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ABSTRACT

Aiming at the problems in the design of the electronic map legend, this paper has investigated the advantages of the electronic map legend compared to the paper map legend, summarized the classifications and characteristics of the electronic map legend in the computer environment, and presented the design rules of the electronic map legend. Also the authors have done researches on the electronic map legend design using the cognitive theories. At the end of this paper, the authors apply their research conclusions to the design and implementation of statistical cartographic visualization system, and have got a good visualization effect.

1. INTRODUCTION

Map legend is an important attribute of maps, which can interpret map symbols by listing and interpreting all the elements on a map. Legend is an important tool to read maps not only for traditional paper maps, but also for electronic maps. Although electronic map comes into being in the middle of 1980s, it has been made great progress and its functions have been improved continuously since 1990s. However, as one of the most important parts of an electronic map and an important assistant tool of map spatial cognition for users, legend hasn’t work in its best yet. There are still problems in map legend design.

The current researches of electronic map focus on the functions and interface, hardly referring to legends. This paper, based on an in-depth study at characteristics of electronic maps, analyses the advantages of electronic maps compared to traditional paper maps, and concludes the characteristics of electronic map legends. Having studied the design rules of legends for traditional paper maps, combining the characteristics of electronic maps, the author puts forward the design rules of electronic map legend, and studies their application in the statistical cartographic visualization system developed by the authors.
2. CLASSIFICATIONS AND CHARACTERISTICS OF ELECTRONIC MAP LEGENDS

2.1 Classifications of electronic map legends

Among the existing electronic map products, legends usually provide information in the form of graphics and characters in a single legend window, which is a general way and easy to understand. In the legend window, map symbol elements are often expressed by grouping.

Based on the format in the legend window, the electronic legends can be classified into two kinds as raster legends and interactive legends.

Raster legends refer that the legend displayed in legend window is of the style of raster and picture, obtained from scanning paper maps after a certain process. For example, legends of the Application and Reconstruction Map of Drainage Area of Yellow River, which is involved in the National Nature Atlas of the People’s Republic of China, are raster legends. As is shown in Figure 1, the displaying effect of it is the same as that of common paper maps.

Interactive legend does not refer to the simple operations to the legend window such as moving, zooming, display and hiding of it. The true interactive legend is the one that could be interacted with users to partly modify its appearance and that could get more cartographic information through some basic interactive exploration and query methods. The researches on interactive legend mainly reached the following aspects: (1) Bi-directiona interactive queries between map and legend. (2) Constructing legend contents by layers(Lobben, 2003). (3) Frequency histogram legends(Kumar,2004). (4) Moveable and recyclable legends(René Sieber,2005). (5) Temporal map legends(Giacomo Rambaldi,2004). (6) Legends for map modification(René Sieber,2005).
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Figure 1. Raster legend of electronic map                         

2.2 Characteristics of electronic maps

By contrast to the traditional paper map, electronic map has much more advantages. Similar to the great differences between electronic maps and paper maps, there are also lots of distinctions between the legend of electronic maps and that of paper maps. This paper compares and analyzes the above two kinds of legends, mainly including the following contents:

(1) Movable and scaleable

In the design of traditional paper map legends, the legend window has more than one possible position to locate in, but once printed, the entire map as well as the legend frame would be fixed and not be changed forever. While the design of electronic map legend is more flexible, for the user is able to drag and place the window freely in the entire screen room and enlarge or shrink the window on demand.

(2) Interactive

In a paper map, legend is only a simple interpretation on the map symbols, and the user has to cognize the relationship between the map legends and the symbols on the map, which increases the cognition burden. By contrast, the electronic map legend can be used to achieve more operations by taking full advantage of computer technology, such as the bi-directional interaction between the map legend and map symbols, modifying the map display, interaction with maps by using temporal legends. Through the series of query functions between the map legend and map symbol, the user may discover some hidden data information and rules, thus realize the process of cartographic cognition. 

(3) Dynamic

Spatial information is continual and time-dependent. The paper map as a result of its own limit can only express some static information, just reflecting a snapshot on the time axis of the moving of spatial information. Therefore, the paper map legend can only represent the map symbol information of a fixed time, but the electronic map legend has bright prospects in the area of representing dynamic spatial information. Through the design of time axis in the map legend, the spatial information at different time can automatically or dynamically appear on demand. The dynamic feature has become one of the important ways for the electronic map legend to represent spatial information and improve cognitive efficiency. 

(4) Multi-dimensional

Traditional paper maps are all 2D plane maps, the corresponding legends are also 2D ones. Along with the development of computer technology, the age of 3D GIS will certainly arrive, in which the corresponding 3D symbolism will be more and more improved, and the 3D expression of legends will be also realized. Likewise, the introduction of time dimension will bring big changes to the legend design. 
3. THE RULES of DESIGNing ELECTRONIC MAP LEGENDS

Having been studying the design of paper map legend for long, the cartographic experts have summarized some rules that is helpful to design paper map legend. These rules are mainly as follows: legend symbols should be self-contained and accordant with the map symbols; the legend explication should be veracious and the legend system should be scientific.

All the above rules can be also used in designing electronic map legend. Moreover, owing to its own characteristics, the design of electronic map legend should follow some additional rules under the computer environment as follows:

(1) The legend window should be designed clearly with some simple interactive functions.

Users always just pay attention to the legend symbols when they use the legend, if the legend window is designed too gaudily, it would influence the cognition process for users. Therefore, the legend window should be designed simply, mainly emphasizing the included contents. Moreover, since the screen room of an electronic map is limited, the legend window should not be designed oversized. However, if there are really lots of contents to express in the legend, there is a way to solve this problem: the legend contents could be classified or displayed by pages, thus the limited screen room could be used scientifically and reasonably.

Some operations (for instance, translation) on the electronic map may make some cartographic information covered by the legend window, so it should be designed moveable. In addition, owing to the limitation of the screen room, the legend window should be dynamically created or closed by users on demand, so as to provide displaying more room for the cartographic contents.

(2) The dynamic embodiment of the legend should be moderate, without affecting the expression of the primary contents on the map.

One of the dynamic embodiments of the legend is to use the time dimension to represent the cartographic information, which turns up in different time. The other is that when the user carries out the bi-directional interactive query between the map legend and the map itself, the result may be represented with a dynamic glitter or overstriking sideline. However, as visual variables for the electronic map symbol, the color and the brightness play an important part in representing the cartographic spatial information, the dynamic legend should be represented based on the premise without affecting these two visual variables to transmit cartographic information.

(3) The interactive operation of the legend should be simple, of high efficiency and clear purposes, without excessively complicated and purposeless operations.

The aim of making maps, especially electronic maps, is to provide a tool of spatial information cognition to aid the decision-making for users. For this purpose, proper human-machine interaction is necessary. Nevertheless, most electronic map users are ordinary people who may find it difficult to manage the operations, if the electronic maps are too complicated, the users would lose their interests in reading maps, and the purpose of interactive exploration would fail. Therefore, the interactive operation of the legend should try to be designed to satisfy users by only one operation, or by adding operation prompt to help users learn the interactive operation as soon as possible.

(4) The user’s ability of cognition should be considered in the design of legend symbols. 

In designing legend symbols, it is impotant to adopt simple but efficient legend symbols, and avoid equivocal ones.

4. APPLICATIONS OF THE DESIGN RULES to ELECTRONIC MAP LEGENDS

To validate the design rules for electronic maps, the authors designed a statistical cartographic visualization system, and applied the above rules to the design of legend functions in the system.

4.1 Design of statistical electronic map legend

(1) Design of the legend window

As is shown in some researches that people’s attention usually focuses on a little left of the screen when they cognize the content within it. As the assistant tool of the cognition, the legend should not be located to affect the display of the primary map. So in the system, the legend is placed on the left of the screen, overlapped with the window of statistic map tree, which could save some screen room. And the legend window can be easily revealed or concealed through the toolbar or menu on demand.

(2) Design of the legend symbols

To reduce the mistakes when the interactive operation carried, the system provides an appropriate interval between each two-legend symbol, helpful for users to accurately select symbols to cognize. In addition, considering that in statistical electronic maps, the quantitative cartographic info is distinguished mostly by colors and sizes of symbols, the legend symbols of classifications are interpreted mainly by simple circles or rectangles filled with different colors. So the designed legend symbols are simple and efficient.

(3) Design of legend functions

Based on the premise of fully considering the users’ requirements on cognizing the statistical electronic maps, the system realizes some interactive functions for the legends, mainly including the bi-directional interactive query function between map and legend, and the function of modifying the map display by legends. 

4.2 The ideas to realize the legend functions

Bi-directional interactive queries between map and legend: when the user cognize the map, especially the statistical map, if he or she is interested in one of the chorograms, and wants to make clear which classification grade the statistic index of this chorogram belongs to in the entire classification of indexes, he or she needs to compare the symbol or color in this chorogram with the legend symbol in the legend window. If there are excessive grades in the map, it may be difficult in the cognition for users. The interaction of the electronic map can solve this problem. The user merely needs to click on the interested chorogram, the corresponding legend symbol will be outstandingly displayed in the legend window. With this function, the relationship between the map symbol and its corresponding legend can be constructed visually and intuitively, which speeds up the user’s cognition work.

Contrarily, when the user wants to know the spatial distribution of a certain legend symbol, he or she should pick out the area, which fits his or her cognitive aim from all the map symbols. This process will be very complicated there are too many chorograms. But it may greatly reduce the cognition burden for users through the interaction between the user and legend symbols to get a real-time and outstanding display of the area where the interested legend symbols are distributed. Figure 2 shows the interaction from the legend to the map. When the user clicks the first classification index, the corresponding distribution area will display glisteningly. Using this outstanding effect, combining the knowledge of relative affecting factors, may efficiently improve the ability of cognition for users and develop the hidden rules behind the statistic data.

[image: image2.jpg]



Figure 2. Interaction from legend to map symbols in the system

Modifying map display by legends: as for the traditional paper maps, once they were printed, the map content and legend symbol would not be modified, while the electronic map is more flexible. If the user is not satisfied to the map display effect, it’s quite easy to return to modify it over again. Such function is offered in some cartographic software like MapInfo, SuperMap, etc. Moreover, using legend to modify the electronic map is an even more effective, more simple and immediate way. In our system, we realize this function of legends by adding a modifying tool button in the legend window (Figure 3). When the user clicks this button, the system will pop-up a dialog for the user to change the symbol’s color selecting scheme (Figure 4). The user can either use the default color scheme, or customize the color range based on his or her favor (Figure 5). The classification method and the classification number as well as the legend title can also be modified on demand, all the changes will be visualized in the map and the legend window instantly (Figure 6). 
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Figure 3. Legend window of the system                Figure 4 Dialog for modifying map  
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Figure 5. Dialog for customizing the color range     Figure 6. Result after modifying the map

5. CONCLUSIONS

The research on electronic map legend has just started. René Sidebar (2005) reclassified the legend research into seven components: visualization, navigation, analysis, dimensionality, thematic issues, general information, and layout. The above seven legend components should be certainly considered in the design process of any interactive legend, and each component is worth to be deeply studied. This paper concludes the types and characteristics of the electronic map legends, and puts forward some design rules of them, and applies the rules to the statistical data cartographic visualization system designed by the authors, which achieves the expected effect. However, the work we have done is just elementary. With the development of researches for legends, highly interactive multivariate or 3D legends will come into being continually, thus the design rules of electronic map legends may also be improved constantly for the legend design.
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