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Introduction

The question concerning dynamic phenomena methods of presentation constitutes one of the most important cartographic problems. Nowadays, as new forms are being rising, map makers are not forced to present the time on 2D maps. Developments in hardware and software over the few recent decades have led to the dissemination of abilities to directly present phenomena changes. Animated maps appear to be the best way to show the dynamics. As opposed to static images, the variations are deduced from real movement or change in the display. (Koussoulakou, Kraak 1992). One of the most important advantages of the animation technique is the possibility to depict what happens between particular frames and to show a trend or a change, that ‘would not be evident if the maps were viewed individually’ (Peterson 1995, 1996). It has a positive influence on processes specificity and spatial relations understanding. (Kraak, Ormeling 1998). Properties mentioned above make cartographic animation a significant device to operate on spatial data. (Peterson 1996)

Cognitive issues of animated maps use

Along with the emergence of new 3D and 4D forms, the need for a theoretical framework has occurred. Despite the appearance of technologically advanced spatiotemporal data representations, the necessity of research on perception of animated maps' content remains relevant. It is much more expensive and time-consuming to produce an animation than create a traditional map. Therefore, the decision to employ an animated map is reasonable when justified by the nature of the data depicted. The basic question is whether the chosen method will help in more effective perception of the presented contents. (Koussoulakou, Kraak 1992) The animated map use should be preceded by correct understanding of its advantages and limits, as well as its impact on potential users. (Harrower 2003) Then, it is necessary to specify if and in what circumstances dynamic displays communicate the spatial information more accurately than their static equivalents. In order to determine that, cartographers ought to conduct  proper empirical research.
So far, no explicit opinion about the effectiveness of information transmission with the use of dynamic maps has been worked out. Already in 1967, a French cartographer J. Bertin doubted whether direct depiction of dynamics could be useful. ‘He stated that the motion would dominate the graphic variables he distinguished (…), thus disturbing the effectiveness of the cartographic message.’ (Köbben, Yaman 1995) In fact, the research on communicative aspects of spatio-temporal maps, condudted by Koussoulakou and Kraak (1992), did not confirm Bertin’s fears. The result of user tests indicate, that the correctness of contents perception, reflected by the answers correctness, is not influenced by a map type (static or animated), whereas the information is received more efficiently (response time) from animated displays. What is emphasized by authors, the result of the experiment is just a preliminary assessment of the animation vs. static map effectiveness
. However, it could make a valuable contribution to a future research.

Map use empirical research

As a systematic sub-discipline, cognitive cartography has emerged as a result of the efforts undertaken by cartographers on the one hand and psychologists on the other. Mapmakers have gradually come to a conclusion that they could develop their intuitions about the map contents perception with the use of scientific methods (particularly those derived from psychology). The increased development of the cognitive map use research has been taking place since the fifties.

The aim of cognitive issues undertaken in cartography is to provide an insight into the nature of map reading processes, and in consequence to improve cartographic products effectiveness. This trend includes cognitive theories and methods employment to understand the process of  maps creation and perception, as well as their usage to investigate cognitive issues
.


One of critical moments in the history of cognitive research in cartography was the publication of A.H. Robinson’s book ‘The Look of Maps: An Examination of Cartographic Design’ (1952). He stated that the communication is a function of a map and that it is dependent on a visual side. Then, to improve a map functionality cartographers should understand the effect of their design decisions on users minds. Robinson’s call was to conduct systematic user observations and measurements referred to map perception and interpretation. He treated the objective research as one of two possible options (beside the full standardization), aiming at map functionality increase. The author emphasized that the purely artistic approach to map design could lead to decreased effectiveness of communication. Robinson’s views have induced a movement from productivity issues toward functionality in the cartographic realm. (MacEachren 2004)

Robinson’s dissertation has first of all led to the application of psychophysical methods in the map design research
. The first paper
on the perception and interpretation of map symbols was Flannery’s publication ‘The Graduated Circle: A Description, Analysis, and Evaluation of a Quantitative Map Symbol’ (1956), based on user tests. His research constituted a starting point for the set of related psychophysical experiments (i.e. referred to the figure size or gray scale perception), carried out by: Castner (1983), Chang (1977), Crawford (1973), Ekman i in. (1961). Flannery (1971), Gilmartin (1980), Meihoefer (1973). (Montello 2002) The usefulness of psychophysical experiments results was questioned with regard to, among others, limits arised from the specific conditions of conducting. However, it is safe to say that the research carried out has a positive influence on maps production.
Apart from psychophysical studies, other types of map perception experiments were conducted. They concerned  speed and correctness of the particular goals execution, symbols perception, fonts and lettering, as well as color (e.g. Mackay 1958, Castner 1964, Bartz 1970, Shortridge 1979, Brewer 1992, Cuff 1973, Olson 1981). The significant trend of research were those related to an eye-movement taking place during a map reading process. (Montello 2002)
In his dissertation Robinson did not propose a particular communication model. However, his book has initiated the comprehension of cartography as a graphic communication. Concrete models started to appear in cartography at the end of the sixties. Christopher Board (1967) was the first who presented his conception as a complex diagram. Yet the most important model turned to be that of Koláčny (1969, after MacEachren 2004). He suggested to treat comprehensively the process of maps design and use. His scheme displaying phases of cartographic information communication served as a fundamental model. Then, the theory of cartography as a communication model was developed, among others, by Ratayski (who in 1970 has introduced the term of cartology), Robinson and Petchenik (1975), Morrison (1976). (Keates 1996)

Gradually, cartography started to be seen as a spatial information communication process (containing input data, transmission and information reception), which could be analyzed as a system. Both on a side of a cartographer and a map user, there is a risk of data filtering. Therefore, the increase of transmission effectiveness could be accomplished by the reduction of information losses at different points of the system. The paradigm of cartography as a communication science was criticized in many aspects
 and only a few cartographers has adopted it literally. (MacEachren 2004)

The important example of a non-cognitive map-design theory is a semiotic conception contained in J. Bertin’s publication Sémiologie Graphique (1967). Although the book neither presents empirical data nor is based on cognitive theories, it is more than once considered as a base of a cartographic language grammar. The application of Bertin’s conception has led to a kind of standardization of the cartographic visualization, which in large measure has facilitated map communication. (Montello 2002, Elzakker 2004 ?)

In the eighties the interest in the map use empirical research began to fall rapidly. It was the consequence of at least two factors: technological development (new methods of mapmaking become cartographers’ main goal at that time) and the increasing criticism of research carried out so far. B. Petchenik (1977) noticed that an analytical approach to the issue of map reading as well as conducted tests have not led to the creation of theoretical structures, that would support the map design process. (Elzakker 2004?)

When concerning the psychophysical studies, one of essential remarks was that the researchers omitted the role of an actively thinking mind and concentrated on simple tasks (related to isolated symbols). Beginning from the late seventies and continued in the eighties many authors encouraged to conduct experimental research on higher cognitive objectives.

The increase in the interest into an experimental research took place in the nineties. The cognitive issues again became a crucial component of cartography as a scientific discipline. The methodological progress resulted in a shift from simple psychophysical techniques toward studies of complex cognitive tasks. Surprisingly, the rebirth of the cognitive research in cartography was influenced also by the rise in computer hardware availability, the factor that facilitate the research procedure. Moreover, the increased popularity of new presentation forms (animations, Internet maps, tactile maps, virtual models) has resulted in the emergence of an interest in testing their effectiveness as tools of communication. (Montello 2002)

The latest phase of the map use research history is characterized by a new (comparing with the seventies) way of thinking about the problem of effectiveness. Many researchers (especially MacEachren) suggested also a new manner of a map functioning understanding. From that time the map is treated not only as a data transmission channel, but also a device of exploring phenomena properties and spatial processes characteristics. Currently, it is more and more common to make it possible to comprehensively receive information depicted and to actively explore the data 
. (Sluter 2001)


Despite the great popularity of cognitive issues in cartography over the last twenty years, not many tests have concerned the effectiveness of animated maps. One of the essential publications related to the subject of this paper is the work of Koussoulakou and Kraak (1992), mentioned above. Concentrating on communicative aspects of spatio-temporal maps, the authors have compared the effectiveness of ‘animated maps and the respective static ones depicting the same subjects’ (Koussoulakou, Kraak 1992). In order to simplify the research procedure and to achieve the possibility to control a test result, conditions of the experiment had then laboratory nature. The findings of the studies indicated that users perceived a spatio-temporal data faster from animated maps. (MacEachren et al. 1998, after Koussoulakou, Kraak 1992)

The results of current research on animated maps efficiency are variegated. On the basis of conducted tests Koussoulakou and Kraak (1992), Gershon (1992), Patton and Cammack (1996) have concluded that a cartographic animation is more effective. Whereas the studies carried out by Slocum et al. (1990), Slocum and Egbert (1993), Cutlera (1998), Johnson and Nelson (1998) have shown the existence of only a minor difference between static and dynamic images. However, the above experiments indicate the general advantage of animated data transmission over the communication with the use of static maps. (Slocum et al. 2001)

One possible cause of the diversification experiments results could be the lack of research procedures uniformity. It is still controversial which kind of map use during the test would assure an appropriate comparability. One of the most important and arguable issues concerning the research on relative advantages of animated and static maps is the interactivity employment. Tversky, Morrison, Bétrancourt (2002) claimed that the availability of control tools during an animation use could distort the results of an experiment. The authors stated as well that the higher effectiveness of animation (as compared with static images) could be rather the consequence of interactive options application than the nature of dynamic methods of presentation.

Interactivity tools

Interactivity constitutes one of the essential issues related to maps design and use. ‘In a technical sense interaction is a kind of a supervised variability (action), simultaneously more advanced than automatic – conversational display mode’ (Kowalski 2002) When the display parameters are being manipulated, ‘the visual display responds (changes) according to user input’. (Crampton 2002)

Control tools can be characterized by various levels of interactivity: from the basic functions of starting or stopping the presentation to advanced ones that interfere in the contents and the way of data display. Currently, animated maps are also provided with additional forms of information depiction, like diagrams and tables, which are available for the user thanks to manipulation tools.
The type of interface functions employed is to a high degree determined by the imagery purpose. To construct an animation for the higher cognitive aims, it is advisable to ensure an opportunity of unlimited interaction. Whereas, in case of displays designed for presentation, control tools could be restricted. 

A lot of authors (e.g. Slocum et al. 2001; Monmonier and Gluck 1994, after Kraak et al. 1997; Kraak and Ormeling 1998; Crampton 2002; Antle 2000) emphasize the advantages of interactivity employment. ‘The possibility (…) of interaction seems to be the requirement of an animation employment, otherwise it would be nothing more than a series of static maps of the same subject’ (Kraak, Ormeling 1998) The lack of any control tools can cause, that after the display a user has a lot of questions about the contents. Furthermore, ‘just a re-play is not sufficient’ (Kraak et al. 1997). Slocum et al. (2001) even stated, that the highest efficiency of dynamic displays is taking place when the user has the maximal control opportunity and he can explore the data in a differential manner.
Based on informal studies, Dorling (1992, after Edsall and Sidney 2004) has drawn a conclusion that an animation without interactive tools and additional visualization methods is incomplete. There is an increased possibility of missing important information by the user, because of, among others, too fast display rate. Similarly, Tversky et al. (2002) consider that control tools employment could be the key to overcome drawbacks of an animation as well as to strengthen its advantages. The existence of interactivity can soften the dynamic images perception difficulties, because the receiver is able to select contents depicted. Slocum et al. (2001) stated that during the use of traditional maps there is an opportunity to control the attention paid to a certain part or symbol of an image. Likewise, mapmakers should take into account the need for interaction during the manipulation of animated maps.
However, it is emphasized as well that the interface usefulness is dependent on factors like its graphical depiction and the user experience. The research of Harrower et al. (1999) indicated that the degree of visualization system complexity should be match the user knowledge and experience level. Otherwise, instead of helping, manipulation tools could cause a confusion.

It is then clear, that employment of interactive functions in cartographic dynamic displays is a complex issue and should be based on a discerning experimental research. Edsall and Sidney (2004) stated that in the case of  highly interactive animated images the impact of a control options selection on a contents reception has not been definitely examined. The authors emphasized as well that ‘interpretations of the represented phenomena and the consequent understanding are now a combined function of symbolization and the facility to interact with the representation’(Edsall, Sidney 2004) The form of an interaction may suggest the way of data interpretation. Whereas, Buziek (2000) stressed the importance of an individual information selection, which is attainable with the use of interactive animations.

The employment of control tools in a map use research

As stated above, no unequivocal position in the matter of interactivity employment in experiments related to animated maps effectiveness has been worked out. This thesis suggests that the decision to use control tools should result from the experiment’s goal and its basic assumptions. The research on the effectiveness of complex visualization systems should be constructed in a different way than those related to simpler forms, like cartographic animations. In the case of assessing the functionality of a complex system it seems essential to use interactivity of a high degree. However, investigating the effectiveness of the information transfer with animated maps, using control tools depends on various factors.

The most important of them are, due to the author, the subject and the general goal of a research. An experiment related to the assessment of specific elements of an animated map (testing the effectivity of various types of dynamic symbols or of  specific presentation methods)  will be built differently than the one directed at the comparison of the information transfer effectivity in animated and static maps.

Defining the level of interactivity in the research procedure one must take into account the kind of medium and the method of variability presentation used in a static map. Using an electronic version of a static map in an experiment enables the researcher to make interaction tools available (e.g. with the contents range). Then also the corresponding animation should include the same control options.

It also seems important  (defining the level of an animated map interactivity) to take into account such issues, as, e.g. content complexity, presentation duration time, animation pace or a user experience.

The subject of the thesis is using control tools in the experiments concerning animated vs. static maps’ effectiveness. As an example of a traditional study paper maps placed in one sheet have been used.

In the beginning, the author excluded the solution assuming the omission of interactivity in animation construction. This option is unnatural and unjustified. As using a static map is inseparably connected with some interaction, the author emphasizes the necessity to use manipulation tools also in a static map. Moreover, due to numerous authors (e.g. Dorling 1992, after Edsall, Sidney 2004; Tversky et al. 2002; Slocum et al. 2001), the receptions of animated information should include control tools usage. Otherwise some information will be lost. However, an arguable issue is the kind of tools as well as the degree of interactivity.

In the case of en experiment aiming at comparing whether certain issues are more efficiently depicted with the use of traditional or animated maps, it is advisable to select manipulation tools carefully. The research is conducted to show which presentation form enables to receive the information more effectively: indirect (static) or direct (dynamic) one. Since the essence of that kind of experiments is to assess one type of cartographic image compared with the other, one should attempt to ensure maximal comparability of both forms use conditions. An animated map ought to be equipped with control options corresponding with the circumstances of a traditional map manipulation. The author of this paper believe that the question of comparability is one of fundamental rules of a properly designed experiment.
In order to define the level of an interactivity of an examined animated map one should analyse the possibilities to manipulate the series of paper maps. Specific for the process of operating with a traditional paper image is the lack of an opportunity to interfere in depicted contents, as well as in a method of presentation. However, simple control options are available:

1) to move a map closer or away (without a change of a generalization degree and a sheet range)

2) to study separate phases individually (to handle particular maps from the series)

3) to analyse individual phases in any sequence.

Then, it is advisable to provide the tested animation respectively with the possibility to zoom in and zoom out and to manipulate the temporal aspect in a limited extent (to stop, pause, play, rewind, view separate frames). The employment of an animated map without any or even some of the above control options would be the violation of the principle of usage conditions comparability (between two tested types of cartographic images). The addition of highly interactive tools (e.g. temporal brushing) would have a similar effect. Then, it is difficult to assess explicitly whether the result of an experiment is caused by a given method of dynamics depiction or by the nature of adopted interactivity options. The application of advanced control tools in an animation is possible if the static equivalent would offer them as well or if the research would not have the character of a comparison.

Conclusions
The review of conducted map use research indicates the insufficiency of studies on effectiveness of animated maps and almost complete lack of  experiments comparing animations and static maps. Additionally, tests carried out so far reveal the diversity of research procedures, that causes results variety. The question of an existence of interactive tools in an experimental procedure constitutes one of essential and still controversial problems. The author of this paper intended to demonstrate that during the process of tested maps design one should consider the principle of usage conditions comparability. Then, control options employed in an animation ought to match those of a static map.
The conclusions of this paper could be used in the research designing process. They can also induce one to consider other elements of experimental procedure.
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� The research was carried out on a limited number of map types and selected kinds of questions were directed to a certain group of users. Therefore, the findings of the experiment are not comprehensive and exhaustive. Furthermore, they are not the basis to draw general conclusions about animated maps.


� Cognitive issues means ‘related to the reception, storage, processing and creation of a new information’ (Uwaga i pamięć 1991)


� Psychophysics – the realm studying relations between physical features of stimuli and properties of corresponding sensory impressions (www.pwn.pl)


� First research of that kind was conducted by Robert Williams (speech made in 1952), however his paper was published only in 1956.


� The criticism emphasized that the paradigm omitted many types of map use, that it concentrated too much on a map, not on a map content, suggested that a map and a mapmaker always want to transmit a definite message and ignored the importance of an artistic element.


� When, for example, a user can choose a method of symbolization.
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