
team endeavour. Members need to be able to trace what part of the information
space they have covered as a team, i.e., what directions they took, where they
found relevant information, and how they arrived there. Similar to the idea of
a land-scape that provides a visual overview of search activity our approach is
to create a map of the explored information space during (collaborative) search
on-the-fly. This map displays relevant exploratory actions of each searcher and
sets them into context with those of the others. The idea is to visualize how
their individual information seeking behaviours complement each other so that
they are able to see the outcome of their joint exploration graphically.

A concrete implementation of such a map, which we call a Search Map [31],
is shown in Fig.3. A Search Map lays out exploratory activities (of a team of
searchers) as tiles in 2-dimensional space. The tiles are organized as a horizontal
tree where the root is left, so that exploration paths can be read from left to
right. We have chosen a tree visualization because it provides a definite start
(root) and end (leaf) for each path. We considered using a more general graph-
like visualization instead to emphasise that exploratory search allows cycles but
choose not to in favour of readability. A user study is still needed to confirm
our decision. There are a couple of interaction features we have implemented
into the Search Map. For example, it is possible to zoom in and out of the
map so that searchers can either receive a general idea of what paths have been
taken in general or look into details of a path and examine the actual actions.
Since such a map can become large quickly, especially in a collaborative context,
it is also possible to fold/unfold or hide exploration paths on demand, e.g., by
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filtering classes of actions like queries, documents, or snippets, or by issuing
meta search queries that highlight parts of the map that match these queries.
Additional interactions with the map encompass annotations, like comments
or symbols, that can be pinned on the map to communicate (meta) information
concerning the exploration. Such meta information can be, for instance, a hint on
a dead-end in a search path or the need for future updates. Also, while moving
the Search Map (up and down or left and right), a special layout algorithm
automatically adjusts the placement of the tiles so that the tiles of a search path
are moved up and down such that the path remains visible. Green arrows in
Fig. 3 illustrate the movement of two tiles that belong to the topmost search
path. If the map is moved downwards the tiles move down, too, and upwards
respectively. Some of the tiles represent visited resources (like websites). Other
tiles show search queries that a user issued to a search engine!. Again other tiles
show extracted snippets from websites. These snippets often contain information
that helps to answer the shared information need. We distinguish two types of
snippets. Searchers can extract sentences or images from resources which, for
them, contain useful facts. They can also extract keywords from these resources
that are often concepts or entities that relate to the search topic. By displaying
these keywords, facts, or images as tiles on the map, we seek to make it easier
for the team to understand the outcome of a search path. The keywords are
also used as input to the creative sensemaking interface, which is part of the
collaboration layer described in the next section.

Since the overall idea is to interfere as little with solitary information search
tools as possible the Search Map interface can be faded over any active website in
a browser window using a hotkey or a button on a browser toolbar, but remains
invisible otherwise. So, whenever individual searchers want to know what the
current progress of the collaborative search is, they can investigate the Search
Map. In order to personalize the collaboration, searchers can create individual
views of the Search Map by organizing tiles or whole paths according to their
needs. These views can be considered as “sub-versions” of a Search Map that
automatically merge new tiles or paths according to the changes that have been
made. By visualizing the joint search strategy of a team with the help of a Search
Map we enable individuals to trace and be more aware of how they explore the
information space together. Considering that search tasks need to be extended
at a later time, this is aimed to quickly access the resources that have been
particularly helpful when answering the information need and understanding
how the team arrived at these resources. They can also be used to pick up loose
ends and drill into topics for which no answers were available before.

5 Creativity-Focused Sensemaking

As outlined in Sect. 3.1 sensemaking in professional search often goes along
with generating solutions to a given (domain-related) problem within a group
of experts. There are some major challenges that arise when designing a search

! The actual search engine being used does not affect the Search Map, so searchers are
able to use any search engine they want, even Intranet search engines of companies.



12 A. Niirnberger et al.

s € olkswagen-portalwebawg e[ Q suchen O 3 AMB-DBRMO - =

~ ABB

Computer v

Vision + Human Robot Collabo!

 ISRA Vision

+ Universal Robots

B e
ISRA

Vision %ge., .

Research
Project 1

Research
Project 2 &

Universal
Robots Volkswagen

Fig. 4. UI: topic graph.

user interface to support this creative process: The interface should provide inter-
action capabilities so that the group can express and discuss their (individual)
concepts and merge these into a coherent whole; the interface should be based on
a visualization that allows each individual searcher to (1) contribute their view,
and (2) draw their own conclusions when the task is completed. Our general idea
is to augment the collaborative layer created by the first interface by supporting
the creative sensemaking and use of gathered information of the search task.
For the design of our creative sensemaking interface we lend some ideas from
collaborative learning research. In collaborative learning mind maps, also called
concept maps, have been reported to show good results when learners work
together in a meaning-making and meaning-negotiation task (e.g., [3]). There-
fore, the interface is designed like a mind mapping interface that we integrate
into the collaboration layer. This interface can be used by searchers to organize
and share their understanding of the search topic graphically and iteratively
refine their individual and group’s view during search. This is particularly help-
ful in an exploratory setting where this understanding develops over time and is
seldom very elaborate at the beginning. A simple example of such an interface is
shown in Fig. 4. We call this example a Topic Graph because it is a graph-based
representation of the group’s view about the search topic [32]. Nodes of the
topic graph represent domain entities of a search topic and edges represent rela-
tionships between these entities. The entities are either extracted during explo-
ration (see Sect. 4) or added manually. Typically, mind maps do not possess any
limitation concerning the use of entity classes or relationship types. The topic
graph, however, is based on a flexible schema that provides (some) structure
and semantics. Although, this schema is originally derived from a domain ontol-
ogy which was developed together with domain experts, the central idea of the
schema is to remain open towards changes along the search process and, thus, be
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more flexible in the creative process it is used in. This degree of flexibility is often
not possible when using ontologies, especially when they become large/complex.
The schema restricts the use of entity classes in the interface and the available
relationships that can be added between them. The Topic Graph also makes
the sensemaking results of the group traceable by allowing each member of the
team to (formally) express their thoughts on the topic. Since experts sometimes
have different backgrounds they are able to provide additional knowledge and
context of their domain. Similarly to our Search Maps (Sect. 4), experts are able
to express (contradictory) interpretations by creating their own Topic Graphs
as tabs in the interface, so that they are visible for the rest of the group.

In practice, when working with the two interfaces presented above, Search
Maps and Topic Graphs are aimed to complement each other. Topic graphs help
to gain an overall understanding of the search topic by looking at the mind
map-like representation of domain-related information. When a member of a
team identifies an entity or a relation of interest they can use the Search Map to
investigate the exploratory activities that led to its discovery. In a professional
setting we believe this makes it easier to address complex search tasks more
completely and synergies can be leveraged more effectively. For example, sparse
information spaces can be explored more systematically even if new information
becomes available at a fast pace. Especially in situations where new informa-
tion may nullify previously collected data, working with Search Maps and Topic
Graphs may help to understand and interpret these changes across search tasks.

6 Summary

Domain experts often perform professional information seeking tasks as part of
their daily work. Designing adequate computer support is challenging, especially
due to the often collaborative nature of these tasks, which demands for special-
ized interaction features. Experts typically have to solve an underlying domain
problem using the information they gather together as a group. Solving these
problems requires extensive exploratory search, collaborative sensemaking and
repeated updates as new information becomes available. In order to tackle these
challenges we highlighted two aspects of a collaborative search task that are still
rarely addressed: traceability and creative sensemaking. Traceability describes
a group’s ability to understand the structure, semantics, and relevance of their
collaborative information seeking behaviour. Creative sensemaking describes the
group’s ability to solve a shared domain problem together by reorganizing newly
acquired information into a coherent whole that satisfies their underlying infor-
mation need. We outlined how these aspects blend into the collaborative search
process with the help of an extended model of collaborative information seek-
ing that we built based on Wilson’s earlier model. Although, we present user
interface prototypes that support traceability and creative sensemaking in a col-
laborative search task, much of the challenges in professional information seeking
still remain. Especially, for the design of future search systems it is important to
investigate the dynamics and demands of the professional setting in more detail.
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Search systems that allow a lean participation of group members and at the
same time maintain much of their individual experience, will likely advance and
may overthrow how we search together in a professional environment.
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