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Abstract

In Sète, a small French southern town nearby the Mediterranean Sea, six companies are competing to implement new energies into the city. The companies are specialized in different “green” energies: heat pumps, windmills, ocean wave energy, photovoltaics and methanization. Each of them has to convince the committee tender responsible for the call for project that their project is the best for a sustainable development of the city. But they have to face cons from an active local association of citizens before they vote to choose the best project. The debate is tricky and the competition is merciless. Each one is aware of the importance of the stakes and is deeply involved in the struggle… but this is “only a game”. The “mayor of the city” is a secondary teacher. The “companies”, the “committee tender” and “association of inhabitants” are the different characters playing by secondary students. 
This role-playing game has been designed with geotechnologies. The different characters get data from a virtual globe. They use it to locate their project and to demonstrate its impact on the environment. The different characters have to judge the relevance of the projects on the field. To do that, they use pocket PCs with GPS functionalities that display interviews of local “inhabitants” when they reach the places where the projects are planed to be implemented. They get information from these interviews and from the field itself. Therefore the game includes the use of Augmented Reality.

In this paper we describe an empirical research into the uses of geotechnologies to design a role-playing game for the development of citizenship. The research questions focus on the elements that the teacher should take into account to design such a role-playing game. We address the question of the added value of geotechnologies to design complex learning situations. Then, we discuss the relevance of geotechnologies to design a Game-Based-Learning situation which aims at developing citizenship for secondary students. 
Introduction 

The developed countries educational systems face two contradictory trends.  On one hand it has been advocated that educators should concentrate their efforts to teach “basic skills” such as reading and counting and it has been claimed for a come back to “more discipline” as a remedy for the “failure of our educational systems” (Prensky, 2010). On the other hand many researchers and educators underline that new media alter how youth learn and socialize (Ito et al., 2008) and that this should be taken into account. Therefore, one stake is to bridge the gap between school, based on knowledge coming from experts, and “digital natives” (Prensky, 2006) involved in collaborative networks where they share knowledge and “expertise”. Starting with this points, different European reports advocate for a renewal of pedagogies by developing Inquiry-Based-Learning (Rocard et al., 2007) or Game-based-Learning (Wastiau, Kearney, & Van den Berghe, 2009). Indeed, Gaming is one of the most important features of the uses of technologies by youth.

This paper describes an empirical research into the uses of a virtual globe and augmented reality to design a role-playing game for the development of citizenship. We both used a virtual globe and Augmented Reality to design a land use management game about the implementation of “green” energies into a city. The students face a challenging situation in which they have to formulate pros and cons for different projects which aim at improving the sustainability the energy consumption in their city.

In this paper, we address the following questions:

- What elements should be taken into account to design Game-Based-Learning situations?

- What is the added value of geotechnologies to design complex learning situations such as role-playing games? 
Then, we discuss the relevance of geotechnologies to design a Game-Based-Learning situation which aims at developing active citizenship for secondary students.
2
A research into the use of geotechnologies for gaming and learning

2.1
Rationale: gaming and learning with geotechnologies
According to Brougère (Brougère, 2005), a game is a meta-activity, a model of an ordinary situation which is defined by a high level of self regulation for the player and by incertitude according to the consequences of the player decisions. The self-regulation of the player is framed by rules. The game is a simulation, therefore, the main characteristic of a game is frivolity, ie the consequences of wrong choices are minimized and it is always possible to leave the game.

The link between gaming and learning is not a new question but a question that is now renewed by the increasing power of technologies to design attractive and realistic simulations. Therefore serious games are used by international organisation, companies or institutions, to promote their image or their products (advergames), to recruit (persuasive games) or train their staff (edugames). Many publications has emphasized the value of games for learning (Egenfeldt-Nielsen, 2006). The main points that are generally discussed within the literature are the power of games to motivate students and the development of student-centred teaching methods (Kirriemuir & McFarlane, 2004). Different initiatives to promote Game-Based-Learning in secondary education has been taken in Europe (Wastiau, Kearney, & Van den Berghe, 2009) but different problem remain. The content of the available games is not necessary relevant and teachers have difficulties to introduce them into their practices. There is a need of tools that permit the teachers to design their own games.
At the same time different works highlight the power of geotechnologies to promote student centred teaching methods (Baker, 2005; Kerski, 2008; Sanchez, 2008). These technologies are considered to be relevant tools to enhance spatial literacy ie. the awareness of how decisions are made about the environment and the impact of human as change agents (Kerski, 2008). And, in a previous work, we have discussed the value of a virtual globe, as Web 2.0 technologies partly based on user-generated-content, for Game-Based-Learning (Sanchez, 2009; Sanchez & Jouneau-Sion, 2009).
Augmented Reality includes concepts of geotechnologies and different educational projects aim at assessing the value of such technologies for educational purposes (see for example Savannah
). These technologies permit to merge the real physical world with geolocalized images, videos or recordings. Our research aims at exploring is the added value of such technologies to design complex learning situations.

2.2
Research design

Our research methodology is based on the confrontation of a priori analysis of the learning design – based on our theoretical framework - and the results of implementation of this learning design with the students (Artigue, 1988; Brown, 1992). This methodology consists in the design of a controlled experiment which need to be described and understood as a system of interdependent elements. This includes establishing a technologically rich environment, setting up both cooperative and competitive situations and effecting change in the role of students and teachers. This methodology intends to permit reflective practice among teachers and researcher and to capture the implicit knowledge that is used to design the learning situation. This research is both hermeneutic – ie. aiming at giving meaning to the lived situation - and pragmatic ie. aiming at producing knowledge for the practitioners (Astolfi, 1993).

During one year, a team of 4 persons (1 researcher and 3 secondary teachers) collaborated to design a role-playing game about the use of sustainable energy for a city. Six companies specialized in “green” energy compete to convince a committee tender and an association of inhabitants that their project is the best for the sustainability of the development of their city. During 6 weeks (1.5 hour per week), 32 upper secondary school students (ISCED level 3-15/16 years old) use geotechnologies to design or assess different projects.
The minutes of the meetings and the debriefing of the teacher responsible for carrying out the experimentation take an important role for the analysis of the experiment outcomes. Some data has been discussed during a final seminar which included different other teachers and young researchers involved in the design of Game-Based-Learning situations. Data sources of the research include videotapes and students’ written documents from 32 students as well. 

In the following paragraph we describe the game that we designed and experimented.
3
A framework for learning-playing-role design
3.1
A role-playing game about sustainable development
The game
 consists in a role-playing game about sustainable development. Six companies (6 pairs of students) have to design a project for implementing new energies in the city of Sète (south of France). The different companies are specialized in different sorts of “green” energies: heat pumps, windmills (low and high power), ocean wave energy, photovoltaics and methanization. The committee tender (pair of students) is responsible for the respect of the of the process rules and to consult a citizens association (another pair of students) for the choice of one project. This association has to propose cons arguments for the different projects.

The game starts with the official call for projects by the city major of the city (the teacher). He presents the specifications for the project to the different companies, the agenda and the criteria that will be used to assess the different projects. To convince the inhabitants of the city, the companies have to create a poster. This poster includes the location of a 3D model of their project in a Google Earth view of the site. They have to respect technical and ecological constraints.
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Fig. 1:
Students proposal for the localisation
 of a methanization unit with Google Earth

Each company has two weeks to design a pre-project. They present the pre-project to other companies, to the committee tender and to the citizens association who provide opinions and recommendations. Then, the companies have two more weeks to improve their project according to the feedback that they get after their presentation. At the same time, the committee tender and the citizens association verify the coherence of the different projects by gathering data on the field. To do that they use an augmented reality game designed with MITAR (Daniel & Badard, 2008), a software developed by MIT's Scheller Teacher Education Program lab, and implemented on Pocket PCs. Therefore, the students get information provided by short videos in different places in the city. 
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Fig. 2:
“Opponents” add a post-it to underline the weak points of a project  
During the 6th week, the students present their final project and the posters are displayed in the library of the school. The citizens association adds post-it on the different posters in order to underline the weak points of the projects. Then, via the school website, the committee tender ask the inhabitants to participate to a vote for selecting the best project.
3.2
Game design, some elements to take into account
One of the aims of the research was to identify the elements that should be taken into account to design Game-Based-Learning situations. The design of the game is based on explicit choices discussed among the research team during the design process of the game and during the final seminar. As a result, we have identified different criteria that we consider important. They are believed to improve the implication of student into the game and to add educational value to the game as well. (1) A first criterion relates to the enhancement of the student’s motivation with the design of a challenging and close to reality situation in which students are engaged. The use of MITAR gives the opportunity to provide the students real data from the field and added content by the teacher. This content fits with the students preoccupations. (2) The design of the game takes also into account the relevance of the content to be learnt. The different steps of the game are close to the procedures that are followed for a real call for project. The students have to deal with a modelled reality and to uses appropriate concepts from different fields such as geography, economy, biology or physics. For achieving this goal, the research team transposed these concepts into the learning situation by describing the different characters, the rules of the game and the material to be used or produced. (3) The students are free to get initiatives and to decide which strategy they choose and (4) the situation allows them to improve these strategies. For example, they get feedbacks from the others players when they offer a presentation of their project or they get the opportunity to get information in order to assess the relevance of their project. (5) Another characteristic of the game is that students are allowed to make errors. The consequences of these errors are minimized and everybody can “try again”.  It is “only a game”. Failures are not dramas as they result from characters and not really by students themselves. (6) Furthermore, the design of the game aims at taking into account the emotional dimension. The names of the characters have been chosen to develop humour and the students can get pleasure to be involved in a challenging situation. (7) Therefore, we developed the opportunity for students to be involved in social interactions such as competitive and collaborative work. (8) A last point has been considered important during the exchange among the team. The game is only a part of the learning situation. Students need to get knowledge before the start of the game and a debriefing session is necessary after the game is over. The aim of this debriefing is to point out the concepts that have been learnt, to make a step behind and to reflect about the relevance of the model of knowledge embedded into the game. As a result, the beginning and the end of the game have to be very clear for the students.
4
Toward citizenship
4.1
Dealing with complexity

According to Morin (Morin, 2000), the capability of citizens to think the complexity of the world is a major educational stake. To achieve this goal, students must be engaged in realistic learning situations in which they can develop complex thinking. Geotechnologies permit the teachers to design such learning situations. 

The use of geotechnologies such as Google Earth and Augmented Reality aims at designing a learning situation close to reality. To do that, we first analyzed the content to be learnt. This content is multidisciplinary. Many factors have to be taken into account for the design of a land use management plan, especially when sustainable development standards are expected. Some factors relates to physics. The efficiency of a type of electricity production depends on the technology and the primary energy that is used. Economical considerations, ie ratio between gain and investment, are important for policymakers. Such a project involves ecological factors as well and the question of environment protection is complex by itself. The human factor is crucial. Students have to face the behaviour and arguments of other characters. Indeed, the problem given to the students needs a multidisciplinary approach to be solved. This problem has not a unique solution. Different choices are possible but they must be based on democratic and argued decision. The arguments must be explicit and grounded on empirical evidences. 
[image: image3.png]Bl Document1 - Microsoft Word - @ X
L Edtion In

Vidéo MITAR

Temps total : 0:58

2z démarrer | @ B 7w vidtos leusite " Documentt -Merosch... | (3 Lecteur indows Media Y DEVOUO LW

. s




Fig. 3:
Students discover MITAR before outdoors activities
The use of MITAR has played an important role for the design of the learning situation. The software permits the teacher to add his/her own content to the data that can be gathered on the field. The students get knowledge from the observation of the use of space (physical environment). They use these data to imagine the impact of the planed decisions. The listening of the videos who display interviews of “local inhabitants” helps them to get knowledge on the consequences of the planed projects for people (human environment).  The use of virtual reality has permitted to design a learning situation which takes into account two contradictory wishes: keeping the complexity of the subject to be learnt and allowing the teacher to keep control on the knowledge embedded into the game.
The design of the situation aims at that the students get an idea of the complexity of factors that influence the decisions of policymakers for land use management. By being immersed and acting in a complex situation, it is expected that they get knowledge from the concepts that are embedded in the game and understand the procedures of a democratic decision process. It is expected that they will improve their competencies in building their own arguments. 
Concepts such as actors for land use management, conflicts for space uses, energy conversion or energy efficiency are linked and embedded in a composite learning situation. As a result students are leaded to develop behaviour and to elaborate argumentations that take into account the complexity of the problem. They are involved in a complex task (Lasnier, 2000). We have observed that most of what students produced is based on a multifaceted point of view of the problem to be solved which includes geography, economy, physics and environmental sciences. We have observed this for students who are usually considered to have learning difficulties as well.

4.1
Being engaged: involved and active citizens

Citizenship encompasses both the notion of rights and responsibilities and the involvement and participation of individuals to the life of public institutions for the common good (Weinstock, 2000).  We settled the rules of the game in a way that they are compatible with the democratic process of a call for project.  Therefore, the different steps of the game are close to a real call for project procedures. The students have to follow the rules but they are as well, as committee tender members, responsible for the respect of these rules. It is expected that students get a deep understanding of the rationales in which these rules are grounded and we have observed that students have a feeling of injustice if the rules of the game are not respected.
The data that we get from the experimentation show that different strategies have been followed by students. Some groups decide to put their efforts on communication and they start with the preparation of their presentation. Others prefer to have an idea how their project fits with local land use and they start with locating the project with Google Earth. Groups who have a more analytical approach decide to identify the main factors that they have to take into account to design a pre-project. The learning situation make possible to develop students’ self regulation. The technologies that they use play an important role as they make them able to produce a realistic representation of their project that they use to convince the other characters. 
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Fig. 4:
Advocates of a “company” try to convince the “committee tender”
Our observations of students show that most of them are deeply involved into the game even if a few minorities of them have difficulties to deal with the freedom offered by the situation. The debates are always very animated. Everybody wants to express his/her opinion and need to understand the arguments of the others to propose relevant cons. One of the results of the research is that the students give meaning to the concepts that they employ during the debates. According to our observations, the students are able to take into account the feedback that they get from other characters to revise their project. As a result, they are active, deeply involved into the situation and they get the opportunity to develop skills and knowledge that are expected from future citizens. 
Conclusion

This research emphasizes the added value of geotechnologies and Augmented Reality to design complex and realistic learning situations. On one hand they permit to take into account the complexity of the content that should be learnt. They permit the students to be engaged in complex tasks and therefore, to have the opportunity to develop competencies. On the other hand, they permit the teacher to keep a certain control when he/her transposes this content from reality to the learning situation. The power of these technologies result from the fact that they are Web 2.0 technologies partly based on user-generated-content. One of the limits is the amount of work that teachers should produce to design such a learning situation.
The second result of this work consists in a set of criteria that should be taken into account by teachers when they design a Game-Based-learning situation. These criteria aim at improving the involvement of students into the situation. They aim at enhancing the educational properties of the game. The design of a Game-based-Learning situation is complex for teachers. This set of criteria will be published as a guide for practionners. 
A third result relates to the link between geotechnologies that permit to design complex leaning situations and the development of citizenship. The geotechnologies can play an important role for such design if they are used as integrated tools to establish a technology rich learning environment. Complex learning situations permit the students to learn how to deal with complexity and to be active by being engaged in social interactions. 
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� http://www.futurelab.org.uk/projects/savannah





� A full description of the game is available on: �http://eductice.inrp.fr/EducTice/projets/geomatique/jeu-et-apprentissage/jeusete/jeusete





