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Abstract

Maps have been using for many centuries. Come to the age of mobile technology, maps are still very useful and can be found in a wide range of mobile applications such as logistic fleet management, mobile navigational systems, mobile tourist guide and so on. The traditional map design, however, is not suitable to be applied in the mobile devices due to the restricted mobile devices capability such as low processing power, limited storage, limited input capability and the small display area. Therefore, this research aims at designing map for effective display on mobile devices by summarizing some design issues in developing the mobile map in order to overcome the device constraints. These constraints include both cartographical and technical problems. Cartographically, the map content has to be redesigned to make it appropriate to display in small screen. One of the possible ways to deal with the map design is to simplify the maps according to the user cognition in order to reduce the unnecessary map information to overcome the problem of the tiny screen of mobile devices. In this research, it proposes a content zoom strategy as the key to greatly simplify the mobile map content and also the workload required in map navigation. It concentrates on the simplification over different map information in the map when navigating in the mobile maps. The proposed content zoom strategy is developed from the notion of how the map users obtain the information in a textual address i.e. separating the information one by one from general to details. On the other hand, technically, some technical skills can be applied to further increase the readability after the map simplification such as the progressive map visualization invented by GoogleMap (2006). The notion of the progressive map visualization can further increase the readability for the map users by means of reducing the difficulty and inconvenience when they are navigating the mobile maps. It can, to some extent, display the map faster before the map users lose their interest and it can reduce the problem generated from a refresh of screen. An evaluation will be carried out after the software prototype platform has been done to conclude the proposed techniques are appropriate and useful in mobile map.
Introduction
Recently, mobile technologies in these years create many new opportunities but also challenges in a wide variety of mobile map applications. Taking the advantages of it, users can utilize their mobile devices to access any geographical and environmental information conveniently at anytime anywhere. The information can simply be accessed inside their mobile devices by the installed applications or be acquired from the Internet if the mobile devices support any wireless communication standard. Modern mobile devices usually have high portability but, conversely, with low-resolution and small screens, limited memory storage and low processing power. All these constraints bring about several common problems to the new mobile map applications. Especially, the small display area limits the information to be shown on the screen and hence, effective presentation of geographical information is difficult. In general, there are many map levels in mobile map which may require excessive exploration acts like zooming and panning that increase the cognitive load of the users. This discourages the users to use the map. And usually, after panning, a refresh of screen always occurs which affects the continuity of reading the map details. These serious problems can always be found in the mobile map applications since there is always enormous information in the pictorial maps on a very tiny screen and it requires users a lot of effort to navigate between different levels of scaled maps to destine their location. Many researchers state the importance of the new mobile map context for the users in order to design the new mobile map and understand the changes in mobile cartography (Sakari, Antti, Kalle and Anu, 2004; Reichenbacher, 2003). In order to simplify the map content, one of the best ways to deal with the simplification is on the flow of map navigation as mentioned by Zipf and Richter (2002). The simplification should not only apply to the geographical data but also consider much about the flow on how the users interact and understand the map such that the users can focus well in the map.
Map Reading Processes
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Fig.  1 summarizes the map navigation processes. A graphical map is presented eventually whatever the users make use of the search engine or directly start searching the map graphically. Once a graphical map image is shown, the users start the map understanding/reading procedures. According to Keates (1982), the users understand a map image in four major processes including detection, discrimination, recognition and identification. Firstly, when a map is displayed, the human eyes are stimulated and some geographical objects are detected. Then, the discrimination process makes the users notice different kinds of map objects by the human brain. After that, some of the objects are recognized and some of them are understood through the identification process. After all these processes, we understand the content in the map. The map understanding procedures occur frequently in map reading when there is, typically, a change in the display. These procedures are usually slow and depended on the experience of the users. Therefore, the refresh of the map image makes the users to go over again and again the map understanding procedures for the whole map image including the information has already been read and understood. The more the information there, the longer time the users need to understand the map content. Moreover and hence, too many zoom levels also increases the load of the map understanding procedures because a refresh of screen is required to show a new map image. The increase in the cognitive load of the map understanding procedures may result in the inconvenient and complicated map. The reduction of the load, therefore, such as reducing the number of zoom levels and reducing the information in the maps can enhance the readability, efficiency and effectiveness of the map reading processes.
User Cognition in Map Reading
When using map, there is always a sequence. Generally, users are searching a place by an address. Address is commonly used to represent a place in a textual format and it is used all over the world. It combines different levels of geographical information of a location to express a place as shown in Fig.  2. In general, it contains the largest geographical units like country, city, province, district, state and other similar entities, and smaller units like street, building, facility and other similar entities. Address is usually written in sequence from the smallest geographical units to the largest geographical units. There is exception, for example, Chinese. The sequence is just reversed but not disordered. Similar to the address, different levels of geographical information are needed when user is reading different scaled map. Normally, the users are matching the address to search the destination in the map graphically in the different scaled maps step by step and level by level from the largest geographical units to the smallest geographical units. There exists a sequence of flow about the geographical information like the sequence of the address. Therefore, in each zoom level, a special kind of information is being focused to match a component in the address. Taking an example of the address of a coffee shop which is located at Shop No.15, 2/F, Millennium City 5, 418 Kwun Tong Road, Kwun Tong. In the example, the district Kwun Tong is the first component required to locate in the overview map to zoom in the map to find 418 Kwun Tong Road and zoom in to find the building Millennium City 5.
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Fig.  2 Address Components

Content Zooming
Zooming is an indispensable operation in mobile maps. It is very useful for the users to navigate between different scales of maps by handy mouse clicks. The users are available to narrow down their searching area by zooming and locate their destinations in map. The level of zooming is always summarized by a zoom index. There are, however, too many zoom levels in a map application which is not desirable for mobile map applications since the more the zoom levels, the more inconvenience and complexity for map reading is. Although the users can usually select a specific zoom level directly from the scale bar to jump to the level and view the map, sudden change of the zoom level may break the smooth consecutive correlated map reading processes and finally, the users may lose their focus and get lost. In order to overcome the limitation in mobile devices, Robbins, Cutrell, Sarin and Horvitz (2004) proposed a zone zoom strategy. They provide a special zooming mechanism to zoom in/out the map but it needs to manually specify the region to zoom. This paper proposes a new content zooming strategy which aims at reducing the number of map levels required and increase the efficiency in the map reading processes by redesigning the content to display in each map level. This zoom strategy follows the style of the habit of the users and focus on the significant information required for the users. As mentioned, the users is always searching in the map by matching the information in an address step by step and level by level from general to details. In each zoom level, they are looking for a special kind of information in an address. The zooming, therefore, should adapt to the style of users like how they understand the address, it can help the users locate their destination more conveniently and efficiently. One of the existing problems in the map is that the conceptual models of the cartographer and the users do not match (Nivala 2004; Nivala and Sarjakoski, 2004). Thus, the idea of the designed content zoom is to follow the trend of everybody as the expression of address is used everyday all over the world. By accommodating this trend, the mobile map navigation would be easier as it just separates the important information one by one regarding to the textual presentation of the location in an address. Therefore, the users can easily obtain the more useful information in each scaled map level. In other words, the usability and readability of the map is increased. General speaking, the users always put their first attention on the general information such as districts, cities, provinces before looking for the more detailed information as the way to reduce the information to search. 

Fig.  3 shows illustrate an example of the content zooming design. The example map totally consists of only five map levels of details. The first one is the district map which is for the users to locate themselves in Hong Kong. As can be seen, there is no boundary lines shown but only the district names to make the map easier to read. The second level is the street overview map. This level shows up the street numbers to reduce the panning operations. And then come to the third level of the building overview which is used to help the users to search around the street. And for better viewing, the buildings are aggregated together. Pingtao and Takeshi (2004) have proposed some ways to automatically aggregate the buildings. And the forth level is the detailed map. In this level, all the information is shown up for users to locate themselves. The fifth level is the most detailed map for clearer detailed map display.
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Fig.  3 Five map levels of details proposed by content zooming

Progressive Visualization
Visualization is an important factor in mobile map design because of the constraints in mobile devices. As mentioned, the screen refresh problem creates a serious problem in map reading. This should be solved in order to make the map reading processes smoother.
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Fig.  4 Examples of Progressive Map Visualization
GoogleMap recently has done a great job in creating a progressive web map for better map visualization as the means to solve the problem of screen refresh using the Asynchronous Javascript and XML (AJAX) technology. However, currently, AJAX is not available to be used in mobile device because the mobile web browser does not have the capability to run AJAX. The idea of AJAX is to finish task asynchronously which means that the users can send out a request and be released without blocking to wait for the response. Later on, when the result is available, the result will be synchronized and displayed to the users. Therefore, in GoogleMap, when the users drag or pan the map, the map content will be progressively fed and displayed asynchronously. Therefore, the map information is additively shown on the screen and hence, no refresh of map images are required. This reduces the load of users to read the map as the information is additively shown up and users only require to read the new information rather than to repeatedly read the same information again and again. Moreover, this design also reduces the interaction complexity because users no longer need to press, drag and release a button to get a new map image. Instead, they just need to move the map and the map images will be progressively provided in a few seconds. In order to apply the same concept in mobile device, asynchronous processors have to be developed. In fact, this is heavily based on the technical capability of the mobile device. In Fig.  4, it shows a prototype map application written by J2ME which can run on mobile devices. It exemplifies the progressive map visualization. In the figure, yellow blocks represent that the image is downloading from server and the orange blocks means waiting in the queue for obtaining the images.
Evaluation
The evaluation has been carried out as a survey of a group of people who were requested to use both the modern mobile map in market and the proposed map on a mobile device without the search engine in order for them to experience the differences in navigating the maps. After that, each of them was asked to finish a questionnaire. In this survey, there are totally 14 participants involved and the result is shown in Table 1. It shows a positive result as expected. Nearly three quarter of them realized the mentioned problems in the modern mobile map and over 85% of people found that it is better to create map which can match to the textual address and the progressive map visualization is better strategy to visualize the map.

Table 1 Evaluation Results

	Problem
	Solution

	Too many map levels
	Refresh of Screen
	Map matching address
	Progressive Map Visualization

	Yes
	No
	Yes
	No
	Yes
	No
	Yes
	No

	78.6%
	21.4%
	71.4%
	28.6%
	92.9%
	7.1%
	85.7%
	14.3%


Conclusion

In conclusion, the proposed content zooming adapts the reading style of the users and helps to greatly reduce the number of zoom levels required. It simplifies the map content according to the searching sequences in map that is matched with a textual address. The map information to be displayed is redesigned by selecting and displaying the appropriate and suitable information matching the address so as to increase the readability. Moreover, the progressive map visualization is shown an indispensable notion to be applied in map for better map visualization as it can reduce the workload of the users to read the map. The additive display of small pieces of maps enhances the readability and convenience in map reading. The evaluation also shows positive results.
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