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Figure 1: Navigation in a large graph from the medical domain [GCV*07] using signposts to provide context for the nodes in
focus (as used in our user study). The focus is derived from the focal nodes (encircled in red).

Abstract

In this paper we present a new Focus & Context technique for the exploration of large, abstract graphs. Most Focus
& Context techniques present context in a visual way. In contrast, our technique uses a symbolic representation:
while the focus is a set of visible nodes, labelled signposts provide cues for the context — off-screen regions of the
graph — and indicate the direction of the shortest path linking the visible nodes to these regions. We show how
the regions are defined and how they are selected dynamically, depending on the visible nodes. To define the set of
visible nodes we use an approach developed by van Ham and Perer that dynamically extracts a subgraph based on
an initial focal node and a degree-of-interest function. This approach is extended to support multiple focal nodes.
With the symbolic visualization, potentially interesting regions of a graph may be represented with a very small
visual footprint. We conclude the paper with an initial user study to evaluate the effectiveness of the signposts for

navigation tasks.

Categories and Subject Descriptors (according to ACM CCS): 1.3.6 [Computer Graphics]: Methodology and

Techniques—Interaction techniques

1. Introduction

Imagine yourself as a researcher in a young, interdisciplinary
field such as visual analytics. Now imagine that you need to
search for relevant publications related to the topic of your
next paper. Because visual analytics is interdisciplinary, you
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will need to search for publications from different fields, like
information visualization, machine-learning and perhaps an
applied science in order to familiarize yourself with your
theme. In particular, the connections between these fields are
interesting to you, since as a visual analytics researcher, your
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goal is to synthesize results from many fields to find new so-
lutions.

When browsing through the literature you hop from pub-
lication to publication via references and keywords. With
most of the links you follow, you end up in the same scien-
tific area that you started in. Publications at the boundaries
between scientific fields are rare. To make things more dif-
ficult, these interdisciplinary publications do not necessarily
carry the label visual analytics.

The task described here is an exploratory search in the
potentially uncharted territory of a graph. The expected re-
sults of an exploratory search cannot be named in advance.
In many cases, however, the graphs are not completely un-
charted. In this paper we propose an approach to graph nav-
igation, which makes use of existing labels (e.g. the names
of scientific fields) as cues to assist user orientation in the
abstract spaces of graphs.

A common challenge in the visualization of large graphs
is to find the balance between the amount of data displayed
and the preservation of the user’s sense of context. In the
past decades, a number of navigation concepts have been es-
tablished to support the user in graph navigation tasks. In
the broadest sense Overview & Detail, Pan & Zoom and Fo-
cus & Context techniques provide two or more connected
levels of resolution for the display of data. The user may
choose between these resolutions either for detailed inspec-
tion or for orientation. In most Focus & Context techniques,
the context is established primarily by graphical means —
for instance with the help of distortion [SB92] or a magic
lens [GNBP11]. We use a combination of graphical and tex-
tual cues to refer to the context, which actually lies outside
of the current field of view.

Our inspiration for the cues came from the real world. Be-
fore GPS navigation literally became ubiquitous, signposts
helped travellers to find their way through unknown areas.
While the visible landscape can be considered the focus,
signposts provide the context with graphical cues, indicat-
ing direction, and textual cues, representing potential desti-
nations beyond the focus. In our paper, we apply this concept
to abstract graphs. The focus is a node-link diagram of a se-
lected subgraph, while the context consists of named glyphs
associated with specific visible nodes. They point at regions
which can be reached via these nodes, but lie beyond the
boundaries of the visible subgraph.

There are two advantages of the textual representation.
Firstly, subgraphs of any size may be represented with a very
small visual footprint. Secondly, they can be recalled faster
and more accurately than graphical representations [Kos07].
There are also disadvantages to the use of text. Firstly, the
labels might be unknown to the user and thus need to be
learned. The second drawback is the potentially high ini-
tial cost for the creation of meaningful labels. We allow for
an interactive definition of regions and labels, but for large
graphs their initial creation is a prerequisite. Fortunately,

many network data repositories include resources like se-
mantic annotations which can be used for labelling; this es-
pecially applies to digital libraries.

Two publications especially influenced our approach. For
the focus (see Section 3) we will build upon the ideas of
van Ham and Perer [VHP09]. They transferred the concept of
degree-of-interest functions to graphs to define the relevant
set of nodes, given a focal node of interest. We generalize
their approach to multiple focal nodes. We also make use of
and extend their expand-on-demand concept for navigation
in the graph.

The context (see Section 4) is inspired by Ghani et al.
[GREI11] and similar approaches for off-screen visualiza-
tion. Insets at the boundaries of the focus view refer to neigh-
bouring nodes outside of the visible region. The insets allow
panning without zooming, because potential (near) destina-
tions are already present in the focus. While our glyphs are
comparable to the insets, they point to regions instead of in-
dividual nodes. We will show how these regions are selected
based on their size and distance to generate the contextual
information.

In summary, the contributions of this paper are:

e The extension of van Ham & Perers degree-of-interest
function for graphs from single to multiple focus points.

e An adaptation of the procedure to ensure that the subgraph
in the focus is connected.

e Providing context with the help of glyphs and textual
cues referring to off screen regions (as opposed to single
nodes).

e The dynamic selection and prioritisation of the off-screen
regions based on a second adapted degree-of-interest
function.

The rest of this paper is organized as follows: In Section
2 we give an overview of existing work on different aspects
of our approach. The subsequent two sections are the techni-
cal core of our paper. In Section 3 we will describe how the
set of visible nodes is selected and visualized for the focus.
In Section 4 we will describe how contextual information is
determined, prioritised and visualized as a reference to off-
screen regions of the graph. In section 5 we present an initial
user study which assesses the effectiveness of the signposts
in providing contextual information for navigation tasks. Fi-
nally in Section 6 and 7 we present a discussion of current
and future work as well as a conclusion of our paper.

2. Related Work

Our approach is related to previous approaches from dif-
ferent areas including navigation concepts in visualiza-
tions, off-screen visualizations and multi-level approaches
to graph drawing. We will go through each of the areas and
present the similarities and differences between existing ap-
proaches and ours.

(© 2012 The Author(s)
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Navigation Concepts: A recent synopsis of navigation
concepts has been given by Cockburn et al. [CKB07]. They
categorize Overview & Detail, Zooming & Panning, Focus &
Context and other techniques based on their interface mech-
anism, and give a survey on evaluations of these methods.
While Overview & Detail is considered as a spatial sepa-
ration into two or more distinct visualizations, Zooming &
Panning is considered a temporal separation between em-
phasized and suppressed subsets of the data. Focus & Con-
text techniques avoid spatial or temporal separations by cre-
ating a seamless visual embedding of detailed information
(the focus) within its context. We consider our approach a
Focus & Context technique, because this definition does not
prescribe the level of abstraction used for the context visual-
ization.

Degree-of-Interest-methods (DOI) are actually indepen-
dent of the concepts mentioned above, but became popu-
lar within Focus & Context visualization techniques. Fur-
nas [Fur86] introduced the concept of estimating the set of
most interesting data items based on information derived
from user interaction. In [Fur06] Furnas clarified that the
original intention of the DOI concept was to determine what
items were to be emphasized in the focus, whereas most
techniques concentrated on how the visual emphasis should
be performed.

An example for the approaches defining what is empha-
sized in the focus is van Ham and Perers approach [vHP09]
which adapts Furnas’s DOI function to graphs. The focus
is defined by a single node, and the neighbourhood of this
node provides the context, which can be extended interac-
tively. In our paper, we propose a new distance-based DOI
function, which enables the inclusion of multiple nodes in
the focus. We adopt Huang’s et al. [HEW98] and Crnovr-
sanin’s et al. [CLWM11] approaches, which use the inter-
action history for the definition of focal nodes. Both ap-
proaches use the path of exploration of one user or even the
paths recommended by multiple users. Instead, our approach
allows the exploration of multiple paths at the same time,
while avoiding the splitting of the visible subgraph into dis-
connected regions. Kreuseler and Schumann [KS99] show
how Focus & Context navigation can be combined with the
creation of a customized data representation. A hierarchi-
cal clustering is dynamically refined based on user interac-
tion. Fading edges for the indication of connections to in-
visible regions have been used, for example, by Dwyer et
al. [DMS™*08] and van Ham and Perer [vHP09]. In a recent
extension of this concept [vHP12] van Ham and Perer in-
troduce Graphcues. Similar to our approach, Graphcues are
extensions to visible nodes, representing out links to the in-
teresting but currently invisible parts of the graph. Instead
of using static landmarks, the user is guided by the result
of interactive queries, defining the interest of single nodes.
Our approach uses landmarks — representing regions of the
graph, whose interestingness is adapted as the user navigates
through the graph.

(© 2012 The Author(s)
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Other approaches define how the focus can be displayed.
They can be divided into spatial and non-spatial methods.
Radial layouts provide a natural spatial focus - the centre of
the view - and have been explored by, for example, Jankun-
Kelly and Ma [JKMO03], Chou and Yang [CY11], as well
as Brandes and Pich [BP11]. Distortion methods, like the
graphical fish-eye views [SB92], are also spatial. Munzner
[Mun98] presents an approach which uses a 3-dimensional,
hyperbolic space to realize a form of distortion. The focus
in these methods normally lies in the middle of the visual-
ization, while the context is distorted, but visible around the
edges.

Non-spatial methods include Semantic Depth of Field by
Kosara et al. [KMHO1]. Tominski et al. [TAVHS06] pre-
sented a lens-based technique to solve the cluttering prob-
lem in the visualization of large graphs. The focus acts as
a local filter, which suppresses the display of edges unre-
lated to the visual area. A similar filter is used to bring the
local neighbourhood into the focus. This approach has been
extended by Moscovich et al. [MCH*09] with the Bring &
Go navigation concept. Movement in the graph is supported
by a guided panning along the connections to neighbouring
nodes, which is also related to techniques for off-screen vi-
sualization.

Off-Screen Visualization: Off-screen visualization can
be considered a variant of Focus & Context, but deserves
further elaboration here. Baudisch and Rosenholtz [BRO3]
compare two visualizations of off-screen locations (isodis-
tance rings and arrows). While the rings performed better
on a geographic map, they have no simple equivalent in the
complex topology of an arbitrary graph. In fact, off-screen
visualization is most often used in the context of geographic
maps like the insets techniques presented by Karnick et al.
[KCJ*10] and Ghani et al. [GRE11]. A counterexample is
presented by Frisch and Dachselt [FD10] for the navigation
in UML diagrams. In abstract graphs the position of visual
proxies at the screen boundary preserves the global layout.
We adopt their method to aggregate off-screen nodes to clus-
ters based on inheritance hierarchies and generalize it for ar-
bitrary graphs. In all these approaches, the focus is defined
by the geometry of the view port; this requires a global lay-
out without cluttering of nodes or edges. Since this is almost
impossible to achieve for general graphs, we select the focus
based on the graph topology.

Multi-Level Approaches: Our approach basically uses a
high-resolution representation for the focus and an abstract
representation for the context. Multi-level representations
have been used to improve different aspects of graph visual-
ization in order to allow structural zooming within the graph.
Balzer and Deussen present a method for the seamless zoom-
ing between different levels of abstraction [BD07]. Frishman
and Tal [FT04] and Huang et al. [HELO5] present methods to
improve the layout. Shen et al. [SMERO06] and Di Giacomo
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et al. [DGDGLO07] show how semantic connections can be
used to improve the graph visualization.

In summary, we will show that in addition to the contri-
bution of the general approach described in this paper, we
make a contribution to each aspect that we’ve built on. Our
concept for Focus & Context in large graphs generalizes the
idea of context to invisible off-screen regions, which are re-
ferred to with the help of visible signposts. In turn, off-screen
visualizations are generalized with regard to the definition of
the view port, which is not defined by the canvas geometry,
but the graph topology. Finally, to our knowledge, off-screen
visualizations of abstract graphs have not yet been used in
combination with multi-level representations.

3. Visible Nodes in Focus

For the detailed explanation of our approach we will refer
to a graph G(E,V), consisting of a set of edges E and a set
of nodes V. The techniques presented in this section and the
next can only be applied to connected components. Thus we
will assume, for simplicity’s sake, that the graph G is con-
nected. The focus F C G is the visible subgraph, which is
defined based on recent user interaction. The core of the fo-
cus is a small set of focal nodes Z C V which are considered
most interesting for the user. Regions R; C G are arbitrary
subgraphs of G. Because it differs from van Ham and Perer’s
definition, we want to clarify that when using the word con-
text we refer to regions beyond the visible subgraph F, and
not the immediate, visible neighbourhood of Z.

Following van Ham and Perer’s approach [VHP09] we use
a degree-of-interest (DOI) function applied to the nodes in
the graph. In essence, this approach defines a neighbourhood
around a given focal node. Instead of using a single focal
node, we extend the DOI function to multiple focal nodes.

Multiple focal nodes can be used to trace the development
or refinement of the user’s interest. This is especially useful
in open search or browsing scenarios where the result cannot
be defined a-priori and where the path to the solution may be
of interest as well. We will now provide a detailed descrip-
tion of our extension to van Ham and Perer’s DOI function.
This will be followed by details of the derivation of F from
the set of focal nodes Z. The application of the DOI function
alone could lead to cases in which F contains disconnected
neighbourhoods. This issue will be covered in the last part
of this section.

3.1. Extending the DOI Function to Multiple Focus
Nodes

The DOI function by van Ham and Perer consists of
three components: An a-priori interest (API) which never
changes, a user interest (UI) which changes based on initial
user queries and the distance-based interest (D) referring to
a focal node z € V (see Equation 1). Our extension affects

the last component of the DOI function and the way the sub-
graph F is derived from this function.

DOI (x) = aAPI(x) + BUI(x,y) +YD(x,z2) (1)

We will now define a DOI function supporting more than
one focal node. Let Z = {z1,23,...} C V be the set of fo-
cal nodes. Let d (x,y) be a distance function defined for all
pairs of nodes in the graph. A node closer to one or more fo-
cal nodes should be considered more interesting than a node
farther away from the focal nodes. For the distance compo-
nent Furnas [Fur86] proposed Equation 2.

D(x) = —d(x,z2) 2)

D(x):_d(x721)—d(x,ZZ)—d(x’Z:;)... 3)

Heer and Card [HC04] extended this function to multiple
focal nodes in a hierarchy (see Equation 3). However, this
extension is not suitable for multiple focal nodes in a general
graph, because it emphasizes a convex region defined by the
majority of focal nodes. Nodes outside of this region — even
other focal nodes — may be excluded from the view. Instead
we define an inverse distance vector for every node in the
graph (shown in Equation 4). We define our DOI distance
component for multiple focal nodes in Equation 5. For p > 1
the DOI distance component is a norm (the Minkowski-norm
of the distance vector). For p < 1 the DOI distance is not a
norm, since it does not fulfil the triangle inequality.

1 1
dz(x) = (d(x,z,)+1’d(x,z2)+1"") @

Dz (x) = |ldz(x)ll, ®)

The choice of p defines how the neighbourhoods of the
focal nodes are combined: in general, for higher values of
p the neighbourhoods are more independent. The maximum
norm ||-|| ., represents a nearest-neighbour approach, where
only the distance to the single nearest focal point is taken
into account. The norm ||-||; averages the inverse distance
to all focal points. For our approach we prefer DOI distance
components with 0 < p < 1. The resulting distance compo-
nent emphasizes the area between two or more focal nodes
(see Figure 2). While these DOI components are not norms,
they can be useful in cases where the connection between the
focal nodes is considered at least as important as the set of
focal nodes itself. In addition, these measures are less likely
to split the visible subgraph into disconnected parts. How-
ever, this cannot be avoided by the DOI function alone, see
Subsection 3.3.

3.2. Defining the Set of Visible Nodes

In this subsection we will draw upon approaches from van
Ham and Perer [vHP09], Heer and Card [HC04] and Huang

(© 2012 The Author(s)
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Figure 2: This schematic view shows the combined isodis-
tances with two focal nodes (blue) for different values of p.
The value of p controls to what extent nodes between two or
more focal nodes will be preferred over nodes near a single
focal node. High values of p will induce independent neigh-
bourhoods; lower values of p will be more likely to cause
neighbourhoods to merge.

et al. [HEWOS]. The DOI function does not depend on the
specific method chosen to define the set of focal nodes, Z.
Existing approaches allow for an interactive definition of
new focal nodes by clicking. This causes the visible sub-
graph F to be expanded to include the neighbourhood of
the selected node. A common approach is to use a history
queue for the set of focal nodes Z. Old focal nodes are elim-
inated, if the history queue reaches a predefined maximum
size (see [HEW9S]).

Upon adding a new focal node, we calculate the distance
of this node to all other nodes with the chosen distance func-
tion d(x,y). The DOI values are updated accordingly. The
derived set of visible nodes van Ham and Perer suggest a
method which is basically a modified Dijkstra algorithm.
The set of visible nodes is grown around the focal node as
a seed. Instead of preferring the nodes with the shortest dis-
tance, their algorithm prefers nodes with a higher DOI. The
growth terminates when a predefined number of nodes has
been selected. Still, there is no guarantee that the resulting
visible graph is connected. In the following section we show
how we deal with this problem.

3.3. Disconnected Neighbourhoods

After the growth process, the neighbourhood of a focal node
is defined as the set of visible nodes which can be reached
from this node. Multiple focal nodes may share the same
neighbourhood. In our approach, we connect the neighbour-
hoods with bridges, i.e. chains of nodes along a reasonably
short path between neighbourhoods. This blends well with
the interactive expansion of the focus; every visible node
serves as an anchor for detailed inspection. If a user wishes
to learn more about the area between her current focal nodes,
the bridges are the anchors for this exploration.

(© 2012 The Author(s)
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The first task is to determine if focal nodes share the same
neighbourhood. Every focal node is marked with a unique
identifier for its neighbourhood. Every node reachable from
a focal node is marked with the same identifier. If two neigh-
bourhoods grow together, their identifiers are unified. Con-
sequently, a pair of neighbourhoods with different identifiers
at the end of the process is not connected.

The second task is the definition of the bridges them-
selves, which is less obvious. We propose a pragmatic, it-
erative solution which is illustrated in Figure 3. In every it-
eration, the smallest neighbourhood Ny is chosen. To calcu-
late a bridge to another neighbourhood, we continue with
the growth process described in the previous section as if
there were no limit for the number of nodes. Only one neigh-
bourhood N is grown to speed up the process. If a different
neighbourhood is reached the shortest bridge is traced back
along the links of a spanning-tree. This chain of nodes is
added to the set of visible nodes and the neighbourhoods are
thus connected. The iteration stops when there is only one
neighbourhood left. This single neighbourhood is the focus
F, which is the visible subgraph in the visualization.

4. Signposts Referring to Context

In the previous section we described the creation of the fo-
cus in our Focus & Context technique. The focus F C G
allows for the detailed inspection of a subgraph and it pro-
vides a mechanism for the interactive exploration of adjacent
regions. The context in our visualization consists of glyphs
which resemble signposts (see Figure 4). They are arranged
at the boundaries of the focus. Like signposts in the real
world they point to specific regions beyond the visible area
of the graph. The user can explore the neighbourhoods of
nodes in the focus by selecting new focal nodes. The context
provides information on the location of the visible subgraph
with respect to off-screen regions. The selection, position
and direction of the glyphs are updated whenever the user
changes the focus.

In this section we will explain how the context is created.
We will begin by defining the off-screen regions of a graph
that can be referred to with the help of signposts. We will
then show how the regions to be referred to are chosen, based
on the current focus. Finally, we will describe the positioning
and orientation of the signposts in the visualization.

4.1. Labelled Regions

In the real world, a signpost pointing to a place far away will
almost never refer to an individual building or street. It will
refer to a city, a region or even a country. Of course their
labels implicitly represent all minor landmarks within their
boundaries. In order to transfer this concept to graphs, we
need to aggregate nodes to labelled regions. In general, a re-
gion is a connected subgraph R C G. Our method uses mul-
tiple regions, which may overlap partially or totally. Over-
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Neighborhood-
Growth

Bridge-Building

Figure 3: The selection of nodes for the focus is executed
in two steps. In the first step (a), the neighbourhoods around
the focal nodes (1,2 and 3) are grown. Neighbourhoods may
merge during the process (1 and 2, left). The growth always
prefers nodes with a higher DOI. The process stops when a
predefined number of nodes is reached. In the second step
(b) the connectivity of the visible graph is ensured by cre-
ating bridges. The smallest disconnected neighbourhood (3,
right) is chosen and grown, until a another neighbourhood
is reached. The bridge (B) is created along the shortest path.

lapping regions are useful to define multiple levels of detail
(see Section 4.2). This means that there are no restrictions
placed on the set of regions R = {Ry,R»,... }. In particular,
it does not need to be a partition of the graph.

The labelling of regions is not a contribution of our work,
but an important prerequisite. Our method can be used for
navigation in graphs enriched with metadata. With the rise of
the semantic web, a growing number of repositories provide
the resources necessary to define meaningful regions. The
Resource Description Framework (RDF) used in the Linked
Open-Data Community [?] is an example of this data. Au-

thors, topics or the ICD-Codes for diseases in the dataset we
used for the user study (see Section 5 are potentially useful
attributes for the definition of regions.

Each region is defined using a single data attribute. This
allows us to use the attribute value as a label. All nominal at-
tributes in the data may be used to define candidate regions.
If a taxonomy exists for an attribute we can use the hierarchy
to create regions of differing levels of detail. Any regions
sharing a common super class could be combined and la-
belled with the name of this class. Even if there is no techni-
cal restriction on the definition of regions, not all regions are
equally useful as a landmark in the graph. In general, there is
no guarantee that the distribution of specific attribute values
matches the topology of the graph. To be referred to with a
signpost, we require a region to be sufficiently compact. A
region does not need to be contiguous, but its average dis-
tances should be significantly smaller than the average dis-
tances of the complete graph. Only then we can expect the
region to define a location in the graph topology.

We also considered the use of graph clustering algorithms
to generate regions. These regions typically reflect the graph
topology, but they do not come with a meaningful label.
Applying classification methods to generated regions is a
promising option for the identification of labels, but this is
beyond the scope of this paper (see Section 7). As an alter-
native, we allow the user to extend the given set of regions.
If the user explores a set of nodes relevant enough to come
back to later, she may select them with a brush and add a
label for the selected set of nodes (see Figure 4). The new
region and its label are stored and the region is referred to
with its own signpost if the user moves away.

Figure 4: The signpost directs the user to off-screen regions
which can be reached via the adjacent node. Groups of nodes
can be selected interactively in order to create user-defined
regions.

(© 2012 The Author(s)
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4.2. Selecting Regions for the Context

Clutter should be avoided in the display of context. To ad-
dress this issue, the number of signposts which are displayed
at the same time needs to be restricted. Because there is no
formal a-priori restriction to the definition of regions, the
number of potentially relevant regions can be very high. As
for the focus, we apply a degree-of-interest scheme as a filter
for the context. Every region is given a DOI value. This value
depends on specific properties of the region. In addition, it
depends on the set of nodes F C G in the focus. Whenever
the focus changes, regions may become more or less relevant
for reference in the context.

Specifically, the degree-of-interest function depends on
the following properties:

e [ntersection with the focus: if a region R intersects with
the focus F' then the region is automatically excluded from
the selection.

e Region size |R|: without further information on the user’s
specific interests, bigger regions are considered more im-
portant than smaller regions. There is also a practical rea-
son for this scheme; the whole graph can be covered more
easily by referring to a few large regions.

e Region distance from the focus d(R,F): regions near the
focus are considered more important. It is likely that they
are more closely related to the nodes in the focus, i.e. the
nodes that the user is exploring actively. Note that this
depends on how distance is calculated (see Section 4.3).

e A-priori interest API(R) and user interest UI(R): these
are essentially the same properties as those which were
defined for individual nodes (see Section 3). For example,
it makes sense to increase the a-priori interest for user-
defined regions, because the user explicitly expressed her
interest in these regions.

e FExclusion: sometimes regions may be similar even when
defined with different methods. While this is interesting
from an analytical point of view, having multiple sign-
posts referring to the multiple regions which differ only
slightly would waste screen space and might confuse the
user. Exclusion is applied to any set of similar regions re-
ferred to from the same visible node.

Based on the above requirements, the DOI function for
the regions is defined in Equation 6. To fulfil the first re-
quirement, regions which intersect the focus are given a DOI
value of 0.

DOI (R) = o.- API(R) +B-UI(R) +y-D(d(R,F),|R|) (6)

The function D(.) reflects the fact that region size and dis-
tance from F' are interdependent. Consider a large region in
the graph which overlaps a set of smaller regions. From a
distance, the large region is generally more interesting than
the smaller ones. If, however, the user moves the focus closer
to these regions, we assume that she will be interested in
more detailed information. To support this level-of-detail

© 2012 The Author(s)
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scheme, smaller regions should be preferred at close range.
We suggest the function class in Equation 7 to satisfy this
property. The constant R4y is the largest region.

D((R.F).IR) =y o
oy log(R) @
10g(|Ra]

The only remaining requirement is the exclusion of sim-
ilar regions. For every region R € R, a list of excluding re-
gions X1,X>, - - - is defined in advance. With the help of these
lists we modify the DOI to obtain the final Equation 8.

0 if RN F is not empty,
DOI(R)={ 0 if max;(DOI(X;)) > DOI (R), (8)

DoI (R) otherwise.

4.3. Definition of Region Distance d (R, F)

We define the graph of regions H as a weighted graph, where
nodes are the regions R of G. The edges of H represent the
adjacency, intersection or nesting of regions. The weight of
the edges is given by the pairwise distance between regions.
Because the regions are sets, no natural distance measure
exists. This problem is primarily dealt with using agglom-
erative clustering (see, for example, Berkhin [Ber(02] for a
survey). A number of different measures may be used. In or-
der to support graph navigation it is not necessary to find an
optimal solution. An approximate solution which enables a
reference to the right direction is sufficient.

Single linkage represents the minimum distance between
a pair of nodes in different regions. It is the easiest distance
to calculate. Nevertheless, we chose the average-linkage dis-
tance for the definition of H for two reasons. Firstly, the
minimum distance between two regions underestimates dis-
tances on G because it ignores distances within regions. Sec-
ondly, it can naturally be applied to intersecting and nested
regions, while the single-linkage distance would be zero in
both cases. The graph H is a coarse representation of G,
which is used to speed up the determination of the distance
of far flung regions.

Whenever the focus changes, the relevant regions and
their distances need to be recalculated on the fly. Depending
on the size of the graph, this recalculation can be costly. For-
tunately most of the regions are given in advance and their
pairwise distances can be precalculated. When updating the
focus we only recalculate the distance to the nearest regions
(see next section). The distance to regions which are further
away is added by finding the shortest path in H between a
closer and a farther region using the precalculated distances.
This means the calculation operates on the graph of nodes G
and on the graph of regions H (see Figure 5).
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Figure 5: This figure shows the focus surrounded by a num-
ber of invisible regions. The distance to all regions needs
to be calculated whenever the focus changes. To speed up
the process, we only recalculate the distance to near re-
gions (Ry,Ry,R3,Ry). To calculate the distance to far re-
gions (Rs,Rg) we add the precalculated distance between
regions.

4.4. Placement of Glyphs

The glyphs must convey at least two pieces of information.
The first piece is the label of the region referred to. The sec-
ond piece is the visible node, which can be expanded in or-
der to move the focus closer to this region. Determining the
distance between regions and determining the closest visible
node are similar problems. They can thus be solved using the
same process, which consists of two steps. In the first step,
the distance to closer regions is calculated on G. Again we
use the modified Dijkstra spanning-tree algorithm in a simi-
lar way as we did for growing the neighbourhoods in the fo-
cus. All visible nodes (i.e. all nodes in F') are the seed nodes
of the algorithm. Whenever a node on a shorter path is vis-
ited we update the visible node it has been reached from and
the distance for the regions of this node. This process stops
after a fixed number of nodes have been visited. All regions
found in the first step are, by definition, near regions.

In the second step the distances to far regions is calcu-
lated on ‘H. Again, we use the same algorithm. All near re-
gions found in the first step are now the seed nodes for the
spanning-tree algorithm. The final distance of a far region is
the sum of the distances from the first and the second steps.

For every region, we know its shortest distance to ' and
the visible nodes it can be reached from on the shortest path.
Generally the glyphs are set in order of decreasing interest
of their associated regions. If more than one visible node is
a candidate for a signpost we select the signpost node with
the following strategy. If the glyph was attached to a node
the previous interaction cycle, it stays there to minimize flip-
ping. If the signpost was not visible and one candidate node

has fewer attached glyphs then this node is chosen, other-
wise a random candidate is chosen.

The direction of every glyph is defined by the first edge of
the shortest path. This edge connects a visible start node in
the focus region with an invisible end node in a near region.
In a static layout, this edge direction is defined in advance.
In a dynamic layout invisible nodes and edges are usually
not considered. To calculate the direction we add all end
nodes and all their connections to F' to the dynamic layout
calculation. This guarantees that our approach works seam-
lessly with different dynamic layout methods. Note that for
dynamic layouts supporting animated transitions, the glyph
will follow the transition of its (virtual) edge.

5. User Study

We tested our approach in an initial experiment that com-
pared multi-focal graph exploration with and without sign-
posts. We wanted to test whether the use of signposts sup-
ports the user in the navigation and orientation in large
graphs.

We recruited 13 participants aged between 21 and 30
for the experiment. All of the participants were graduate
or undergraduate students in computer science or computer-
science-related courses. Our experiment was a within-group
test. The experiment consisted of two almost identical tasks,
each performed under different conditions. To filter out un-
desired learning effects we alternated the sequence of the
tasks performed by each participant.

In each task, participants were asked to find a pair of
nodes, one each from two predefined categories, and a path
connecting the two nodes. We selected the categories such
that the tasks were easily solvable with the available in-
terface. For the test we used a precalculated Fruchterman-
Reingold layout. In both tasks five focal node changes were
necessary to reach the target. The number of focal nodes to
define the focus view was limited to three. The start condi-
tions for each task were identical. The only difference be-
tween the tasks was the availability of signposts, providing
additional contextual information to the participants.

Possible user interactions included panning and zoom-
ing, browsing the graph by adding a node to the focal node
history and the selection of nodes for detailed informa-
tion. Focal nodes were highlighted with red boundaries. The
graph that we used for the experiment was based on data
from The Human Disease Network by Goh et al [GCV*07].
We extracted the largest connected subgraph, because in its
present form, our technique cannot be applied to discon-
nected graphs. We decided to use this particular data set for
two reasons. Firstly, each node was already assigned to one
of 23 different categories. Thus we had a predefined set of
regions to use for the definition of signposts. Secondly, the
meaning of the nodes (either genes or diseases), the links be-
tween them and the categories that grouped them was clear

(© 2012 The Author(s)
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to non-experts without the need for detailed explanation. To
ensure an equal level of expertise among participants we
made sure that all participants had little or no knowledge
of this particular data set or medicine in general.

The nodes in the original graph were either diseases, or
genes linked to those diseases. We did not distinguish be-
tween diseases and genes in our visualization, since the same
categorization was applied to both types. We converted the
originally directed graph into an undirected graph and fil-
tered out gene-gene relations to reduce its density. The final
graph contained roughly 1500 nodes and 5500 edges.

To test our method, we measured the task completion
time, as well as two click-based statistics. The time was mea-
sured between the moment the task was given to the partic-
ipant and the moment the participant he or she had found
a path and reported that to us. The click-based measure-
ments were the number of focal node changes and the num-
ber of selection clicks (to view detailed information about
the nodes). Figure 6 shows the average completion times for
both tasks and both conditions. Direct comparison reveals
that the testers were faster with the visualization that con-
tained landmarks.

mSignposts  m Without

77|08

48(92

13,85

Completion Time
(mm:ss) Count

Focus Change Count  Selection Change

Figure 6: The results of the experiment: lower mean and
lower standard deviation in completion time, focus change
count and selection count for the visualization with sign-
posts.

The difference in the average task completion time, the
number of focus changes and selection clicks points to an
improvement in graph navigation through the use of sign-
posts.

6. Discussion

We observed the participants in our user study in order to
develop an idea of the problems they encountered. Above
all, people forgot where they had started and which part of
the graph they had already explored. We used a queue with

(© 2012 The Author(s)
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3 entries for focal nodes. Some participants suggested hav-
ing a larger number of focal nodes. However, a larger num-
ber of focal nodes caused the edges to be cluttered in the
static layout. Thus, we concluded that multiple focus points
are likely to work better in conjunction with dynamic layout
techniques. Other suggestions included a back-tracking hint
to the start node.

The idea of having signposts was very well appreciated
by the participants. We presented a maximum of three most
interesting regions per node to avoid visual cluttering. This
sometimes lead to the relevant region for the task not being
visible. The ability to interactively browse through all sign-
posts on demand, e.g. as a mouse over, was proposed as a
way to combat this problem.

An important limitation of the signpost idea is its depen-
dency on meaningful labels. For large graphs, it is virtu-
ally impossible to create them manually. If node attributes
do not match the graph topology, purely automated methods
might fail to generate effective results. However, the possi-
bility for region definition by the user points to two alterna-
tives for future work. The first one is the interactive refine-
ment of automatically generated regions, the second one is
a crowd-sourcing approach to create a shared repository of
user-defined regions for large graphs.

7. Conclusion & Outlook

In this paper we presented a new approach to navigation
in large graphs. It is an extension of van Ham and Perer’s
idea of presenting a meaningful context around a single focal
node. In our approach we consider a set of focal nodes and
deal with the problems that come with this. Additionally, we
provide visual cues to other regions of the graph that could
be worth exploring. The cues also indicate the direction of
the regions in order to ease navigation towards them.

We intend to follow ideas gained in our initial user study
to further improve our visualization. Future work will in-
clude better support for the history of the exploration and
the use of a dynamic layout for the graph. The current im-
plementation uses a single, static layout to ensure that the
position of nodes in space does not change over time and
thus confuse the user. A dynamic layout applied only to the
visible nodes would be significantly faster and need to deal
with fewer constraints as the number of visible nodes is a
lot smaller. Nodes that become visible through a change of
focus would be added to the layout on the fly. However, the
initial placement of new nodes and edges in an existing lay-
out is not trivial as it should not impair the existing layout.

The signposts offer the potential to show more informa-
tion than the region name. Size, length, colour or trans-
parency might be used to represent more information about
the region or the path leading to it. Apart from showing in-
formation, using these signposts for interaction is another
topic for further research.
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