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Abstract: Electronic media opens for many interesting possibilities when it comes to the presentation of phenomena that changes by over time. In a dynamic presentation of such phenomena, the symbols in the map may change during the animation and make it more difficult for the map reader use keep track of the information and compare it with the legend. This paper looks closer into methods for extended use of the legends on thematic maps. It shows how legends can split and moved around in the application to make it easier for the map reader to compare values in the legend with the symbols on the map. At the same time, operations in the map can be controlled by the legends.
1. INTRODUCTION

10-12 years ago the majority of maps, both on paper or in electronic media, usually were static and included few interactive operations. The legend describing the symbols on the map was, with few exceptions, located outside the map itself. With the introduction of the Internet and the World Wide Web (WWW) we have experienced new types of maps which enable more interactivity, more dynamic changes and the incorporation of sound together with the visual presentation. Today thousands of small interactive cartographic products can be found on the Web around the world. However, compared to more traditional cartography, the evolution of small map applications on web are still in an early phase. 

When it comes to electronic cartographic applications there is a variety from quite simple applications for presenting maps, to more advanced map based visualization systems. Belonging to the last category a group of map based applications under the term “geovisualization” has showed up during the last decade. Geovisualization has emerged as a result of various disciplines requirements for making good visualizations of scientific data, and the fact that such data often have a geographical component (MacEachren and Kraak, 2001). In a typical geovisualization application various data, often showed by some graphics in different windows, are linked together with a cartographic presentation in a central position. Applications like the ones presented in Andrienko and Andrienko (1999), Jancowski et al. (2001) and Weaver (2006) are all quite advanced applications which handles various parameters and various data. On the other hand the Web offers a rich selection of simpler thematic cartographic presentations. Some of these include interactivity and dynamics, but often in a very limited extent.
Lai (2004) points out two kinds of dynamics involved in maps; when the map represents a dynamic phenomena and when dynamics in the map are used for better visualization of a static or dynamic situation. Weather maps are typical examples on cartographic representations of dynamic phenomena. It is however quite surprising to see the lack of dynamics and interactivity in many web-sites presenting weather reports.    
In the effort to make good maps in a computer-based environment, we need cartographic techniques that are developed for this purpose. At the same time the computer-based environment offers new possibilities that exceed methods of tradi​tional cartography. Peterson (1999) uses the term active legend when the legend acts as an interface between the user and the interactive map animation. In Peterson (1999) the legend responds to mouse-over events and results in substitution of the content of the map. In this way the user can explore relations between various phenomena by moving the mouse in certain pattern on the legend. Van den Worm (2001) shows how legends can be moved around in the map to get it inside the “field of view”. He also uses the opposite connection between map and the legend, and highlights the legend when certain elements in the map are activated by a mouse-click. In Midtbø (2003) active legends are used to make thematic maps of multiple visual variables more in accordance with the theory of Bertin (1967) and (1981). 
Geovisualization applications are excellent tools when it comes to assist people in the analysis of the distribution of different spatiotemporal data and the relation between these. However, the advanced nature of such applications implies that several decisions and choices have to be made during the exploration. These decisions are often based on a certain level of prerequisite knowledge among the users. On the contrary, there is a lower entry level for information passed on by plain thematic maps. But again, when introducing dynamics in these maps, the amount of information will increase and the information become more difficult to perceive.     
In a dynamic presentation of a thematic map, the symbols in the map may change during the animation and make it more difficult for the map reader to keep track of the information and compare it with the legend. This paper introduces some ideas for how some simple interactive tools can help the interpretation of dynamic maps. Not as advanced geovisualization tools, but rather like an extended use of the legends you will find in the map anyway. It shows how legends can split and moved around in the application to make it easier for the map reader to compare values in the legend with the symbols on the map. At the same time, operations in the map can be controlled by the legends.  
2. LEGENDS FOR THE TEMPORAL DIMENSION
For the visualization of the temporal component it might be appropriate to consider how people perceive time and how natural phenomena influence our perception of time. Block (1990) outlined how humans perceive time. Three important factors are succession, duration and temporal perspective. The length of perceived episodes and the order of incidents are of importance. People also use “tags” from various experiences as “temporal indexes” much as they use landmarks during navigation. Natural phenomena, like the earth moving around its own axis and the earth moving around the sun, pave the way for perception of time as a repeating pattern. For such repeating temporal patterns it is rea​sonable to consider a circular model for the temporal component rather than the more common linear model.
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Several ways of representing the passage of time in map animations were considered in Midtbø (2001). Figure 2 and 3 are based on incorpora​tion of the temporal component into the animation itself. The “time legend” used in these methods encircles the map and is no longer situated outside the animation. The intent is to use the peripheral vision of the map interpreter to visualize the temporal component at the same time as the main phenom​enon is studied in the map animation. Care must be taken when deciding which visual or dy​namic variables to use. It is important that the variable used for visualizing time dif​fers from the variable used for the main phenomenon. In Figure 1, 2 and 3 dynamics in the thematic map animations are represented by changing the size of circles on a representative proportional circle map. This means that the visual variable “size” is used (Bertin, 1981), and also to some degree the dynamic var​iable “rate of change” (DiBiase et al. 1992). Hence, these variables should be avoided when vis​ualizing time in the same animation. Below is a brief description of some methods for temporal legends.
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Growing bar. Temporal legends are quite often absent in map animations. Time visualized by a growing bar is one of the few examples that can be found in existing applications. In Figure 1 the bar is growing along a time scale. The bar is usually horizontal, but vertical variants could be considered. As Slocum et al. (2000) suggests, the growing bar has the width of the map itself, and is not situated in a peripheral position in the window. In the growing bar it is mainly the variable position that shows time, partly assisted by the variable size. Because of the qualities of our peripheral vision it is impor​tant to give the bar intensity that is in significant contrast with the background.

· Background shadow. In these animations the background of the map changes as a shadow is moving from one end of the map to the other (Figure 2). Alongside the map there is a time scale which the shadow passes over. The darker area (shadow) may move from left to right, right to left, from above to below or from below to above the map. In this case the shadow moves from left to right behind the map animation. It is also possible to use a circular movement of the shadow for a cyclic visualization of the temporal compo​nent (Figure 3). Another type in the same category is when the background of the animation ini​tially is dark, and a lighter background “slides” in to denote change in time. By using a moving background shadow, it is the visual variable position that represents time and the front of the moving shadow that indicates the present point of time. 

3. EXTENDED USE OF LEGENDS
While the descriptions in the previous section are focused on the portrayal of the temporal dimension, some of the legends in these applications have extended functionality. In Figure 1 it can be noticed that the “30%” symbol is located at the left side of the map. This is because all the symbols in the legend are “draggable” so that it is easier to compare it with the respective symbols in the map. To avoid confusion with the map symbols, the symbols from the legends are made highly transparent. In addition the time legend in these applications can be used to move to a certain point of time by clicking on one of the indicators. This functionality makes it easier to study the situation in short and defined time-spans within the overall time period. In the following some more extended qualities for the legend are introduced: 
· Activating legend. The animation illustrated in Figure 4 also includes “draggable” symbols in the legend. Transparent “shadows” of the symbols can be moved closer to the selected sites in the map. This one has however some extended functionality. When there is contact between the legend “shadow” and the symbol in the map, the colour in the time bar [image: image6.jpg]LIEIEI0N
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indicates if the phenomenon in the actual site has higher value than the value of the selected legend symbol. In this way it is easy to extract the periods the phenomenon of interest exceeds (or goes below) a certain value.
· Animated legend. In this animation the changing values in selected sites can be studied closer by the help of an animated legend. A site can be selected by moving the arrow in the display. The value of the selected site will then be showed as an indicator/shadow in the legend. This indicator is formed as a transparent circle that moves along the scale in the legends in a way that it corresponds with the values in the legend. The transparent circle will also increase and decrease in size in accordance with the circle in the selected site. When clicking and holding down the mouse button over the arrow the animation pauses. This makes it easier to study the situation at certain points of time. It is also possible to move the legend around in the application window in order to appear close to the selected site.
· Tracking legend. While the animated legend in Figure 5 represents the present value for one particular site in a time series, the application does not show the “history” of the development in the site. In Figure 6 all the changes in the actual value are tracked by including a curve in the time bar. When selecting the site by an arrow the curve starts to follow the value of the actual site. In this application two sites can be studied simultaneously, one selected by the red arrow and one by the blue arrow. Corresponding red and blue curves in the time bar makes it easy to compare the development in the two sites. This application can also include an animated legend.
4. DISCUSSION AND CONCLUSIONS

Web is today a very important channel for dissemination of geographical information. Some applications made for this task produce advanced visualizations intended for “specialists”, while others are quite simple presentations of thematic maps as we can find them in their paper-based equals. The focus in this paper has been to introduce some ideas on how to make easy readable thematic maps for non-experts when a temporal component is included. In for example a participatory GIS (PGIS) it is supposed to make geographical related information easy available both for local policy makers and private citizens. Some of the methods presented in this paper may help in the process of making complex information easier understandable for a broader public in a PGIS. In the presented examples scalable circles are used for the visualization of the main theme of the map. Similar methods can also be included in for example choropleth maps (with some modifications). Further, these are only a few examples on how electronic media can be utilized to make better presentations of thematic maps. The future will probably give us many exciting methods when it comes to the presentation of geographical information. And in addition to visual effects sound may be included to emphasize certain information in the map. One main obstacle that limits this development today is that conventional GIS/map making programs have very limited functionalities when it comes to making animations. Such map animations have to be made by applications that are specialized for the production of animations. These are not necessarily well suited for the design and distribution of geographic phenomena by the use of maps. It is however to hope that the future will bring GIS/map making systems that have better support for animations.  
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Figure 2: Linear background shadow








Figure 1: Growing bar





Figure 3: Circular background shadow








Figure 4: Activating legend





Figure 5: Animated legend





Figure 6: Tracking legend








