
Environment and Planning B: Planning and Design, 1992, volume 19, pages 639-650

Using computer animation to visualize space-time
patterns

o Darling
North East Regional Research Laboratory, Department of Geography, University of Newcastle upon
Tyne, Newcastle upon Tyne NE1 7RU, England

S Openshaw
School of Geography, University of Leeds, Leeds LS2 9JT, England
Received 8 April 1991; in revised form 6 July 1991

Abstract. The geographic information revolution is rapidly increasing the availability of data
that are referenced both by space and by time coordinates. This creates new opportunities
for analysis, but also causes enormous problems as analytical tools able to depict, detect, or
measure patterns in space - time data are poorly developed. The question arises as to whether
or not a greater emphasis on the dynamics of spatial patterns may assist the analysis task.
This is investigated by creating a series of VHS-format computer animations using an inexpensive
microcomputer (an Acorn Archimedes). The technology is demonstrated by the analysis of
leukaemia data for northern England, telephone line faults, and crime incidence in Tyne and
Wear. The results provide an entirely new perspective on the nature of spatial patterns
thought to exist and demonstrates the potential of hypermedia technology as a platform for
new and novel approaches to spatial analysis.

Background to animation
The world is awash with more information concerning people than ever before in
our history. This growth of the information glut showns no signs of slowing, let
alone diminishing, in the near future. Increasingly, this information is being tagged
with geographic references because of the geographic information systems revolution.
However, much of the data already possess accurate time coordinates as they were
easy to add at the time it was recorded. The challenge for the analyst is to discover
methods of analysis able to cope with the data avalanche that is swamping the
available quantitative methodologies, especially by extensions of the traditional
'handcrafted' type.

One solution is to automate the analysis and to focus in particular on exploratory
pattern detectors and relationship seekers. It is possible to imagine providing
appropriate exploratory analysis functions in the geographic information system
repertoire. Indeed, there are various ways of proceeding with new kinds of highly
automated, but essentially time-static, spatial analysis systems. Here, however,
attention is focused on the analysis of data which have both space and time
coordinates attached to them and for which the temporal dimension is judged to
be of sufficient importance that it cannot easily be ignored. For recent references
(mainly concerned with physical geography) see Gimblett and Itami (1988), Herbert
(1987), Klasky (1989), and Muller et al (1988).

Avoiding aggregation
The traditional approach for dealing with this type of information is to remove or
severely coarsen the time and space coordinates by aggregating into time periods
and zonal entities that allow conventional static analysis methods to be used. This
is generally thought to be both sensible (because it simplifies a complex analysis
task) and wasteful (because it throws away a key feature of spatial data). Often
there are good reasons for removing time. For instance, in spatial epidemiology the
disease data typically have a temporal resolution at least three orders of magnitude
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better (because they are measured to within days) than the population-at-risk data
(such as the decennial census counts) used to compute rates. On the other hand,
until recently the lack of microdata meant that statistical reporting units were often
zone based and temporal instability of zonal boundaries made the availability of
space - time series long enough for computer modelling extremely rare. The use of
(unaggregated) microdata should remove this spatial aggregation problem-provided
data confidentiality can be assured. The key factor in preserving confidentiality is
the output resolution of the final analysis, not the data used for the analysis.
Provided that the analysis is done 'in house', data do not need to be put into the
public domain, where no controls can be imposed on their use.

If spatial aggregation can be avoided, then so too should temporal aggregation.
It can be argued that the removal of time actually makes analysis more difficult by
omitting a key feature of the data. For example, localized spatial patterns that
come and go during a period might well be destroyed by aggregation of time into
two or three multiyear periods; much depends on the temporal frequency of the
spatial patterns and how they relate to time period boundaries (the modifiable
temporal unit problem). On the other hand, if the full space and time coordinates
of the data are retained, then there is the problem of discovering how best to deal
with its temporal-and spatial-aspects. It is in this context that computer animation
of map patterns might well become a useful methodology.

Cost issues
It is obvious that completely new techniques will be required to analyze the massive
quantities of information about people, their times, and places, which are increasingly
being collected. Along with this claim usually comes the message that: first, some
expensive computer package is required to cope with such information and, second,
that it will allow us to see patterns that had never before been imagined to exist.
The second part of this message may well be true, but the first part (that a costly
package run on expensive hardware must be purchased and laboriously learnt to
achieve these 'miracles') is certainly not true; or at least this is no longer the case.
In this paper we describe what can be achieved with software costing less than a
round of beer, a cheap school computer, a lot of data, and a little imagination.

Animation in visualization
The current interest in scientific visualization is a relatively recent affair. It
developed as affordable graphics hardware started to be widely available in the
mid-1980s. Scientists suddenly realised that they could make visible complex
dynamic processes that previously were invisible, and that this was a useful device
for understanding the dynamics of complexity. The social sciences might well be
able to benefit from a similar approach, were it not that so few researchers seem
to possess the simple quantitative and computing skills that would be needed.

Another difficulty is that many of the processes to be visualized in the social
sciences are as yet little understood. There are few dynamic models on which to
base visualization experiments, and the current interest in intensive research
paradigms does (naturally) not usually yield generalizable findings. Instead, the
visualization process would have to be data-rather than equation or theory
driven. The objective is to identfy the dynamics of data displayed in suitable form
in order to observe something of the relevant processes likely to be in operation.

Visualization methodology
The justification for this old-fashioned inductive approach runs along several lines.
It is possible that the visualization of space - time data patterns constitutes a modern
equivalent to those methods of the famous geographers (planners and scientists) who
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made major discoveries by observing the world in operation and then went on to
create theories by deductive means. Perhaps large quantities of complex information
can only be understood by people in any detail through the creation of 'pretty'
pictures, sometimes lots of pictures-hence animation. This is partly because
people are so good at understanding pictures, but partly also because they are so
bad at understanding information presented in other forms. It can also be argued
that, in the case of geography and planning, much of the basic structure of the
information captured by computer-based information systems is two-dimensional
or three-dimensional in nature and thus susceptible to visualization.

The explosion of digital data needed to sustain visualization experiments began
many years before the scientific visualization revolution really started. This has left
researchers wth a backlog of at least two decades of information which they can
only now begin to examine with any level of sophistication. In the absence of
better or more sophisticated ways of dealing with much of the information-and
with litle or no prior knowledge of what patterns to expect, or where to expect them,
or what form they may take-visualization would seem to provide an extremely
useful starting point. Whether it provides any meaningful insights, or results in
major discoveries. or either a theoretical or applied nature, is a function of both
the data being studied and visualization technology devised to analyze it. In the
growing folklore of visualization, the response to the results of animation should
run along the lines of something like this:

"When I first saw the animation, I watched it over and over again. I thought
something like this was going on-but never exactly this" (La Breque, 1989,
page 527).

Simple animation algorithms
The difficult decisions to be made in this research include questions such as: How
is the information to be projected onto a two-dimensional plane? Is it worthwhile
going into three dimensions? That is, people can see more than two dimensions,
but probably not enough to bother putting too much effort into such things as
three-dimensional and stereoscopic displays as yet. What message is the animation
meant to convey? Animation is on the border between artistic license and mundane
science. The results, or the messages communicated by them, depend totally on
the questions asked of the film, and cannot, therefore, be performed in the absence
of knowledge on the subject being studied.

A final question concerns the choice of covariate used to 'drive' or sequence the
animation process. The convention is to use (scaled) real time as the temporal key,
and the space of physical geography as the plane. However, there are other
possibilities. For example, the use of a population cartogram as a two-dimensional
alternative removes the effects of unevennness in a key covariate (for instance,
population-at-risk density in a cancer distribution). Pollution emissions can also be
used, instead of time, to sequence the animation. The more difficult and general
problem of the relationship between space and time is avoided in this paper.

Cartographic convention
It should be noted that the objective here is to animate map displays by essentially
drawing large numbers of map images, one for each time period. This simple idea
has been demonstrated to geography on several occasions (Tobler, 1970; Moellering,
1973; 1975; 1980a; 1980b; Mounsey, 1982; Cebrian de Miguel, 1983). The basic
algorithm used was as follows. First, obtain a data set with several hundred or a
few thousand time intervals. Next, select a suitable time period, such that there is
something to show for many typical time periods. Then produce a map for each
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time period and photograph onto one (or more) frames of movie tape. Finally, run
the movie at normal speed and view the resulting animated map.

The early results are both not unlike a Charlie Chaplin silent movie, and quite a
remarkable achievement given the crudeness of computer display technology in the
1970s and early 1980s. The resulting film, though, would offer few surprises to its
creators, who would probably be sick to death of the animation by the time it was
finished. This kind of work is in the style of cartography and graphic design in
which a picture is being created to inform the ignorant of patterns already known
to its creators. With modern computer and display technology, the entire process
can be greatly speeded up, almost automated, and the entire production becomes
much easier and also considerably more sophisticated. For the relationship of
animation to cartography, see Boggs (1947) or Beruchashvili (1987).

Progress in animation
The original animation approaches emphasized cartographic rather than spatial
analytical objectives. There was little removal of noise and few attempts to make
the map images easier to analyze by the human viewer. Here the emphasis is on
visualization designed to assist the observer spot patterns, identify possible
processes, a.nd generally gain useful insights into whatever may be going on within
a data set in a space - time context. Simply drawing multiple maps of raw data is
not sufficient. Instead, it seemed sensible to provide some screening or smoothing
of the data to remove some of the random noise likely to be present. It was also
thought useful to preserve a degree of memory from one time period to the next.
The real world is strongly spatially and temporally autocorrelated, and these
dependencies reduce the rates of change and generally avoid sudden discontinuities.
Furthermore, most socioeconomic change operates gradually.

A computer animation that was 'jerky' with many sudden changes in pattern and
intensity from one time period to the next would inevitably be extremely difficult to
comprehend. Initial work at the North East Regional Research Laboratory (NE.RRL)
attempted to use spatial statistical methods to display only time periods in which
some significant spatial patterning was thought to be present (see Charlton et aI,
1989). The results were not impressive. Subsequently, experiments suggested that
smoothing and filtering methods would yield far nicer looking and intuitively more
informative displays.

Methods of animation
The following basic algorithm was found to be very useful. Again obtain a data set
with several hundred or a few thousand time periods. Then select the output display
resolution; for instance, horizontal and vertical dimensions designed for television
display purposes. Generate a smoothed map display for each time period, colouring
the surface in an appropriate manner (after filtering the results in both time and
space ). Store each map as a highly compressed screen image file for each time
period. Amalgamate the images into a single film file. Finally, play the film on a
display screen at the selected output resolution and send the output to a VHS
video recorder.

The information being animated for this paper come as point data sets. Often
there is no accurate population-at-risk information available for each time period
that could be used to standardize the point-incidence data. The result of the
animations is to produce pseudo-three-dimensional 'risk surfaces' highlighting those
parts of space and time in which there is a high probability of encountering one or
more incidents of the selected type. Obviously, variations in the distribution of the
underlying population at risk will strongly influence the resulting film. Nothing can
be done to remove this problem if the required information is not available.
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Nevertheless, this needs to be kept in mind while interpreting the results. It also
means that the viewer may need to 'calibrate' his or her observational abilities
using simulated data such as random or 'clustered' data.

Space - time filtering
In addition, the smoothed point-risk density surface for one point in time is
subjected to filtering. The filtering is three-dimensional, being at its most simple
level both one step forward and backwards in time and in space. The temporal
element provides memory from one time frame to the next. The spatial filtering is
designed to avoid aliasing problems and to handle the effects of having to coarsen
the output resolution to match a conventional television (rather than high-resolution
computer graphics) display.

It is claimed that this space - time data animation belongs to the new school of
visualization in that both the animator and the viewer are equally ignorant as to
what the movie may show. Both might now be genuinely surprised by what they
see. The animators also have considerable scope of both control and speed to
change the form of what they can see to refine, scrap, or restructure what is
being created. The idea is to learn through the creating and not only from the
creation.

Talkies?
The ultimate (perhaps nightmare) step is to use the soundtrack to provide additional
information, synchronized with the map patterns being viewed. The pitch and
dynamics of a sound source can be encoded to contain this information. Experiments
have been made with varying pitch according to a whole map-activity level. Map
music is an intriguing idea and research in a cartographic and statistical context could
be linked in here to complement the map movie. The problem is not the sound
generation or its software control, but how to encode it. There is also some doubts
about whether the user can cope with a fully integrated video - audio experience.
In suggesting this, we move outside the known scope of the field of visualization.

What animation can show
It is self-evident that two-dimensional still images are a very good way (if not the
only way) of showing two-dimensional still information. However, when the underlying
patterns (and processes) start to change dynamically, these images rapidly begin to
fail to show the changes taking place. At most, the changes between two time
periods can be shown, although you have no idea (from what the graphic is telling
you) about what the situation has changed from or to. Simple change maps are
quite inadequate, being sensitive to the selected arbitrary period of change and to
geographic variations in data quality and density. Alternatively, many still images
can be placed on a page but they quickly become too small and are difficult to
compare, even when visible.

If you are lucky and the dynamic information is extremely simple, it may be
possible to show the movement of waves or something like the gradient of change
in a page of static map sequences. However, useful or productive instances of these
mapping situations seem to occur very infrequently in social science; of course they
may occur more frequently than we imagine because researchers fail to realize
they are being misled by the two-dimensional manifestations of more complex
behaviour.

How many dimensions?
Two dimensions are incapable of encompassing three-dimensional structures; just as
the distribution of information on the plane cannot be collapsed to a line without
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losing almost all its meaning. But what is this three-dimensional structure? First, it
is not a two-dimensional surface. These are often drawn as perspective views (which
many packages erroneously call three-dimensional) or contour diagrams. They exist
when every point in the plane has a value (or even a few values). Three-dimensional
graphical techniques may be useful to visualize them, but they are not intrinsically
three-dimensional. Rather, when every point in a volume has a value; we have a three
dimensional structure which we visualize most simply by showing sequences of
two-dimensional images-slices through the volume. This, it must be stated, is
analogous to trying to comprehend two-dimensional structures by rapidly viewing
the one-dimensional transects which make them up. It is a necessary simplification,
though, because the human visual system is notoriously bad at working with more
than a plane image. In addition, the computational power required to create these
confusing density-cloud-like graphics is still largely beyond the reach of today's
inexpensive linkages between computers and videotape.

In essence, then, the animation of these static map patterns seemed to be adding
something that is not otherwise present. Whether this 'something extra' is actually
a feature of the data being used to create the displays, or created by some mysterious
interaction between computer display and human visual processing systems, is left
for others to discover. The basic idea is simply expressed. The objective is to find
a good means of linking in the brain's visual processing functionality as a coprocessor
in the spatial analysis task. As old artificial intelligence methods are seen to have
failed, the human is quickly becoming (by far) the most important component of
the (person - machine) 'loop'.

Practical implementation
The simplicity of the practical implementation of these ideas and this methodology
is reemphasized. In the past researchers were limited to using 16 mm film. The
'movie' was usually created, shot slowly, one frame at a time, and later developed;
the whole process taking much time and money (Blinn, 1990; Devaney, 1989;
Foley et aI, 1990). Today a movie can be put onto videotape by pressing the record
button on a home video recorder connected to a small RGB-PAL converter at the
back of a (not much larger) home microcomputer. On the screen is an image (changing
in real time) which can later be played back from the video tape. However, it is
important to use the 'right' micro to do this; an Acorn Archimedes is used here;
after that it is simple.

To get what you want to see on the screen there are innumerable bits of
software which work together, sharing common data formats, that were often
designed for use by children. You have to give the software the stills to animate
from: two-dimensional raster bit planes, vector key frames, three-dimensional
object, light-source, and motion descriptions files, or whatever. You create these
from short programs you write yourself (a child's programming language is simplest)
or with other software. It also helps if all your programs mUltitask, behave the
same way, and do not crash.

So where is the clever bit? Well, apart from saving yourself from the expense in
your time, sanity, and department's money (by not using the dreaded 'professional'
package on the workstation that was never intended to animate map data any way)
the challenge is in deciding how you want to see the information ·and that decision
is yours! We give three examples below. There is no set formula and no universal
technique; this is where the use of single packages would fail even if they worked as
they claim. Visualization is about exploring, not only the data, but also the method.
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Space - time animation examples
For this paper three examples are used from the space - time geography of late
20th-century northern England. The first example was also our first naive attempt
in this field. It illustrates how large volumes of information can be viewed and even
simple techniques be effective. In this first movie, no elaborate filtering or
smoothing is used, although the exploding point representation does provide a
degree of memory.

Crime movie
Hundreds of emergency '999' calls are made to the police every day in the North
East of England. Each one is logged with an approximate 100 m grid reference,
time recorded to the nearest minute, and the nature of the incidence coded. Over
a few years an enormous amount of data is amassed. How can this be examined?

The method we used was to sort the calls in order to create an 'average day'
for Tyneside. Then, for each three minutes of that day, we plotted the calls that
occurred in that time on a digitally scanned map of the conurbation on the computer
screen. Each screen was saved to disc; 480 frames for the day, 80 KB per frame,
temporarily filling up a removable hard disc (currently costing less than £80 a time).
Each frame was then loaded on the screen in rapid succession, four or five per
second, and the result was a crude film. It took eighty lines of interpreted code,
and half an hour of real time, to make the movie and the same time to play it
back (though this rate can be improved five-fold by techniques described below).
The Archimedes is the right micro in this instance because the hardware is
sufficiently fast to allow the screen dumps to be redrawn at a quick but constant
speed-a feature that is not true of more standard micros or, indeed, of far more
expensive workstations. The alternative is to spend a fortune on a more sophisticated
graphics computer which allows user control over the video process but at a two
or three orders of magnitude increase in costs. The full benefits of space-time
animation can only be achieved if the technology is sufficiently cheap to be widely
applied.

The results can be enhanced by colour coding different incidents, zooming in on
particular areas, fading the points in and out to make the image smoother or appear
like raindrops on a pond. What it shows, though, is not much of a revelation.
Public order offences have the simplest pattern. They are reassuringly peaked at
the pub-closing times and favourite night spots of the area. The fortnightly burst
of activity at the football ground could also be identified. The animation did allow
the magnitude of events at particular places and times to be compared, however.
But with no riots (during the study period) and few 'gun battles' on Tyneside, the
images generally reflect the actual monotonous nature of policing the region.

Nevertheless, the impression of a conurbation .'boiling over' with criminal activity
at certain times of the day is not easily forgotten. The use of this movie is more
for public relations, general information, or propaganda than for research or analysis.
However, a different conclusion would apply if the focus were particular crime
incidents over a more localized area for a shorter time period-a good way of
'seeing' what is (or has been) going on.

Visualization, in general, has a habit of reflecting the basic nature of the
information used; if it contains obvious errors the results will quickly and
embarrassingly highlight them. Likewise, if there is no underlying pattern, then it
may well be hard to fabricate one. It is not impossible to manipulate the images,
but when you can see what you are doing, it is that much more difficult to make
the mistakes that are so often generated by the numerical black box of spatial
statistics.
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Investigating cancer
The second, more subtle example of animation, concerns a much smaller (but
individually far more important) set of points. These are the 680 or so cases of
childhood leukaemia which were recorded in the Northern Region of Britain over
the last twenty years. Simply plotting each case as a point on one of a series of
frames would only show how (thankfully) sparse they are. What was required was
the careful exaggeration of any space - time trends the points displayed, to see if
any pattern (other than an assumed random distribution) could be seen.

The simplest, most reliable, and thus the most defensible way of achieving this is
to smooth the influence of the points across space and time. This has been employed
and enhanced since the dawn of quantitative geography, if not long before. Today
it is achieved by partitioning the space and time into a fine lattice and calculating
a value for each point in the lattice, which is higher the closer it is to the actual cases.
How close is close? This is where the problems start and some more thinking has
to be done.

It must be emphasised that this is not essentially a statistical problem. Statistics
is the science of the unknown, assumptions, and averages. We know all too much
about the dispersion and movements of people which, before we too easily forget,
is what we are studying. What- has to be decided is how far out in space and time
each point should have an influence, and how quickly the effect should decay from
the point. The effect could also have a particular direction (for example, upwind
in the future) and any n.umber of other peculiarities. As long as nothing too stupid
is done, and you remember this is a simple exaggeration of the situation, you will
not go far wrong.

The algorithm
The NE.RRL space-time animation algorithm provides an excellent framework
within which to work. We tried a variety of shapes, eventually choosing a 25 km
by 12-month radius sphere, with the effect decaying linearly from its centre. This
produced similar patterns to a variety of more sophisticated possibilities, so was
chosen as the simplest alternative. Essentially, the larger the radius and 'flatter' the
decay you choose, the smoother the pattern you get; the higher the ratio between
the units of time and space you employ, the more you will emphasize temporal
relations over spatial ones. You can determine aspects of the nature of what you
will see but this is unlikely to influence the pattern, which is basically determined
by the positions of the cases.

The implementation of this is a little trickier than before, a two-page program is
now needed and some more imaginative coding. The points are three-dimensional
coordinates; the volume being produced has density values as its fourth dimension;
the actual workspace of the computer is organised along one dimension; the frames
to be sliced from the volume are two-dimensional. It now takes a few hours on the
home micro to produce these frames; again each is stored individually on a disk.
But now, because of the nature of the animation (and the rapid appearance of new
software on the market since we began), we can avoid wasting all that space, and
speed up the animation considerably.

Film compression
The software (costing £25) allowed us simply to drag our collection of frames into
a window, where they were compressed into a film-format file, one tenth the size
of the (binary) collection of frames. This was possible partly because the smoothed
nature of the film makes it easy to compress, but also because only the changes
between frames are stored. The compression used is a delta-type deviant of the
Lempel-Zipf method (Welch, 1984).
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What was most impressive was the fact that the film-projection software (distributed
free) managed to decompress and play the film to a window in the multitasking
environment of the home micro at 25 frames per second. In fact, three films could
be played at this satisfactory rate in separate windows and each could now be stored on
an 800 KB floppy disc. All this on the standard school micro. The only disadvantage
now being that at 25 frames per second, the film for twenty years of cases, at one
month per frame, lasts less than ten seconds at full speed. It had to be slowed down
to interpret the patterns or else the time interval changed from a month to a day.

The results
The patterns found here were more interesting and more difficult to interpret than
those found in the '999' calls. Leukaemia is distributed very evenly across the child
population at risk. the 'hot spots' are often no more than where most children live.
Moreover, in space (much less in time) this population is very unevenly distributed.
In the Northern region the majority of cases naturally lie within a few kilometres
of the metropolitan centres of Newcastle and Manchester. The simplest patterns to
interpret are those of a temporal nature, as we would not expect great changes of
concentration over time. Two striking phenomena were immediately apparent on
viewing these films.

First, most of the dense patches which appeared were in Newcastle or Manchester
(where the population is concentrated), but one very striking collection of cases could
be seen to rise up in the Middlesbrough area for a few years. Almost all previous
studies of this set has collapsed the time component out of the investigation,
grossly diluting situations such as these by amalgamating years of low incidence
with a pocket of activity. Interestingly, no striking patterns could be seen around
Sellafield through the period. Here the cases are separated in time but not space.

Second, and possibly more significantly, in the second half of the period a
peculiar oscillation could be seen between the rise and fall of the incidence of
cases in Newcastle and then in Manchester. This happened four times and could
well be how a rare, randomly occurring disease actually behaves. On the other
hand, it could also be the first glimpse of something far more fundamental and
interesting. Many viral and infectious diseases oscillate across space and over time
in this manner and are linked to rarer conditions. Further work into the nature of
different types of space-time processes is clearly needed. This result was, however,
quite surprising, especially as the data have been extensively studied.

Using cartograms
To overcome the problem of uneven spatial distribution the film has been recorded
using a population cartogram as the spatial metric. This now means that comparisons
between spaces, as well as times, can be made with some confidence. Work is
under way on the logical extension of the idea to a three-dimensional space - time
(lifetime) population cartogram. Luckily, as there has been little change in population
size (or substantial shifts of people) over the study period, the two-dimensional
version is adequate at present.

Visualizing space - time
Last, we are investigating a simple three-dimensional representation of the space of
spheres around the cases that we have created. It is possible to show a film of
what a camera would see, flying through this-now static-three-dimensional world.
(The ray-tracing animation software is expensive in the home computer world at £50.)
For example, it is possible to circle around an interesting location to see just
what spatial and temporal relationship exists among those cases of interest. Recent
technical innovations are described in Brotman and Netravali (1988), Glassner (1988),
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Magnenat-Thalmann and Thalmann (1989), Papathomas and Julesz (1988), Papathomas
et al (1987), Vize (1990), and Witkin and Kass (1988). This simultaneously brings
the research right up-to-date with current work in technical areas but it also leads
us astray into the fascinating possibilities that the creation of artificial spaces and
virtual map realities promise.

Animating faults
The final, brief, example concerns the investigation of telephone line faults over a
year in the South Shields suburb of Tyneside. This study contrasts well with the
other two, bringing the level of spatial resolution down an order of magnitude from
the region and conurbation, to a few square kilometres. Each line fault is (again)
recorded with very accurate spatial and temporal coordinates. As there were only
a few hundred faults, the smoothing method described above was adopted. The
telephone-fault data file was simply substituted for that of leukaemia incidence, and
the spatial and temporal scaling was set accordingly.

The results of the animation also contrasted well with the other two studies.
In general, the faults have a very random space - time pattern, even when severely
filtered. The occasional 'explosion' of related faults occurred, perhaps because of
storm damage or some other cumulative cause. The crime patterns appear extremely
well structured compared with these (as you might expect). The cancer incidences
were neither as randomly distributed (on the cartogram) nor as obviously clustered.
This insight into the general nature of space - time patterns, gained from the study
of such disparate distributions, is one defence for sometimes using a 'data-driven'
approach.

The meaning of animations
It is relevant to conclude with a more detailed statement as to what these animations
may mean, and how they should be used. Visualization is currently the most rapidly
expanding field in computer science and many other disciplines. Within visualization,
animations and interactive graphics are the most popular and rapidly growing area.

To geography, animations represent a natural but also extremely powerful
exploratory technique for discovering possible patterns in space and time. They
allow us to move beyond the simplistic realms of cluster analysis. Clusters are a
very basic type of pattern, a 'clump' of cases. Animations can show us the changing
(or three-dimensional) organization of these clumps, strings (or whatever else) of
observations-without us knowing what to expect; something that no spatial statistical
analysis can do with such flexibility. As exploratory data analysis, it far exceeds
the possibilities those first pioneers envisaged for it. The hypotheses generated by
map animation can, of course, later be subjected to more careful and considered
scrutiny.

Future possibilities
Now that these films can be made as simply as choropleth maps were plotted a
decade ago, it is important to be careful not to replicate the disastrous proliferation
of meaningless, repetitive, and often misleading images which that particular
technological jump made possible. Animations are not good ways of showing many
things, principally, but not as obviously as it may seem, things which do not move
or change.

A sequence of frames within which objects change colour or lines alter their
thickness does not work well. Points have to appear and disappear; lines should
move, stretch, or spin; blobs should grow, migrate, oscillate; and so on. We have
recently extended the list of subjects animated at the NE.RRL to include the results
and constituency-level voting in all general elections since 1955 (Dorling, 1992)
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and migration flows between family practitioner areas over the 1980s. New subject
areas require new ideas, methods, and yet more data. This is after all the most
empirical of all tools and because of its hunger for data, it is perhaps the only
available method of exploratory space - time analysis that can cope with the ever
increasing data avalanche.

There is no longer any need to use large areal units or coarse jumps through
time. There is no need to amalgamate observations, or (worst still) dimensions.
What is more, the lessons learnt from the mistakes of choropleth mappinlJ can be
applied to space - time animations. Principally Euclidean spaces can now easily be
transformed to have equal population density through the creation of cartograms
upon which our observations can be placed. Continuous tones of colour (bivariate
or trivariate schemes even) can be applied, along with numerous other advances in
computer graphics.

It is difficult to describe the creation, viewing, and interpretation of animations
in a paper such as this. Peppering the text with frames from the movies might
have conveyed some feeling for the quantity and ever-increasing quality of information
that can be created. It would have been even harder to describe our work if we
had been using interactive graphics. In this area of visualization it is possible to
point at an area in a window showing an animation on a cartogram, say, and see in
another window aspects of those (changing) observations selected projected in some
other, chosen and illuminating way (Monmonier, 1990). Here we have attempted to
present the basis for and the justification of an entirely new approach to analysis.

Addendum
This paper was originally written to accompany a presentation at the "Second
International Conference on Computers in Urban Planning and Urban Management"
held at Oxford in July 1991. The presentation showed a series of video animations
which, unfortunately, could not be effectively reproduced here in static form.
Further elabortion and some colour illustrations are given in Dorling (1992).

The software used for this work was written by Ace Computing (of 27 Victoria
Road, Cambridge) and called 'Splice'. At the time of writing it had increased in
price to £37. The hardware used was manufactured by Acorn Computers (of
Fulbourn Road, Cherry Hinton, Cambridge) and can now be bought for under £500.
Animation need not be expensive.
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