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Abstract. A number of experiments have looked at various factors when
visualizing dynamic graphs. Animation, small multiples, drawing stabil-
ity (also known as the mental map) have been investigated. In this paper,
we examine these results from the perspective of presentation method—
mainly animation and small multiples. We also present findings of recent
empirical studies on drawing stability and how these results interact with
these presentations methods. Finally, we discuss the challenges of apply-
ing these results in various application areas.
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1 Introduction

Dynamic data visualization and more specifically dynamic graph drawing has
been very active over the past few years with the development of many visual-
ization tools and algorithms as well as empirical studies to test the effectiveness
of such approaches with users [5, 7]. The most common techniques for visualizing
dynamic graphs is via node-link representations where nodes and edges in the
graph can be added or removed evolving the graph over time. When visualizing
dynamic graphs in this way, we need to consider a variety of parameters when
presenting the data. We might present the data using an interactive animation
that evolves the time series by fading in/out graph elements from the display.
Another alternative is a small multiples presentation of the data that allows a
series of timeslices to presented on the screen at once.

Independent of the choice of visualization method, dynamic node-link repre-
sentations need to consider drawing stability—known more often as preserving
the mental map [9, 13] in the dynamic graph drawing literature. As the mental
map or cognitive map in psychology corresponds to the internal representation
of the data inside the human mind, we advocate the use of the term drawing
stability. Drawing stability would exclude the perception of the dynamic graph
by the human and refers solely to the positions of the nodes in the external
representation of the dynamic graph (usually the computer screen).
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In this paper, we begin by presenting empirical results in other fields that have
performed human-centred experiments on the visualization of dynamic data. Us-
ing this discussion as a basis, we demonstrate that the results of recent human-
computer interaction experiments that have tested effectiveness of interactive
animation and small multiples for the visualization of dynamic node-link repre-
sentations are consistent with this literature. We then expand on our previous
work [3] and discuss how these concepts interact with drawing stability. Finally,
we discuss the challenges in applying these results to wider application areas.

2 Animation and Small Multiples

Animation and small multiples are two common methods for visualizing dynamic
data sets. When we say animation in this paper, we mean interactive animation
whereby the user of the visualization has complete control over the evolution of
the dynamic data. This presentation method is an interactive movie where the
current frame is given to the entire screen and smooth transitions between frames
demonstrate how the data evolves. A small multiples [15] presentation of the
data places a series of snapshots side-by-side on the screen simultaneously and
the user scans these windows to perceive temporal evolution. In the terminology
of Bach et al. [5], animation is interactive time cutting and small multiples is a
type of time juxtaposing.

Tversky et al. [16] performed a survey of experiments in psychology, educa-
tion, and a variety of other fields. The survey did not find convincing empirical
evidence that animation assisted with tasks in these fields. Where animations
seemed to perform well, they often took time to comprehend so they do have a
cost in terms of human performance.

Despite this strong evidence against animation as a presentation method in
this survey, the authors concede there are certain circumstances when animation
can be useful. Specifically, animated transitions can be helpful if there are com-
plex reorientations of the data. The paper even concludes its review of empirical
studies on animation with the following caveat:

– “At this point then, the most promising uses of animation seem to be to
convey real-time changes and reorientations in time and space.” [16]

Evidence also exists that animations can be used effectively for highlighting.
Ware and Bobrow [17] demonstrate that animations can be use to highlight
subgraphs within a larger graph. Griffen et al. [12] show that animation can
be used to highlight clusters of hexagons against a similarly coloured field of
distractors hexagons when compared to a small multiples representation.

This body of evidence suggests that animation is important in specific cir-
cumstances: to support reorientations in time/space and highlighting. Outside
of these circumstances, animations often have a cost—specifically in the time
that it takes to use them. This evidence suggests that static images, with time
encoded spatially, for the visualization of dynamic data should be encouraged.
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2.1 Animation, Small Multiples, and Dynamic Graphs

Human-centred experiments testing the effectiveness of interactive animation
and small multiples in dynamic graph drawing seems to show the same result—
namely, that interactive animations, although comprehensible, have a cost in
terms of the time that it takes to use them. Archambault et al. [4] provide
evidence that small multiples is significantly faster than interactive animation
for all tasks tested and with no difference in error rate for three of them. Farrugia
and Quigley [10], in a social networking scenario, find that a small multiples
representation is faster with no significant difference in error rate. Therefore,
these experiments provide evidence that interactive animations have a cost in
terms of the time it takes to use them, providing further support for the findings
of Tversky et al. [16] in the area of dynamic graph visualization.

However, used in moderation, animation can help in specific circumstances—
in particular, with respect to highlighting [17, 12]. Archambault et al. [4] found
that interactive animation, when compared to small multiples, helped reduce
error rates when trying to determine the number of times a node or edge was
added to a dynamic graph series. Animation may have assisted in highlighting
the nodes and edges in the experiment. There is some evidence that animation
may help make graph sequences more memorable [8, 1]. Animation may have
played a role in highlighting graph elements, improving memorability.

Tversky et al. [16], as quoted in the previous section, stated that animation
could be useful in supporting reorientations in time and space. Although there is
no evidence available when comparing interactive animation to small multiples
directly, when comparing no transitions to both staged and linear transitions for
dynamic graphs, animation can help [8, 14, 6] for full screen and hybrid visual-
izations of dynamic graphs. A possible reason for these findings is that if there
are significant reorientations of the graph between adjacent timeslices, interac-
tive animation helps disambiguate the identities of nodes and edges in the graph
when their positions change extensively.

Animations of dynamic graphs can help in clarifying spatial reorientations
and in highlighting. However, often these advantages come at a cost in terms of
the time that it takes to use them. Thus, for dynamic graph visualization, we
would encourage further work on small multiples and other approaches where
time is represented spatially. Very short animations for highlighting or clarifying
critical spatial reorientations are probably the most effective uses of animation.

3 What About Drawing Stability?

A survey [3] of experimental results in dynamic graph drawing prior to 2012 could
not find evidence that drawing stability [13, 9] helps when visualizing undirected
dynamic graphs. The survey concludes that drawing stability may not be as
useful as originally thought and that further study was needed. Two subsequent
studies have found that drawing stability can help in certain circumstances.

Ghani et al. [11] demonstrate that, when comparing dynamic drawings with
pinned vertices to drawing each time period independently, drawing stability
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can help users perceive the order of addition/removal of nodes from a graph. Ar-
chambault and Purchase [2] provided evidence that dynamic graph drawing al-
gorithms which support drawing stability help when the tasks are maplike—such
as locating nodes or following long paths through the graph. This experiment
sufficiently challenged the participant by requiring a high number of pertinent
nodes (five or greater) to the question and by not highlighting these nodes via
any other means (e.g. colour). A stable external representation of the dynamic
graph was helpful under these conditions.

Drawing stability is helpful for locating specific nodes in a visualization or
following long paths—tasks that are similar to finding our way on a map. One
could view drawing stability as a form of spatial highlighting where position is
used to identify nodes. In situations where the drawing cannot be kept stable,
animated transitions could still be helpful. However, we would encourage that the
animations used to clarify these reorentations be short in duration to minimize
their temporal cost.

4 Challenges in Application of Results

A number of challenges exist in applying these experimental results to applica-
tion areas of dynamic graph drawing.

In human-centred experiments in this area, the number of nodes and edges
used in the experimental stimuli is small. In many cases, results on small graphs
can be generalized to large graphs as aggregation and filtering are frequently used
to reduce the nodes and edges to a reasonable number for visualization. However,
further investigation into methods to visualize very large dynamic graphs directly
can be fruitful, and experiments can assist in validating these techniques.

The time series used in experiments conducted so far is of short duration. If
aggregation or filtering is applied along the temporal dimension, the results of
these experiments can be applied directly. Development of techniques based on
aggregation and filtering along the temporal dimension have begun with systems
such as DiffAni [14] and GraphDiaries [6]. However, we would encourage further
investigation into methods for the direct visualization dynamic graphs with long
time series.

Further development of novel interaction methods with dynamic graphs is
needed. Interactive animation often has a cost in terms of user time, but it is
only one form of interaction with dynamic graphs. The development of novel
and effective interaction methods would greatly benefit this area.

When designing human-centred experiments, we need to be careful that the
chosen tasks are appropriate and realistic. Often, the best way to ensure this
realism is to base the chosen experimental tasks on applied research. Secondly,
it is very important for us as a community to become familiar with relevant ex-
periments conducted in psychology and perception. Experiments in these com-
munities are often related and relevant to the tools we design.

This paper focuses on formal, human-centred experiments in dynamic graph
drawing and reports on new results in the area. Secondly, it provides some ideas
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on the application of these results. We suggest that similar evaluation method-
ologies could be used more widely to inform the design and development of
dynamic graph drawing methods in other domains.
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