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1. ABSTRACT 
Visualizing information in user interfaces to complex, large- 
scale systems is difficult due to an enormous amount of 
dynamic data distributed across multiple displays. While 
graphical representation techniques can reduce some of the 
cognitive overhead associated with comprehension, current 
interfaces suffer from the over-use of such representation 
techniques and exceed the human’s perceptual capacity to 
cfficicntly interpret them. New disphy dimensions are 
required to support the user in information visualization. 
Advances in technology have made animation a viable alter- 
native to static representations. Motion holds promise as a 
perceptually rich and efficient display dimension but little is 
known about its attributes for information display. This 
paper proposes that motion may prove useful in visuahzing 
complex information because of its preattentive and inter- 
prctative perceptual properties. A review of animation in 
current user interface and visualization design and research 
indicates that, while there is strong intuition about the “use- 
fulness” of motion to communicate, there are few guidelines 
or empirical knowledge about how to employ it. This paper 
summarizes types of movement characterization from 
diverse disciplines and proposes an initial taxonomy of 
motion properties and application to serve as a framework 
for further empirical investigation into motion as a useful 
display dimension. 

2. INTRODUCTION 
Modern complex information systems range from those 
used in supervisory control and data acquisition (SCADA) 
to the more familiar information networks: they can be 
characterized by large volumes of often dynamic 
information which cannot reasonably fit into single displays 
or even a single computer screen. Visualizing information in 
these systems is difficult for several reasons. The sheer 
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amount of data demands a large area of display space 
requiring users to manage many windows and to monitor 
and scan a large area. The dynamic nature of the data 
demands that users are aware of and able to redirect 
attention to changes across the entire visual field. Finally, 
the same data values and information sources often appear 
concurrently in different representations or views of the 
system, increasing the user’s cognitive load of assimilating 
and integrating a composite “picture” from disparate 
sources. 

The challenge in such systems is to not only represent the 
data in reasonable ways but to also signal the user 
effectively when important changes take place and, 
increasingly important in environments with multiple 
screens or windows, to provide clear indications when and 
how data are associated or related in some way. When 
appropriately used, graphical representations such as shape, 
symbols, size, colour and position are very effective in 
information visualization because they are mentally 
economical [28]: rapidly and efficiently processed by the 
preattentive visual system rather than cognitive effort. 
However, when human perceptual capacity to assimilate all 
the combinations of codes and dimensions is exceeded 
interface comprehension increasingly demands cognitive 
activity and mental economy is lost. 

Current interfaces to complex systems rely heavily on static 
graphical dimensions for low-level data display but devote 
few resources to helping the user cognitively manage 
information within and across a disparate set of displays and 
data representations. There is little “perceptual room” left in 
the standard set of representations to support these higher- 
order gestalt perceptions of system function and state. As 
the amount of data continues to increase and as the visual 
field in which it is represented expands across more screen 
space, additional communication and representation 
dimensions are needed to improve information bandwidth. 

3. MOTIVATION: WHY MOTION? 
One very promising candidate for increasing the 
dimensional@ of display is motion. While there are 
extensive guidelines on the use of perceptually efficient 
static graphical techniques in information representation [S] 
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[23] [7], there is little research on the corresponding uses of 
motion, Animation is used in visualization and user 
intcrfaccs in an ad hoc, sporadic manner. Yet evidence from 
fields as diverse as perceptual science and the performing 
arts suggest that motion has much richer communication 
potential (see [2] for a detailed review). 

Animation is frequently used in visualization systems to 
illustrate change over time. This is not, however, a use of 
motion as an abstractly codable dimension in its own 
right, Consider the difference between using high-fidelity 
colours to portray natural phenomena and the use of 
separate colours for coding distinct values. Our research is 
directed at the application of motion as an actual dimension 
of representing abstract meanings. 

The USC of motion as a means of conveying information in 
user interfaces is particularly interesting for several reasons: 
it is perceptually efficient; it has a rich interpretative scope; 
bccausc it is still relatively under-used it has more potential 
coding bandwidth; and it is increasingly technologically 
practical, 

The human visual system is preattentively sensitive to 
motion across the entire visual field, making animation an 
effective technique for alerting the user to important 
changes [24] and for tracking the performance of system 
components or values without increasing cognitive 
overhead, especially on displays located in the peripheral 
view of the user [22J. Recent research indicates that humans 
can preattentivcly and simultaneously track up to five 
distinct unrelated motion trajectories in the same visual field 
[19]. Psychological evidence indicates that the perception of 
groups is a natural emergent feature of muItipIe sin&r 
motions, (An emergentfeature is a property inherent in the 
relations between raw data encoding which serve as a direct 
cue for a an integration task which would otherwise require 
computation or comparison of the individual data values.) 
Such groups can be perceived as a simple structure [8] [ill, 
an animate entity [14] [4] or as a more complex set of 
interacting elements [3]. Ware has shown motion to be a 
more effective cue than stereo in disambiguating three- 
dimensional graphs [25]. 

At the other end of the cognitive spectrum, relatively simple 
combinations of motions can be interpreted as highly 
sophisticated behaviour. Very simple actions which are 
computationally inexpensive to animate can produce 
complex psychological impressions [15][17]. Michotte 
showed that humans see causality directly as a low-level 
perceptual event. As a result, the impression of purposeful, 
intentional bchaviour and causality is “surprisingly easy” to 
obtain [18]. Studies in social psychology provide 
compelling evidence that we rely on motion information to 
recognize and interpret both structure and behaviour in 
complex social contexts which is otherwise indiscriminable 
(that is, the static visual information is insufficient to allow 
the viewer to understand the scene) [15] [12]. 

Motion in its most basic form has been long used in 
interfaces: much use is made of blinking as a signalling 

technique[lO]. However, users often find it annoying and 
anecdotal evidence suggests that it has little or no coding 
capability. In more recent years there has been significant 
interest in more sophisticated user interface animation [6] 
[20] [12] [9]. The most common usages of animation are 
to support trunsirion, when the user needs to easily track 
changes in the view (such as a window iconifying or 
moving) and process execution (such as percent-done 
indicators or the moving files in the Windows95m file 
copy). Animation has been used to describe object 
behaviour [6] and with 3D representations to overcome 
limitations of screen space [20]. In both of the latter cases, 
however, it is the object moving, and not the nature of the 
motion, which carries the meaning. More interesting 
approaches taken by [24] and [9] investigated the perceptual 
efficacy of certain characteristics of simple motion for 
signalling and for information throughput. 

Finally, motion has some technical advantages: it is easy to 
compute and, because it is transient, it takes little extra 
screen space and resources. One of the most interesting 
aspects of employing motion is that it can be layered on 
“top of existing representations to increase the 
dimensional@ without overloading density. 

4. POTENTIAL APPLICATIONS 
We believe that motion holds particular promise for 
improving visualization and user interface comprehension 
in signalling, grouping and integration, and perceiving data 
relationships. 

A key issue in many complex interfaces is annunciation: 
how to ensure that users notice, comprehend and respond 
appropriately to signals and system messages in a 
reasonable response time. In a dense display environment 
where multiple alarms and signals are concurrently active 
the user’s visual system becomes overloaded and alarms are 
often missed. We anticipate that motion will prove effective 
as what Woods calls a cognitive tool [28] for selectively 
directing attention. Since it appears that velocity and 
amplitude map somewhat intuitively to “urgency”, we 
anticipate that motion can be tuned to represent importance. 
Because smooth motion is much less disruptive than 
blinking, the potential exists to gracefully draw the users’ 
eyes to more important areas without disturbing the focus of 
attention on less important elements by coding the more 
important alarms with higher frequency motion. Early work 
in this area by Ware et. al 1241 shows promising results. 
This will avoid the disruption caused by the ubiquitous 
flashing commonly used even in desktop environments 
(who has not cursed the HTML “blink” function?) in which 
the viewer cannot avoid looking at the flashing area. In 
cases where multiple items are flashing the signalling 
effectiveness is reduced to incomprehensible visual noise. 

A singularly compelling reason to apply motion is the 
emergent property of grouping which arises from multiple 
similar motions. We believe that this use of motion may 
prove invaluable in fostering the immediate recognition of 
associated elements which may be widely scattered across 
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Figure 1. A prototype dual-screen display for telecommunications network operation. 

the visual field, Other display dimensions such as colour 
and labelling arc ineffective in such a broad area and tend to 
be already over-used, An example is shown in Figure 1, in 
which data from a telecommunications management 
simulation is monitored and manipulated in a dual-screen 
operator console. The lines on the figure illustrate that 
elements from the “Hop” area of the left-hand screen have 
lwo corresponding views on the right screen and that the 
“Ric2” nodo view on the left screen is related to a trend 
graph on the right display. The user (operator) identifies 
which data views relate to which by reading the labels, a 
cumbersome and distracting task in a cluttered display. In 
an early test of motion cues, we simply oscillated related 
clemcnts horizontally on demand. Anecdotal reports 
indicate that this provided a quick and “easy” way for the 
users to establish the appropriate “grouping” filter for 
monitoring the display. 

An associated aspect of grouping structure is temporal 
rather than spatial: that is, in which the “connected’ 
motions vary across time instead of space. We consider 
synchronization and interruption as interesting patterns of 
motion which arc grouped “across time”. Such patterns may 
prove useful in conveying not only that an association exists 
between data but also something of the dynamic semantics 
of that association. For example, we are currently 
considering using motion to model the association of analog 
levels in a power distribution application. Motion cues will 
bc used as discussed above to elicit the efficient perception 
of which analog levels are related. However, the motions 
will be synchronized such that those data points which 
rcprescnt analog levels over or under system-defined limits 
in the power flow will move “out of sync”. 

Finally, current static graphical visualization techniques are 
ill-equipped to display dynamically shifting relationships 
between data elements. There is, for example, no seemingly 
intuitive way to represent causality, dependencies or even 
simple sequences without creating new, separate 
representations with additional abstractions and 
descriptions. The results from the Michotte [18], Kassin 
[15] and Heider et. al. [12] studies suggest that compound 
motion holds great promise for meaningfully and efficiently 
portraying certain relationships “in place”; that is, 
combining the movements of separate elements in their 
existing displays and representations in a way that elicits the 
immediate perception of how the data are related. 

5. RESEARCH DIRECTIONS 
Our research is concerned with determining if and how 
motion may be usefully applied to problems in information 
visualization [l]. We believe an empirical approach is 
required to explore the potential of motion as a display 
dimension, both with respect to a codable parameter space 
and to appropriate conditions of use. Our initial 
investigative framework is based on a taxonomy drawn 
from perceptual psychology, psychophysics and movement 
interpretation from diverse disciplines (including dance [ 161 
and music [21]), and involves studies of which parameters 
are most useful in detection (“basic motion”), identifiable 
types of movement (“‘pattern recognition”), “interpretative” 
and “relative” motion. Because we are primarily interested 
in the utility of this apprach in a “real-world” visualization 
application we are working with a multiple-screen, multiple 
window testbed environment driven by data drawn from a 
commercial network control system. 

In the area of basic motion we are conducting experiments 
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into attributes of simple motion (such as phase, amplitude, 
frequency and direction) and types of patterns for grouping 
and association cues, Of primary importance is determing 
how well we detect and identify different types of motion 
across wide visual angles in cluttered display environments. 

Our results will be channelled directly into future 
cxpcrimcnts of interpretative motion, i.e. qualitatively 
different motion types. Finally, we are particularly 
intercstcd in how motion can be used to convey 
relationships such as causality and dependency, building on 
psychological studies which have suggested humans 
perceive and comprehend such relationships directly from 
motion information [18] [15]. 
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