Socio Environmental Perception Of The Living Space: Implementing Chernoff Faces Method In The Elementary School 
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Abstract. As Internet develops and advances, new methods, techniques, material and tools used in the map-making process have come up making possible an online representation of Earth’s surface, mainly in the production of different sorts of thematic maps during Geography classes. In this sense, the goal of this paper was to develop and evaluate a method for Cartography instruction, following Chenoff Faces method for the purpose of studying the socio-environmental perception of the students’ living space. This method has become an innovative tool for working out Thematic Cartography in school, since its figurative display of information using human faces with eyes, nose and mouth can depict different variables of geographical space. The method involves Chernoff Faces for developing activities linked to the free app Google Maps. The goal of the activities was to have the students themselves analyze the places where they live taking into account the existence of green areas, the availability of basic services for the local population, such as health care and education, and also the existence of water and sewerage system. Such task entails the use of observations and data collection done by the students through interviews with the local people and other agents involved in the production of city space. The data collected by the students will be shown from Chernoff Faces, over a free designing computer program like Paintbrush; later on, these drawings will be posted on Google Maps in JPG format so as to display the students’ perception of the living space, that is to say, the neighborhood where they live. Based on the production and implementation of the cartographic activities brought up in this paper, the input of using Chernoff’s method was evaluated as a resource applied to teaching Cartography for 6th grade students so as to build their geographical knowledge. Two 6th grade groups of Elementary School from Botafogo Public School, located in the city of Macaé, state of Rio de Janeiro, will be chosen for implementing such teaching strategy. In accordance with Geography National Curricular Parameters and the transversal theme Environment of the third cycle of Elementary Education in Brazil, the aforementioned activities will be developed supported by digital technology. There is an expectation that this method may help the students improve their understanding and reading skills of geographic information represented in maps, in such a way that they feel motivated about learning maps, and thus asserting themselves as citizens. This methodology  was developed in 8 classes during the first half of 2015. 
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1. Introduction

The understanding of space as a group of objects organized and used according to logic and endowed with intention (Santos, 2009), geographically represented, becomes essential to locate, analyze, interpret and establish relations among geographic phenomena. 

The proposal for this paper follows the theories of Critical Cartography in which "maps produce reality as much as they represent it" (Crampton and Krygier, 2008, p. 89); thus, a map is a language that, not only acts in the process of communication, but also in the spatial production. That means that when a subject makes a map, he/she inputs on it their views on a certain spatial phenomena from this graphic representation.
The development of information technology, as Internet new techniques, materials and instruments, emerges to be applied to the process of mapping and creating new opportunities for the drafting of maps with a greater flexibility for updating, editing spatial information (Ramos 2005). And about the use of information technology, Peterson (1997) described that the use of computers connected to the Internet should be used not only as a tool to draft maps, but also as a means of geographic communication. Accordingly, this paper aimed to develop and assess the Chernoff Faces method for the study of environmental and social perception from students' living surroundings, through the development of activities connected with the Google Maps free application. 
The possibilities of use for the Chernoff Faces shall be investigated in cartography teaching for the sixth grade of elementary education and its contributions for the improvement in representation and reading of maps from the social and environmental perception of the neighborhood in which students reside.
The proposition was to work with social interaction that, according to Vigotski (2007, p.11) “[...] is the moment o greater significance in the path of intellectual development [...]”. From the observations made through field research and interviews with residents and other modeling agents of the neighborhood where the students live. 
It is important to take into account not only the aggregate of multiple dimensions of the social and environmental realities, but also the several dimensions of the person who interacts with these realities, its global aspect and its complexity. The meaning of "global" as used herein is quite different from "planetary", which means holistic - referring to the sum of each being, of each reality, added to the net of relations that binds beings amongst themselves and in groups in which they construct meaning (Sauvé, 2005, p. 27).

Cartographic activities must be developed deeming the student as a subject actively taking part in the process of graphically representing his/her perceptions, impressions and spatial associations, from the inter subjective relations of his/her living space as highlighted by Holzer (1999), involving all senses that are filled with memories and meanings (Lynch 2011).

The Chernoff Faces proposition aimed to arouse the interest of students for maps through a social and environmental perception theme without disregarding the basic principles of thematic cartography.
This work should also contribute with the use of the Chernoff method as another teaching strategy applied to cartography learning in elementary school for the building of cartographic, social and environmental knowledge in the context of the students' realities.
2. Chernoff  Faces method in Thematic Cartography
The Chernoff Faces method was created in 1973 by the emeritus Professor Hermann Chernoff of the Harvard University. Chernoff (1973) described "The uses of faces to graphically represent points in k-dimensional spaces”. Until now only development methodology was done.
The Chernoff Faces method consists on the icon representation of multi variable statistic data in which the researcher uses face features with a maximum of 20 possibilities.
Even though the method was created for statistics, the use of Chernoff Faces to represent spatial data was first made in 1977, when Eugene Turner developed the Face map "Life in Los Angeles, 1970", as observed by Nuñez (2010). 
Castro et. al. (2011) showed that through facial lines and expressions, via eyes, nose, ears, lips, and facial features that can change (especially in the visual variables of size and shape, data is represented simultaneously, as shown in Figure1. 
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Figure 1. Faces variations, from Spinelli e Zhou (2004).
Research regarding the use of this traditional statistical method of representation in Cartography began finishing the decade of the 70\'s in the past century. In the last years of the 20th century and beginning the 21st century were developed different research projects to improve the use of chernoff faces in maps and in special in School Cartography. Castro et al (2011) stated that Chernoff methodology can be applied to graphically represent a geographic theme with multi variables, either through the use of human face lines or through the use of pictograms based on the basic principles of thematic cartography.
Nunez (2010), in his work with undergraduate students, showed that the essential parameter to perform a thematic reading of maps with multi variable dimensions using Chernoff faces is the curvature of the lips, as it represents the nature of geographic information. However, the number of variables that may be used by the Chernoff method in a map should be a maximum of six in order to facilitate the reading of the spatial information.

Thematic Cartography comprises the preparation of a map on a topographic basis that should be concerned with the communication of geographic information and not merely to illustrate it. Therefore, in accordance with Martinelli (2003, p. 29), maps involve scale, orientation, projection, geographic coordinates, selection of planimetric and altimetric elements (punctual, linear and zonal). As to Robinson et al (1995), thematic maps show where the distribution of attributes is concentrated or the relationship among several of them is established according to the theme, such as precipitation, temperature, population or like any map performing a communication process.
3. The use of Chernoff Faces in the teaching of     Cartography 
Among the possibilities for the use of Chernoff Faces in the representation
 of thematic maps, experiments with this method in the in schools showed  
satisfactory results.
Both Argentinian and Hungarian researchers conducted bilateral cooperation projects (Castro et al, 2011.) that were split into two stages; the first project based on the assessment of the use and interpretation of maps for school children, which showed students' difficulties with cartographic language; the second project investigated the application of the Chernoff Faces method and its possibilities in the teaching of cartography in the first segment of the elementary school in Argentina and elementary and secondary education in Hungary. Similar questionnaires were applied which, in turn, were divided into exercises for students in both countries. Castro et al (2011) concluded the utility of this method to work with themes with multidimensional representations, besides improving students' interest for cartography and therefore, to make it easier to read maps.

Dombóvári et al (2012) described the development, in Hungary and Austria, of a research project on cartographic possibilities regarding the use of Chernoff Faces in the second segment of elementary school, with pupils aged between 13 and 14 years old in both countries. The results showed that the use of Chernoff Faces in this age group facilitated the reading of the information represented in the maps, and therefore, it has become advantageous to also work with this innovative method for encoding and decoding thematic maps and atlases without replacing traditional methods of thematic cartography representation. 

4. Methodology
This paper focuses on the teaching of Thematic Cartography in schools via the Chernoff Faces method, that is, the use of human facial features such as eyes, mouth and nose for the map representation of a multivariable theme. The methodology was split into four stages. The first stage consisted on the selection of two classes of the sixth year of elementary school at Botafogo public school located in Macaé city, in Rio de Janeiro state. The implementation of this teaching resource occurred during eight classes of 50 minutes each, throughout the first semester of 2015.  The theme is related to the study of social and environmental perception of the places that students live in the city of Macaé.
The second stage comprised the following steps: 
a) the choice of Google Maps for the performance of activities due to the free availability of geographic information for any occasion.
b) layer conversion into shapefile format through ArcGis 10.1 (“Estado_do_Rio_de_Janeiro.shp”,“Municípios_Estado_do_Rio_de_Janeiro.shp” and Bairros_Município_Macaé.shp”) into KML format and, the posterior insert of layers into Google Maps;

c) conversion of the drawing of Chernoff Faces on Paint Brush into JPEG format;
d) insertion of four Chernoff Faces, each of the faces shall have its own URL. The link where the image should be inserted was at <http://www.mapeandomeusrios.com.br/projetofacesdechernoff>, so that students may use theme maps;

e) preparation of the questionnaire that will be applied by students to residents and other urban spatial producing agents to understand environmental perception of these citizens within the neighborhood they live.
The third stage of this study includes the preparation of a thematic map by the students with the following steps: 
a) the splitting of classes into groups of 4-5 students in order to facilitate data collection in the neighborhoods of Macaé, according to the area of residence of students, specifically with the following localities: Botafogo, Malvinas, Aroeira and Nova Holanda;
b) guidance of students about the questionnaire to traders and residents of the neighborhoods where they reside; 
c) data collection, including  geographic information, that students should collect data about their environmental perception, taking into account the green areas, availability of services such as health and educational services, and even basic sanitation. Students will assess three specific social and environmental factors of the neighborhoods, namely: the existence of green areas (if they exist or otherwise they exist but are not enough), the ease of access to services such as health, education (low, medium and high offer) and basic sanitation (if it is present or not). It was adopted the use of Chernoff Faces as a way to graphically represent the quality of life in the neighborhood where students live according to their social and environmental perceptions;.
d) organization of data obtained from the questionnaire in a table format using the Google Fusion Table free application
 under the guidance of the teacher;

e) preparation of thematic maps using data and information collected by students in the computer lab using the Google Maps application that will subsequently be available electronically at:<http://www.mapeandomeusrios.com.br/projetofacesdechernoff>.

The activities will be developed with the support of digital technology, especially the use of the Google Maps, in line with Brazilian Official Curriculum Parameters for Geography and the cross-cutting theme of Environment along with the Curriculum Guidance Booklet from 6 to 9 years old. The thematic maps will be graphically represented through the use of Chernoff faces in order to convey the perception of student's living space, in this case,
in the vicinity where they reside in Macaé city.

The fourth and last stage of this methodology wil be to assess the contributions regarding the use of the Chernoff method for the construction of geographical knowledge and, therefore, the possibilities for improving the teaching of maps and raise student interest in the 6th year of elementary education through everyday environmental issues and cartography.

5. Final Considerations
The integration of Environment and Cartography presents students with possibilities to represent geographical phenomena concomitantly in their social and physical aspects from the perception of their daily surroundings up to the connection with other spatial frames and timescales.

The use of Chernoff Faces for students may be applied to represent a theme from a cartographic perspective with an array of variants to locate, analyze, establish relations, comparisons and synthesis though face tracing. In view of these possibilities, this method, applied to the study of environmental issues, makes the study of cartography more interesting and involving, which in turn, promotes civic consciousness and social participation.

Therefore, the construction process of geographical knowledge should allow students to interact critically with environmental issues from their surroundings and thus seek solutions and alternatives that promote a more dignified coexistence between society and the environment.

The methodology was developed but the application and the assessment (the fourth stage) is still in course, but the results up to now indicated that the use of Chernoff Faces worked very well to express graphically students' perceptions from the place they live and also to stimulate them on the art and science of making maps.
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