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Abstract. This research intends to analyze the contribution of cartography teaching in Brazilian middle school, mainly in Geography classes, for the development of student’s spatial thinking. The focus is the proficiency of the students regarding cartographic language, understood here as an instrumental tool to enhance the cognitive ability to understand the importance of spatial attributes that help to explain socio-spatial processes.
The fundamental hypothesis is that the contribution of Brazilian geography education for the development of student’s spatial thinking in middle school (6th to 9th grades) has been very small. As an inseparable part of that hypothesis is the belief that this small contribution is strongly linked to poor use of maps between the 6th and 9th grades, both with regard to student's lack of expertise in cartographic language as regarding to its use as a resource to understand the spatiality of phenomena.
Our theoretical foundation for this work is closely related to the field of the Spatial Thinking, as defined by the National Research Council Report, entitled “Learning to think spatially: GIS as a support system in the K-12 curriculum”, published in 2006: “Spatial thinking—one form of thinking— is based on a constructive amalgam of three elements: concepts of space, tools of representation, and processes of reasoning” (NRC, 2006, ix). 
We have proposed a methodology that was strongly based on the article of Lee and Bednarz (2012) and on the article of Huynh and Sharpe (2013). These researchers were able to create tests to assess spatial thinking related to cartographic representations. 
Once our goal is to investigate the Brazilian reality, we have decided to design a test using parameters that could account both for the field of the spatial thinking as for the Brazilian middle school scenario. In order to do so we have set two cornerstones to guide the selection of the questions that would be part of the test. The first one is that there should be at least one question for each of the eight types of spatial thinking, according to Gersmehl (2008). The second criteria were that the questions should cover all the twelve itens listed in the fourth axis of the Brazilian National Standards for Geography in the 6th to 9th grades: “Cartography as an instrument to approach places in the world”.
We haven’t finished our research yet, but the test has already been administered to 132 students, as a pre-test. Fifty two of them were students of the 6th grade, forty eight of the 9th grade and thirty students of the final year of high school (equivalent to 12th grade). The results are coherent with the grade level differences, but there are some discrepancies that seems to point out some problems in cartography teaching in Brazilian middle schools.
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Introduction
This research is the result of several concerns arising from our daily work and from the notes of many Brazilian authors dedicated to Geographic Education.  It is concerned with Geographic Education in basic school[footnoteRef:1], focusing on the contribution of this discipline to the development of the comprehension of phenomena’s spatiality. By extension, it also focus on the importance of cartography as an important tool that should be improved by Geography in basic school. Such concerns are linked to the different aspects of my professional experience of over two decades, such as the exercise of teaching in middle and high school, observing practices and discourses of discipline colleagues, reading and analyzing  textbooks and dialogues and experiences that took place in training courses for future teachers. [1:  In the Brazilian educational system, the basic education comprises nine years of fundamental education (numbered from 1st to 9th grades) and the three years of high school (numbered from 1st to 3rd grades). The period from 6th to 9th grades is named here as middle school, with the purpose of better comparison with others educational systems. It is a period between fundamental and high school.] 

These same findings and concerns are shared by Brazilian authors who has been dedicated to research in the field of School Cartography, as is the case of Almeida (2001: 18; 2007: 145), Callai (2013: 64-65), Cavalcanti (2002: 26), Castellar (2011: 121-122), Le Sann (2007: 95 and 97; 2011: 17-18), Oliveira (2007: 16), Simielli (1999: 102; 2007: 72; 89), Souza and Katuta (2001: 19; 73- 74), just to name a few relevant examples.
From all these contexts arose many concerns directly related to the teaching of Cartography in Geographic Education:
• Reduced use of the map, as a teaching resource, by many Geography teachers.
• Abandonment of the School Geographic Atlas after the 6th grade.
• Extremely small number of questions involving the interpretation of maps in tests and in lesson activities.
• Low level of proficiency in skills related to the use and interpretation of cartographic representations by many students at the end of high school.
• Concentration of cartography teaching in the 6th year in virtually all official programs and Geography textbooks edited for the middle school.
• Frequent use of maps just as an illustration and not as a learning resource in the majority of middle school Geography textbooks.
The observations listed above, associated with the understanding of the centrality of cartographic language to civic education in general and for the teaching of geography in particular, have led us to accumulate a number of concerns about the quality of school cartography and the development of spatial thinking of brazilian students in middle school. 
We are fully aware of the multifactorial nature and complexity of the subject. The problem have different origins, ranging from the theoretical foundations of learning in the field of spatial cognitive abilities, to the teaching methods of school mapping. Not to mention teacher training.
We also have absolute clarity that overcoming these problems is an difficult task, with battles on different fronts and conducted by different groups. To some extent, it is already being addressed by professionals of the Brazilian Geography, both on the front lines of the basic education teaching exercise and in the academic field. Proof of this is the growing academic literature in the field of School Cartography and the significant increase of the communications in scientific events.
However, it is undeniable that there is much to be done. Especially if we talk of the middle school, where the work on this topic are extremely rare, contrary to what happened to the elementary level of education, in which many relevant theoretical and methodological contributions have already been done.
Therefore, this study assumes the centrality of the School Cartography for teaching geography in elementary and middle school, both for its power as a teaching resource as for the different capabilities of this language for the expansion of citizenship and the cognitive development of these same citizens. In this cognitive aspect is, as we shall see, the decision to focus the analysis in Geographic Education's contribution to the development of "Spatial Thinking", whose concept will be analyzed in following section. Also is this perspective that guides our methodological decision to seek an instrument which has some relevance to evaluate the spatial thinking of students, related to the field of cartographic language.
Spatial Thinking

Because of the concerns and purposes presented in the introduction of this text, the field of study "Spatial Thinking", developed mainly in the United States in the last two decades, emerged from our readings as the right choice to build the theoretical and methodological portrait of our research.
Defining spatial thinking and the related concepts is complex and it is a task that is still in being carried out by the portion of the international scientific community that has been dedicated to this field.
One reason for this scenario is the relatively recent nature of this field of knowledge. Although Psychology has been studying the spatial skills for a long time and the psychometric tests to measure them has been a reality for many decades, the impact of new information technologies and neuroscientific discoveries opened a research universe much more complex and interdisciplinary, which has been generally named as spatial thinking, developed mainly in English-speaking countries, since the 1990s. In geographic education, the analysis of academic production on the subject reveals that researches has also begun in the 1990s, but has really increased in the first decade of this century.
It is this recent scientific effort that has provided us with our most solid conceptual reference about the spatial thinking. It was found in the seminal and extensive work of the National Research Council of the United States (National Research Council - NRC), whose full title is "Learning to think spatially: GIS as a support system in the K-12 curriculum," published in 2006:
Spatial thinking—one form of thinking— is based on a constructive amalgam of three elements: concepts of space, tools of representation, and processes of reasoning. It is the concept of space that makes spatial thinking a distinctive form of thinking. By understanding the meaning of space, we can use its properties (e.g., dimensionality, continuity, proximity, and separation) as a vehicle for structuring problems, for finding answers, and for expressing solutions. (NRC, 2006, ix)
Using this theoretical foundation was a choise based on a set of arguments that seems quite consistent. The first, and main one, is that this document, and its definition of spatial thinking, has become the main reference in this field of research in the United States and, by extension, in a large part of the world. Virtually all authors we have read, whose publication took place after the NRC’s document, incorporated this definition of spatial thinking and it was also the benchmark for many official education documents, including the new version of the Geography National Standards, in the United States.
Secondly, it is important to note that the NRC’s document and its definition of spatial thinking are the product of a scientific community and not of a particular author. The document was prepared by the "Commission for the Support Space Thought", a multidisciplinary team, consisting of fourteen of the most distinguished American researchers in the field.
A third reason is that the main objective of the NRC text, as it is explicit in the very title of the committee assembled to write it, is specifically to support and promote the development of skills related to spatial thinking through Education. This is a document prepared with educational purpose, core of our research, which makes its adoption absolutely consistent with our subject.
The Three Axes of the Spatial Thinking

Another important concern in our theoretical foundations is to decompose the NRC’s spatial thinking definition to review the three axes contained therein and their connections. To cope with this task, we remember the core of this definition, proposed in NRC document: Spatial thinking—one form of thinking— is based on a constructive amalgam of three elements: concepts of space, tools of representation, and processes of reasoning. (NRC, 2006, ix)
The learning of spatial concepts is the basis for developing spatial thinking and for its multiple applications. Because of this centrality for the spatial thinking, various academic initiatives have been made to identify, classify and rank the spatial concepts.
A second axis or dimension of spatial thinking includes the tolls of representation of space. On page 281 of the "Learning to think spatially" (NRC, 2006), there is a simple but significant statement: "spatial representations are powerful cognitive tools that enhance learning and thinking."
The authors of "Learning to think spatially" show that, for older children and adults, the simple mention of physical or environmental context in which a given learning occurred is enough to increase what the people can remember. For our work, this dimension of spatial thinking is at the heart of the research. The importance of the tools of spatial representation is consensus among developing research in the area of spatial thinking.
The third axis of the spatial thinking, reasoning processes, is very important for several reasons. But we want to emphasize, first, that it points out to a practical dimension of the spatial thinking. From the perspective substantiated by the NRC (2006) and incorporated by the scientific community, spatial thinking is aimed at problem solving. There is a clear pragmatic bias on the spatial thinking and in the scientific education research related to the thematic. Developing spatial thinking makes someone better prepared to deal with the most different problems. From everyday to scientific ones.
Analyzing the three axes of spatial thinking (concept of space, tools of representation and reasoning processes), we can connect the school cartography primarily to the axis with respect to the tools of representation. However, we must not forget that these three pillars or axes are fully interconnected and that their separation is only an analytical resource.
This work, therefore, is linked to the discussion of the school cartography contribution to the spatial thinking of students of Brazilian middle school.
Methodology

For our purposes we seek to develop a survey instrument that prioritize the role of cartographic literacy in the education segment chosen, but that could also contribute with some empirical information regarding the different modes of spatial thinking.
From the group of authors who persecuted the systematization and categorization of the different dimensions of the spatial thinking, we decided to anchor our research in the prestigious work of Phil Gersmehl (2008). Gersmehl identifies eight modes of spatial thinking. They will be one of the cornerstones of our survey instrument.


	[bookmark: _GoBack]Eight Distinct Modes os Spatial Thinking  Gersmehl (2008)

	1 – Comparisson
2 – Aura
3 – Region
4 – Transition
	5 – Hierarchy
6 – Analogy
7 – Spatial Pattern
8 – Association


Table 1 – (GERSMEHL, 2008)
Based on this classification, we had the concern to select or develop one question on our test for each of the eight modes of spatial thinking, along with the fact that each of these questions also evaluate proficiencies directly related to cartographic language. These eigth questions correspond to 40% of our research tool, which comprises twenty assessment items.
Among the authors who developed instruments to assess abilities related to spatial thinking, we selected two works: Jongwon Lee and Robert Bednarz (2012) and Niem Huynh You and Bob Sharpe (2013). We contacted the two pairs of researchers to request the submission of full versions of the tests developed by them, explaining our purposes succinctly. The researchers were extremely kind in sending the files with their assessment tests.
To account for the other dimension of analysis, important by referring to concerns about curricular organization of cartography in Brazilian School, we chose to use the framework present in the Axis number four of the National Curriculum Standards for Brazilian Middle School: Cartography as a tool for comprehending places and the world. We understand that this choice is consistent given the centrality of the document in a federal country in which there is no mandatory national curriculum. In this scenario, the National Curriculum Standards has been a very important reference nationwide. The analysis of Axis 4 shows its proximity to what has been effectively included in many programs of public educational networks (state and municipal) and in the absolute majority of geography textbooks.
Those are the topics that can be found in the Axis 4 of the Brazilian Geography National Standards for Middle School:
1. the concepts of scale and their differentiation and relevance to spatial analysis in Geography studies;
2. cardinal points, practical uses and references on maps;
3. guidance and mapping measurement;
4. geographic coordinates;
5. use of letters to guide paths in daily life;
6. location and representation in maps, models and sketches;
7. location and representation of the positions in the classroom, at home, in the neighborhood and in the city;
8. reading, creating and organizing subtitles;
9. analysis of thematic maps of the city, state and Brazil;
10. study based on plants and simple thematic maps;
11. the use of different types of maps: route maps, tourist, climate, relief, vegetation etc .;
12. preparation by students of elementary cartographic sketches to analyze information and establish a correlation between facts.

Given this framework we have decided to select and develop 20 objective questions to comprise all the 12 items of the Brazilian Geography National Standards presented above and, simultaneously, the eight modes of spatial thinking identified by Gersmehl.
Because of that, we found that neither the test applied by Lee and Bednarz (2012) or the one developed by Huynh and Sharpe (2013) was composed of questions that could evaluate all twelve items of NGSs and especially Gersmehl’s eight modes of spatial thinking. Besides that, there were a few questions involving contents that are not part of the Brazilian geography basic educational curriculum as, for example, distance decay. There were also some questions too much associated with the North America sociocultural context. This set of inconsistencies between the fine instruments developed by the authors mentioned above and the objectives and frameworks of our research has shown us that it would not be possible to use either of them in its entirety.
The solution was to build a hybrid instrument, with questions drawn from both tests sent by researchers (some of them adapted to Brazilian reality) and the development of a few questions to fill the gaps related to the 12 items of NGSs and the eight modalities of spatial thinking. We used 11 test questions of Niem Huynh You and Bob Sharpe (2013), 5 questions of Jongwon Lee and Robert Bednarz (2012) and 4 questions were prepared by the author of this work, inspired by the activities and ideas of Gersmehl (2008).
Bottom line, there is one question for each mode of spatial thinking, while there are more than one question regarding the 12 cartographic items of the Brazilian NGSs.
To assess to what extent the test suits our purposes and expectations we decided to run a pre-test, following the example of what was done by Huynh and Sharpe (2013).
We have decided to apply the pre-test in two different schools and to include one grade that is not among the immediate objectives of this work, which is the third grade of high school (the final grade of Brazilian high school). That decision ended up showing more relevant than we thought at first.
The first chosen school is a traditional institution in Rio de Janeiro, the Liceu Franco-Brasileiro. Located in the neighborhood of Laranjeiras, in the south region of the city, this private school is among those with better academic performance in the city. Its student body is composed mainly of middle-class students.
The test was applied in two classes at the end of the sixth year of elementary school and in other two classes at the end of the ninth year of elementary school (equivalent to the last grade of the middle education in Brazil). A total of 52 sixth graders and 48 ninth graders answered the test questions.
The second school where the test was applied is also located in the city of Rio de Janeiro. It is the SESC High School. Maintained by the Social Service of Commerce, the institution is a residential school that annually receives students from the 27 Brazilian states. The institution also has a high academic performance and over 90% of its graduates are admitted at Brazilian universities.
In this second school the test was administered to 30 students from two third-year high school classes. The objective was to get a sense of spatial thinking level associated with mapping by students that are close to the university. Respondents of this sample universe are originate from 14 different Brazilian states.
The results corresponding to the percentage of correct answers for all the 20 test questions, grouped by grade, are shown in the table below:
	Pretest - Percentage of correct answers per school grade

	School grade
	Number of students who answered the test
	Percentage of correct answers

	6th grade 
	52
	30,48 %

	9 th grade 
	48
	45,20 %

	3rd grade 
	30
	56,83 %


Table 2

The graph of the performance curves for each school grade, showing the percentage of correct answers per question is presented below.

PRETEST: PERCENTAGE OF CORRECT ANSWERS FOR EACH QUESTION AND FOR EACH OF THE THREE SCHOOL GRADES
Graph 1 

The analysis of the data allowed us to draw some conclusions, which can be grouped into three main sets.
The first of these findings is the identification of necessary adjustments in some questions of the evaluation instrument, both in terms of improving the text, as to solve problems with the quality/size of some images. 
The second set of conclusions comes from the analysis of the overall performance of students by grade. Contrary to what we initially thought there were considerable differences between the performances of students from the three grades. The 9th graders had an average about 50% higher than the colleagues of the 6th year. The 3rd year fared about 30% better than the students of 9th grade and 90% better than the students of 6th grade. The curves of the three series demonstrate in aggregate analysis, these performance differences.
The third set of conclusions was based on the comparative analysis of the performance of the three groups of students per question. But let us return to this aspect of our analysis a little bit later in this text.
These test results have led us to rethink one of our assumptions. We imagined that inadequate concentration of school mapping content in the 6th grade of basic school, almost universal in the country, would result in similar performance of the students of 6th and 9th grades. Why it did not happened in the pre-test? Why is there a clear difference in the proficiency level between the three grade levels, if the curriculum of Geography do not favor this progress?
Although we cannot fully answer that question, we have gathered some thoughts and evidences that seemed consistent.
It was clear to us that the misconception of our premise was to underestimate the importance of other subjects and learning situations for the development of spatial thinking on middle school students.
Among these positive interferences we highlight mathematics, especially in the areas of geometry and linear algebra. For example, the math covers, along the 7th, 8th and 9th grade, a set of contents that considerably increases some aspects of spatial thinking that are essential to the graphical proficiency related to cartography. Not to mention physics, usually beginning in the 9th grade, and its contribution to the spatial thinking. And what about the increased access to modern systems of location and map use, such as GPS and digital maps present in mobile devices and computers. In other words, it seems quite clear that the spatial reasoning of the students evolved despite the curricular and methodological problems of Geographic Education.
When analyzing the differences in performance regarding specific questions, we reinforced the conclusion that, in many cases, the higher performance measured in higher grades may be strongly connected to advances in spatial thinking that are derivative of contents developed in other disciplines, especially mathematics.
Two interesting examples are the questions 14 and 15 of the test. On both of them the demanded spatial thinking ability involves translating information presented cartographically (A rain map in question 14, a topographic map in question 15) to the form of a cartesian coordinate graph. Reading the Graph 1 leads us to realize that there is great difference in performance between students of the sixth grade and the students of the following grades. In the case of question 14, easier than the question 15, the difference in percentage of success is very large between the 6th and 9th grade students, but there is a little difference between the 9th grade and the third grade of high school. This leads us to believe that the students of the 6th grade, which have not yet begun to work hard with the cartesian axis in Mathematics, had much trouble with a simple question, while students in grades who have already visited this content showed high performance to solve a simple problem. In the case of question 15 the performance difference is significant, but reasonably well scaled between the three school grades. We understand that this can be explained by the greater complexity of spatial thinking and reading skills necessary to solve this question.
Conclusion

After this analysis, we have reached a few conclusions:
1) Because it involves extremely complex cognitive processes, the development of spatial thinking is subject to many interferences and multiple variables, making it very difficult to isolate the contribution of a particular variable to explain this evolution regarding groups of individuals.
2) The test "Assessment of Cartographic Fundamentals of Spatial Thinking" is valid, with some adjustments, to be a tool to evaluate the proficiency in graphic and spatial thinking of middle school students. It allows detecting different levels of performance both between different moments of schooling and among students of the same grade of basic education. We could have done, for example, as Huynh and Sharpe (2013) who established a score for geospatial thinking and classified the students in three levels, according to their degree of proficiency, as basic, intermediate and advanced. But that was not our goal in this particular work.
3) The test "Assessment of Cartographic Fundamentals of Spatial Thinking" does not seem to be the most appropriate tool to explain if the Brazilian Geography curriculum of middle school is adequately contributing to the development of spatial thinking linked to cartographic literacy of students. We believe that this goal would be possible, if we could make a four-year study involving two groups of students from the beginning of the 6th grade of middle school. The first group would fulfill the traditional curriculum with mapping concentrated in the sixth grade and little didactic use map for solving spatial problems. The second group would live a differentiated and integrated curriculum, coherent with the mathematical prerequisites, with extensive pedagogical use of maps. At the end of the ninth grade we would apply to both groups a spatial thinking performance test. Since this is not feasible in the scope of this research, we believe that test is not appropriate to investigate the aforementioned curriculum problem.
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