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Abstract  In this paper, we summarize the cognitive map formation comprehensively by proposing a framework and doing a series of cognitive experiments. Some rules in the cognitive map formation are concluded by the statistic analysis of the cognitive sketch maps drawn by the subjects.
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Cartologists are striving to seek an answer to “what is the essence of map”. During such process, the proposition that “map is a spatial cognitive tool of human being” has concluded and the basic theory system of cartology which is based on the theory of map space cognition has formed. Cognitive map is the core conception of the theory. In this paper, we summarize the cognitive map formation comprehensively by proposing a framework and doing a series of cognitive experiments. Some rules in the cognitive map formation are concluded by the statistic analysis of the cognitive sketch maps drawn by the subjects.
1 Cognitive map

1.1 The Conception of Cognitive Map

Cognitive map (mental map) is a result of repeated experience of environment, a substitute of spatial information in human brain, and a simple schema of spatial knowledge[1]. In human’s memory system it is stored in hippocampine. People encode spatial information here or at least integrate it here after decoding.
Fig.1 shows the whole process of map space cognition. Memory system is the key element in the whole cognitive system, and cognitive map which is constitutive of long-term memory is the core of the whole cognition process. The 2 sources of cognitive map are: the awareness of external environment; and the thought formed in one’s thinking and learning. Environmental factor, individual factor and task factor all have an influence on the cognitive map formation. The goal of cognitive map is to guide one’s spatial behavior.
1.2 The constituents of cognitive map
The constituents of cognitive map, called spatial cognition primitives, include 2 kinds: basic constituent and supplemental constituent.
Table1 The basic constituents of cognitive map
	
	Path
	Boundary
	Region
	Node
	Landmark
	Terrain

	Large-Scale
	Linear object with definite direction such as street, highway, railway, and canal
	Riverside, chasm, and fence
	Spatial area in city
	Important location such as start, end and cross of roads, square, station and dock
	As a reference to direction such as topping building, mountain faraway
	Change of landform

	Small-Scale
	Highway, railway
	Riverside, coastline, borderline between countries or districts
	Pool, sea area, and plant
	Residential area
	Independent feature such as independent tree, lone stone, water tower
	Structure of relief


Basic constituents: in this paper, we take terrain, path, boundary, region, node and landmark as 6 basic constituents of cognitive map (as shown in Table1).

Supplemental constituents: important but not necessary constituents for cognitive map formation such as name of map, serial number of map, longitude and latitude, and mark of direction.
We regard either basic constituents or supplemental constituents a set of spatial cognition that differs at different levels.
2 The process of cognitive map formation

2.1 The process of cognitive map formation based on personal experience
Canter [4] used a simple and flexible method to explain the formation of city cognitive map. He thought that people study landmark and location first, path and region then if the distance between landmarks is not very far. But Lynch thought that people study path and region first and then use landmark to make sure about direction. Both conditions are possible depending on the essential characters of a city. If the traffic system of the city is relatively complex (such as Chengdu, Wuhan in China), landmark may be the first one to be studied; if the traffic system of the city is relatively regular (such as Beijing, Zhengzhou in China), path is easier to be studied.
Appleyard [5] thought that the 5 factors of cognitive map are not equilibrium with each other. He divided cognitive sketch into 2 kinds: “sequential” ones and “spatial” ones. The sequential cognitive sketch map is guided mainly by path; and spatial one by region. With the increase of people’s cognition of environment, cognitive sketch map change from sequential to spatial.
2.2 The process of cognitive map formation based on reading

The encoding way of acquiring spatial knowledge from map is different from acquiring from personal cruise. There is little research about map (especially electronic map, remote sensing image and virtual geographic environment) reading.
We experiment the process of cognitive map formation based on reading 2D paper map, 2D electronic map, remote sensing image and virtual geographic environment. We aim at concluding some rules by the analysis of the sketch cognitive maps drawn by subjects. The subjects are students in senior class Surveying and Mapping Institute (all have learned how to read and use map), 20-22 years old, well-sighted. 10 of them were asked to read traditional paper map, 10 2D electronic map, 10 remote sensing image and 10 virtual geographic environment. The experiments repeated 2 times with 1 hour interval. Subjects were asked to draw a sketch map after reading for 10 minutes. At the 1 hour interval, they have to do things irrelative to the experiment to forget at some degree. And they were not allowed to communicate with each other in the experiment.
2.2.1 Experiment based on paper map
We used relief map of 1:100,000 scale and traffic map of 1:30,000 scale. Fig.2 and Fig.3 shows the result of experiment.
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Conclusion of this experiment:

· Goals concerned and the sequence: big objects through whole map (river and wide street); big lettering and big residential area; typical landmark (bridge on river, railway station at downtown, tower); infrequent but light colored object; regular contour. Goals unnoticed: object with unconspicuous color (sparse and irregular contour); relatively small street and river that interlace.
Sophisticated subjects paid a lot of attention to the supplementary constituents and wrote down the name of map, serial number of map, and map scale at first.

· The impression of the whole environment had formed at the first experiment. Though it got better after the second experiment, just locations were more exact and spatial relations were clearer; some subjects also forgot what they learned at the first experiment.
2.2.2 Experiment based on electronic map

We used vector relief map of 1:250,000 scale 1:10,000 scale. Fig.4 and Fig.5 shows the result of experiment.
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Conclusion of this experiment:

· The size of screen limited greatly. We wish subjects would zoom the map and cruise to exert the interaction character of electronic map but they all abandoned such functions only view the whole map. So the size of screen limited greatly load amount of information. The effect is worse than that of paper map.
· The symbol design, color design and size of lettering had great influence on cognition.
· Though the coordinate was shown by cursor and the name of map was displayed in status column, no subject remembered the coordinate, the name of map, the serial number of map, and the map scale.
2.2.3 Experiment based on remote sensing image

We used TM image with 30m resolution and QuickBird image with 0.61m resolution. Fig.6 and Fig.7 shows the result of experiment.
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Conclusion of this experiment:

· In this experiment, subjects remembered only using visual feelings. The result was not good. Subjects only remembered and understood big objects and made many mistakes. It is reasonable because even the student majors in remote sensing is not able to interpret the remote sensing image without special training. The background knowledge and experience are of great importance.
· The effect of the image of high resolution was much better and the one of low resolution. Because the characters of the objects in high-resolution image is very close to people’s personal experience and subjects can interpret them using daily common sense.
2.2.4 Experiment based on virtual geographic environment
We used 2 VGE, one used relief data of 1:250,000 scale and textured with map, another used relief data of 1:10,000 scale and textured with satellite image. Fig.8 and Fig.9 shows the result of experiment.
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Conclusion of this experiment:
· VGE not only can be read as traditional map but also is interactive and immersive. The cognitive map formation differs from the former ones: the stimulation of height. Since the region shown in these experiments is plain, there were only a few of hills. The subjects in former experiments mostly did not draw these hills, but the subjects in this experiment were all aware of the terrain change at first and then the elements in spatial structure and the relation among them. The influence of texture was great. When using map as texture, the conspicuous objects on the map were very notable. When using remote sensing image as texture, the paths connecting landmarks are more notable.
· Lettering was useless. There was few lettering on sketch. And on the other hand, since the lack of lettering, some areas could not be interpreted.
· The effect of cognition related to one’s work way. Some always faced to the north, stayed in the sky and observe the VGE at a nearly ortho-view. Some navigated in the environment freely. Interaction took a lot of time and disturb normal work.
· Some sketch maps were from 3D perspective view. So we have to discuss the dimension number of cognitive map.
2.3 Some conclusions

(1) The process of cognitive map formation based on reading (including electronic map, remote sensing image and virtual geographic environment) is from part to the whole. It differs from the process of cognitive map formation based on personal experience. Stasz[1] proposed 4 common strategies of the cognitive map formation.
· Separation: separate the whole region into subregions. Study the character of each subregion at first and then the paths among them.
· Overall: emphasize the use of landmarks in the whole environment and keep one or more of them as a guide of direction.
· Accumulative extension: extend the cognitive map from small region.

· Detailed description: people form their own cognitive map using stories and the relation among them.
The latter 2 strategies are usually used in cognitive map formation based on personal experience. In our experiments, we found that subjects almost used separation strategy and overall strategy. If the map scale was small, they used residential areas to get an overall view and if it is large they used landmarks.
(2) The process of cognitive map formation based on reading differs when using map of different scale.
When map scale is small the sequence of one’s study is region and boundary first, especially the objects that separate the whole map; central node in the map (such as high-level residential areas) then; and the paths connects each main nodes. It is notable that people are more sensitive to horizontal path than vertical path. All these that people study compose the main constituents of cognitive map. If people repeat this study, their spatial information will become more detailed.
When map scale is large, the effect of main street is conspicuous because of the display way of map elements. The main streets separate space into parts; the effect of nodes decrease and landmark functions as main node.
(3) The sketch map base on reading is a kind of “spatial” sketch and its main content is location and direction. Map space cognition is to cognize the spatial relations between the graphs on map to cognize geographic space. We categorize spatial information into frame and detail or low-frequency information and high-frequency information. People remember low-frequency information fast and forget it slowly and on the opposite, people remember high-frequency information slowly and forget it fast.
(4) The existence of supplementary constituents is proved. Especially in the reading of map of small scale, name of map, serial number of map, and longitude and latitude are all supplementary constituents.
(5) The background knowledge of subject is very critical too. Expert emphasizes on overall study and novice on details. This is the difference of study schema between expert and novice.
(6) By the comparison among these cognitive ways, we find that when scale is small, the effect of remote sensing image is the worst and the effect of paper map is the best. Because all the information that people can not interpret changes into noise and disturbance, the amount of information is beyond the ability of short memory, and the difficulty of cognition increases. When scale is large, the effect of remote sensing image is the worst and the effect of paper map is the best. The speed of cognition based on VGE is the slowest but the subjects’ impression are deepest, especially the description of height.
3 Summary
Our experiments in this paper is superficial relatively and should be tested whether it is universal. But it is correct that the theory of space cognition is the foundation theory of cartology and even geospace information science, because it focuses on human’s characteristics, basic ways and rules of spatial cognition. The training of how to read and use map should not be restricted to map symbol, direction and terrain distinction but emphasizes on the sequence and strategies of reading.
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Fig.9: Sketch cognitive map based on VGE of large scale





(b) After the second experiment








(a) After the first experiment








Fig.8: Sketch cognitive map based on VGE of small scale
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Fig.7: Sketch cognitive map based on electronic map of high resolution





(b) After the second experiment
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Fig.6: Sketch cognitive map based on electronic map of low resolution





(b) After the second experiment
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Fig.5: Sketch cognitive map based on electronic map of small scale





(b) After the second experiment
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Fig.4: Sketch cognitive map based on electronic map of small scale





(b) After the second experiment
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Fig.3: Sketch cognitive map based on paper map of large scale








Fig.2: Sketch cognitive map based on paper map of small scale
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Fig.1 Process of map space cognition
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