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Abstract. In our contribution, we will discuss how understanding of vi-
sualization and interaction with the information discovery system DiLiA
(Digital Library Assistant) [1] can be improved by recurring to properties
and principles of human spatial problem solving and navigation in real
world environments. We will outline the properties that these two prob-
lem domains have in common and also highlight the differences between
them. In the end, we will propose a visualization of a data space that is
inspired by the discussed principles and also makes use of principles of
faceted search. This visualization should invoke in users a sense of ori-
entation in scientific literature that is created by intelligently presenting
digital libraries’ content.
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1 Introduction

In our contribution, we will discuss how principles of structuring real world
environments may support invoking a sense of orientation in users of digital
libraries. Quoting Franzius et al. [2]: “To orient ourselves, we mainly need two
pieces of information: where am I and in which direction am I heading?” These
two questions need to be answered with respect to exploring digital libraries.

To this end, we will discuss structural properties of spatial environments and
compare them to the properties of data spaces that encompass scientific publi-
cations. We will outline possible actions that allow a person to efficiently solve
information seeking tasks and compare them to problem solving steps and strate-
gies that come into operation in physical environments. Finally, we will conclude
with a discussion about how the identified principles can be transported into a
visualization of scientific literature to provide the desired sense of orientation in
a digital library.

In general, the structure of an environment surrounding you gives cues about
where you are and what possible actions can be performed next. However, with



respect to digital libraries this structure is dynamic, since the topics and the
search goals evolve during the information seeking process [3]. Hence, a visu-
alization has to cover this dynamic structure of the information space and to
explain how moving through it is possible (in the very moment and in princi-
ple). We believe that presenting information on different levels of granularity in
a single display will result in the required sense of orientation. That way, users
can well understand granularity shifts and abstraction becomes possible. Such
information display integrates relevant multi-granular information, very much
in the way that schematization may be employed for creating visualizations for
spatial assistance [4].

The paper is structured as follows: in the next two sections, we discuss the
structure of spatial environments and digital libraries, and their mental repre-
sentation, respectively. Section 4 then highlights commonalities and differences
between both structures with respect to navigating through them. In Section
5, we present current trends in information visualization for digital libraries in
light of the previous discussions, while Section 6 then details our approach to
information visualization. The paper ends with some conclusions and an outlook
on future work in Section 7.

2 The Structure of Environments and Their Mental
Representation

The structure of an environment, i.e., its layout, has great influence on people’s
mental representation. Likewise, people’s experience and expectations influence
how they mentally represent an environment and how they interact with an
environment.

2.1 Environmental Structure

In his seminal book “the image of the city” Kevin Lynch [5] laid the foundations
for analyzing environmental structure from the perspective of how humans cog-
nize it. He identified five fundamental elements that structure our image of a city:
1) paths; 2) edges; 3) districts; 4) nodes; 5) landmarks. People travel through
an environment along paths; these paths may meet at nodes, which generally
describe important strategic places, such as intersections or breaks in trans-
portation. Travel may be restricted by edges, which are perceived as boundaries
between areas, either only perceptually or as actual physical objects. Districts
are regions that are perceived as containing common features that their elements
share. Landmarks, finally, are outstanding features of an environment that gain
their significance through physical or social concepts (cf. also [6]).

2.2 Spatial Mental Models

The complexity of an environment strongly influences people’s mental models of
that environment. In complex environments, people have more difficulty building



up a useful mental model [7]. In built environments, which are predominantly
under consideration in cognitive science, the complexity of an environment de-
pends on architectural differentiation, the degree of visual access, and the com-
plexity of its layout [8, 9]. In general, mental models of spatial environments are
hierarchical [10]. This hierarchization is formed either based on explicit region
information provided by the environment, or by building spatial clusters around
landmarks (e.g., [11]). Such mental models may contain unrelated contradicting
knowledge in different formats (e.g., propositional and pictorial) [12]. Unlike the
metaphor “cognitive map” may imply, these models are rather not like 2D survey
maps.

2.3 Wayfinding Strategies

Based on how they perceive the structure of an environment, human wayfind-
ing seldom relies on geometrically shortest distance or shortest travel time, as
automatic assistance systems (e.g., internet route planners or car navigation sys-
tems) usually calculate their paths. Instead, a number of factors determine path
choice [13]: next to distance and time these include number of turns, shortest
or longest leg first, many curves or turns, first noticed and most scenic route.
Further, the deviation angle of how the direction of current movement differs
from the direction to the destination may have an influence on path choice [14].
In environments with a perceivable region structure (e.g., districts as defined
above or regions formed around landmarks), people rely on this region structure
and employ hierarchical wayfinding strategies [15]. In general, paths are not fully
planned ahead in every detail, but some options can only be verified and, thus,
chosen in situ [16].

3 The Structure of Digital Libraries and Their Mental
Representation

Digital libraries are not bounded in their structure by the limitations of physical
space, for example, gravity and metrics. However, just as with physical space,
interaction and mental representation of their structure depends on people’s
experience and expectations.

3.1 The Structure of Scientific Literature

A scientific article is characterized by the meta-data that makes it unique: title,
author(s), editor(s), year, publishing source (e.g., the name of the journal, or con-
ference proceedings, volume, issuer), abstract, and its text. Some digital libraries
(e.g., ACM digital library3, CiteSeer4) provide further information such as key-
words, categories, and links to the referenced articles. Using this information, a
3 http://portal.acm.org/
4 http://citeseerx.ist.psu.edu/



data space can be constructed as a network consisting of articles connected to
their references, or articles and co-author relations. Such a network introduces
topological relations between information items.

Modern digital libraries make this data space accessible to the user via a
graphical user interface that usually consists of a search panel and a hit list.
The search panel allows for stating a search query that involves a combination
of terms and optional Boolean AND, OR, and NOT operators. The hit list
includes the results of a query. Each hit list item presents the metadata that
belongs to each retrieved document. The user examines the items in a hit list and
accesses their relevance. If a document is considered to be relevant, it is usually
downloaded (according to the copyright conditions) for further inspection.

3.2 Information Seeking

It is surprisingly easy today to find a specific book, a journal, or an article if
the search goal is known. Yet, if the information seeker is not familiar with the
targeted topic, search queries are underspecified and most often lead to a huge
amount of resulting hits.

Marchionini [17] defines information seeking as “a special case of problem
solving. It includes recognizing and interpreting the information problem, estab-
lishing a plan of search, conducting the search, evaluating the results, and, if
necessary, iterating through the process again.”

Bates [3] describes information seeking as a process that starts with either a
definition of a broader topic or a single relevant reference. People move through
the data space and discover new pieces of information by tracing the references,
running through the relevant sources (e.g., journals, conference proceedings), or
examining works of selected authors. These actions contribute to new ideas and
directions to follow, and consequently new conceptions of search queries as well
as better understanding of the search problem. She called this process evolving
search and compared the integration of newly acquired knowledge fragments to
“berrypicking.” In doing so, the relevant items are distributed over the data
space so that the information seeker has to pick them up from different sources
using the strategies described above (e.g. journal runs, citation tracing, etc.).

Obviously, information seeking has a close relation to learning. When search-
ing for information about unfamiliar topic, people try to connect previous knowl-
edge with the newly acquired information. In doing so, people economically reuse
the available knowledge structures that involve concepts and relations identified
and learned before or directly during a search session [18]. Learning is particu-
larly efficient when the structure which is learned corresponds to the structure
of the previous knowledge [19].

3.3 Mental Knowledge of Scientific Literature

Traditionally, information seeking behavior has been studied in connection with
some information retrieval (IR) system. Such studies focus on the analysis of the
actions performed by users when solving an information seeking problem. For



example, Vakkari [20] analyzed the keywords used by students while accomplish-
ing a research proposal for a masters thesis. The traces of keywords indicated
the evolving conceptualization of the studied topic. The insights gained from
these studies, however, are restricted to the operations (such as the definition
of keywords in combinations with Boolean operators) supported by an IR sys-
tem and do not provide information on how mental representations are actually
structured and how people employ them to find relevant information.

In information seeking, people are usually involved in some larger task con-
text, since “search is a means towards some other end, rather than a goal in
itself” [21]. For example in academia, scientists search for relevant information
when writing an application for a grant, a scientific paper, or preparing a lecture
for a university course. Although information seeking is a long studied area, in-
vestigations into people’s interaction with scientific literature in context of their
every day scientific work are rare.

In the scope of this paper, we will refer to one particular study, conducted by
Anderson [22], which is focused on information choices of expert scientists over
a long period of time in the context of academic work, especially, how expert
scientists establish the relevance criteria that guide their search for appropriate
literature in large data collections, such as digital libraries. The study describes
the relevance criteria that lead to information selection decisions made during
search. These criteria are derived from think-aloud protocols collected during
multiple interviews and search sessions. The protocols show that experts rely
not solely on the so called topicality of a scientific document, but rather rely on
subjective judgments that involve various multidimensional aspects, for example:

1. a personal connection to the author of an article, or familiarity with an
author’s work (so called key-authors who coined a research area or a topic),

2. popularity and the impact factor of journals or conference proceedings, i.e.,
the source of an article where it was published,

3. author’s affiliation to a specific organization or institution.

These criteria come into operation simultaneously. Therefore, even an article
that fits well in a search query can be discarded in case its authors or its source
have a bad reputation. On top of that, personal interaction and communication
about scientific topics with other researchers at different conferences or symposia
turns out to be a crucial source of information about who works on which topics.

In that, information seeking is fundamentally different from another impor-
tant process in scientific work, namely double-blind reviewing where authors
and affiliations are intentionally blended out. In information seeking, scientists
eagerly use this information for judging the relevance of others’ work and for
guiding their search.

4 Finding Your Way in the Real World and in Digital
Libraries

Structurally, spatial environments and digital libraries do not have much in com-
mon at a first (and maybe second) glance: a spatial environment is structured



through physical reality; it is a metric space, which affords physical effort to get
from a spot A to a spot B. Movement is restricted by obstacles (either man-made
or natural). In a digital library (browser) no such restrictions apply. No physical
movement that would be crucial for getting from one state to another needs to
be performed. The structure is not metric to begin with; physical properties,
such as gravity, do not play a role.

Still, when navigating such spaces, some important commonalities occur (cf.
also [23]). In both worlds, those navigating the space reach specific points where
decisions about the further way to take are due. In real-world navigation, these
points are referred to as decision points. Usually, these points correspond to in-
tersections in a street network where there are several possibilities to continue
one’s travel. In Lynch’s terminology (see above), the sequence of decision points
and segments between them form a path, the movement pattern of traveling along
that path describes a route [24]. The ease of navigating decision points depends
on their structure (e.g., number of meeting segments) on the one hand. On the
other hand, visual or structural cues help to identify decision points and to indi-
cate the further way to take [6, 25]. Such cues might be signage or landmarks, for
example. They provide a sense of orientation along a route. As discussed in Sec-
tion 2, to orient themselves with respect to the larger environment surrounding
the route, people also make use of regions.

In digital libraries, no a priory network exists that movement through the
content may be performed on. But the sequence of interaction steps while explor-
ing a digital library corresponds to some kind of movement pattern that forms
a path where each new state is topologically connected to its predecessor. This
way, a path emerges that describes a user’s movement through the library—it
might also become a branching network, when backtracking to previous states
and continuation with a different interaction from there is added to the inter-
action history. Information seekers may remember these states as the origin of
several interaction paths and, thus, as the nucleus of a specific part of the data
space. That is, conceptual regions may emerge from the branching in interaction
history.

Such interaction paths allow for answering the crucial questions for having
a sense of orientation as defined in the introduction: 1) “where am I” (in my
interaction sequence)? 2) “where can I go to” (which are useful options at this
state)? Just as with paths in the real world, each state in the exploration of
the digital library corresponds to a decision point. And just as with real world
navigation, visual and structural cues help in identifying the state, answering the
“where am I?” question, and in indicating further ways to takes, answering the
“where can I go to?” question. Thus, an interface to a digital library is called for
that clearly presents the current state in its exploration context and, likewise,
clearly indicates which interactions, i.e., which operations using which items, are
sensible for further exploration from this state.

Furthermore, background knowledge plays a crucial role in navigation in
both worlds. In the real world, background knowledge allows for assistance-free
navigation in well known environments, i.e., people just know the way to take.



But such knowledge also helps navigating unknown environments by recurring
to knowledge gained in similar environments. For example, knowing how a city
is structured, one may infer that buses often run along major streets and that
shopping facilities are often located near the main station.

Differences in background knowledge is even more important for navigating
digital libraries. As discussed in Section 3.3, scientists rely a lot on information
that they have gained through social interaction and as part of their work ex-
perience. This knowledge is largely acquired outside a digital library and then
used to explore its content. It drives interaction with the presented content,
particularly which further “paths” are taken from the choice of possible next
steps. Thus, making this additional information available, such as the country
or institute the publication has been written at or the journal / conference it
has been published in, is an important aspect of supporting navigation in a dig-
ital library, especially for the “where can I go to?” question. For experienced
scientists, this allows for being quickly able to judge particular publications, for
novices it supports gaining the required background knowledge for the research
field under inspection.

5 Trends in Interface Design of Digital Libraries

Different metaphors have been used in the context of explaining and strengthen-
ing the visual experience of a digital library’s structure. The approaches taken
so far range from classical simple form-based search panels and hit list compo-
nents (e.g., google search5) to animated three-dimensional hierarchical cone-tree
structures that allow for interactive exploration of a data space [26].

5.1 Spatialization

Fabrikant [27] proposed a visualization of different topics as a geographical map;
she terms this technique spatialization. Related topics are positioned near each
other, whereas topics that have nothing in common are far away. Spatial dis-
tance between topics enables users to get an overview about relations between
various scientific areas at a single glance. By rendering height information in the
third dimension, a spatialized data space may show the number of documents
contained in a topic, for example. A similar spatial distance metaphor has been
used to visualize concept spaces [28].

5.2 Citation and Co-Author Networks

Citation networks visualize references between articles. Co-author networks dis-
play relations between researchers who cooperate with each other by co-authoring
scientific publications. This type of visualization is useful in identifying citation
clusters or groups of closely cooperating researchers. The citation or cooperation

5 www.google.com



density may indicate interesting emerging topics in a scientific community. The
major problem in using network-graphs for information visualization is the po-
tentially high connectivity of nodes. Therefore, it is often very hard to perceive
the boundaries between such clusters.

Although spatialization, and citation and co-author networks may seem to be
different at first glance, these methods share one thing in common. They reduce
the dimensionality of the data space by focusing on selected aspects: topics,
citations, or authors. Due to this information reduction important connections
between researchers, institutions, and topics are lost.

5.3 Faceted search

Faceted search is a recent approach in interface design that turns back to classical
form-based data presentations. In order to facilitate the exploration of data,
faceted search interfaces include not only hierarchically organized categories or
topics but also offer facets to navigate through the data space6. Facets reflect the
structural properties of the underlying documents including meta-data, year of
publication, research institutions, and also specific characteristics of a document,
for example, its format [29]. Information seekers can explore the data space by
incrementally selecting and adding different facets in order to interactively refine
the resulting hit list.

Digital libraries, such as gopubmed7 hosted by Transinsight GmbH or Au-
thorMapper8 hosted by Springer, implement a combination of the currently pro-
posed visualization techniques described above. Mainly, these digital libraries
have a facets-based interface that integrates tools for further analysis of result-
ing hits. Such tools include bar charts that allow for examining how a research
topic is developing over time filtered by different facets (e.g., articles per year ac-
cording to a selected topic, country, author, keywords, journals, or institutions).
Additional tools, such as co-author networks or locations of the corresponding
institutions depicted on geographic maps, provide further perspectives on the
data space.

Figure 1 illustrates the interface of the gopumed digital library. The facets,
including categories, keywords, and technical terms, are on the left side of the
screen. The resulting hits are to the right. Users now have the possibility to filter
various dimensions to refine the resulting hit list. Users explore the literature
contained in the digital library by interactively adding or removing proposed
facets.

Faceted search is a promising method for integration and visualization of
multiple dimensions relevant for exploring and understanding digital libraries. It
forms the basis for our approach of information visualization that goes one step
further by providing a compact, relational, and interactive visualization.

6 http://flamenco.berkeley.edu/index.html
7 http://www.gopubmed.com/
8 http://www.authormapper.com/



Fig. 1. Example faceted interface of gopubmed (http://www.gopubmed.com/)

6 Multidimensional Query Visualization Approach

The main idea behind the approach pursued in DiLiA [1] is to establish relations
among multiple dimensions of a data space and to make them visually accessible
to the user. In addition to the current trends and visual features discussed so
far, a relational query visualization offers a number of interactive operations that
allow for stating new queries, modifying old queries using Boolean operators, and
retrieving new relations.

DiLiA integrates different levels of granularity in its visualization. A first step
to achieve this is a division of the main panel into two parts (see Figure 2). On
the right side, consistent with the digital libraries described above, it contains a
search panel and a hit list. The left side of the screen displays relations between
search queries formulated by the user during the search.

6.1 Interactive Hit List

The hit list displays traditional meta data that characterizes a scientific pub-
lication, such as title, author names, source, abstract, a publishing year, and
keywords. Beyond that, the hit list is augmented with technical terms, which
are automatically extracted from the abstracts (see [30] for details). One hit is
displayed in detail, while additional hits can be accessed by pressing their title
bar.

Users have different possibilities for stating a search query. The search panel
allows for a free selection of search terms. Authors, titles, keywords, and technical



Fig. 2. DiLiA user interface

terms are implemented as hyperlinks that enable users to seamlessly invoke new
search queries. Each query is visualized as a blob on the left side of the main
panel.

6.2 Query View

Each query blob displayed in the query view corresponds to a state in the explo-
ration history (cf. Section 4). Query blobs represent different metadata types,
for example authors, keywords, search terms, or organizations. Query blobs are
connected with each other via edges that symbolize query intersections. The
edge thickness shows how many documents are shared between the queries. This
gives users an immediate impression about which Boolean operator can be ap-
plied to a pair of query blobs. It supports the “where can I go to?” question as
it offers clear hints of what next steps are possible. Users can perform Boolean
operations by dragging and dropping the blobs surrounding the central query
to the corresponding AND, OR, and NOT panels (see Figure 3). The system
suppresses AND and NOT operations if query blobs have no intersections. In
doing so, the system helps the user to avoid frustrating “no hits” situations.

Information seekers can browse the content of the query blobs by clicking
on them. This operation moves the clicked query blob into the center by an
animation and displays the documents contained in it in the hit list. Keeping
the currently selected blob in the middle of the display puts it in visual focus
and clearly indicates a user’s location within the exploration process. It answers
the “where am I?” question.

Users can examine the results of performed operations at different levels of
granularity: as updated relations between queries (the left side of the screen) or
as a hit list of articles (the right side of the screen). Users further may remove a



query blob from the view in case it is not needed any more. This allows avoiding
information overload and keeping the query view compact and clear. Removed
query blobs can be restored from a trash box which is situated under the search
panel. The “MORE” button, finally, invokes an online clustering procedure that
proposes semantic labels extracted from the documents contained in the query
(see Figure 4).

(a) Example combination of an author
and a topic

(b) The result of the combination

Fig. 3. Drag-and-drop manipulations of search queries

Information seekers incrementally construct a relational query visualization
during their individual exploration of the data space. By applying the AND
operator, they refine the search goal. The OR operator allows for broadening
the search. The NOT operator can be explicitly applied, for example, to search
for articles that are written by less prominent authors. If researchers always only
read those authors whom they know, they would easily miss new interesting ideas
stemming from young scientists or other scientific communities.

The relational query view integrates information on different levels of granu-
larity. First of all, metadata may be on different levels of granularity, for example,
a research field, such as “visualization,” compared to a single author or even pa-
per in that field. Even more, applying Boolean operators results in hierarchical
relationships between the newly emerging query blob as a parent of the topics
combined with the Boolean operator. To add to this, the AND operator narrows
results, i.e., moves to a finer level of granularity, while the OR operator does
the opposite. In DiLiA, all these different granularity levels are integrated and
connected in a single view without the need for moving up or down hierarchical
list or tree views. Thus, information seekers always have an overview of where
they are in their exploration as well as easily gain insight in the structure of and
relationships in the research field under inspection.



(a) Example semantic labels retrieved
from the query “user interfaces”

(b) The result of selection of the pro-
posed semantic labels

Fig. 4. Retrieving and using semantic labels

This way, the relational query view maintains the search steps made by the
user, or in other words the traversed decision points, by maintaining query blobs
and spanning a network between them showing their relationships, both with
respect to the content of the library and the exploration history. Having such a
multidimensional representation of query results at hand, users can incremen-
tally construct their individual picture of the scientific literature being under
investigation. Combining different dimensions in a single visualization provides
a better understanding of research activities and connections between topics,
authors, or institutions. One can see how many articles a particular author has
published to a specific topic. By retrieving additional semantic labels, users may
explore additional topics the author has been working on. Such operations pro-
vide an overview and at the same time propose new directions for exploration.
To sum up, query blobs show the paths taken so far, the relations between them
show further steps that can be followed without running into a dead end, i.e.,
frustrating “no hits” situations.

7 Conclusions and Outlook

This contribution discusses how users may be supported in information seeking
in digital libraries. We have argued for commonalities in the structure of real
world environments and the structure of a library’s data space, and in navigating
in both that allow for employing concepts from real world orientation also in the
digital world. This enables the creation of information displays that invoke a
sense of orientation in the users, which in turn fosters gaining an overview over
a scientific field and detecting novel research ideas from related fields or less
well-known authors. We have exemplified the discussed principles by presenting
DiLiA (Digital Library Assistant) a novel interface for exploring information
stored in a digital library.

Future work first and foremost comprises user studies to elicit whether the
claims made in this paper, while plausible from existing research, indeed hold. We



are currently setting up a first experiment that will shed light on usability issues
of the system. First, we will test basic usability issues (learnability, efficiency,
memorability, errors, and satisfaction) using the IsoMetrics questionaire [31].
Second, we will conduct a study exploring more specific aspects of interacting
with DiLiA, for example, which Boolean operators may be used more intensively
than others, which kind of queries may be preferred, and which dimensions are
explored. This will provide important feedback for further system design.

In general, surveying and mapping of scientific data has just really started.
Commercial online digital libraries hosted by established publishers (e.g., Springer,
ACM) provide very good information quality. Yet, the content of such libraries
is limited to the articles issued by these publishers, there is still a lot of room for
improving exploration of content, and the access to their content is restricted
to the organizations who have a subscription. Openly accessible digital libraries,
such as DBLP or CiteSeer, are limited to metadata acquired through crawling
the web, often without access to the full texts. Unfortunately, the quality of
this metadata is poor, important information, like organization or even source,
is missing. In light of the large effect social information and interaction has on
browsing digital libraries, reliable metadata supporting this social interaction
can be expected to increase the quality of information drastically. Since it is to
a considerable extend a social venture, technologies developed in connection to
web 2.0 may help to collect and exchange the required data on a larger scale.
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