Mapping perspectives and some uses of Cognitive Maps in Brazil
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Abstract. This paper analyzes the commonalities found in the use of cognitive maps in Cartography and Operational Research by different authors, showing examples from both disciplines. Comparison is carried out using case studies developed in Brazil where cognitive or conceptual mapping played a significant role. It was intended to capture opinions of the researchers about the practical use of such maps that are not commonly presented, and reveal the bridge existing among different elements of Cartography and Operational Research. Such is achieved by comparing studies in both fields and by finding similarities and commonalities that, in our opinion, can bring benefits to both.
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Introduction
Cognitive maps have a plethora of meanings due to their multidisciplinary nature (Kitchin, 1994). This paper analyzes the commonalities found in the use of cognitive maps in Cartography and Operational Research by different authors, showing examples from both disciplines. Comparison is carried out using as case studies and researches developed in Brazil where cognitive and conceptual mapping played a significant role. The selection of the studies was based on the use of cognitive maps by either Cartography or Operational Research. Moreover we also intended to capture opinions of the researchers about the practical use of such maps that are not commonly presented.
It is important to highlight that despite the conceptual differences of cognitive mapping in Operational Research and in Cartography, findings captured independently may guide to new developments in both disciplines. Therefore, we intend to reveal the bridge existing among different elements of Cartography and Operational Research. Such is achieved by comparing studies in both fields and by finding similarities and commonalities that, in our opinion, can bring benefits to both. The latter is regarded as the most important contribution of this paper.
In the next section we introduce the theory background, followed by a section presenting different case studies and include a procedure that uses cognitive mapping as main tool known as ICWM or “I see what you mean”. Such procedure has successfully being used as part of an overall proposed method that deals with complex and paradoxical situations. In section 4 of this paper we discuss the case studies, and make conclusions, and suggestions for future works. 
Theoretical Background
Operational Research is as a science devoted to real problems solution, aiming at decision aid. It applies methods from different areas, and is used so as to evaluate alternatives and find the best solutions(SOBRAPO, 2015). 
Cognitive maps can be defined from a cartographic perspective, according to (Montello, 2002): 
“Cartographers have long realized that maps do not present the world directly and transparently. Maps re-present the world by providing versions of truth for human minds to comprehend. In turn, minds represent the world too, internally as “cognitive maps.” 
The first reference of the term cognitive map is found in  (Tolman, 1948) where it is referred  as “sets built in the neural system linked to a learning ability”. Since then, it is noted that the term has been used in a plethora of meanings as argued in (Doyle & Ford, 1999), where is pointed that Tolman uses the term as a “geographical map in mind”.  A review on cognition of the geographical space and cognitive research on cartography can be found in (Mark, Freksa, Hirtle, Lloyd, & Tversky, 1999). Lloyd also describes cognitive map as “an internal memory structure that represents spatial information  (Lloyd, 2005). 
Cognitive maps were also interpreted by Operational Research perspective. In 1976, Robert Axelrod used the term in reference to “a map of cognition”and Eden, later on, explained the cognitive map as a “map to aid cognition” (Doyle & Ford, 1999). 
Nevertheless, (Kitchin, 1994) gives a detailed definition of what is conceived as a cognitive map, so it is a valuable repository for the understanding of  the concept. Furthermore, he introduces different interpretations of what map refers to in this particular concept (cognitive map), reaching to four categories:
· Explicit statement - map is a cartographic map
· Analogy – map is like a cartographic map
· Metaphor – map is like if it were a cartographic map
· Convenient fiction – map is an unfortunate choice of words.
The use of maps as communication tools is studied since it is needed to understand the cognitive process by map readers  (Mark et al., 1999).
On the other hand (Fiol & Huff, 1992) focus on the similarities we find in the use of cognitive maps used for management and the geographical cognitive maps. By doing so they presented the cognitive map as a metaphor, where the environment information is used as location. Besides, pointing the interest of elicit structures that are shared among individuals, cognitive maps are also intended to be a communication tool, helping different stakeholders to dialog.
Case Studies
The academic interest on lessons that can be obtained from practice is argued in Howick & Ackermann (2011). In that particular study, they found a way to systemize the knowledge about the use of mixing methodologies case studies through a structured review, establishing categories for a better understanding. 
In a similar way we imagined a structure that highlights some useful aspects, which will be then used as categories aimed to help making comparison among papers with so different perspectives. The usefulness of this approach can be relevant in providing a basis for a taxonomy in future studies. 
The categories used for this purpose aims to identify:
· Map construction: if the map is built individually or by a group;
· “Mapmaker”: who is the cognitive map “cartographer”, which will draw the representation of reality;
· Adopted Perspective: if the intended perspective is to express the subject’s point of view or it means to “locate” somebody’s else; 
· Rules of construction: if the map is created  by a formal procedure, or leaves the subject free;
· Integration: If the study uses the cognitive map associated with another methodological tool or if it is used as sole methodology;
· Purpose: what is the interest of using the cognitive map in the study; 
· Benefits and disadvantages of using cognitive maps in the study.
Those categories are not exhaustive, but they can present distinctive aspects we want to highlight.  
The selected studies took place in Brazil, and comprised Operations research or/and cartography uses. It is not intended to be a comprehensive review, but a limited yet objective sample showing the distinctive features regarding the aforementioned criteria. The last one is a working paper.
They are presented following a chronological order:
· Determinants of Cognitive maps of the world as expressed in sketch maps. (Pinheiro, 1996)
· The perception process of marginalized places in urban environments: the case study of the Parolin slum in Curitiba (Kashiwagi & Kozel, 2005)
· Perception and structuring of social problems using cognitive maps  (Diniz & Lins, 2012)
· The use of multimethodology in determination of goals and indicators of development (Antoun Netto, 2012)
· ICWM “I see what you mean” – maps for an University Hospital decision (working paper)  
It is important to mention that we present figures of the available maps were not translated. The figures are not intended to be analyzed, but only show the maps appearance as they were originally built. 
Cognitive maps of the world – sketch maps (Cartography)
The research is aimed to study cognitive representations of the world, more explicitly “the cognitive maps human beings form of the world” (Pinheiro, 1996).
Map construction: the maps are sketch maps drawn individually by Brazilian university geography students.  
“Mapmaker”: the subjects are the mapmakers;
Adopted Perspective: the perspective is based on the subjects’ view; 
Rules of construction: The sketch map is taken as a surrogate to the cognitive map (Pinheiro, 1996). The instructions given to the subjects told to “draw a map of the world in a blank sheet of paper” and according to the author, the rules were the same of the PMV project (Saarinen, 1988) apud (Pinheiro, 1996). 
Integration: The study uses quantitative methods, (multiple regression models and multiple regression analysis) so as to analyze characteristics of the drawn maps. Moreover it discusses the use of other techniques such as cluster analysis.
Purpose: the maps were examined “in terms of frequency of inclusion of nations to identify the role of potential determinants of that inclusion” in order to quantitatively analyze the influence of a series of social and cultural variables.
Benefits and disadvantages: An important influence of affective and ideological determinants in the map is noted.  The use of the cognitive map can provide a better knowledge of people's representations and improve the human communication. The maps produced constitute an important registry.
Case study of the Parolin slum in Curitiba (Cartography)
The paper investigates the point views of residents of a marginalized community in order to understand their vision of the World, from a multidisciplinary perspective. It also provides a socially inclusive  approach for urban planners regarding the processes of urban intervention in irregular occupations (Kashiwagi & Kozel, 2005).
Map construction: the maps are sketch maps drawn separately by three categories of subjects (slums habitants, non-slum habitants, urban planners).  
“Mapmaker”: the subjects are the mapmakers;
Adopted Perspective: the perspective is based on the subjects’ view; 
Rules of construction: due to the diversity of the maps constructed we infer that the subjects were free to represent the local. The most important is the interpretation of elements depicted, and their distribution. Figure 1 presents an extract of a map drawn by a slum habitant.
Integration: The study articulates the map with a phenomenology space approach, which provides in the author view, an understanding of the different actors’ logic, ranging from the individual desires to social groups values
Purpose: the maps aim at “identifying man’s cultural, social and emotional values consolidated by experience and existence” (Kashiwagi & Kozel, 2005).
Benefits and disadvantages: There weren’t mentioned obstacles regarding the maps use but, as advantages, they’re recognized as the basis to unveil the values of the urban elements as they interact with the population creating them.
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Figure 1. Map drawn by a slum habitant (Kashiwagi & Kozel, 2005). 

Health and Safety in Rio de Janeiro (OR)
In this work by Diniz & Lins, 2012 two major social problems are explored: public safety and health. The cognitive map characteristics are similar to both. It aimed to broaden the understanding of social problems, through the analyses of case studies. 
Map construction: The map is constructed through individual interviews based on open questionnaires. The interviewees were selected accordingly to their relevance to the public safety or to the public health sectors in Rio de Janeiro
Mapmaker: The mapmaker is the researcher, who constructs the map based on the interviews performed.
Perspective: It is the interviewee perspective. They’re based on “the perception of people; more precisely, on the inference of mental states regarding the behavior of social agents given in speech of experts.”
Rules of Construction: Uses a formal construction based on 6 steps (Actors definition; Definition of Evaluation Primary Elements, Concept construction; Questionnaires confection; Ordering Concepts Hierarchy; and Map construction). Two of the maps constructed are presented on figures 2 and 3.
Integration: The use of cognitive maps is done apart from other methodologies. However it is argued a possible articulation among the obtained results and other methodologies of Soft OR, Multiple Criteria Decision Analysis and Data Envelopment Analysis.
Purpose: Systematization of the study of social problems based on the construction and analysis of cognitive maps, aiming at qualitative recommendations and to represent inference of the experts regarding decision making and possible actions related to health and safety problems
Benefits and disadvantages: the benefits defined by the author are those of clarifying the implications of the experts’ decision-making, and a communication improvement among the actors of the studied cases.
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Figure 2. Cognitive Map extract – Public Safety (Diniz & Lins, 2012). 
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Figure 3. Cognitive Map extract – Public Health (Diniz & Lins, 2012). 

Health Development Indicators – Brazilian counties (OR)
In this work (Antoun Netto, 2012) maps are used as a tool for problem structuring, striving to identify the Brazilian public health issues from a municipal perspective. 
Map construction: Map constructed through interviews with health professionals in Brazil, so they are based on multiple interviews, but are compiled in single map.
“Mapmaker”: The mapmaker is the researcher, who uses the obtained concepts and links them accordingly. Based on the analysis of the concepts the researcher can cluster the concepts into related categories. 
Adopted Perspective: The perspective was that of health professionals’, aiming to transfer their knowledge to the researcher, and to help identifying the major issues to be considered in future steps of the study.  
Rules of construction: There is no description on how the health professionals were interviewed, however, regarding the map construction itself, it is mentioned that a conceptual map structure was used, described in (Okada, Shum, & Sherbone, 2008). Figure 4 presents a fragment of the conceptual map created.
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Figure 4. Conceptual Map fragment (Antoun Netto, 2012). 

Integration: The study proposes an articulation regarding different methods, using data mining, with the aim to cluster the municipalities into similar units to be compared. Finally the units are compared using Data Envelopment Analysis 
Purpose: Cognitive Maps are used through conceptual maps description, emphasizing the graphical ability to communicate complex content. The map means to transfer the knowledge of health professionals regarding the health problems of the Brazilian public.
Benefits and disadvantages: There is not mention of obstacles faced during the use of cognitive maps. As advantages, the author describes that the use of cognitive maps allowed identifying qualitative attributes, criteria which produced a high degree of differentiation, important for the successful clustering of units. Moreover cognitive maps were important in assessing the quantitative and qualitative variables for a strategic approach and for Brazilian public health problem structuring.
ICWM “I see what you mean” – Hospital Management (OR)
In this working paper there is an attempt to ease potential conflicts among different actors with divergent opinions regarding a university hospital.   
Map construction: Map constructed through individual interviews, using a semi-structured approach, and also through debate transcriptions. 
“Mapmaker”: The mapmaker is the researcher who transcripts the concepts linking them, however the interviewee importance is greater to this task when it comes to the views about other stakeholder’s views. 
Adopted Perspective: The perspective is both to transfer the interviewees’ own perception of the problem (regarding the own map), but was also intended to “give directions” of the major conflict issues perceived (the view from others stakeholders and how the interviewee imagine the other stakeholders comprehend his point of view).  
Rules of construction: The interviews were done in a semi-structured manner, and trying to construct three maps: “my vision”; “how I see the others point-of-view”; and “how other stakeholders see me”. The figure 5 presents a fragment of the conceptual map constructed.
Integration: The maps  has been used experimentally as a  part of a broader methodology called CHAP2 (Lins,et al. 2014)  that deals with Complex and Paradoxical problems. 
Purpose: The intent is to map stakeholder’s cognitive maps regarding: the hospital management; the assumptions which are made of the other stakeholders’ point of view; and how they think the other stakeholders imagine their own point of view. Those will be used as a basis for a dialog, reducing the preconceived opinions regarding divergent opinions, and to construct a shared solution
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Figure 5. Conceptual Map fragment. 

Benefits and disadvantages: The maps provide an important way to overcome the textual language linear structure, providing a graphical way to understand how the concepts are linked. One interesting feature was when the interviewees were asked to see their own map they got really impressed, because they were able to find a greater knowledge about his/her own point-of-view. So the maps also presented a metacognitive aspect as well (the knowledge they have about what they know about the problem). As obstacles, can be mentioned the dependence of the researcher of availability of the interviewees; and a dependence on the experience of the researcher to arrange the concepts into a pleasant and understandable view to the reader. 
Discussion and Conclusion
The individual construction of the map was used in all cases presented, particularly on this feature (Eden, 2004) argued that the cognitive map, as used in groups to represent the thinking about a problem cannot be related to an individual cognition. But in all presented cases, despite the individual constructions, they were used to produce an understanding of one or more group perception or thinking about an issue.  All examples produced a map with the subject’s own view. Nevertheless in the last example a way to construct a map is presented “putting the subject in different shoes” which can be an interesting feature to be explored for both fields. 
Regarding the “mapmaker”, in the cartography perspective, the “mapmaker” is the subject, while in OR perspective, the OR researcher seems to mostly perform this task. One possible reason for this (in the OR case) is using software to construct the map. So as to let the interviewee be free to think about the issue and better explore his/her perception. That can be interpreted as a reduction of the cognitive load during the process, which is similar (though in an opposite direction) of the simplification of the representation done by Cartographers to ease the understanding of the map by the reader (Lloyd, 2005).  
Concerning the rules of construction the Cartography case studies were less constrained than the OR examples, so they were able to explore and finding out several variables which could not be imagined by the researchers previously. A mixture of both approaches could be used as a way to explore a research field before and after addressing those findings with OR tools. The latter applies especially to the field of Community OR (Parry & Mingers, 1991) and Community-Based OR(Johnson & Smilowitz, 2007), that focus on a local community and on the less favored, which were contemplated particularly on the second case-study. In addition to that, the different stakeholder’s perspective approach used could benefit from other Soft OR methodologies in a complete intervention.
On the other hand, a more constrained Cartography view is also used elsewhere, and can be used in Brazilian studies. As example (Yvroux & Bord, 2011) use a base map to help the subject to present its own cognitive representation. It certainly makes easier to study several individuals and to consolidate a group perspective, (as it was done in the first case study) and to apply other techniques such as Fuzzy Logic to explore a graphical inference. 
Fuzzy logic has also been used to explore causal reasoning, so an interesting aspect to OR, through Fuzzy cognitive maps (Kosko, 1986) so Fuzzy logic can be a convergent interest for both OR and Cartography cognitive maps.
We can see this pattern of integrating cognitive maps and quantitative methodologies, both in OR and Cartography. Nevertheless in Cartography it can be noted a movement towards the use of hard OR tools in order to get a better exploration of the study of the cognitive map. For instance (Lloyd, 2005) uses Neural Networks model simulations to investigate cognitive maps, while in OR the cognitive map can serve as a way to help quantitative modelling, for instance in Discrete Event Simulation (Sachdeva, Williams, & Quigley, 2006). 
The purpose of all case studies presented was that to serve as a mean to transfer a subject’s knowledge or perception. So it served as a mean of communication to give the researcher the ability to explore others’ perception. It enhances the transference of knowledge because can overcome the constraints of a textual linear language. 
In the OR examples it does so by allowing all the links of the concepts in a graph-like construction, and by letting the reader come back and forth through all the paths he wishes. In the Cartography examples it presents a direct graphical representation. So what is represented, what is omitted and how the representation is done serve as information to the researcher. Therefore studies that deal with a better way to symbolize and to interpret cognitive maps representations can help both areas. A direction that could lead to relevant results for both fields is the organization of information, striving to achieve better representations on the cognitive map and its graphical structure.
It’s unfortunate that most of the case studies don’t mention the obstacles faced through the use of cognitive maps. But some of them can be at least inferred. The first one is regarded as the availability of the subject. Often the most important subjects to be interviewed are not available or don’t trust the researcher to participate in his study. In our particular experience, granting confidentiality helped to get confidence among stakeholders.
Another OR aspect regarding the map is validation. Despite the fact that map is preferably done by the subject, we noticed more than once the interviewees wished to alter the final map. Our suggestion is to let the subjects tell when they consider that the map is done, and only use it after their final approval.
On the other hand, cognitive maps enhanced communication, and provided researcher access to something that otherwise would have not been accessible: a glimpse to a particular experience. 
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