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ABSTRACT

Some cartographers developed communication models about cartographic information, and the discussion among researchers made possible several theoretical analyses of Cartography. The aim of the researchers was to establish a theoretical system to support Cartography as science. Under this approach, the Theory of Cartographic Communication was developed and introduced the Modeling, Semiology and Cognition Theories. Although existing some terminologies difference between each one, each of them kept the same set of analysis: reality, map designer or cartographer, map reader or map and image reality user, with changes only on the information ways, that could be through the model, Semiology or Cognition. This paper aims a state of art study of Cognitive Theory, as a Cartographic method. So, this study is called Cognitive Cartography. The Cognitive Theory, which was developed from Cognitive Psychology, involves logical mental operations, considering maps as a variable source of information, which depends directly on user’s characteristics, resulting greater attention in map design processes, when maps becomes to be instruments to acquisition of new knowledge on the represented reality.

1. INTRODUCTION

Although having a long history, coming since ancient times, Cartography as a Science is a very early matter. This delay occurred because the trends of technicians approach of its research, only related to the artistic map elements. 

The attempt to imposing a theoretical field, called Theoretical Cartography, only occurred significantly after the World War II, when began discussions about the visual impression importance, in cartographic design, as well as clarity and legibility of maps. So a general analysis of all processes was carried out, and it was presented the new Cartographic Communication theories, mainly through researches as The Look of Maps, by Robinson. 

At the beginning of Seventies, some cartographers developed communication models about cartographic information, and the discussion among researchers made possible several theoretical analyses of Cartography. The aim of the researchers was to establish a theoretical system to support Cartography as science. 

Under this approach, the Theory of Cartographic Communication was developed and introduced the Modeling, Semiology and Cognition Theories. Although existing some terminologies difference between each one, each of them kept the same set of analysis: reality, map designer or cartographer, map reader or map and image reality user, with changes only on the information ways, that could be through the model, Semiology or cognition. 

The mentioned Theories are inside the target of Theoretical Cartography, according RAMIREZ, which has the aim to explain the Cartography as science, and identify its components and inter-relations, to define the meaning of the maps and its components and to develop tools for analytical study of geo-spatial data. 

This paper aims a state of art study of Cognitive Theory, as a Cartographic method. This Theory, which was developed from Cognitive Psychology, involves logical mental operations, considering maps as a variable source of information, which depends directly on user’s characteristics, resulting greater attention in map design processes, when maps becomes to be instruments to acquisition of new knowledge on the represented reality. 

2. THE COGNITIVE CARTOGRAPHY

The Cognitive Cartography is called in such a way in result of the Cartographic Communication studies in the tendency of the Cognitive Theory. Well, the Cognitive Cartography is directed to discover as the considered mental images in Cognitive Psychology are applied to become more efficient the communication between the reader and the map, being considered that the reader possesses some type of preexisting spatial knowledge (BLADES & SPENCER, 1986).

MONTELLO (2002) explains that the Cognitive Cartography encloses the application of cognitive theories and methods to understand the map, and also the application of maps to understand the cognition. The study of the cognition is the study of the structures and processes of the beings livings creature knowledge. The cognition includes perception, learning, memory, thought, reason, solution of problems and communication. ROBINSON (1952) clarifies that the function of the maps is to communicate and to transmit information to the individuals. This function depends on the visual appearance of the maps, which is related to the Semiology.of Graphics This appearance depends on the decisions taken for the maps creators during the cartographic project. Understanding the function of the maps, the map creator will also understand the effect of the decisions of the project in the users mind. This author complements that “the work that becomes intelligible data for the reader of the map…is the essential cartographic technique”. ASLANIKASHVILI (1968) apud MONTELLO (2002) defines the cartography as the science of the cognition that uses the methods and techniques of the maps drawing.

3. LINES OF RESEARCH IN COGNITIVE CARTOGRAPHY

Some models of cartographic communication look for to focus the codification process of the spatial information as the cartographer cognitive system and the decoding process as the map-reader cognitive system. Some important aspects of the process of cartographic communication must be raised. A question is that the cartographer and the map-reader can have differentiated perceptions of the reality and another question is that the reader possesses some spatial knowledge before visualizing the map. In result of this, some map information can be presented not intelligible to the reader, and to skirt this problem, the communication model must previously consider that the raised information for the cartographer contain meant for the readers, which possess a preexisting knowledge. This knowledge must be considered in the process of map understanding. MONTELLO (2002) explains that “the maps do not communicate knowledge; the maps stimulate and suggest knowledge”. 

On the basis of this structure, MONTELLO (2002) presents three general lines of research, in which the Cognitive Cartography has been applied, that are: 

1) In research of map drawing (map-design research), that is normally developed by academic cartographers, who objectify to understand the maps, in the direction to improve them, to become them more efficient in the context of the cartographic communication; 

2) In the psychological research of the map (map-psychology research), that is lead, not exclusively, for academic psychologists and that objective the understanding of the human perception and cognition in the maps reading. Such research uses the map as stimulation, but this research is not necessarily involved with the development of the map drawing; 

3) In the research of learning of the map (map-education research), in the area of Education, that is lead by cartographers, geographies, educators and psychologists, whom a special interest in the educational development of cartographic education.

Some works have been developed in the first line of research, such as psychophysics studies (those relate to the sensations, that are captured for the sensorial receivers and for the perception) focused in scale of perception of: tones of ash, colors, volumetric symbols, symbols of graduated circles, proportional area, types of sources, types of cartographic projection. This symbology work becomes related with the Semiology of Graphics. 

In the second line of research, can be cited as example the research of the eyes movement, which explains that the people visualize places in the maps that are of its interest. The information attention and the visual concentration are focused selectively by some parts of the visual field, more particularly the fovea, of what others. The fovea possesses a considerable concentration of visual receiving cells. Soon, the passage covered for the reader eyes, concentrated in the fovea, is captured of form to verify the degree of importance of the perceived mapped information. 

In the third line of research, the learning level of the map-readers normally is tested through map-sketch confection, one of the forms of exteriorize the individual cognitive map. 

GILMARTIN (1981) and PETCHENIK (1983) apud BLADES & SPENCER (1986) criticize the fact of the psychophysics studies have intent only in tests of isolated details of the map, as the perception of the visual characteristics of symbology, and ignore the map context, in which the symbols are used. The same symbol can be presented, for example, in some deep ones of colors, which modify its meaning. These psychophysics studies have been called studies of low-level of cognitive tasks for these authors, who indicate the importance to consider intelligence, the experience and previous the spatial knowledge of the map-reader. Studies of high-level of cognitive tasks are considering those that work with reasoning, activities of inference and strategy, protocols analysis and decisions taking. These studies worry, beyond the perception, also with the cognition. 

Of the different techniques used for the Cognitive Cartography, in the lines of map-design and the map-psychology, normally the identification of the strategies and processes used for the map-reader are applied, that looks to know the spatial abilities, the reading capacity and the map interpretation (LOBBEN, 2004). 

4. COGNITIVE MAPPING: MENTAL MAPS OR COGNITIVE MAPS?
DOWS & STEA (1973) apud SOINI (2001) define the cognitive mapping as the composed process of a series of psychological transformations, in which the individual acquires, codifies, stores, retakes and decodes information about localizations and attributes of the spatial environment or the maps and language. The cognitive mapping is called of Environmental Mapping when creates spatial knowledge through direct experiences and Survey Mapping, through indirect experiences (LOBBEN, 2004). 

LLOYD (2003) presents a project (figure 1) where demonstrates the relations of the cognitive mapping process between the reader of the map (A) and: the physical reality (environmental mapping) (B), the cartographic map (survey mapping) (D) and the auto-organized map (C), that is considered a simulation of the constructed cognitive map from the reading of a cartographic map. In this study is investigated the cognitive maps structure apprehended by indirect experiences with maps. 
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FIG. 1 - The types of cognitive mapping. Source: LLOYD (2003).

According PEUQUET (2002), the cognitive map is the term more frequently used to describe the form of the “acquired spatial knowledge”, and is the cognitive mapping product. This term usually mentions the cognitive representation of the geographic space and includes the neighborhood space immediate, with complex spatial entities and of considerable size, such as villages, cities and other environments. In function of the real size, such entities normally cannot be seen in its totality. Soon, the cognitive map can be considered the total collection of mental maps, each one representing a specific domain (the native city, the way for the work, world known regions etc), that together form the world vision. 
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In a neurophysiologic boarding, BALLONE (2003) explains that the hippocampus, a part of the human brain cerebral cortex and of the Limbic System, plays a basic role in the cognition process (figure 2). The importance of hippocampus is tied with the organization of the lived episodes, like a set of coherent information in a time and a space. PEUQUET (2002) cites the book “The Hippocampus as a Cognitive Map”, by O´Keefe and Nadel, 1978, where is suggested that hippocampus is treated as a cognitive map, by functioning as a database, where all the facts and events are stored registers. 

FIG. 2 - The limbic system of the human brain. Source: GUIA-HEU (2004)

It seems intuitive that the individual does not store the spatial knowledge literally as maps, using cartographic symbology. Soon, it can be said that the cognitive map is not necessarily a cartographic map, but a hierarchic structure where mental representation levels are present. Such structure is situated in the hippocampus cerebral region, strong tied with the processes of spatial memory and the visual subsystems (SOUZA, 1995). 

The mental images are not copies of the reality, as a photograph. These images are perhaps better described as representations possibly, not necessarily, derived from visual stimulations. However many individuals perceive the reality better through, for example, of the reading of a book, or hearing a music, than the observation of a map. Authors as DOWS (1981, 1985) apud PEUQUET (2002) say that the knowledge in the mind human being interior does not have form, is a pure relation. However the external representation can be made through words, images, diagrams and maps. What it must have care is in keeping the due conscience between the internal representation and the external representation of the spatial information. In contrast with the map properties as a graphical device, the representation structure of the human space knowledge is not static and monolithic, but dynamic and multifaceted (MONTELLO, 1992 apud PEUQUET, 2002). 

A problematic aspect of the term cognitive map must be verified: the fact of that the cognitive structure of the spatial knowledge is dynamic, and that its original construction is subjects the modifications. However the significant empirical evidence sample that exists multiple cognitive representations for one same geographic environment (N. FRANKLIN, 1992 apud PEUQUET, 2002. 

The mental maps materialization can be made by some methods, as cited previously. One of the models very used is the map or mental sketch (mental sketches), that it possesses characteristics of spatiality, spatial representation of the physical reality, tells the interaction, the knowledge and geographic experience, beyond the spatial behavior. In this sketch, attribution of types of proper representations of the individual can be observed.

5. THE CARTOGRAPHIC COMMUNICATION: THE COGNITIVE TASK OF MAP INTERPRETATION AND THE NECESSITY OF TO KNOW THE STRATEGIES AND COGNITIVE PROCESSES
According BLADES & SPENCER (1986), some cartographers had described the components of the cartographic communication, as RATAJSKI and MORRISON. These researchers had observed that the information transmission for the map-user requires at least two transformations: the transformation from the reality to the map, realized by the map creator or cartographer, and the transformation from the map to the image or mental model of the map reality represented, realized by map-user. 

The original quarrels on the cartographic communication had been influenced by the information transmission theories, that describe the interpretation of the map in terms of profits, with respect to the map-reader knowledge, and of losses, with respect to the communication between the cartographer and the map-reader. KOLÁCNÝ (1969) apud BLADES & SPENCER (1986) suggests that the cartographer “does not have to only know the necessities, interests and tasks of the map- users, but to be expert with the knowledge level, abilities and aptitudes, and with the method that the map-user works with the map”. This proposal implies in the importance of the understanding of the involved cognitive process in the map interpretation. RATAJSKI (1973) apud BLADES & SPENCER (1986) complements that the “map-reader creates through his mind rational association a reality reflection” and adds that the precision of the perceived reality depends on the reader memory and imagination. This author leaves clearly that the cognitive processes; the memory and the previous experience of the reader are integrant parts of the map interpretation. MORRISON (1976) apud BLADES & SPENCER (1986) describes the map interpretation as “the interaction, inside of the reader cognitive domain, the information communicated and perceived from the map and the previously existing information in the cognitive domain of the map- reader”.

With this, the map interpretation is considered a complex cognitive task, or better, a complex set of cognitive tasks. BLADES & SPENCER (1986) explain that the cognitive task involves mental processes in which the information is perceived, selected, compared, stored and recouped. The information must exist from an external source for the individual (as from a map) or an internal source (the memory), or more generally will exist an interaction of the information from both these sources. Regarding the cognitive task, CARROLL (1983) apud BLADES & SPENCER (1986) explains: “… The task requires a information acquired processing of the exterior world that can be perceived by the individual and be stored in some type of memory. Many ways exist to process this information: it must be stored in the memory, compared with another type of information, recouped of the memory, transformed or manipulated for complex procedures or algorithms. Many types of cognitive tasks exist, varying the type of involved processed information, the types of the operated context and the types of waited answers”. 

Some tasks are identified in the map reading. It can be cited the agreement of the meaning of symbology, the planning of routes, the self-localization and the text rotation, image and geometry. Some tasks can include sub-tasks and different map-readers through different strategies can conclude the same task. 

According LOBBEN (2004), recent experiments of map reading and map interpretation (the majority lead for psychologists) have been divided in three categories: those that investigate the strategies used for the map-reader while he carries through a specific task with the map, those focus in the cognitive processes used by the map-readers and those that use both. 

DORON & PAROT (2002) define strategy as being “the activity which the individual chooses, organizes and manages action, objectifying to carry through a task, reaching an objective”. The strategies are specific methods and, of certain form tactical, used for the reader to conclude the tasks of map reading and map interpretation. These authors define cognitive processes “as those that lead to the chaining of internal operations, mental, mainly the information treatment”. 

LOBBEN (2004) complements that the difference of the individual ability level in the some cognitive processes will dictate which strategies will be used to complete a task. A strategy is not independent of a cognitive process. The cognitive processes of an individual influence the strategies or methods used in the map reading. Moreover, the spatial behavior learned and the spatial abilities exert influence in the tasks conclusion.

Normally the researchers initiate the work with the identification of the cognitive processes. The methods used in experiments with cognitive processes differ from the methods used in experiments with strategies. Frequently, the researcher identifies a specific cognitive process that must be used in the map reading, submits different individuals to one same task that uses this cognitive process and later compares the individuals performance. The researchers can use a specific task, a task set or a questions set, that leads to reflect the level of ability in determined cognitive process. 


LOBBEN (2004) exemplify the object rotation during the map reading as a cognitive process, therefore influences the map individual learning and the speed and precision of reading, consequently in the map reading ability. This occurs mainly during navigation where the alignment defined in the map is not being covered, that is, the orientation and the direction of the passage are different in relation to the map, and the reader is stimulated to execute the rotation of the object mentally. 


MACEACHREN (1992) wrote on the comparison between the spatial knowledge and the gotten cognitive representations through the map reading (indirect experience) and the direct ambient experience. The author explains mainly that the results can differ substantially, in function of three excellent questions: the systematic distortion of the learned spatial information through the maps, in consequence of the cartographic generalization; the projection systems and geodesic systems; the restriction of the representations acquired through maps in an only orientation, while in the direct experience the orientation becomes exempts; e the influence of the different strategies of learning used by the individuals. In this last question, the author cites three common elements of strategies of good apprentices of map-readers: the segmentation and the systematic focus in parts of the information; the conscientious use of the learning techniques; and the consistent auto-evaluation the progress of the learning.

6 FINAL CONSIDERATIONS

This work translates the survey of important points in literature on the Cognitive Cartography research. To consider the map-reader knowledge in the survey of the geographic information, that will compose the map, will lead to the enrichment of the Cartography science in the direction to consider the spatial abilities and user knowledge too beyond the knowledge of the cartographer 
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