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Abstract:



The article presents the results of research focused on the speed and success rate of reading aerial images and topographic maps showing the same territory in the Czech Republic. Attention was focused on searching for objects of importance in terms of disaster management (railway and road bridges, road, watercourse, railway station, airport). The success rate was electronically evaluated by the Hypothesis software as a whole for the image, and the map was created for all respondents and for selected groups of respondents. The results showed that, with the exception of watercourse identification, other strategic objects are found faster and more reliably on color aerial images. No differences in speed and success of interpretation were found between men and women, laymen and experts. Soldiers and crisis management personnel were faster than laymen, but they were equally successful. Color aerial images or color aerial orthophotomaps have thus proved to be a key source of data for effective decision-making on a territory where a crisis event is taking place and where the deployment of a crisis unit is a need.
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1. Introduction


Modern technologies of aerial and satellite image analysis in many cases significantly improve their purposeful use. It can be rightfully believed that most of the tasks that are associated with searching for objects and areas of a particular type can be solved using either some suitable software (e.g., for a contextual analysis) or, in a digital environment, such tool can be operatively created. However, both the quality of the imaging material and the technologies available play an important role. Thus, it is commonplace that the optimal state is not reached and the key role in the correct purposeful evaluation of the image is within the competence of the subject of the image reader [1].



The spectrum of potential users of aerial and satellite imagery is extremely large and includes virtually all population groups, as in both everyday and professional life there may be situations where they will face a task of obtaining the necessary information from the available image material. It might be available in an analogue or much more often in digital form. At present, when most households and institutions in the Czech Republic have at least a minimum digital information and communication technology, digital imaging material is more likely to be available. However, this does not mean that the available technology includes appropriate digital image processing tools. Even though the images are in digital form, a decisive part in the correctness of processing the material lies with the person of the processor and especially with his visual perception of the images [2].



An important role is thus played by the personality characteristics of the image processor, the complexity of the task and the time pressure on the task. Apart from health characteristics of the processor, experience with image processing is important, whether acquired by the means of education (in schools, employment courses, interest organizations etc.), or directly by working with the images themselves. Most people are more likely to have to search for some locations or objects of interests on maps (the most common task is to search for something on the map). However, in the event of a crisis situation, people may be faced with an urgent task requiring a quick decision. It is, therefore, interesting to learn how recent publicly accessible imaging materials are comprehensible for the general population. The results may be useful to the scientific, technical and distribution community from which there is a clear interest in the broadest possible social application of remote sensing of the Earth and its products. Some reflections on this interest are brought by the present contribution.




2. Current State-of-Art


Visual perception is to a large extent a process of interpretation and is influenced by the observer’s characteristics, his:

	
biological condition (age, gender, eyesight—sharpness, color vision, outages in the field of vision - , IQ, etc.)



	
psychological and social status (setting, vigilance, interest, motivation, emotional tuning, adaptation, priming).








From biological characteristics, age is the most important for visual perception. Higher age is also manifested by a number of changes in the retinal image, including the decrease in photoreceptors [2]. The loss of light falling on the retina may be up to 90% [3] at the age 70 and more. Children from three years of age begin to understand aerial imagery as a representation of the real world, even though understanding of the images develops until adulthood [4,5,6]. Although airplanes capture land from a bird’s eye perspective as well as maps, they are more readable for children than maps, especially because it is a real representation of the landscape, while map depicts individual elements using different symbols [7]. With increasing age, the ability to find and identify objects and stimuli worsens [8,9], reaction time increases [10,11]; perception of space, orientation and navigation deteriorates [12].



Another frequently discussed biological feature in relation to visual perception is gender. Men have shown slightly better results in tests focused on the ability to solve spatial problems [13,14]. Women recognize colors better and more quickly [15] and they recall colors more easily [16]. Hund and Gill [17] found that women were faster if more stimuli were available for orientation, for men no difference was noted in the time needed to find a way. Middle-aged men showed the best orientation skills; on the contrary, women worsened with age. From the studies by Linn and Petersen [13], Halpern and Crothers [18] show that men are more successful in solving spatial problems when using short-term memory; on the other hand, women recall spatial information better from long-term memory [19,20].



An important clue for recognizing an object is its color, especially if it is typical for the object. Different cases of color blindness are distinguished. The most common is the inability to detect red and green while maintaining blue and yellow perception [21]. Further research on the relationship between color blindness and reading or processing maps has been published by Brewer [22], and Olson and Brewer [23].



In interpreting maps, knowledge of the type of the territory is also positively manifested. Assumptions of what kinds of objects could occur in the region, i.e., object expectation and spatial context, are very important for the process of visual interpretation [24,25]. Similarly, interpretations using typical properties of objects are accompanied by experience—what properties can be expected for a general object [26,27,28].



An important role is also played by cartographic literacy and experience in image reading. Geographers are thus good image-reading experts due to their knowledge of relationships in the landscape [29].



Due to the use of images in extraordinary and crisis situations, the influence of stress has to be taken into account. Stress weakens cognitive functions, concentration, logical and abstract thinking. This weakening is caused by a high level of emotional activity, which disturbs information processing. Under stress, some people resort to developmentally earlier forms of behavior [30]. An effect of stress on thinking and associated weakening of abstract thinking can be expected. In the event of high stress, people may be under great pressure, i.e., reading an image would be less reliable in this situation. In this respect, however, exact research has not been published in the Czech Republic or in the world.




3. Data Collection


In order to determine the state of comprehension of aerial images and maps among the general public in the event of decision-making in crisis situations, it was necessary to create a sufficiently large team of respondents, to offer them appropriate images, to arrange hardware and software for the demonstration of images and registration of the respondents’ response to them and a package of statistical tools for the analysis of the data obtained. The speed and success rate in reading images were compared with reading maps to assess which document is more suitable for operational decision making.



For a comparative analysis of respondents’ reading of images and maps, working hypotheses were formed, a set of methodological steps and source materials taking into account the individual test tasks was prepared (Table 1). With regard to the widest possible application of the results, there was a close cooperation with experts from the Integrated Rescue System (Integrovany zachranny system—in Czech)—firefighters, medical first aid rescuers and police officers.



Table 1. Overview of research tasks.







	
Step Designation

	
Data Collection Methodological Steps






	
A

	
Compare the success in task solution on aerial images and control maps (displaying the same area as the image).




	
B

	
Compare the speed and success in tasks solutions on control maps.




	
C

	
Analyze the success rate and the speed of visual interpretation of the images with respect to respondents’ gender and professional or work experience.




	
D

	
Evaluate the success in task solution to identify strategically important objects on aerial images.










For each of the research tasks:

	
the content of the interpretation was specified (what type of objects will be searched/interpreted by the respondent);



	
the interpretation method (classification, listing, delimitation) was given;



	
a suitable source image and a paired control map were chosen to allow a clear answer (in order to find a railway bridge, an image containing a larger number of bridges, but only a single railway bridge, had to be found);



	
the structure of the tests and their evaluation was prepared;



	
results were statistically processed and conclusions drawn;



	
cooperation with experts from the Integrated Rescue System—firefighters, medical first aid rescuers and police officers was established in checking the suitability of used imagery as typical in their work.








The control objects of image interpretation were:

	
selected critical objects of the built-up area, representing obstacles to movement, possible source of risk or possibility of escape from the risk in progress (bridges, roads, watercourses, airports).








The test image material originated from unknown areas outside the city of Brno, while most of the respondents came from Brno.



The actual preparation of testing, task assignment, sources preparation including test programming, test validation, image testing by respondents, and the analysis of the results took place in 2013 and 2014 with evaluation and generalization of knowledge going on to this date. The works took place in the GIS Laboratory of the Faculty of Education of the Masaryk University and in computer rooms of the Faculty of Science of the Masaryk University, the Faculty of Military Technologies of the University of Defense, Brno City Police, Fire Rescue Service, Ambulance Service of the South Moravian Region, Military Geographic and Hydro-meteorological Office in Dobruska. Because of the large number of test rooms and therefore the hardware used, technical compatibility of the monitors was not ensured.



With regard to the intended test evaluation—comparison of the success and speed differences in solving of tasks on paired source materials from open access sources (pair of aerial image-maps, see figures below), pair testing and corresponding data processing was conducted. The five research hypotheses (see Section 4.1.) were tested at a significance level of 0.05 (i.e., the hypothesis is applicable with 95% probability), p-values were calculated (the probability that the value of the result is an element of the value range that indicates against the validity of the hypothesis at the chosen level of significance). Hypotheses were tested using non-parametric methods (Wilcoxon’s test) and parametric methods (t-test, binomial split test, [image: there is no content] tests, McNemar’s test). The reason of the statistical testing was to have mutually independent data sets (on the speed and on the correctness of the respondent’s reaction) at disposal for the processing and result assessment. Hypotheses testing and data processing were performed with the MATLAB 8.1 computational program, graphical processing of the results was performed with the programs Statistics and MS Excel.



The test was done in pairs, i.e., from each respondent two sets of results for each task were collected. Pair testing (unknown image—unknown map, both at the same scale from the same territory, but without any legend) when evaluating the response speed rate allows to eliminate individual differences given by the respondent’s reading speed and his speed of clicking—the calculations are based only on the difference in both times, i.e., how much the respondent was faster or slower when reading (searching for objects) an image or reading a map.



When selecting sources of materials, the individual images, creating pairs of images and maps, the need to find the best sources for testing under available conditions was taken into account—financially, technically and time-based. Images and maps which are freely accessible on the Internet have been used as the main sources:

	
map server “National Geoportal INSPIRE”;



	
map server “mapy.cz”.








For testing the following materials were used:

	
basic topographic maps, scale 1:10,000, 1:25,000 and 1:50,000;



	
color vertical aerial imagery, resolution 0.5 m.








Orthophotomaps, scale 1:10,000, resolution 0.5 m. For a correct subsequent evaluation of the tasks tested and the verification of the statistical hypotheses, a pairing type was chosen, where the respondents solved the same tasks on two spatially identical sources. The two tested materials were:

	
vertical aerial image—map (see examples in Section 4.2.);



	
orthophotomap—map.








For the purpose of experimental testing of map sources, MUTEP software was developed in 2008 in collaboration with the Laboratory of Geoinformatics and Cartography at the Institute of Geography at the Faculty of Science of the Masaryk University and the Institute of Psychology at the Faculty of Arts of the Masaryk University. The aim was to examine working with maps, i.e., the cognitive processes associated with it. This testing tool was reworked by Kamil Morong in 2013 into new Hypothesis software for on-line objective testing with higher functionality [31].



The Hypothesis software requires a web browser (various browsers were applied in individual research sites—see above, no different impacts on picture viewing were expected).



It is located on an external server (Figure 1), after a specific test is prepared, it can be referenced by a web address, the test can be completed from anywhere after meeting the conditions, and based on previous testing experience, after checking access restrictions to selected addresses on the internet. The software allows for asynchronous testing of respondents. Respondent’s actions are recorded on-line with the respondent’s index, which then allows a compilation of a particular record of one test.


Figure 1. Parallel and asynchronous testing in Hypothesis [31].
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The data for on-line testing is also continuously stored on an external server (see Figure 1).



The internal programmed test structure in Hypothesis is hierarchically arranged from the basic parts: TEST–SUBTEST–TASK. Writing each task consists of: assigning a task, visualizing the image material, recording the respondent’s solution, evaluating the correctness against an example, recording the time of each act.



Recorded were: date, time of the start of the test, respondent identification, respondent data, time record of each partial operation, results of closed questions—forced choice such as 0, 1 (true, false), open questions—verbal answers.



For the tests, respective pairs of tasks were used for strategic objects important for the feed as corridors or barriers (bridges, roads, river, railway station, airport), a test of color perception (to eliminate respondents with wrong color perception of the data collection procedures), rules for personal classification of respondents using a set of questions to describe the respondent’s characteristics (age, gender, completed studies, employment in disaster management, military field, experience with maps and images, interest in these materials) were prepared.



Out of the possible general tasks in evaluating the images the following ones were used: identification (click, where it is), classification (what—depending on the task—to distinguish different work successfulness with different objects), quantification (How many? If more than one objects are in the image.) and delimitation of the sites or objects (draw an outline).



The parameters of success rate and speed were evaluated in each task. Respondents had to perform following types of tasks (only one of them was bound with relevant pair of image and map):

	
closed answer (forced choice from proposed answers), e.g., the encircled object is: (a) road bridge, or (b) rail bridge),



	
open answer, e.g., two chosen objects are in the picture,



	
identification of an object by clicking, each click equal one objects (from the total known number of objects in the picture),



	
selection from multiple objects in an image, on a map, e.g., many object are encircled, select objects of one class only,



	
shape identification—line, polygon, mark (a click of the mouse on the desired object shape, its contour line, etc.), e.g., click on the object´s outline corners (at least 80% of the outline length must be correct to accept the object identification as correct).








Tasks for the respondent were formulated into testing blocks. Their content and layout is presented in Table 2.



Table 2. Structure of a testing block.







	
Part of the Test

	
Content

	
Number of Tasks

	
Number of Images and Maps

	
Type of Result






	
respondent data

	
respondent data, gender, age, education, work experience with pictures and maps

	
10

	
0

	
number, multiple choice




	
training tasks

	
introductory test tasks to get practice in the answering method

	
4

	
8

	
(0,1) text, coordinates, marking (mouse click), time




	
test tasks

	
real test with aerial images and maps

	
5

	
5

	
(0,1) text, coordinates, marking (mouse click), time










Outputs from 151 respondents who completed the two test types (1—work with images; 2—work with maps) during the time of the research (2014) were taken into the pair testing, which means that totally 302 tests were performed. The selection of respondents was based on a stratified selection, with the aim to provide a group of respondents (or subgroups) to verify hypotheses in pair testing, which can be generally tested also with a smaller group of respondents.



Groups subsequently monitored in the analysis were:

	
the whole group of respondents (151 persons);



	
men (67 persons);



	
women (84 persons);



	
lay people (working outside disaster management, cartography and geography, non-geographic students, bachelor degree students of geography—1st year) (74 persons);



	
specialists (completed university studies in the field of cartography and geography, students of higher years of master and bachelor studies) (77 persons);



	
soldiers (active, in reserve) and University of Defense students, professional soldiers from other workplaces (12 persons, as a part of the specialist group);



	
disaster management personnel (hereafter “crisists”): firefighters, rescuers, police officers, (10 persons, as a part of the specialist group).









4. Results of Aerial Imagery and Map Reading


4.1. Criteria and Objects of Evaluation


Interpretation was evaluated according to two parameters (see Table 3):

	
success (correctness or accuracy) of identification;



	
speed of interpretation.








Table 3. Hypotheses to aerial image (I) and map (M) interpretation.







	
Code

	
Hypotheses to Aerial Image and Map Interpretation

	
Result

	
I:M Average Success Rate Ratio






	
H1

	
The success rate of aerial image interpretation all objects is the same as that of map.

	
Not confirmed

	
97.19:92.38 (%)




	
H2

	
The speed of aerial image interpretation all objects is the same as that of map.

	
Not confirmed

	
20.569:30.864 (time spent in s/object)




	
H3

	
The success (accuracy) in identifying the course of a watercourse on aerial images is the same as on maps.

	
Success rate is higher on maps

	
9.27:28.48 (%)




	
H4

	
The success of interpreting critical objects on aerial images is the same as on maps.

	
Success rate is higher on aerial images

	
82.05:73.84 (%)




	
H5

	
The speed of interpreting critical objects on aerial images is the same as on maps.

	
Success rate is higher on aerial images

	
119.309:146.511 (time spent in s/object)










Objects to be identified were divided into two groups:

	
specific critical objects;



	
specific critical lines.








The aim was to compare the comprehension of an aerial image (vertical, orthophotomap) to a corresponding map of the same territory.



The following working hypotheses were determined for statistical testing (Table 3):



The Section 4.2 provides a description and a more detailed analysis of six selected tasks. In the analysis I have included tasks that were almost identical (identification of railway bridge) or different in the success of the solution on a map and in image.



The analysis includes the following tasks:

	
Identification of a railway bridge;



	
Identification of a road bridge;



	
Identification of a watercourse;



	
Identification of a road;



	
Identification of a railway station;



	
Identification of an airport facility.









4.2. Commentary to Statistical Data on Aerial Imagery and Map Reading


Basic descriptive statistical characteristics of the solution parameters are calculated from the data on success rate and speed of response for individual source materials. The percentage of correct answers, average, minimum and maximum time, median, and quartiles were monitored. Table 4 shows the results of the forced choice tasks (selection from the options available). Graphically well-arranged comparison of the solution times is provided in box charts. A detailed analysis of the identification of the Military Airport in Prerov is carried out separately. Selected tasks are commented.



Table 4. Statistical results of selected objects identification on aerial images and maps.







	
Task Description

	
Identification of Critical Objects in Aerial Imagery and Maps




	
Railway Bridge

	
Road Bridge

	
Watercourse

	
Road

	
Railway Station




	
Identification of Objects on an Aerial Image and Map

	
I Image

	
M Map

	
I Image

	
M Map

	
I Image

	
M Map

	
I Image

	
M Map

	
I Image

	
M Map






	
Number of correct answers (from possible 151)

	
146

	
144

	
101

	
146

	
14

	
43

	
147

	
126

	
122

	
116




	
Number of correct answers (%)

	
96.69

	
95.36

	
66.89

	
96.69

	
9.27

	
28.48

	
97.35

	
83.44

	
80.79

	
76.82




	
Average time (s)

	
10.72

	
8.53

	
17.13

	
8.33

	
56.94

	
37.31

	
1831.64

	
1944.63

	
11.41

	
19.41




	
Max. time (s)

	
46.16

	
53.45

	
97.15

	
35.51

	
260.79

	
100.89

	
12.13

	
12.88

	
44.78

	
111.08




	
Min. time (s)

	
3.36

	
3.33

	
4.87

	
1.12

	
8.92

	
9.57

	
59.64

	
31.65

	
3.03

	
0.36




	
Median (s)

	
9.43

	
7.36

	
13.53

	
6.97

	
48.10

	
34.79

	
4.66

	
1.93

	
9.22

	
15.51




	
1. quartile (s)

	
6.78

	
5.72

	
9.57

	
5.39

	
33.28

	
26.23

	
10.70

	
11.50

	
6.11

	
10.04




	
3. quartile (s)

	
13.18

	
9.47

	
19.58

	
9.20

	
70.34

	
44.75

	
8.10

	
7.41

	
13.37

	
23.88




	
Standard deviation

	
5.83

	
5.26

	
12.07

	
5.06

	
36.19

	
16.21

	
14.14

	
17.52

	
7.79

	
14.91










The task of “railway bridge identification” has shown a high degree of match in the success rate and response speed of the respondents (see Table 4). The test image-map pair captures four road bridges and walkways across the river and one railway bridge (see Figure 2). The assumption that the identification of the railway bridge will be significantly faster on a map—the graphical representation of the railway on the map is significant (black-and-white line)—was confirmed. When identifying the railway bridge, the respondents had to consider the overall composition and decide that it was a railway line according to the course of the lines.


Figure 2. Example of the task of railway bridge identification in the test. Town Prerov in aerial photography (top) and topographic map 1:10,000 (bottom). (Source: INSPIRE National Geoportal, downloaded on 10 October 2013).
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The task of “road bridge identification” had a lower success rate with the image (see Table 4). The task was difficult because both a river and a railway track were captured in the picture (Figure 3). Map is clearly distinguishable (a blue line for the river and a white/black line for the track), but they are very similar on the aerial image—the two lines are in brown tones, more or less the same width. The river is more identifiable according to its course—it meanders in the area, so a more experienced respondent can infer that the railroad may appear only as a slightly rounded line. Probably that is the reason why the identification of a road bridge in the picture was less successful. It can be deduced that the similarity of color and shape as basic interpretative characters makes recognition difficult. A clear comparison of the time solution of this task is provided by the box graph in Figure 4.


Figure 3. The source aerial photo for the task of identifying a road bridge. Town Trebic in aerial photography (top) and topographic map 1:10,000 (bottom). (Source: INSPIRE National Geoportal, downloaded on 10 October 2013).
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Figure 4. Distribution of quartiles and minima and maxima from the time values of solving the task of identifying the road bridge.
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The task of “identification of a watercourse” was generally the least successful (image: 9.27% and map: 28.48%, see Table 4). The task was to identify the shape of a watercourse line—a creek as a tributary of the Jihlava River in a built-up area of family houses in town Trebic (Figure 5). Identification of the stream on the aerial images is very difficult because it is partly lost between walkways, gardens and roads. The task is much easier on the map—the blue line is a good clue for marking the watercourse. Still, even on the map, the respondents were not accurate enough—to score successfully it was required to depict of 80% of the shape (see Section 3)—to stay in the boundary along the line. Many of the monitored respondents did not find the confluence of the creek and the river when solving the task. This task completes the overall result of the assessment of water areas and streams—the blue color, whether in an area or in a line, makes it significantly easier to recognize these water bodies.


Figure 5. The source aerial image for the task of identifying a river course. Town Trebic in aerial photography (top) and topographic map 1:10,000 (bottom). (Source: INSPIRE National Geoportal, downloaded on 10 October 2013).
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More than 97% of the respondents correctly distinguished a road on the aerial image, 83.44% on the map (see Table 4). Respondents selected from the response choice—a forced choice, i.e., the task was easier both in its assignment itself and in the situation depicted on the aerial image—this captured the road between fields. The task showed excellent traceability of asphalt or other paved paths on aerial image and basically on map as well (Figure 6).


Figure 6. Distribution of quartile, minima and maxima of time values for solving the task of identifying a road.
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The “railway station identification” result confirmed that the respondents identified this object well (Figure 7) and did not differ much from the railway station identification on the map, which appeared to be easier.


Figure 7. Preview of the assignment of railway station identification task. Town Ceske Budejovice in aerial photography (top) and topographic map 1:25,000 (bottom). (Source: INSPIRE National Geoportal, 8 February 2014).
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In the “airport compound identification” task, the respondents were asked to write down their identification of a rectangle-marked object on an aerial image and in a map. The premises of the military airport Prerov were marked in the source material. Open type of answer not limiting respondent to a selection from a set of given responses was chosen purposefully. All responses (airport, runway etc.) were included as correct answers. It was easy to identify the airport’s runway in the aerial image (Figure 8). In the map, the runway is depicted as an areal object and an airplane symbol is used to indicate the usage of the area.


Figure 8. Aerial image for identification of a military airport Prerov. Central Moravia in aerial photography (top) and topographic map 1:50,000 (bottom). (Source: INSPIRE National Geoportal, 8 February 2014).
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The analysis of respondents’ answers brought the expected outcome—the use of the cartographic image tag “airplane” made it sufficiently comprehensible for the respondents to identify the object on the map correctly. Of the 151 responses, 145 stated “airport” while only six responses differed (non-built-up area, industrial area, part of the municipality, military area—no mention of purpose). Image identification brought more heterogeneous response variants, of the 151 responses being 114 correct and 37 different.




4.3. Comparison of Statistical Data Processing Results with Research Hypotheses


The aim of the research was to find out possible differences in the understanding of images for groups with different characteristics—gender or experience. The results which are evaluated here are related to the solutions of all the tasks. In general, these are tasks that have a close relationship to disaster management. The results of partial groups of respondents were tested with the following result (Table 5):



Table 5. Evaluation of groups of respondents in the interpretation of aerial images.







	
S.n.

	
Hypotheses on the Interpretation of an Aerial Image and a Map

	
Hypothesis Validity






	
1

	
Men and women are equally successful in interpreting aerial images.

	
confirmed




	
2

	
Men and women are equally fast in interpreting aerial images.

	
confirmed




	
3

	
Laymen and experts are equally successful in interpreting aerial images.

	
confirmed




	
4

	
Laymen and experts are equally fast in interpreting aerial images.

	
confirmed




	
5

	
Soldiers and civilians are equally successful in interpreting aerial images.

	
confirmed




	
6

	
Soldiers and civilians are equally fast in interpreting aerial images.

	
not confirmed, soldiers are faster




	
7

	
Crisists and non-crisists are equally successful in interpreting aerial images.

	
confirmed




	
8

	
Crisists and non-crisists are equally fast in interpreting aerial images.

	
not confirmed, crisists are faster










The results were verified at a significance level of 0.05 using the Wilcoxon’s signed-rank test.



Hypothesis testing and tasks analysis has shown that the speed of interpretation of aerial images and maps varies, the objects depicted on them are identified with varying success and speed. The assignments were mostly solved more successfully (respecting the interpretive possibilities of the image) and faster on images than on maps, except for a single but significant exception—water areas and watercourses. It turned out that blue color is a distinctive and experienced interpretation sign for water on the map, so these tasks were dealt with by respondents overall more correctly on maps. The importance of color for object recognition is supported by a number of studies such as [21,22,23,32]. The color of rivers and ponds on aerial images is not blue—it displays the fact, i.e., there are rarely any blue water areas or rivers in the Czech Republic. The summer color of the Czech rivers and ponds is brownish or green. This color-accurate display is difficult for the purpose of identification. Knowing that respondents are quicker and more capable of recognizing the objects observed on aerial images, we can consider the orthophotomap with a base of an aerial image as the localization layer, as being easier lay people to understand.



It was found out that the success rate of the groups of respondents are the same, i.e., women and men identify objects on both aerial images and maps with similar success and so do laymen and experts. Here, it is necessary not to overstate the results in that the tasks were set for laymen. It can be assumed, therefore, that if the tasks were difficult, experience in image identification would become evident. This is partly confirmed by the results of the assessment of disaster management personnel. Soldiers and disaster management personnel differed in the speed of solving special tasks compared to laymen, their solutions were faster.



Finding a match of male and female success in solving map problems differs from some researches, which point to greater success of men [33]. Sikl [34], however, points out that the results of gender comparisons should not be unambiguously interpreted. In a number of studies, the differences in the average result between groups were smaller than the dispersion of results within one gender group [35]. Linn and Petersen [13], and Voyer, Voyer and Bryden [14] show that men achieved slightly better results in tests of solving spatial problems. However, some works of Kempf, Palan, and Laczniak [36], and Johnson and McCoy [37], evaluate the success from another point of view—men are more self-confident, so they are quicker and more resolute in solving tasks than women, who assure and try to solve the given task very carefully.





5. Discussion and Conclusions


The results of the investigation have shown that aerial images are used in disaster management in about 10% of cases (state in 2014 according to own research in the Czech Republic). From a verification of the use of airframes in disaster management, which was conducted by the authors in person or by mail in 2014, it was revealed that aerial images were:

	
used to a limited extent compared to maps for providing a more detailed view of the place of intervention or the current view of the crisis situation;



	
as an intelligible source for the personnel of the Integrated Rescue System—parallel with maps.








Based on the results of the testing and field investigations, it is possible to summarize:

	
people with disaster management experience (soldiers and “crisists”—see Table 5) are quicker in solving tasks on an aerial image;



	
the success rate of solving tasks on an aerial image was the same for men and women, as well as for groups of people with or without experience of disaster management;



	
the advantage for their use in disaster management is their good comprehensibility (better than that of maps) and overall less demand for abstract thinking, which can be lowered in stress;



	
for the purpose of disaster management and fast orientation in a particular location, the aerial image should be supplemented by a clear description and other thematic drawing;



	
the aerial imagery is used in disaster management in the Czech Republic, the use of vertical as well as oblique images will be further expanded.








Among the research respondents, there were people working in disaster management and a number of consultations were held with the staff of the Integrated Rescue System in the Czech Republic. We have agreed on the desirability and necessity for an intelligible localization cartographic base, which can be easily read by people regardless of their age, gender and expertise. The speed and accuracy of reading the necessary information is important in a number of crisis situations. People in disaster management must work with unified and understandable documents. In addition to maps, which are most widely used, aerial image supplemented by the necessary information proves to be useful. In stressful situations, which may have an impact on abstract thinking, aerial image may be a more appropriate material for transmitting information. Pre-research has shown that aerial imagery is well understood even by older children and adolescents. With their growing age, their ability to read a map—the abstract model of reality—grows. There are a number of experts involved in disaster management, which is a very heterogeneous group in their ability to read images and maps. Wider use of aerial images by disaster management will require deeper education of staff, especially of the operating centers, in their correct interpretation.



Aerial imagery is also a suitable localization base and can be used very well as a variant of topographical map—a topographical orthophotomap supplemented by thematic and descriptive information. Soldiers and disaster specialists experienced in work with maps and images could gain a higher speed and reliability of interpretation of these up-to-date and comprehensible material.



However, remote sensing materials should be used with caution. It must be stressed that aerial images have their limited use compared to maps. Maps are models of reality, which can be defined according to the user’s needs, based on the future use of this model. Image is a view of reality. Their properties can be used effectively for the benefit of decision-making in disaster management, as demonstrated by the research carried out with the general public and specialists.



The clarity of aerial images is a great advantage for their use in disaster management. However, on an aerial image there is no description, which is an important guideline for identifying specific objects. For disaster management, orthophotomaps will be a more appropriate material, which will have some of the advantages of both the image and the map.



A real application of aerial imagery and digital topographic maps can be expected in the everyday life in regions subdued to some crisis event (e.g., natural disasters—floods, landslides, earthquake, etc. or social or military conflicts) covered by such data on web map servers. People are equipped with desktop and especially mobile viewers (smart cellular phones) around the world relatively very well. So the access to imagery and maps is much easier. Than a right and operative decision-making is possible. The INSPIRE directive can assure at least an open access to aerial imagery and topographic maps in any place of the EU both for locals and visitors. Development of common data browser with operative access to national web map servers (offering similar data under a standardized list) is necessary. Present navigation map system cover only a part of this requirement.
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