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	Introduction





An important task for cartographers is to carry out map use research. Results of this kind of research may be used to be better able to serve the needs of the map users. Indeed, because of the current role of the map users themselves in the process of map generation, it may be argued that one of the consequences of the technological revolution was that map use now is there where it belongs: at the centre of modern scientific cartography.





This is clearly reflected by the current attention given to so-called cartographic visualisation in the wider context of developments in scientific visualisation. DiBiase (1990) was among the first who questioned the emphasis on the traditional roles of maps as mere static storage devices for spatial data and tools for the communication of these data to groups of users with, at best, similar needs and characteristics. More recently, MacEachren (1994, pp. 5-7) presented the concept of a map use cube and defined visualisation as "map use in the private, revealing unknowns, and high interaction corner of the cube". Kraak & Ormeling (1996, p.1) gave a wider interpretation to the term visualisation. They state that in a GIS-environment visualisation can be used to explore unknown and often raw data, to analyse or to manipulate known data and to present or to communicate knowledge of spatial information. The most recent stage in this evolution of thinking about map use and cartographic visualisation is the recognition by MacEachren & Kraak (1997) of four map use goals: explore, analyse, synthesise and present. Each goal may require different visualisation approaches or strategies.





The particular kind of map use, which is called visualisation by MacEachren (1994), visual thinking by DiBiase (1990), exploration by Kraak & Ormeling (1996) and exploratory cartographic visualisation by MacEachren & Kraak (1997), will be the object of a Ph.D. research project which will be proposed through this paper. 





The project is proposed because there is not much evidence of earlier scientific research into this new way of interactive, private and exploratory map use in a computerised GIS-environment (McGuinness, 1994, pp. 196-197). And, because of this lack of research (also see Davies & Medyckyj-Scott, 1996, p. 383), it is questionable whether the software which is currently available for exploratory cartographic visualisation is optimally adjusted to the needs of its users.








	Problem definition





The research project will focus on the use of maps in the exploration of unknown and often raw geographical data, held in the database of a GIS, to gain understanding and insight into these data. The map users are geo-scientists who are generating the cartographic visualisations themselves, with the help of commercially available software, in order to be able to discover regional and temporal patterns, trends, correlations or particular anomalies in the geographical data. In short, the focus will be on the use of maps as tools in the first stages of spatial research.





In doing that, the investigations will be limited to the use of virtual thematic maps, which have not been produced elsewhere and have not been put in the GIS as maps, but are generated by the users themselves at will from attribute data in a geographical database. As far as the users and their hard- and software are concerned, the research will also be limited to geo-scientists (working in government (research) institutes, university departments or physical planning offices) who already make use of ArcView for generating maps from data held in a GIS in order to explore them in a PC- and Windows-environment. ArcView will be used by test persons for the geographic exploration of socio-economic, statistical and physical geographical data. The exploration of raw remote sensing data will not be part of this particular project.





The aim of this research is not just to formulate recommendations for the improvement of ArcView as well as to suggest ways in which users generating their own map displays can make a better and more profitable use of this package. Based on the determination and analysis of the needs of spatial researchers, including the required basic cartographic functionalities, I hope to be able to draw more fundamental and general conclusions, so as to provide a link between designers and builders of any cartographic visualisation tool and their (non-cartographic) users. 





I want to go back to the very roots of map use: I would like to find out in detail why, when and how (all in a cognitive sense) geo-scientists decide to generate a thematic map in the process of exploring geographical data, how they actually do that and what the map displays look like in general and, finally, whether the maps meet their expectations. As said, there has not yet been much research in this particular field of map use, not even on the use of traditional paper maps as research tools in geographical data exploration. Therefore, the nature of this research project is rather experimental and, in essence, exploratory too; it should lead to an inventory of the factors involved and to the formulation of hypotheses which may require further research.





Of course, several problems will be encountered in the execution of the research. An obvious problem in every map use research project is the fact that not all map users are the same: they differ in background, knowledge and expertise in geographical data exploration and in cartography, but also in physical and psychological, visual and spatial abilities. Another problem is that to some extent there will be 'supply-driven' elements in the use of cartographic visualisation tools. And a third problem is that it is not yet clear what will be the effects of a correct or incorrect application of the rules of cartographic symbol design in the temporal maps which are generated for the exploration of geographical data (Kraak & Ormeling, 1996, p. 2). These and other problems will be discussed at more length in the full paper, as well as the various components of the research project. 








	Research methods and components





The research project will consist of the following successive components:





1.	Literature study.





2.	Familiarisation with the visualisation software package ArcView 3.0. Investigation of the motivations, which have played a role in the design of this package (by means of literature research and (possibly) interviews with the designers).





3	Definition of the required (quality of) functionalities of cartographic visualisation tools for the exploration of geographical data, on the basis of interviews with geo-scientists, the analysis of geographical research reports and the study of (methodological) geography text books. The sources will be used to gain a better insight into the various steps taken in geographical data exploration strategies.  





4	Development of some provisional realistic task scenarios to be addressed with ArcView. Preferably these task scenarios are based on existing problems for which data had already been collected and stored in a digital database. The task scenarios need to be broad-ranging, so that respondents are invited to call on all the visualisation functionalities (as defined in the previous phase) in the successive steps they take in fulfilling the tasks set. 





5.	Familiarisation with survey methodologies, based on the use of "thinking aloud protocols". For the purpose of this research project, this survey method appears to be most appropriate. In cartography, the method has not yet been used a lot, but in other scientific disciplines it has been a success (e.g. in linguistics). An evaluation of the suitability of this survey method in cartography could be considered as a secondary objective of this research project.


Carefully selected respondents will be asked to execute a realistic geographical data exploration task with the visualisation software package. Their successive actions will be recorded in three ways: on video, computer keyboard touches and mouse actions with special software and sound recording. The latter will record how the respondents will speak out their thoughts, as they will be asked to do so. It is hoped that, by doing this, they will explain and justify their actions. A second explanation and justification may be provided by asking the respondents to watch the video recorded during the execution of their task and to comment (again) on what they did and why. The video, recorded computer keyboard touches and mouse actions and the verbal protocols will be carefully analysed to possibly discover indications of rules in the use of cartographic visualisation systems. The analyses should in any case lead to the formulation of more detailed and concrete hypotheses, which could be investigated further in this or follow-up research projects.





6.	Set-up of an experimental GIS-environment, based on a stand-alone PC with ArcView 	installed and the data to be explored stored on harddisk. 





7.	First try out of the research methodology and the task scenarios developed. On the basis of a limited number of sessions the research methodology and the task scenarios may still be adjusted and some more concrete hypotheses may be formulated. 





8.	Execution of the tests with as many respondents as possible. Careful selection of the respondents will be an important element of the research. The final task scenarios will also be used to that end. That is, only those respondents will be selected who will indicate that they are familiar with the tasks to be executed. In addition, before the execution of the test it will be necessary to identify -by means of a structured interview- the main characteristics of the respondents, in terms of background, education, previous knowledge, experience (with similar tasks, the software and working with maps), cartographic know-how, etc. 





9.	Reporting on the test results. Formulation of recommendations for the improvement of cartographic visualisation software as well as formulation of hypotheses which require further research.








	Results





Interim reports will be prepared in relation with the research components mentioned in the previous section. Some of these reports will only serve internal purposes, others may be presented as papers at scientific conferences or will lead to scientific publications in various journals.





The paper which will be presented at GISRUK’98 will focus on the geographical questions geo-scientists may ask when exploring geographical data as well as on the required functionalities of cartographic visualisation tools. However, the paper’s main objective is to announce the research idea and to elicit reactions and discussions.





Ultimately, a Ph.D. thesis will be prepared, containing the results and a justification of the various research components. An attempt will be made to provide a description of the needs and characteristics of the users of cartographic visualisation tools in general and temporal thematic maps in particular. Partly, this may be in the form of a systematic overview of the successive stages in the process of geographical data exploration. This will lead to recommendations for the design, structuring, organisation and use of thematic cartographic visualisation tools. Obviously, at the same time the means are provided by which existing cartographic visualisation software can be evaluated with respect to specific conditions of thematic map purposes and uses.
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