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Abstract. Thematic maps are used in many sciences for the visualization of different spatially distributed phenomena related to a specific area of interest. They are used to illustrate a particular theme, to emphasize a specific topic in an area or to portray spatial variations and interrelationships of geographical distributions. As a consequence, the number of people, experts or laypersons, who design thematic maps, is getting larger. This increases the necessity for correct thematic maps, something which is not always the case, especially for users who do not have a professional cartographic background. In order to create a proper thematic map, a user should follow a specific procedure, which although it may be simple, it can also be challenging if somebody has to follow the widely accepted cartographic rules in the production of the maps. 
In this project, in order to standardize this procedure, it is important to record the cartographic principles necessary to be taken into account and to analyze the different types of data and the possible methods which can be used for the theme’s visualization on the thematic map. Based on this analysis, an application is developed to direct a user through a guided procedure in form of Wizards to create thematic maps following the cartographic rules, without worrying about the complexity of the whole procedure.
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Introduction
Thematic maps are used in many sciences to illustrate a particular theme, to emphasize a specific topic in an area or to portray spatial variations and correlations of geographical distributions. They can depict physical, social, political, cultural, economic, sociological, agricultural, or any other phenomena of a city, a state, a region, a nation or a continent. The big range of scientific areas in which researchers create thematic maps for the visualization of a particular phenomenon shows that the number of people designing thematic maps is getting constantly larger, increasing also the necessity the final thematic map to visualize its theme on a proper way.
The basic elements required to design a thematic map are: 
a. the statistical data, used for the analysis and illustration of the selected phenomenon in an area and 
b. a basemap, used as the reference base of the location where the specific phenomenon is occurring.
In order to create a thematic map, there are several important things to be considered which are connected and influence each other. It is important first to define the theme which will be illustrated and then to analyze the statistical data used for this illustration. The representation type (point, line, polygon) used for the visualization of the theme is dependent on the data type and the selected visualization method should be suitable for this specific statistical data. The complexity of this procedure shows that there are important things to be taken into account during the designing of a thematic map. There are cartographic principles and basic rules, which are necessary to be followed through sometimes are not considered by the map designer. This has the consequence for thematic maps to visualize a phenomenon in a misleading way, or to visualize it in a way that it makes the map not easily readable by users. 
For this reason, the main goal of this project is to describe the procedure followed for the composition of thematic maps at first and then to design and implement an application based on this procedure. The novel thing in such application is that it will direct the user to follow every step of the procedure guided by a Wizard which will be designed based on cartographic rules and principles. Following this procedure, the user will create proper thematic maps only by defining at the beginning the special characteristics of the statistical data he will use. The Wizard then, will invite him to load the necessary data and according to its definition, it will enable for him the most suitable visualization methods for his data. In this way, the user will compile his map deciding about its appearance but being restricted at the same time, from making big mistakes during the designing procedure.
Procedure for the construction of thematic maps
Workflow
The first thing to be done in order to define every step of the procedure followed for the creation of thematic maps is to research, collect and record all the necessary cartographic rules and principles, which should be taken into consideration by a user when he designs a thematic map. For this research, several references on thematic cartography and geographic visualization were used (Dent 1996, Hurni 2013, Hutzler & Spiess 1993, Imhof 1973, Schnabel 2007, Slocum et al 2005, Spiess 1970, 1986 and 2006). The next important thing is to create an analytical workflow where all these principles will be integrated in every step of the procedure. 
This workflow (Fig. 1) has three main branches, which influence one another during the different steps of the procedure, although at the beginning they are treated separately. These branches are: 
the statistical data, selected, evaluated and analyzed according to map’s theme, 
the geometry, which will be used to visualize the selected theme to the map and 
the basemap features, used as the reference base of the location where the specific phenomenon is occurring. 
Statistical data is usually numerical data coming from different sources. It can be open data and it represents in numbers the development of a phenomenon in different areas. According to the theme of the map which is the first to be defined, the user has to find out the appropriate statistical data which represents map’s theme and to evaluate its precision and quality before he uses it for his thematic map. Then, he has to select the way the theme will be visualized on the map defining if the representation feature will be point, line or polygon. This step is very important since it influences then the selection of the geometry feature and also the selection of the visualization method to be used for theme’s representation on the map.
The type of the geometry is defined based on the representation feature but its selection and the evaluation for its precision are influenced by the scale and the size of the map defined also at the beginning. The selected geometry should be accompanied by an attribute table, in which every feature (record) will have a specific and unique id. The same id should exist in the record of the corresponding data in the statistical table, in order the two tables to be joined and statistical data to be connected with the attribute data of the geometry feature. 
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Figure 1. Procedure followed in order to create thematic maps based on cartographic rules. In green are shown the main key steps of the procedure, in yellow the steps which needed further analysis and in cyan the step of the scale definition which plays important role to the final size of the map.

Having joined statistical table to geometry’s attribute table, the next step is to find out the visualization method which is most suitable to be applied to the selected statistical data. This is the most challenging procedure for a user, since there are many visualization methods for the different types of data and the differences between them are sometimes very small. For this reason, in order to distinguish between the different characteristics of each method, it is necessary to analyze them further and create categories according to the data each method requires. In this way, it will be easier to find out the most suitable visualization method for the selected data.
In some cases, it is not enough to apply the selected visualization method on the statistical data, in order to get finally a proper thematic map. It is important to have additional basemap features which will be used to depict the area where the selected phenomenon is occurring. An example describing this case is when the selected representation feature is point and the geometry used for theme’s visualization consists also of points, e.g. countries’ centroids. In both cases we use points thus, the result will be symbols visualizing the theme on an empty background, since there will be no information about the area where the phenomenon is happening. For this reason, it is necessary to have additional features (in this case the boundaries of the countries) which will be the reference base of the specific area. The additional basemap features used in the map should also be checked for their quality and precision, in order the geometry not to be more generalized or detailed than the scale requires.
With the addition of the basemap features on the map, its content is finalized. The next step is the definition of the style of all the features depicted on the map, having in mind that the theme of the map should be clearly presented on it and the basemap features will have fading colors in order not to attract the attention from map’s theme. 
The final step of thematic map synthesis is the inclusion of the legend and of other map elements necessary to exist on a map such as the scale, the title or additional explanatory information in order to complete the map.
 
Visualization methods analysis
Important part of the procedure described above is the selection of the most appropriate method to visualize the theme of the map. This is a complicated procedure, dependent on the type of the statistical data and on the way it will be visualized on the selected geometry. The different types of data and its values are defined and the various visualization methods used for constructing thematic maps are separated according to the data types and to the representation feature. Moreover, each visualization method can have different types following the same rules. These types are also analytically described according to the special characteristics of the required values, trying in this way, to cover most of the different ways to visualize phenomena on thematic maps.
In order to put all this in order, a diagram was designed (Fig. 2), in which the visualization methods are categorized based on:
a. the number of attributes visualized on thematic map (one or several)
b. the data type (absolute or relative values)
c. the representation feature (point, line or polygon) and
d. the classification of values necessary to exist or not in each visualization method. 
[image: D:\conferences_papers\2015_ICC2015\images\methods.png]Additionally on this diagram, we have included the methods which can show negative values and those which can clearly depict zero values.
 Figure 2. Categorization of the visualization methods according to the different kinds of statistical data and the values included on it. The different colors show the different types of warning messages we can have and the possible alternative methods we can use in each case.

Having in mind the standardization of the whole procedure, it is important also to see which of the methods do not give good results in the representation of the data values. For these methods, the procedure will be directed to more suitable methods, informing the users about the reason for this change. In this way, we do not exclude any method but the user is directed to select a more suitable method for his thematic map. The methods which do not give good results for specific data are also marked on this diagram (Fig. 2) with different colors according to the different warning messages we can get, while arrows suggest users to select other more appropriate methods.
Special case of the visualization methods which needs even further analysis is the charts. For the charts, there is an additional categorization (Fig. 3) which distinguishes them according to different parameters such as their design and the way they depict the values in groups (1 or more groups in comparison); the arrangement principle of the chart on the geometry (polar, linear, perpendicular or triangular) and the way their size is changed proportionally to the values (area, length, volume). It is also important to know which charts can include and show negative values and which of them are suitable in showing clearly the existence of zero values.

[image: D:\conferences_papers\2015_ICC2015\images\8_Diagrams_final selections_NEU_divided_1a.jpg]Figure 3. Categorization of charts according to their design and distribution in groups, their arrangement principle (polar, linear, perpendicular and triangular) and the way they change proportionally to their values (area, length). 

Designing and implementing an application based on the cartographic procedure followed for thematic maps
Decision schema
As a result of this analysis, a decision scheme is designed describing analytically the different steps of the whole procedure and showing the different choices which can be made by a user, to visualize the selected theme on his map. The novel part of this scheme is that if the input data or a selection made in a previous step does not fulfil the specific criteria set at the beginning of the procedure, new, more suitable options are provided through the scheme, together with information messages, to help the user to decide what to choose. 
Moreover, if a user insists on creating a map departing from the cartographic rules, he can still do it following this scheme, but warning messages and hints will appear during the procedure, to inform him that the selected visualization method is not the proper one. In this way, the user will be directed to create a thematic map in a simple way being sure that he has followed the cartographic rules.

Designing an application based on the decision schema
Based on the decision scheme, the next step is to design a Wizard and to integrate this procedure to it. This Wizard will be part of an application and it will direct the users to create proper thematic maps. The Wizard is designed in a simple, clear and comprehensible way, giving the opportunity to the user to create his own map deciding about its appearance while he will be advised and directed by it to select the most suitable visualization method according to his data for his thematic map. The most important and challenging thing in this case, is to simplify the whole procedure and to design the Wizard with a minimum of steps in a user friendly way, in order to be easy even for users who are not experts in constructing thematic maps, to do it without difficulty.
The design and the implementation of this new application, named OCAD Thematic Mapper are part of a joint project by OCAD Inc., a company dealing with software development for map production, and the Institute of Cartography and Geoinformation at ETH Zurich. The project is co-financed by The Commission for Technology and Innovation CTI and OCAD Inc. The new application will be included in OCAD cartographic software, developed mainly for production of topographic maps, offering now the opportunity to its clients and to new users as well, to create also thematic maps through it. 
In the Wizard, the whole cartographic procedure for designing thematic maps is divided in 6 steps. All the different choices, which are provided to the user in these steps, are analyzed properly and described to every small detail in order to conclude to the functionalities which should be implemented and integrated to the software for this application. Organizing the procedure in this way will help the user to create a thematic map in a simple and user-friendly way, without having to worry about the complexity of the procedure and the correctness of his choices during the construction of the map.
 
Analysis of the application
The Wizard consists of 6 main steps connected to each other in the way Figure 4 shows. Its main goal, as mentioned before, is to direct the user to create correct and reliable thematic maps following the cartographic rules, providing him additional explanatory information and warning him if an action departs from cartographic rules, without preventing him though from doing it, if it is really necessary.
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Figure 4. The structure of the six main steps of the Wizard.

The first step of the Wizard (Fig. 5a) deals with the statistical data and its analysis. The user is instructed to upload the statistical data, he selects the attribute(s) to be used for the visualization of the map’s theme and he has to define what kind of values is included in these attributes. With the description of data values made in this step, the Wizard will direct the user to select the most suitable visualization method and finally create the thematic map.
In the second step (Fig. 5b), the user is directed to select the proper geometry for theme’s visualization defining also the projection system of the map and the map size. The geometry loaded by the user is necessary to have an attribute table where all geometry features will have a unique code. This table is needed in order to be joined in the next step with the statistical table which includes the data to be used for theme’s visualization. If the geometry does not include an attribute table, then the software will automatically generate it, in order the procedure to continue.
In the third step (Fig. 5c), the geometry’s attribute table and the statistical table will be joined based on a common field. This field contains a code for each feature which is the same with the code of the statistical data connected to it. In case there is no such field in both tables, it can be created within the Wizard, since the two tables can be edited in order to create this common field with common values.
The fourth step of the Wizard (Fig. 5d) is the most important in the whole procedure, since it includes different visualization methods using different types of values. The Wizard will direct the user to select the most suitable visualization method among others (one or more) according the description of the data he made in the first step of the Wizard. In case there is more than one method, it helps him through hints to select the proper type and to define its symbolization (Fig. 6). In this way, the user is directed to make the proper selections in order to create a correct thematic map. If he makes a selection which is not the proper one according to the data he has, the Wizard will show to him a warning message informing him about the mistake but letting him make the final decision. The Wizard includes 23 different visualization methods (Fig. 2), each of which may include more than one type with the case of charts where 17 different types are involved (Fig. 3, methods marked in yellow). 
In the fifth step of the Wizard (Fig. 5e), the user has the opportunity to add basemap features to complete the appearance of the map and to define manually the priority of all the layers on it. This is necessary to be done in order all the features and mainly the theme of map to be clearly visible and not covered by other layers.
The sixth and last step of the Wizard (Fig. 5f) defines the peripheral map elements necessary to be placed on a map such as the legend, the scale, the north arrow or other explanatory texts. At the end of the last step, the user gets on the screen the thematic map he has designed, being sure that it follows the widely accepted cartographic rules.
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Figure 5. The six main steps of the Wizard prototype: a) analysis of statistical data, b) loading the geometry, c) joining statistical data with geometry, d) visualizing data to show map’s theme, e) visualizing basemap features and f) inserting additional map elements to complete the thematic map. 
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Figure 6. Designing a thematic map using charts. Left: the visualization method window in Step 4 of Wizard prototype version, in which the user is directed according to the selections he made in the first step. In this window, the user sets additional criteria in order to get the appropriate chart. Right: the properties defined for a pie chart in the same step.

Usability study on Wizard’s suitability
In order to see if the Wizard is working properly guiding the user to create a thematic map, we tested the prototype version of the Wizard with students who have now started creating thematic maps and with experts who are working for years on this field. The feedback of these people was very useful for the final designing of the Wizard, because it showed us the weaknesses of the prototype and gave us the opportunity to change or clarify specific details on the parts which created problems to the users.
This helped a lot to the implementation of the Wizard within the OCAD software. The new version of the Wizard is now simpler and more understandable to users, including also a welcome page to explain to users the Wizard’s structure assigned to the six main steps.
Result - Conclusion
Analyzing in detail and organizing the cartographic procedure for the production of thematic maps is a challenging process, because there are different cartographic rules and principles necessary to be taken into consideration in order the final thematic map to be correct and reliable. The most essential part in the whole procedure was to categorize the almost 40 different visualization methods according to their special characteristics. Based on this categorization, the Wizard has the opportunity to automatic detect the visualization method which is most suitable for the selected data values in each case.
Moreover, through this Wizard, the user can create a proper thematic map without having to worry about the complexity of the procedure and the accuracy of his choices during the construction of the map, since appropriate warning messages inform him in case his actions depart from the cartographic procedure. This is also the most important benefit of this software in comparison to other existing software developed to create thematic maps.
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