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ABSTRACT
The analysis of temporal relationships in large amounts of graph data has gained significance in recent years. Information providers such as journalists seek to bring order into their daily work when dealing with temporally distributed events and the network of entities, such as persons, organisations or locations, which are related to these
events. In this paper we introduce a time-oriented graph visualisation approach which maps temporal information
to visual properties such as size, transparency and position and, combined with advanced graph navigation features, facilitates the identification and exploration of temporal relationships. To evaluate our visualisation, we
compiled a dataset of ~120.000 news articles from international press agencies including Reuters, CNN, Spiegel
and Aljazeera. Results from an early pilot study show the potentials of our visualisation approach and its usefulness for analysing temporal relationships in large data sets.
Categories and Subject Descriptors (according to ACM CCS): H.3.3 [Information Search and Retrieval]: Information filtering; H.5.2 [User Interfaces]: Graphical user interfaces (GUI).

ter due to link crossing and overdraw; adding a temporal
component to it is thus not an easy to achieve goal. A
commonly taken approach of addressing graph evolution is
by showing changes through an animated sequence (cf.
[BPF*14], [Raf13]). While animation may appear a natural
way of conveying change, it suffers from the phenomenon
of change blindness and from the human inability to remember previous states. Another approach involves visualising the graph at different time points through multiple
snapshots or temporal slices [CKN*03]. While this group
of methods enables the viewer to compare multiple graph
states within a single static visualisation, and to view development of specific graph parts over time [Dwa05], they
add a large amount of complexity to the representation as
the graph is drawn multiple times. Additionally, slices are
often shown in 3D [FHN*07] which complicates navigation and may lead to occlusion problems. Some approaches
combine temporal slicing with animation [EHK*05]. A
related approach emphasises the temporal dimension over
the graph structure by positioning the nodes along a timeline [BPO*06]. As the connectivity of the graph does not
contribute to the layout, such a representation is often cluttered by links connecting nodes placed far from each other,
making such a layout suitable only for smaller graphs. A
very commonly taken approach is to code the temporal
information using visual features of nodes and links, such
as colour or transparency [ATS*11]. Nevertheless, the
advantage of representing the history of the whole graph at
once within a single, stable representation may be outweighed by the complexity of the representation for large
graphs. This is due to the fact that all nodes and links, i.e.
those within and those outside of the user’s time interval of
interest, are always displayed.

1. Motivation
The processing and analysis of information is becoming
more and more complex partly due to the vast amount of
available information, but also due to our capabilities of
automatically explicating relations within the data. This
relationship analysis has already found its way into some
profession’s everyday work including journalists or historians which seek to get a chronological overview of a certain
topic. To adequately represent relational data, node-linkbased graph representation is widely used. Its simplicity
and established formalism facilitate the analysis of relationships between data nodes. Adding a temporal component to
graph visualisation, and with it an additional source of
complexity, is not easy to achieve since complex graph
representations already have a tendency towards clutter due
to link crossing and overdraw.
In this paper, we extend the Semantic Blossom graph
[RWV*14], an approach supporting focused and contextsensitive exploration of complex graphs along semantic
facets, by mapping temporal information to visual properties such as (i) node size, (ii) transparency and (iii) position. Interactive combination of these properties facilitates
the identification and thus the exploitation of temporal
relationships in the data.
2. Related Work
Network data such as semantic knowledge graphs are
commonly visualised using node link diagrams and graph
visualisation methods (cf. [Cui07]). The representation of
complex graph structures exhibits a tendency towards clut* both authors contributed equally to this work
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Figure 1 gives an overview of the visualisation interface. The main part of the interface consists of three views – a past view
(left), a main view (middle) and a future view (right). The main view contains only nodes whose time stamp fall into the time
span selected with the time slider at the top; the selection corresponds to the date information – in this case 2014-09-19 –
2014-09-28. Nodes before the selection are displayed in the past view; nodes after the time span in the future view. All displayed nodes are assigned a corresponding triangle icon on the time slider representing their time stamp, with selected
node’s time shown in red. A “mouse over” highlights a node, provides more comprehensive information in a tool tip, in this
case the article’s full title as well as the publication date, and shows the node’s semantic blossom which is used for focused
and context-sensitive exploration of the graph.

Our work combines the advantages of coding temporal
information using visual features, in particular, size and
transparency, with positioning of nodes which are outside
of the user selected time interval at the edges of the visualisation. In this way the user can focus on the part of the
graph within the selected time interval which is shown as a
classical node-link representation with full exploration
capabilities. At the same time the context of the full graph
and the temporal information remain preserved.

facilitates the exploration of large densely connected
graphs in a smart and efficient way by initially showing not
the entire graph but only a subset of relevant nodes. Users
can expand nodes along semantic facets to explore the
graph. We extend this approach by a temporal component
which maps a time information attached to nodes onto
visual properties such as (i) node size, (ii) transparency and
(iii) position. We use multiple visual properties to emphasise the difference between nodes in and outside the selected time interval. Using only a single visual property, e.g.
size, would either make the symbol too small to be readable or would not distinguish the two groups adequately.

3. Mapping Temporal Information
The used data set contains ~120.000 news articles from
international press agencies including Reuters, CNN, Spiegel and Aljazeera. The articles were in English and German
with matching on syntactic but not on semantic level. The
articles were crawled from March, 2014 to January, 2015.
Each article’s time stamp represents its publication date.
These articles are then processed using NLP methods to
extract named entities (such as persons, locations and organisations) and stored into an index. Associations between extracted named entities are computed based on their
co-occurrence and stored into an association index (cf.
[Ker12]), which is implemented as a double inverted index
(concept – documents, document – concepts). Queries to
the association index form the basis for visual exploration
of relationships.

Figure 1 gives an overview of our interface to visualise
the temporal information within the data. Relevant time
spans can be selected by handles on the time slider at the
top (the minimal time span is 48 hours). This temporal
selection triggers the assignment of nodes to three views –
a Past view, a Main (Present) view and a Future view.
Nodes with a time stamp in the selected time span are
shown in the Main view using a node-link representation.
All displayed nodes are assigned a triangular icon above
the time slider according to their time stamp; a selected
node is marked by a red triangle. A “mouse over” highlights a node and provides more comprehensive information; in this case the article’s full title as well as the
publication date. The highlighted node illustrates the concept of the semantic blossom that shows which and how
many relations exist to distinct types of nodes using a
“blossom” representation. The colour (and position) of

We base our visualisation on the Semantic Blossom
graph [RWV*14]), a graph visualisation approach which
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each petal defines the node type to expand, its size indicates the number of connected nodes of that particular type.
Context-sensitive expansion, i.e. only of those nodes which
are connected to specified nodes already shown in the visualisation, is possible via simple interactions with petals
and nodes.

It should be noted that temporal information is different
for article nodes and facet nodes. Article nodes have a single time stamp. Facet nodes can either represent named
entities, e.g. persons, locations or organisations, which are
contained in an article or metadata such as source information. Since facet nodes are not unique, i.e. a person can
occur in more than one news article, they can have more
than one time stamp as illustrated in Figure 4. A “mouse
over” in the graph view reveals time stamps in the timeline
of all other displayed articles the person “Mohammed
Basindawa” occurs in. The time stamps are furthermore
highlighted at the time slider via red triangles facilitating to
identify temporal relationships amongst the nodes.

3.1 Node Positioning
Nodes outside of the selected time span are temporally
sorted and displayed in their respective views. This means
that nodes closest to the temporal selection are positioned
at the top of their views, whereby their size as well as their
opacity also increase (see Figure 2).

Figure 2 shows the temporal ordering of nodes in the Future view. The closer to the Main view in terms of time, the
larger and the more opaque they are. Temporally more
distant nodes are smaller and more transparent. Edges are
preserved between nodes in different views; to prevent
clutter, they are indicated using highly transparent links.
Figure 4 shows the "mouse over" information of a person
facet node (“Mohammed Basindawa”) as well as the time
stamps of all other displayed articles which mention this
person. These time stamps are also marked via red triangles on the time slider. For a possible positioning in the
views the average of the time stamps is taken.

By ticking off the “Move Nodes” check box, all nodes
are positioned in the Main view. In this case the temporal
information is only conveyed by node size and node transparency as illustrated in Figure 3.

4. Pilot Study
4.1 Task Description
We conducted an early pilot study with two participants
in form of a thinking aloud test to collect initial feedback
on usability problems and on whether one of the modes
would be preferred by the users. The pilot study also serves
as a preparation for a subsequent full-scale user study,
which will compare the two modes of temporal representation – with and without moving nodes – in detail. The two
participants had experience in gathering information; both
search daily to once a week for information on people and
organisations on the web using a standard search engine.
The evaluation task required the participants to look into
the conflict going on in the past months in the Republic of
Yemen. Starting point was the search query “Yemen” resulting in the most relevant documents being displayed in
our visualisation interface. The two participants were
steered through a prepared scenario by posing questions
such as “Find out the name of the related Yemen politi-

Figure 3 shows the visualisation in a “Move Nodes”
ticked off mode. All displayed nodes moved to the main
view; temporal information is conveyed only by node size
and node transparency. In this case, large and opaque
nodes exhibit time stamps within the temporal selection.
The smaller and more transparent a node is, the further it
is from the selected time interval.
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cian” or “When was the cease-fire between rebels and government reported?”. At the end, a big picture of the Yemen
conflict should have been formed taking into account
chronological ordering of the events: “fighting”, “peace
treaty”, “elections” and “prime minister resigns”.
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