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1. Introduction

When using cartographic animations we often concentrate on their effectiveness (T.A. Slocum et al. 2001, 2005). Since the concept “effectiveness” is ambiguous, it is a complex problem to formulate the answer. Its consideration on the basis of one of the research orientations of a theoretical cartography and experimental research applying may constitute a solution. 

In the article presented hereby I describe the results of my research in which initially I was considering cartographic animations effectiveness on the basis of cartographic communication theory and the experimental investigation that I carried out was a next step. Because of a large diversity of cartographic animations, my research animations were limited to temporal animated maps. Using this concept I mean sequences of logically connected static maps displayed with appropriate frequency that make the impression of moving picture and present features changeability over time. On the basis of those features it is possible to conclude about phenomena from them.

2. The theory of cartographic communication and effectiveness of temporal animated maps

An animated map is effective only when it meets the intended purpose. Taking into consideration the theory of cartographic communication (A.H. Robinson, B. Bartz Petchenik, 1975), the extent of meeting this purpose might be defined as the cartographic communication efficiency (W. Ostrowski, 1974). 

Transmission of information with the aid of animated maps is a complex of activities that includes maps authors actions and the receivers ones (fig. 1). In the first stage a cartographer decides which features should be presented on a map and in the second one he applies cartographic presentation methods that are adequate to presented content. The third and the fourth stages are connected with user’s action who initially perceives the communiqué and then interprets it.
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Fig. 1 The cartographic communication stages (according to L. Ratajski, 1978, modified)

Animated maps, which are an information carrier, might be used by everybody who wants to make use of them (L. Ratajski 1977). For that reason, making an attempt to formulate an unambiguous answer the general question that concerns temporal animated maps efficiency should be regarded as risky one. Analysis of efficiency from different points of view is more purposeful, taking into consideration the semantic and pragmatic aspect of cartographic communication efficiency (fig. 1).

In the semantic aspect of cartographic communication efficiency is high when the reality features are presented in an appropriate form on the map. The presentation of spatial diversity of features on the map as well as graphical presentation of temporal changeability of features is important in case of temporal animated maps. One of temporal animated maps features is a possibility of the sequences of time periods presentation on frames of communication with the aid of animation. This is why cartographic communication with the aid of animated maps should be deemed specially efficient when a cartographer tends to present the phenomenon genesis and history. If his purpose is only a presentation and comparison of time periods the animated map preparation is considered to be groundless.

Not only does the cartographer’s activity affect temporal animated maps activity, but also the efficiency of map receiver activity who initially watches the animation and then interprets it. This topic is considered in the pragmatic aspect of communication (see fig. 1).

In the third stage – the stage of perception, the receiver makes map content identification. Initially, during watching the animated map he is illusioned by moving picture. He uses an iconic memory for that purpose. The images of animation frames are stored in this part of human memory. What is important, images analysis in the iconic memory begins with their simplification and concentration on the most important elements (J. Młodkowski, 1998). In other words, during perception of moving pictures of animated maps, the image is simplified in the user’s mind (M. Peterson, 1995).

It is possible to say that the least simplification takes place during watching the moving picture of those animated maps that are the most “legible”. The legibility is the opposite of complexity here. Taking into consideration the perception and understanding of cartographic transmission as a complexity of animated map, we can define the sum of those maps characteristics which affect on their user’s mind during their perception. In case of animated maps those characteristics of the objects presented on the map are of major relevance which affect its graphic structure. The diversity of graphic structure of the map needs to be considered not only from separate frames’ side, but also from a side of sequences of frames, with taking a changeability of graphic structure into consideration. Thus, visual complexity defined by W. Żyszkowska (1993) does not comprise all factors, which affect the animated maps complexity as moving pictures. During animated maps analysis it is necessary to mention this complexity that refers to the diversity of map’s graphics structure changes.  Complexity of that kind could be called a complexity of changeability. 

The loss of information ought to be a crucial element of consideration within the framework of the third stage of information transmitting. This one affect the most the usefulness of animated maps use. The animated maps are effective only when the loss of information during their perception is relatively insignificant. Not significant loss of information exists when a map possesses a relatively low complexity. If a map is legible (low complexity degree) its receiver is able to notice the whole content during perception and the simplification connected with moving picture perception is relatively small.  Furthermore, if the map has a low level (degree) of complexity, one can assume that the user will manage to identify the whole content of the map.

3. The experimental research: an influence of temporal animated maps complexity on their perception

Among the factors that exert an influence on temporal animated maps effectiveness the map complexity is one of the most important ones. In order to verify this assumption I decided to carry out a research experiment.

In the experiment itself at the beginning I had projected the respondents the maps that differed from one another as far as the level of complexity was concerned. Then I checked what the loss of information was like during perception of animated maps with different complexity levels.

 In the methodical basis of the experimental research one of initial stages was experimental variables calculation. The factor that I decided to modify in the experiment was the map complexity. In that way the map complexity was independent variable. As a variable, which was being measured in the experiment, I assumed the map perception. The perception became a dependent variable.

 I prepared three maps with different complexity levels specially for the experiment. I worked out the maps with the aid of Macromedia Flash MX Software. Moving of polluted clouds over a fictions “Mivica Region” was presented on them.

  “Modifying” of map complexity consisted in adding one moving cloud to each next map content. On the map A one cloud was moving (a), on the map B two clouds (a, b) and on the map C three ones (a, b, c) (fig. 2).
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Fig. 2 Hypothetical frames of three animated maps worked out for an experiment beginning from the left: the map A with one cloud, map B with two ones and C with three ones

During the experiment preparations I encountered the largest difficulties with design of the perception measurement method. Finally I designed the following method:

The experiment participants after having watched the projection of animated map that lasted 48 seconds had to do two tasks. In the first one they were drawing the route of the clouds which they had seen on the displayed animated map. In the next stage their drawings were compared with the correct route. The more similar to that route a respondent answer was, the more beneficial indexes value characterized examined person’s drawing. I designed two indexes here: number 1 and number 2. Index no. 1 called “maximum distance index” described a distance between the route drawn by a respondent and the correct one (fig. 3). Index no. 2 called “distance zones index” described what part of a respondent’s route is located in zones which are closer to the correct route (fig. 4). I expected that index value would be increasing along with the difference between respondents route and the correct one. That was supposed to be dependent on the number of clouds visible on the projected animated map.

[image: image3.jpg]1* complexity level
respondent number 4
value of index 21,1 mm





Fig. 3 The way of index no. 1 (maximum distance) calculation – the image has been decreased
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Fig. 4 The way of index no. 2 (distance zones) calculation – the image has been decreased

In the second task the respondents had to describe changes of moving clouds speed. They had to mark if a cloud had accelerated, slowed down or if it had been moving with a constant speed in sections indicated on clouds routes (fig. 5). Moreover, if the cloud stopped in one of the route pints they had to mark it by making a bordering. I assumed that the better the respondent perception would be, the fewer mistakes would be made during description of dynamism. The index of “dynamics description” (index no. 3) – a quotient of correct marks and all marks was the measure of the error. Thus the higher index value was, the better perception (that means the lower number of mistakes made by a respondent) took place.
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Fig. 5 The way of index no. 3 (dynamics description) – the image has been decreased
In experimental investigation I formulated two hypotheses. The first one concerned the first sentence and the second – the second one:

· Hypothesis no. 1: The higher number of clouds presented on an animated map is (the higher its complexity is), the more the routes of the clouds made by the respondents are different from correct routes,

· Hypothesis no. 2: The higher number of clouds presented on an animated map is (the higher its complexity is), the more mistakes during the description of speed changes of their moving are made by receivers.

I based my experiment on a plan of random groups with three levels of the independent variable (J.J. Shaughnessy et al., 2000). In the research 113 first – year students of the Faculty of Geography of the University of Warsaw were taking part. They were carried out in three rounds, the respondents were examined in two – person groups, in a room specially prepared for that purpose.

After having carried out the experiment I started to analyze the collected data. With the aid of statistical tests I was checking if the factor’s level exerted a crucial influence on the value of index that defines the “perception quality” (G. Wieczorkowska et al., 2005). 

In case of task no. 1 I analyzed the values of indexes no. 1 and no. 2, which I calculated on the basis of the drawings made by the respondents (fig. 6).
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Fig. 6 A combination of routes drawn by the respondents in the first task

Index no. 1: I applied the Shapiro-Wilk’s test in order to check whether the random samples came from the population that had a normal distribution. Since the result turned out to be positive I made use of one-factor variance analysis for the hypothesis checking, however, I had applied Levene’s test earlier in order to verify variance homogeneity (a positive result). The next step was test F calculations. Its results are visible in a summary table of variance analysis (table no. 1).

Tab. no. 1. Test F results for index no. 1 (the maximum distance)
	Source of variation
	degrees of freedom
	sum of squares
	MS
	F
	p

	Between groups (animated map complexity)
	2
	109,06
	54,53
	1,692
	0,189

	Within groups (error)
	99
	3190,27
	32,22
	
	


Since a statistical probability p of the obtained statistic value F (higher than the value received by me: F=1,692) had been higher than the significance level (=0,05 I could not reject the null hypothesis. I could expect that the independent variable (complexity) influence on the dependent variable (perception) was not statistically significant (for the complexity defined in that way).

Index no. 2: The Shapiro-Wilk’s test calculated at the beginning was negative. This is why I took advantage of non-parametric Kruskal-Wallis test with data replaced by their ranks to compare random samples (table no. 2). 

Tab. no. 2. The Kruskal-Wallis test results for index no. 2 (the distance zones)
	Kruskal-Wallis test: H (2, N=112)=6,331 p=0,0422

	factor level
	number of a random sample
	sum of ranks

	I
	40
	1849,0

	II
	34
	2159,0

	III
	38
	2320,0


Since a statistical probability of the obtained statistic value H (higher than the value received by me: H = 6,331) had been less than significance level (=0,05 I rejected the null hypothesis. I could come to the conclusion that the complexity, which was manifested by the number of moving clouds on the projected animated map, exerted statistically significant influence on their perception.

  After having analyzed task no. 2 results I took advantage of the index no. 3. In order to verify if the random samples come from population having normal distribution I applied the Shapiro-Wilk’s test. Since I had obtained a negative result I used the Kruskal-Wallis test to compare the random samples. The results are visible in the table no. 3.

Tab. no. 3. The Kruskal-Wallis test results for index no. 3 (dynamics description)
	Kruskal-Wallis test: H (2, N=113)=5,855 p=0,053

	factor level
	number of a random sample
	sum of ranks

	I
	40
	1895,0

	II
	35
	2116,0

	III
	38
	2430,0


Since a statistical probability p of the obtained statistic value H (higher than the value received by me: H =5,855) had been higher than the significance level (=0,05 I could not reject the null hypothesis. So I could came to the conclusion that the map complexity which was manifested by the number of moving clouds on the projected animated map had not exerted statistically significance on its perception.

4. Conclusions

To sum up, in the research experiment only in case of the index no. 2 I had statistical reasons to suppose that the number of moving clouds exerted an influence on a perception of the map. Because of that only in case of that index the following hypothesis was confirmed: the higher number of clouds presented on an animated map was, the larger the differences between the correct routes and the routes drawn by the respondents were. There are no reasons to claim that the higher the number of clouds presented on an animated map is, the more mistakes during description of speed changes of their moving are made by the receivers.
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Fig. 7 It is possible to notice on the drawing that when the animated map complexity increases the respondents were reconstructing the cloud a route with a lower accuracy (especially on the section encircled with a circle). The correct route for the cloud a was presented with the aid of a black line on illustration

The effects of statistical analysis should not be interpreted uncritically. My assumptions that animated maps complexity affects their perception were not confirmed. However, during watching of the respondents drawings one may notice that they were reconstructing the cloud a route with a lower accuracy when the complexity was increasing.  Figure 7 is a good illustration. It depicts two square grids on which by means of brightness variable I distinguished the fields as regards number of “crossings” they were intersecting with the routes drawn by the respondents. It is possible to notice that on a square grid worked out for the first level of the complexity, the respondents reconstructed the cloud A route more accurate. It is especially visible on the section on which the correct route takes shape of a bend (circle).    

On the basis of the carried out research I can indicate those elements of transmission of information by means of temporal animated maps which are main condition of its effectiveness. In the semantic aspect it is a possibility of direct phenomena dynamism presentation that consists in changeability isomorphism preservation. In the pragmatic aspect it is a simplification of images creating an animation when they are stored in the iconic memory. 

The verification of theoretical consideration via research experiment, which I applied quantity techniques in gave a satisfactory result. This is why such an approach may mark out a new way of research that are aimed at investigation of temporal animated maps properties.
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