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Digital interactive atlases play an important role in the dissemination of any kind of geo-spatial data. The growing spectrum of topographic and thematic issues in atlases, their visualization possibilities and atlas functionality has to be organized by means of a Graphical User Interface (GUI). In this context, the main questions are, of which key elements and structures does an atlas GUI consist, and how can these ingredients be arranged and designed best to “cook” a user-friendly atlas GUI?
INTRODUCTION

Today, the classic printed atlas is being replaced or supplemented more and more by electronic atlases on CD-ROM/DVD or on the Internet. Influenced by the needs of the information society, the number of such interactive atlases is growing and they are getting more powerful in thematic content, functionality and interactivity.

The question of atlas and map usage thus becomes a rising challenge. In the same way as a number of atlas applications increases, GUI’s show just as much variety of solutions. Nearly identical functions are designed and implemented in different ways, and therefore their usage varies which means that simple and intuitive handling of atlas tools is often limited. From the user’s point of view, this might lead to disinterest, dissatisfaction or even confusion. In order to avoid this, the atlas GUI has to be structured in a consistent and intuitive way. The essential functions need to be identifiable at a glance and easy to use. Additionally, certain basic functions should be standardized. Until now, atlas authors have been looking for such guidelines to implement functionality accurately. 

In this paper, an Atlas GUI Cookbook for interactive maps and atlases is presented to  serve as a universal adviser and decision support for beginners, advanced authors and professional developers.
THE ROLE OF GUI IN INTERACTIVE ATLASES

The main purpose of a GUI is to supply users with a perfect frame of tools, enabling them to interact in a comprehensible and trouble-free way with a system. Communicating via this visual desktop, the system of an interactive application should advise or even guide the users to relevant information. In other words, the information and specific tools should be presented to the users by means of a well-structured GUI. The success of an application depends to a great extent on their usefulness and usability. Thus, a GUI should be organized in such a way that the intuitive and associative structure of human thinking is supported. The design of a GUI is therefore conducted by some basic principles of visual communication [Mauro Marinilli 2002]:
· Know your user

· Minimize the short term memory load on users

· Preserve consistencies

· Ensure overall flexibility, error recovery and customization

· Follow standards

· Make explicit the system’s internal state

· Provide the user with the sense of control

That means that a GUI should follow a user-centered “thin design” approach containing organizational, economic and communicational aspects [Aaron Marcus 1994]. Concerning the organization principle, the conceptual structure should be simple, clear and consistent. The economy principle means to maximize the user’s and the system’s efficiency with a minimal set of content-related tools. The communication principle claims to the customization of the presentation with respect to the user’s intake capacity. As a further component, we would like to add the aesthetic principle, where graphical issues, like color scheme and the level of iconization of all GUI elements, are of great importance.
Interactive atlases usually contain a lot of geographical and statistical information. The situation is reminiscent of a general store with thousands of goods. The question from the vendor’s point of view is how to sell these articles best with a maximum presentation effect and minimal costs. From the buyer’s point of view, the question is rather how to get all the articles in a short amount of time (this may be not relevant for some individuals). In analogy, one of the main questions in atlas GUI authoring is therefore how to organize and design a GUI to attract the user’s attention and bring the relevant information to the user. 

The intention of GUI design is foremost to present the atlas screen as an integrated whole, as a unity. The users should get the feeling of a well-composed atlas, as it is the case with a printed product. The screen layout is thereby understood as an attuned framework of any kinds of GUI elements. To get a good composition of the screen, the segmentation into functional-logical units – e.g., for navigational elements – is used (fig. 1). Functional units serve to minimize the graphical “load” of the GUI and facilitate the user’s orientation in order to interpret and operate the whole set of atlas functionality easier and faster.
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Figure 1: Atlas GUI with screen layout and functional-logical units (Prototype Atlas of Switzerland 3)
1) Main window  2) Sub windows  3) Panels  4) Controls  5) General functions  6) Navigation functions
7) Didactic functions  8) Cartographic and visualization functions  9) GIS functions
From a more technical point of view, the atlas GUI consists of various functional-logical units and elements structured and arranged in a main window. Windows are modifiable in size and position and can be moved, hidden or resized all over the screen. The main window may contain further sub-windows and panels. Control elements within these windows allow the user to interact with the (atlas) application. These elements – of basically iconic or textual appearance – are also referred to as generic widgets or GUI controls. Through their direct manipulation (e.g., choose or change) via mouse, keyboard or joystick, any function within the GUI is activated, any feature can be determined, and every set-up of a map is arranged. 

It is identifiable at a glance that map and atlas GUI controls correspond largely to the general GUI controls of all kinds of interactive applications. But there are also some very specific atlas controls. In the following section, the relation between GUI control element and its functionality and graphical appearance is analyzed.
FROM BASIC GUI CONTROL ELEMENTS TO ATLAS GUI TOOLS

GUI controls in atlas applications are linked to a specific functionality; every single function will be integrated in the atlas GUI via controls. By reviewing different atlases and their functionality, one can see that the controls to run a specific function often differ in appearance only. This means that interactive atlases must be evaluated to find out which control(s) should be used for the implementation of a particular function. Once the most-used control for each specific function is found, then one can assume that the control is universally valid for every interactive atlas.
It is assumable that a GUI can be optimized if it is structured not only by using a screen layout but also by applying a reasonable and consistent use of controls. This raises the questions of the atlas developer: Which controls are present? What kind of control should be used for which function? Which control will be used for the specific atlas tool? In the first step to achieve this goal, twelve interactive CD-ROM, or Web-based atlases, have been reviewed, focusing on the implementation of their interface controls.

To understand better, GUI controls can be classified and grouped as input elements, output elements, selection elements, action elements or complex elements (fig. 2).
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Figure 2: Set of basic GUI elements and controls

The chosen atlases enable an objective analysis as far as possible and achieve a representative sample. The spectrum of atlases includes World Atlases, National Atlases, School Atlases and Statistic Atlases. These atlases were developed for sundry user groups and have got different scopes, qualities and data background. The applications offer a wide variety of functions, e.g., World Atlases focus on navigation functions, or Statistic Atlases focus on the implementation of visualization functions. A set of all functions occurring in interactive atlases results from the analysis of the various atlas products. Existing compilations of Ormeling [1997], Bär and Sieber [1997] and Hurni [2005] had to be amended and supplemented with new functions (fig. 3). 
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Figure 3: Function groups, function subgroups and functions of interactive atlases [Cron 2006]
The function groups and subgroups do mostly not contain closed functions. According to Huber, [Huber et. al. 2005] another approach is important as well: the interplay of functions. Functions may technically belong together, although they are not assigned to the same function group due to their functionality. For example, the manipulation of one tool entails the modification of further tools belonging to other function groups. Therefore, it is important to arrange these functions spatially with an indirect relationship close together (see fig. 1), e.g., navigation functions are closely interrelated with GIS functions.
In a second step, a matrix was created, in which each atlas function was analyzed according to its functionality class and its interface controls. The matrix clarifies quantitatively which control is used for the implementation of a specific atlas function. The results were documented in several worksheets:
-
CD atlases, each with a matrix per atlas, and a summarizing matrix of all CD atlases
-
Web atlases, each with a matrix per atlas, and a summarizing matrix of all web atlases
-
Summary containing a matrix of all CD atlases, containing a matrix of all web atlases 

and the summarizing matrix of all twelve atlases

-
Graphic depictions as a visual, quantitative analysis (cluster) on the basis of the above mentioned summarizing matrices
In the first layer, both in worksheet CD and web atlases, the function groups are assembled on the x-axis and the analyzed atlases on the y-axis. Horizontally, the function groups with the corresponding functions are arranged in the second layer. Also, the GUI elements and the GUI controls are shown vertically. The markings “x1” up to “x5” show the varying implementations of a specific function, combined with several controls (fig. 4a). 

The CD and web atlases are respectively evaluated numerical. Each occurring function is summed up in the matrix of both atlas types and is represented as a total number. This way, the frequency of a control’s use for each function may easily be read off.

The worksheet “graphics” equals the design of the numerical summary. The numerical evaluation is inked in order to quickly obtain a visual representation of the frequency and the distribution of the control’s use. This representation is provided using a quantitative color scale ranging from light-yellow to dark-red (fig. 4b).
The matrix enables many different evaluation methods. The main focus is not the analyzation of every atlas, but rather the detection of general focal points and accumulations of used controls. Thereby it is feasible to draw conclusions of how to implement a function in its best way. In other words, which basic GUI control should be used for designing an atlas tool. Some functions are clearer to categorize than others. One reason is the varied number of functions in the different atlases, as already mentioned above. A few are more frequently implemented than others, because they are considered fundamental, as well as simple and intuitively usable. 

During the analysis it was assumed, that functions which often occurred and were mostly implemented with the same control, seem to be familiar. Therefore the implementation with the appropriate control is to be favored as identified in the former evaluation. 
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Figure 4: Extract of the evaluation matrix a) numeric and b) quantitative depiction

In the following section, some temporal navigation functions are analyzed exemplarily, in order to show the efficiency of the matrix.

Temporal navigation functions are designed with different input and selection elements. Sliders should be forcefully applied for animation; however, it is also the most used GUI tool for time selection among the drop-down list. Icons or toggle/push buttons are particularly applicable for the usability of the animation.

From an objective point of view it is not guaranteed that the controls most frequently used are really optimally suited for functionality implementation. To get a more precise result, the evaluation has to take the (technically) proper application of controls into account. For example, hide and unhide options are achieved in atlases with radio buttons and check boxes. Radio buttons represent a group of keys with mutually excluding selections to set up only one option from a number of available options. Checkboxes, however, should be used when more than one option can be chosen.

Therefore, the results were evaluated both by frequency of occurrence and by reasonable application in order to deduce general specifications and implementation rules. Rarely occurring functions were also registered to implement potentially new and innovative variants. These guidelines were compiled in an illustrated Atlas GUI Cookbook and will thus serve for the practical implementation of an atlas GUI.

THE ATLAS GUI COOKBOOK

The Atlas GUI Cookbook, as a result of the analyzed atlases, summarizes the preceding research study and defines guidelines for a simple development of graphical user interfaces. These guidelines are beneficial for beginners, advanced learners and skilled developers, who are engaged in planning, layout or programming of cartographic functions in interactive atlases. The cookbook serves as a working tool and as an auxiliary mean which generally supports decision making processes. The previously compiled functions of interactive atlases – itemized in functions groups – were defined and evaluated by criteria, such as implementation, functionality, interactivity and layout. Additional illustrations from the twelve tested atlases clarify exemplarily various implementation variants. Color-coordinated classification of function groups and two page explanation of each function make the manual user-friendly. The summary at the end of each chapter shows different implementation possibilities of functions, whereas the matrix takes supporting effect. 

The cookbook serves as a valuable template for programming a GUI prototype, which exemplarily shows the guidelines visually. The prototype of the Atlas of Switzerland 3 was built in accordance to the investigation findings and established principles. It presents the feasibility of the guidelines and the well-structured interface and usability. 
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Figure 5: The Atlas GUI Cookbook
Taking a look at the example of the temporal navigation functions: time selection and animation. How could these functions look like and which implementation variants are advisable in the cookbook? Figure 6 shows these different implementation variants and a potential graphical design of controls as well as their arrangement within the panel.
Time is important within interactive atlases. Many maps include multiple times or periods of time. With positioning on the time axis, the choice of period or the choice of point, changes can be displayed by way of single maps or animations.
Time is always coupled with a map theme. That implies there is one topical layer for each time segment. To keep one's orientation between these layers we need temporal navigation [Neumann 2005]. Time can be specified in seconds, minutes, hours, days, months, years, centuries, etc. Time cannot be seen and visualized directly, but only its effects such as the changes in the spatial and thematic dimensions. It is only natural, therefore, that temporal controls are usually tied to visualization, serving both navigation and visualization purposes [Neumann 2005]. There exist several time controls and representations as aforementioned; linear and circular slider and drop-down list are possible.
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Figure 6: Implementation variants of time selection and animation
Interactive time lines are particularly useful since they can serve both visualization and navigation. Time lines can be used to show events, processes and the distribution of attribute values along time. Processes or uncertainty can be visualized using gradients. Time lines can be combined with sliders and scrollbars. The following example (fig. 6 left) contains a time line which is combined with a slider and icons. Clicking on the time line allows you to jump to the time that interests you. The combination of time line, slider and icons enable the presentation of a time series. Buttons are needed for the timing. By clicking the buttons the animation can be started or stopped. The slider points the scope of the time series and the progress of the animation. Furthermore it allows reading off the particular time in the map.
The usage of a circular slider facilitates the implementation of a watch to set up an exact point in time (fig. 6 right). In addition the progress and the duration of animation can be displayed by means of the watch. The advantage to design the circular sliders as a watch is that the atlas user is familiar to handle a watch in the “real world”. So, this control renders a simple and intuitive use. By the way, the partition of the watch in hours is not mandatory, further classifications, e.g., in 31 days or 12 years are also possible.
Another opportunity specified in the cookbook is the time selection via drop-down list. The drop-down list provides potential time units for selection. The drop-down list should be used, if: the list as input assistant should be not visible in every case, all entries for selection are known on the part of the system or the amount of options is so large that it is impractical to represent them clear arranged in the work space. From the appearing list the desired time period can be chosen. In the drop-down list the entries are chronological arranged and the selected time unit highlighted. In the case of larger selected sets a dialog window with combination box including potential filter criteria could be faded in instead of the basic drop-down list.
The spin button is another control which can be used for time selection. This one affords the change of time at a given value, e.g., 1 year. All selectable time units are stated as already known from the drop-down list.
The combination of the animation controls and drop-down lists for time selection is recommendable. The user can decide to choose the time via slider or list. Circular sliders (watches) should be combined within a panel with spin buttons and action keys. Thereby the date selection can take place and the time format (am/pm) can be chosen.
An interesting option is to use cogwheels for controlling time. A series of cogwheels with different sizes and ordered by granularity can intertwine with each other and allow the user to navigate through time at various speeds.
FINAL CONCLUSION AND OUTLOOK

Looking at various interactive atlases, the functionality and graphical appearance of the GUI is surely one of the most important factors of product’s success. The Atlas GUI Cookbook supports decision-making and provides (almost) universal guidelines for designing an atlas GUI. The approach of combining basic control elements and atlas functions in a matrix has proved to be feasible. Both the matrix and the cookbook are extendible in terms of integrating new functions or even of deducing new functions from the matrix.

The Atlas GUI Cookbook is only a first step to getting a comprehensive Digital Atlas Compendium. Additional cookbook chapters will cover usage, usability and interplay of functions, technical features, data and map handling, atlas framework and production.
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