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ABSTRACT

In this paper we present a novel user interface — the Atom
Interface — for browsing and exploring structured semantic
web data. The interface organizes the information in a
circular fashion. We describe our design goals and
demonstrate two example applications. We also conduct an
initial controlled experiment to investigate how the
interface supports performing certain tasks. The goal of the
experiment was to better understand characteristics of our
solution and collect some early feedback for later
refinement of our design. The results show that the Atom
Interface lowers the effort to navigate the information
space. The post study satisfaction questionnaire showed
also that the subjects preferred, liked and enjoyed the Atom
Interface more than the other interfaces used in the
experiment.
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INTRODUCTION

Semantic Web focuses on structured data which is modeled
as an arbitrary graph of interconnected entities. There is
often no a priori knowledge about entities and relationships
between them and thus the schema of the data is not known
in advance. Furthermore, the organization, size and
complexity of the graphs can vary. Often we cannot make
any helpful assumptions about the data.

Some of the big questions in Semantic Web User
Interaction community are: how to browse and explore such
data (we call it semantic space); how to present such
information to the user in an understandable, meaningful
and consistent way; and how to ease navigation in this sea
of interconnected entities.
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Figure 1. Compact Radial Layout (CRL).

Semantic Web poses new design challenges for more
dynamic and complex data interactions. Browsing the
semantic space using traditional techniques has proved to
be a difficult task. Thereby, we did not want to build on top
of existing solutions and paradigms. Novel browsing
techniques are required to explore this multidimensional
data space.

In this paper we present a novel interface — the Atom
Interface — for browsing and exploring semantic space. It
organizes information in a circular fashion using compact
radial layout (see Figure 1).

To face the challenges posed by Semantic Web the
interface proposes a new way of browsing and interacting
with the data. We introduce a novel paradigm: the
Interlinked Multi-Focus (IMF) paradigm. It allows the user
to look at the information space (e.g. semantic space) from
many different locations and to explore those locations
independently and simultaneously. At the same time while
the user is expanding multiple areas of the information
space he/she is able to see connections between them. The



nature of the connections is dynamic meaning that they can
change as the user changes the context of locally explored
areas.

Building a user interface for browsing and exploring
semantic space is a difficult task. Our goal was to hide the
internal structure of RDF from the user and make the
navigation process easy, enjoyable, rich and still
meaningful. At the same time we were aware of the
complexity of the data we were dealing with.

RELATED WORK

Semantic Web data is modeled as a graph and thus many
graph visualization and browsing techniques can be utilized
to explore its content. However, it is not a purpose of this
paper to analyze and discuss generic graph visualizations. It
is important to point out that many of those visualization
techniques do not scale to large datasets [1]. In our paper
we are interested only in approaches focusing on semantic
data.

One of the widely used techniques for exploring RDF data
is faceted browsing [2]. It allows the users to find items
based on more than one dimension. One of the problems is
that faceted browsers use textual interfaces. Usually data is
displayed either in a tabular (table) or linear (lists) format.
Using such display techniques prevents the user from
visualizing the space in a higher dimensional manner.

Disco [3] is a browser for navigating the Semantic Web as
an unbound set of data sources. To start the exploration the
user has to provide a resource URI. The interface displays
information about the specified resource in a table
containing property-value-source triples. The user can
navigate between the resources following the hyperlinks
which are included in the description of the current
resource.

Open Link RDF Browser [4] allows exploration of the
semantic space in a similar manner to Disco browser.
Additionally, it provides several customized views (e.g.
Yahoo Map, Timeline, Tag Cloud) that use data-specific
interfaces to visualize and interact with underlying RDF
triples. To use these special views the processed data has to
contain certain information required by a specific
component.

Protégé [5] is an ontology development tool. It allows
visualizing edited ontology using node link representation.
Such an approach focuses mainly on the structure of the
underlying graph, including its concepts and relationships
between them.

Some ontologies like UniProt [6] have too many entities
and links to be easily visualized at once. In such cases
exploratory techniques are necessary, enabling users to
expand only the areas of interest. Paged Graph
Visualization [7] takes this approach and allows the user to
incrementally explore and visualize relevant RDF data. The
Atom Interface follows the same approach. Instead of

showing the entire graph it allows the user to explore the
space in a step-by-step manner.

Ontosphere 3D [8] is a rich 3D ontology visualization and
editing tool implemented as a Protégé plugin. Concepts are
rendered as spheres, instances as cubes, literals as cylinders
and the relationships between entities are represented by
arrowed lines. The user can manipulate the view through
rotation, panning and zooming. Although the third
dimension brings one more degree of freedom to the world
of visualization it can also make the browsing activity more
complex for the user. Additionally, it might be more
difficult to understand the structure of the information
displayed in the 3D environment.

All mentioned browsing techniques for semantic space do
not permit one to navigate the data from different points at
once. In our solution we follow an Interlinked Multi-Focus
paradigm as we believe that it can be especially valuable for
exploration of highly interlinked Semantic Web data.

DESCRIPTION OF THE INTERFACE

For simplicity we break the description of our design into
two elementary pieces. We start with a single unit called
Atom and later on show how multiple instances of these
units work together on one screen.

The Atom Interface presents users with a 2D surface
containing several elements corresponding to single nodes
from our initial graph (or graphs). Every element can be
moved around the screen in a free manner and explored
independently. Furthermore, a user is able to see
connections between separately explored parts of a graph.

Atom

Let’s focus on a single element. As we pointed in the
previous section it represents a single node from a graph.
We call this node focus and from that point we start the
exploration process.

Compact Radial Layout

For the purpose of layout we treat the graph as a tree rooted
at the focus node. Every level of exploration is represented
as a ring (shell) containing all the child nodes belonging to
the selected node on the preceding shell (or to the root
node). The newly created shell always becomes the
outermost one embracing all the rings representing the
preceding levels. The focus node is always in the center.
Child nodes within a shell are represented as circles with
text labels. Circles corresponding to parent nodes have thin
lines behind them (see Figure 2). The sizes of circles are in
direct relationship with the number of children they contain.
The circles are packed close to each other in a compact
fashion and displayed around the parent node highlighting
the ‘belonging’ relationship.
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Figure 2. a) end node, b) parent node.

The circular organization of the information (shells and
nodes) ensures that the distances between subsequent nodes
are shorter and that the targets have more optimal shapes in
terms of aiming and selecting.

Behavior

The interface was designed to behave similarly to a context
menu. By right clicking on the focus node the first level
expands, subsequent nodes expand if they are left clicked.

This way the user builds the exploration path incrementally
uncollapsing (collapsing) the shells as they become relevant
(irrelevant).

As the user moves away from the focus node each level
increases in size. To enhance the scalability and make better
use of the screen real estate our interface allows a user to
zoom in/out (ctrl+mouse roll).

The user can perform circular scrolling of the currently
expanded level arranging the nodes in a convenient way. A
regular expanded tree has the tendency to look similar to a
‘slice of pizza’ thus allowing the user to pan the tree near
one of the corners of the screen.

For example of a browsing sequence see Figure 3.

Animation

An important part of the interface is the animation. By
clicking on a node (parent) its children expand in a fan-like
manner capturing the user’s attention on the newly revealed
level. The animation of the last level produces so-called
pop-out effect.

Figure 3. Browsing Sequence.
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Figure 4. Two interconnected atoms (molecule).

Preservation of context

During the exploration process new shells and nodes are
revealed. However, the context is fully preserved and the
user can see the entire path leading from the central to the
last selected node. This helps with localizing the
information and understanding its origin (see Figure 2).

Limitations

Shells closer to the central node are spatially smaller and
provide less space than the subsequent shells. If the graph
has too many nodes on the first level one can consider
changing the data structure itself by applying some
clustering algorithms. The problem can be also mitigated
leaving the data unchanged and using such techniques as
fish-eye where only those nodes under focus are enlarged.

Deep hierarchies require many shells to be created. The
screen space becomes a limitation here. The problem can be
overcome by using a zooming technique (which is
implemented in our prototype). Sometimes the user doesn't
need to see the full path from the center to the certain node
and is more interested in exploring a tree further from that
particular node. In this case the context isn't important and
the node of interest can become a new root node meaning
that the inner shells can be discarded.

Molecule

A single atom component allows exploring and browsing a
graph starting in one certain node. However, the interface is
capable of displaying many atoms at the same time. All of
them can be bound to different nodes of the same graph (or
different graphs). The user is able to interact with the atoms
independently browsing and exploring different parts of
semantic space simultaneously.

The nodes from various atoms can be interconnected (see
Figure 4).

Visualizing more than one atom simultaneously gives an
insight into the data from many different perspectives.
Connections between the nodes of separate atoms helps to
relate the data, conclude, make decisions, understand, and
grasp more details. This missed feature appears to be very
crucial and useful when dealing with Semantic Web data
which can be highly interconnected.



Metaphor

Imagine that we have a huge graph which is our semantic
space. We put atoms in arbitrary locations in the graph to
explore and browse areas around those locations
independently and simultaneously. The atoms are our spots
of insight into the semantic space representing different
perspective of view at the data. Furthermore, we can see the
connections between those perspectives (atoms). The
connections can be either explicitly defined in the graph or
inferred dynamically in the background while the user is
building his sub-space of exploration.

EXAMPLE APPLICATIONS

We implemented a prototype of the Atom Interface and
applied it to two different types of datasets in different
domains. The first example application demonstrates a
simple scenario where only one atom is used to browse
DMOZ [9] taxonomy. DMOZ is the largest, most
comprehensive human-edited directory of the web. It is
constructed and maintained by a vast, global community of
volunteer editors. The second application uses multiple
atoms to explore social network graph.

DMOZ Browser

We used a tree of about 1800 nodes obtained by trimming
the DMOZ RDF dump. Every category from the taxonomy
was mapped to a node described by an appropriate label.

User starts with a root node representing the entire DMOZ
taxonomy. Right click opens the initial shell containing all
the categories on the first level of the hierarchy. As user
clicks on subsequent nodes new shells are revealed and new
sub-categories appear. This way user builds his exploration
path in a step-by-step process focusing more and more on
details.

The context of exploration is fully preserved — all selected
nodes are marked with red color. User is able to refine his
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Figure 5. DMOZ Browser.

exploration path by clicking on any visible node. This way
there is no need of going back step-by-step along the
chosen path. A user can jump from one part of the
taxonomy to the other. In such a case a number of shells
can be collapsed before the new one is revealed. Since on
every level apart from a selected node all the siblings are
displayed it is easier for the user to modify and refine his
choice (decision).

Social network explorer

In this example application we wanted to demonstrate the
use of multiple atoms. The data set represents people and
their personal information: contact details, investments,
loans, personal advisers, friends etc. For the purpose of this
demo the data set was created manually and stored in RDF
format.

Every person is represented by a single element on the
screen. The personal information can be explored and
browsed in the same manner as in the case of DMOZ
Browser. As an example use we can explore local space of
a particular person and see types of investments she has
(e.g. properties, shares, funds). If we are interested we can
explore these further and see, for example, all the child
nodes of ‘shares’ node which are companies the person
invested into.

By clicking on an end node (a node which is not a parent
and thus doesn’t have any children) a user can obtain more
information regarding that node. For example, a user can
select a node representing a company whose shares a
particular person has. In such a case additional information
about the company is displayed under the atom: number of
shares, current share price, the annual turnover, and latest
news from the company (see Figure 6). This additional
information is attached to the atom. It means that if user
drags the atom to a different location of the screen the
information moves as well.
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In the same manner user can explore information regarding
other people. Every atom preserves its own state and there
is no need to hide or collapse one of them before another is
opened. Hence, the user can simultaneously explore
different persons’ local spaces (having one atom for each
person) on the same screen. This feature helps comparing
the data. For example, we can compare types of
investments of two persons. If one of the persons has less of
them we could suggest other opportunities of increasing the
annual outcome.

We believe that the interesting feature of the interface, from
the Semantic Web perspective of view, is fact that the
nodes from different atoms can be connected.

Say that the user is exploring the information about two
different persons and is currently looking at their personal
advisers. Some of the advisers appear in both atoms. The
interface connects these nodes with animated dotted lines
and mark the nodes with the blue color (see Figure 7).
Similarly user can see whether different persons invested
into the same companies.

The connections between nodes from separate atoms help
relating the information coming from different locations of
the semantic space. It broadens the understanding of the
structure of information we are looking at.

INITIAL EVALUATION

This section of the paper discusses our initial evaluation of
the Atom Interface. However, this first evaluation did not
specifically utilize complexly interlinked semantic data and
concentrated on a test interface that only used a single atom
component. We were primarily interested in discovering
how users perceived and reacted to a Compact Radial
Layout as compared to traditional navigation techniques.
We also wanted to examine the subjective user attitude
toward our design. Consequently, we recognize that this
evaluation does not fully illustrate how Atom Interface will
work with semantic data. An evaluation experiment
concerning itself with a more complex scenario of
exploring semantic space will be the focus of our future
work.

We want to stress that although we conducted a controlled
user study comparing three interfaces this initial evaluation

does not provide any statistical analysis of the significance
of the achieved results.

The goal of our experiment was to better understand
characteristic of our solution and collect some early
feedback for later refinement of our design.

Method

We conducted an experiment comparing three different
interfaces for browsing hierarchical data sets: Windows
Explorer (Figure 8), Cascade List Menu (Figure 8) and the
Atom Interface (Figure 4).

The Tree Browser

The application that we used as reference for Tree Browsers
is Windows Explorer due to its wide use and familiarity. It
represents the traditional tree browsing interface used to
browse the local file system. The interface preserves
navigation in a consistent manner (when the window focus
is lost the state of the application is preserved)

The Cascade List Menu View

The application that we used to test the interface against
was a custom implementation of the List Menu in python
using the open source Trolltech Qt platform. This type of
interface does not preserve navigation (when the
application window loses focus the menu is collapsed to the
root node)

Participants

Dumas and Redish [10] suggest using 6 to 12 participants.
For evaluation we recruited 11 computer science students
from Digital Enterprise Research Institute.

Materials and Tasks

We used a tree of about 1800 nodes obtained by trimming
the DMOZ Open Directory Project RDF dump. The
generated tree has a maximum depth of 4 levels. For the
experiment we selected 45 concepts. The concepts were
divided into 3 sets each containing 15 concepts. Each set
contains 5 concepts from each of the considered levels
(depths).

AEE)

Figure 8. Windows Explorer and the Cascade List Menu.
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Three types of tasks were used:
1. Retrieval tasks, e.g. : Find node “Spain”,

2. Go back to a previously found node e.g. :
Return to the node named “Spain”,

3. Trace back tasks.

Procedure

Each evaluation session lasted approximately 1.2 hours and
all participants worked on the same machine. The
participants proceeded through: (a) introduction phase, (b)
practice phase, (c) test phase, (d) post test questionnaire
phase. During the introduction phase the authors
demonstrated all the interfaces and their features, also
describing the entire evaluation procedure to the user.

Practice phase let the subjects to experiment with the Atom
Interface for five minutes to get familiar with its interaction
behavior. All the participants expressed their familiarity
with the Windows Explorer and the standard Cascade List
Menu so no training was necessary. During this phase all
the subjects were also presented with practice tasks. All
three interfaces operated on test data which was not related
to the data used in the experiment.

During the test phase every subject performed 3 different
tasks for 5 concepts on each of the 3 considered levels
starting with level 2 and moving towards level 4. We
randomized the order in which the three interfaces were
evaluated with respect to levels and subjects. After
finishing the test phase the subject was asked to fill a
questionnaire and give open-ended feedback about the 3
evaluated interfaces. The questionnaire was designed to
measure user satisfaction in terms of specific subjective
attitudes towards the interfaces. We used a 1 to7 scale to
measure the user result in all situations (see Figure 9).

The user satisfaction questionnaire contains the following
questions:

1. How fast were you completing the tasks using
interface X?

2. How difficult was it to complete tasks using
interface X?

3. Was interface X easy to use?

4. Was it enjoyable (fun) to use interface X?

5. Was it difficult to learn how to use Atom
Interface?

6. Was Atom Interface intuitive?
7. How do you like Atom Interface?

The dependent variables were: the time to complete each
task and subjective ratings on a 7-point scale.

Results and Discussion
In this section we present all the tasks and corresponding
hypotheses, followed by discussion of the obtained results.

Retrieval Tasks

Each subject was asked to find and retrieve 45 concepts
distributed randomly in groups of 5 across the 3 interfaces,
starting with level 2 concepts and continuing towards level
4 concepts. The performance is influenced by the subject’s
familiarity with the concept to find [11] in terms of
knowing a priori the location of the node in the tree. We
feel that this factor is important to control when examining
exploratory interfaces since clearly their purpose is to
support search activities where the target may be even
undefined. Many publications presenting exploratory
interfaces pass over this problem and say nothing about the
complexity of the tasks and how they were chosen.

For each question we ask the user to rank the familiarity of
the concept before starting. After completing the task the
user was asked to rank the easiness of the task on a 1 to 7
scale. For the purpose of this evaluation we did not use
familiarity in evaluating the results. Easiness expresses the
confidence the user had that the concept was where it was
initially thought to be. We also provided questions to help
the user better understand the definition of easiness:

e How easy was it to find?

e Did you have any doubts that this concept was
along your searching path?

e How sure were you that you would find this
concept in that location/path?
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How easy was f to find?

Figure 10 Evaluation Questionnaires for Retrieval Tasks
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These questionnaires (see Figure 10) gave us information
on how easy the participants could determine the location
of an item (concept). In this manner we were able to control
the complexity of the tasks provided in our experiment and
see whether they influence the overall performance of the
interface.

We hypothesized that for easy tasks the Atom Interface
should be more efficient than the considered interfaces in
our experiment. According to Fitts’ Law [12] the
performance of pointing tasks is influenced by the distance
and size of the target. In the case of the Atom Interface the
radial layout provides optimal distances towards higher
levels as opposed to list menu or explorer where the
distance to the child nodes is increasing the further the child
is in the list. Additionally box shapes that are used to
display items in the Windows Explorer and the Cascade
List Menu are more difficult to aim / target than circular
shapes, used in the Atom Interface to display nodes. We
consider easy tasks because the task completion time is
mostly influenced by the interface and less influenced by
the data set used.

Results

During the evaluation some of the users skipped certain
questions due to their increased difficulty. These results
were not considered in our analysis (e.g.: Subject would
skip a question after 250 seconds). We measured
performance in terms of level and difficulty (or easiness).
The subjective easiness scores were normalized between 0
and 1 using the normal distribution for every user. For
every interface we determined which were the easy and
which the difficult question. We wused the average
normalized subjective score per question (from all the users
who participated in answering this question for this
interface) compared to two thresholds. The low threshold
T, was experimentally chosen to be 0.35 and the high
threshold Ty was set to 0.65. Only questions falling outside
the (Ty, Ty) interval were considered for analysis.

As can be seen in Figure 11 the Atom Interface was always
better than Windows Explorer with an average time

completion difference of 25 seconds for difficult tasks and
15 seconds for easy tasks. The Cascade List Menu interface
surprisingly had an overall better performance for difficult
tasks. We believe that this behavior is due to the fact that
users perform less actions in menus than regular
exploratory interfaces (e.g.: mouse clicks to show the next
level — in menus the next level is displayed on mouse over),
also animations slowed down the exploratory (Windows
Explorer and Atom Interface) interfaces.

An interesting thing is that subjective perception of the task
completion time (see Figure 18) always showed that the
users perceived (were sure) that the Atom Interface was
faster at achieving goals than the rest of the evaluated
interfaces. We believe that this is due to the fact that people
enjoyed using the Atom Interface more than the rest of the
interfaces.

As can be seen in Figure 13, the average performance of the
Atom Interface is always higher than Windows Explorer
and comparable with the Cascade List Menu interface.
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Figure 16. Absolute Performance for Go-Back tasks per
concept basis.
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Figure 15. Average Performance for Trace Back Tasks per
depth level.

Trace Back Tasks

The subject was asked to click and select all parent nodes
on the concept’s path starting with the concept’s parent
going towards the root node of the hierarchy. This way we
wanted to observe how fast the subject is able to track the
local context.

Observation of the obtained results confirms that the Atom
Interface was displaying an increased overall performance
for this type of task (Figure 15). Again there is a consistent
gap between Windows Explorer and the Atom Interface.
We explain this through the fact that Windows Explorer
like interfaces does not use the view port in an optimal way
(the user has to scroll to get to the desired location e.g.: the
parent node). The Cascade List Menu interface is
comparable with the Atom Interface because the context
was most of the times more condensed than in the case of
Windows Explorer. The interface was slower than the Atom
since the distance between parent nodes were greater on
average and the shapes of the nodes are not easily aimable.

Go back Tasks
The subject has to go back to the previously found node and
select it again. The go back task started with a collapsed

Figure 17. Average Performance for Go Back Tasks per depth
level .

tree as the retrieval task. Also it was following immediately
after the trace back task per concept basis.

We hypothesized that the Atom Interface will perform
better in this type of task due to the fact that this is an easy
task (the user already knows where the concept lies) the
user could benefit more from the shorter distances between
the nodes, the spatial arrangement of the nodes — patterns,
and easily aimable shapes.

As can be seen in Figure 17 there is a big gap between the
Atom Interface and the 2 other interfaces.

Satisfaction

The last phase of the evaluation consisted of filling out a
satisfaction questionnaire by the subjects. As mentioned by
Hornbzk [13] sometimes we are interested not only in
improving the objective performance but also in generating
design advices on how to enrich users’ experience of
interaction. We hypothesized that because of the novel
radial layout the interface would be more appealing and
more engaging which would result in the users’ perception
and attitude toward the Atom Interface.
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From the average obtained from the questionnaires we can
clearly see that the Atom Interface was perceived to be the
fastest the easiest and the most enjoyable among the
evaluated interfaces. However not all the users found it
intuitive, making common mistakes about the actions
related to left and right click. The Atom Interface behaves
both as a menu, and as an exploratory interface, thus right
click will expand / collapse the tree (similar to context
menus), and also keeping state consistent when moving the
mouse across the interface just like a browser (in the
Cascade List Menu, when the mouse was moved to a
different sibling the previous node would automatically
collapse and the new one expand automatically)

DISCUSSION AND CONCLUSIONS

In this paper we presented a novel user interface — the Atom
Interface — for browsing and exploring structured semantic
web data. The interface uses introduced Interlinked Multi-
Focus paradigm which allows exploring many areas of the
information space simultaneously.

We also presented two example applications demonstrating
the use of Atom Interface and conducted an initial
evaluation of the compact radial layout used for information
organization.

Although the users were given only 5 minutes to practice
with the Atom Interface they were very efficient at
performing most of the tasks (especially purely navigational
ones).

Still for difficult tasks the interface is far better than regular
exploratory interfaces (Windows Explorer), concluding that
it also supports browsing in large information spaces where
user needs can even be undefined. An additional benefit of
the Atom Interface is the users’ attitude towards the
interface indicating that they find it enjoyable and
engaging.

FUTURE WORK
In the future work we would like to use interlinked data sets
provided by Linking Open Data project. We are especially

interested in using the Atom Interface for visual integration
of different information sources. We are also aware that
there is a need for more elaborate evaluation and analysis
focusing on semantic space exploration.

Furthermore we intend to augment the Atom Interface by
providing more graphical cues increasing the adaptation
potential of the interface.

Also different implementations for the interface will be
considered (e.g. Flash implementation for web based
navigation).
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