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This paper discusses how a group of adolescent students has been engaged in a cross-curriculum project focusing on making explicit the historical background of establishing the ‘meter’ as a commonly used unit. The project was organised around a role-playing debate imagined to have taken place at the time of French Revolution. The potential of this particular project can be recognized at varied interrelated levels; a) in its effectiveness in students’ knowledge in Mathematics and Physics and in changing stereotypic images of Mathematic, and b) in supporting student’s creative and critical thinking in the realm of their involvement in social problems within a specific economic and historical context. Moreover we consider that students, in their involvement in this project, have the potential for cultivating communicative abilities and a stronger sense of citizenship.

INTRODUCTION: HISTORY OF MATHEMATICS AND EXPERIENTIAL LEARNING 

The integration of the history of mathematics in teaching can support, enrich and ameliorate mathematics education processes as far as mathematical learning is concerned. Besides to mathematical learning, the development of beliefs (and positive attitudes) concerning the nature of mathematics and mathematical activity, as well as the recognition of Mathematics as a human cultural product can be encouraged through the history of the subject.
Tzanaki and Arcavi (2000, pp.203) refer to five main areas in which mathematics teaching may be supported, enriched and improved through integrating the history of mathematics into the educational process: a) the learning of mathematics b) the development of views on the nature of mathematics and mathematical activity c) the didactical background of teachers and their pedagogical repertoire d) the affective predisposition towards mathematics and e) the appreciation of mathematics as a cultural-human endeavour. According to Jankvist (2009), the arguments for using history are of two different kinds: those that refer to history-as-a-tool for assisting the actual learning and teaching mathematics and those that refer to history as-a-goal in itself which focus on the developmental and evolutionary aspects of mathematics as a discipline. Based on a review of the literature, one could point out that the historical approach in mathematics teaching, amongst other things, focused towards:
1. Disputing the mathematics myth as a sterile, static and insular science, projecting mathematics as humanitarian science whose development depends on social, historical and philosophical factors (Ernest, 1998). 

2. Highlighting the interaction between Mathematics and society, revealing the ways, the norms and practices of various cultures, which influence Mathematics and vice versa how Mathematics influences the ways in which people operate, and think about, the world (Wilson, 2000).
3. Exemplifying and making explicit the genesis and origins of some ideas and procedures (Furinghetti, 98)
4. Supporting the learner to appreciate that heuristic processes, conjectures, doubts, mistakes insufficient claims and proofs, and impasses, all make constitutive pieces of Mathematics creation, and hence an inextricable piece of what Mathematics is (Tzanakis, 2009: pp. 20).
5. Stressing the close and two-way interrelation of mathematics and physics, through their historical evolution ( Tzanakis & Thomaidis, 2000; Tzanakis, 2000)
6. Showing the interdisciplinary nature of mathematics – its relevance to every aspect of human life— (Ernest 1998).
7. Integrating elements of different curricular subjects, through the interdisciplinary projects in which History of Mathematics plays an important role (Furinghetti, 97; Furinghetti, 98; Kotarinou & Stathopoulou, 2009) 
8. Providing us with ways to introduce students to the beauty, utility and abstraction of Mathematics (Wilson, 2000)
9. Supporting the introduction of notions and methods, the necessity of which we find difficult to explain to the students.

10. Providing students with the opportunity to ascertain that famous mathematicians not only followed the similar way of thinking, but had done the same mistakes as students (Furinghetti, 2003). [1]
History of mathematics can also contribute towards experiential learning. Experiential learning theory defines learning as "the process whereby knowledge is created through the transformation of experience. Knowledge results from the combination of grasping and transforming experience"(Kolb 1984, p. 41, in Kolb et al, 2000). Experiential learning permits student learning in an effortless, constant and permanent way through the ‘real’ experience and in participating in activities that concerns him and that he finds interesting.  Some ways of experiential learning through the history of mathematics, are: enactment of theatrical plays (Fraser & Koop, 1981) dramatization of different themes from History of Mathematics (Hitchcock, 1998; 1999; 2000; Lawrence 2000; Prosperini, 1999) story-telling from History of Mathematics (Selby, 2009; Schiro, 2004), educational programmes inspired from history of Mathematics in Museums, archaeological or historical places, role-playing (Perl and Christner, 1982; Hallenberg, 1995), debates (Furinghetti, 97), historical debates based in a mathematical issue (Bartolini, Bassi & Mariotti, 1999a,1999b; Katz, 1997)
In this paper we shall provide a review of our research which aimed to explore the use of Drama in Education and specifically the role-playing debate with a theme from the history of mathematics: 1) in helping students realize the relationship of mathematics and science in a socio-cultural-historical context; and 2) in assisting students to understand the mathematical and/or scientific notions of a selected historical case. For this reason an interdisciplinary project has been conducted about the processes of establishing the ‘meter’ as a commonly used unit during the French Revolution. Among other activities a role-playing debate was carried out, which was a simulation of the confrontation in the French National Assembly during the French Revolution and was concerned with the choice of a unified unit of length measurement.
DEBATE AND ROLE-PLAYING: THEIR CONNECTION WITH HISTORY OF MATHEMATICS 
Drama in Education is a highly structured pedagogical activity that utilises exercises and techniques of dramatic art, in which the emphasis is on the procedure and not on the final product (Alkistis, 2000). It constitutes an experiential approach to teaching and aims at collaborative, active learning through experience while giving the child the opportunity to develop acceptance, understanding, creativity, curiosity, the ability to express themselves, self-consciousness, and skills in team work (Wagner, 1999). Among other techniques of Drama in Education is Role playing. Role playing is a technique in which students adopt a particular character putting themselves in the same position as him, trying to think what would that imaginary character have said, thought or felt (Neelands, 1998). 
As has been noted through bibliography, this technique is often supplemented with the use of debate. The use of debate in teaching can facilitate knowledge acquisition as well as the development of critical thinking (Huber, 2005; Snider 2006). Furthermore, participation in activities of this type familiarizes children with the holistic handling of issues, makes them able to justify their point of view, practices their mental flexibility and alertness, and enhances their ability of self-criticism and their conciliatoriness. At the same time they are given the opportunity to exercise their mind by producing and communicating ideas. Debates about mathematical discoveries can help students understand that old paradigms of thought were successful because the theories worked in the context of the old world, not because people of that day were ignorant (Snider, 2006 pp.230). Debates can also enable teachers to bring the historical contexts of mathematical theory to real life.
More specific, the role playing debate that simulates historical events, can revive the historical context within which a science theory (or technique) was developed (Snider 2006). Role-playing emphasizes the dimension of Science as “process” and as “social institution” makes Science education more effective (Alkistis, 2005). In addition, through the research required for the debate, students have the opportunity to get to know the historical and social context within which a certain scientific theory emerged and generally comprehend that science, society and culture are interrelated.
METHODOLOGY 

The project was carried out in the 2nd State Lyceum of Ilion in Greece, in a low social and economical area of Athens, during school year 2007-8, with two classes of 11th grade [2] students (with 22 and 23 students) in order for them to approach through experiential learning an historical event concerning the establishing of the meter [3] as a unified unit of measurement. 
This project aimed to discuss notions in Mathematics and Physics and the connection of the two disciplines, the change of stereotypic images of Mathematics by the students, the students training in argumentation skills, the students development in creative and critical though and the students cultivation of communicative abilities and of a stronger sense of citizenship.
We chose the model of collaborative teaching practice which was based on the reiterative cycle of planning - researching - sharing resources - teaching collaboratively - and finally assessing the outcomes of a lesson (Lawrence, 2008).
THE INTERDISCIPLINARY PROJECT 
Historical events: By the end of the 18th century the diversity of weights and measures in France was held responsible for great problems in economical dealings as well as the exploitation of people by feudal lords. Embezzlement, fraud, injustice, arbitrariness were ascribed to the diversity of about 2.000 different units of measurement in all France. Things were made worse because majority of the population was illiterate and thus incapable of making conversions amongst different measuring units.
Due to the aforementioned reasons standardization of measuring units was one of people’s basic demands. The establishment of new units consisted a political decision. From the first year, the French National Assembly voted the uniformity measurement units and sought new ones. In 1790, the French National Assembly accepted the definition of the meter as the length of pendulum that has a period of 2 sec at latitude of 45o, and asked the Academy of Science to propose the base of the metric system. The Academy responded to this request and recommended a decimal system of measurement. In 1791 a committee of the French Academy of Science—Lagrange, Laplace, Condorcet, Borda and Monge—suggested that the new definition for a meter be equal to 1/ 10 millionth part of the quadrant of the terrestrial meridian between Dunkirk and Barcelona and this was accepted by the National Assembly. The unit was given the name “meter” in 1793.
Placing the drama project in practice: ‘sensitive pendulum or heavy earth?’
During this project, a role-playing debate was organized, which was a simulation of the confrontation in the French National Assembly. This particular debate entitled “The sensitive pendulum or the heavy earth?” was carried out twice with 11th grade students of two different classes. One class had previous experience with activities in the use of Drama techniques, in contrast with the other class in which the students had had no similar experience. A class that wasn’t involved in the project attended each debate. This confrontation concerned the choice of a length measurement unit, through the two aforementioned different approaches. The topic of the debate was selected to show students the confrontation, the protagonists and the historical context within which the unit ‘meter’ was introduced to help them comprehend that scientific theories are result of both intellectual and social interaction.
Preparing the ‘debate’ seven teaching hours was required over a period of three weeks. In history-class, a PowerPoint presentation concerning the establishment of the meter, helped students to realize the problems stemming from the use of many different units of measurement. Extracts from a documentary film about the French Revolution introduced them in the ambience existing before and during the first two years of the French Revolution. During the subsequent discussion, pupils started pondering why the choice of weighs and measures by feudal lords was a privilege for them. They finally found out that the change of size of the unit of volume resulted into an increase of taxes. The role of scientific unions concerning their decisions not only in scientific subjects but in social and political ones has been discussed. 

During the language-class, the teacher helped students translate and understand texts concerning the origin and life, as well as the ethical and political role of scientists and other historical issues emerging in this revolutionary period. 
The students were divided into 6 groups and had to locate their arguments for preparing a ‘debate’, reading extracts from Denis Guedj’s book “Le metre du monde”. Each group chose a representative to take part in the debate. The teachers in charge were present all the time to support the teams in their work. The students’ ability to argue about the choice of the pendulum is directly correlated with their comprehension of its governing laws. Therefore, the students were taught in physics- class the pendulum principles and were also familiarized with the notion of pendulum isochronisms phenomenon. In the debate, for a suitable atmosphere to be created, simple settings and costumes have been used. In order to find out the way the members of the Assembly were dressed and how they spoke, the children watched David’s famous painting ‘The Oath of the Tennis Court’ and dramatized scenes from a documentary with Robespierre speaking in French Assembly.
In the debate all students adopted the role of a responsible citizen, member of the French Constituent Assembly, who had to take decisions about crucial matters, in this specific historical context. Certain students played the role of historical figures as Talleyrand, Bailly, Prieur, Condorcet, Borda. Prieur spoke in favor of establishing new units; Borda presented the proposition of the French Scientific Academy, while Talleyrand spoke in favor of the pendulum and Condorcet in favor of the meridian. Some students, as members of the Assembly spoke either for the pendulum or for the meridian. During the debate students participated vividly either acclaiming or disapproving the speakers. Before reading the real decision of the French Assembly, all of them- in roles of citizen members of the assembly- voted in favor of the meridian as the most appropriate unit of measurement, without knowing the real decision of the French Assembly.
Preliminary DISCUSSION 
The project has been evaluated through the analysis of students’ answers to a questionnaire and of particular episodes of the process as they were captured by means of videotaping the debate performance. The reason for distributing a questionnaire was primarily to identify whether the project had any impact on students’ knowledge concerning the measuring units. 
The majority of students, even a month after the debate, answered correctly to questions involving the establishment of the meter (27 from the 45 students answered correctly about the meridian definition of the meter) and the laws of pendulum (28 students answered correctly that the period of swing of a simple gravity pendulum depends on its length and the local strength of gravity and that it is independent of the mass of the bob, while 17 gave wrong answers or didn’t answer at all). The students emphasized that this activity engendered the development of critical thought, the familiarization of a more rounded approach, active participation and cooperation with each other. More importantly that what they learned they emphasized the way in which they learned: they pointed out that they all took part, worked together, took the initiative and felt enthusiastic. Furthermore they liked the seriousness with which the debate was carried out; the good organization and the role-play which made them believe that they really took part in the French National Assembly. 
Analysis of the videotaped debate performance
A preliminary analysis of the videotaped debate performance permitted us to stress a number of episodes related to processes of knowledge construction and values building such as; discussion of mathematics and physics, training their skills in argument, and gaining a sense of becoming responsible citizens. Each of these are briefly analysed below.
Discussion about mathematics and Physics notions: Students have discussed about arbitrary and conventional measures, connecting the conventional unit of length measurement with justice. From their arguments in the debate we concluded that students had understood the laws of simple pendulum as they referred - in their argumentation - to the dependence of the period of pendulum on π and on g - the acceleration to the gravity [4]. 
Training in argumentation skills: Both sides had to prepare strong arguments to support the definition of the meter. The team in favor of the pendulum used the argument that pendulum was a rational solution, simple, cheap in construction and easy and functional in use. The second team claimed that the definition of the meter as a part of a meridian was a global solution, not easy and cheap but yet an accurate and reliable one, as not depending on numbers that in real life can’t be calculated with accuracy. 
Quotes from student-in- role of Talleyrand argumentation in favour of the pendulum  

...Laws of pendulum are dictated by Newton laws and because we are now in a rationalism era we believe that this is one of the best solutions...Laws of pendulum are very simple. Its movement depends only on the length of the rope and the geographical area. The weigh that you see in the end of the rope doesn’t play any role (He explains the pendulum laws pointing out on a pendulum in movement). We can then define as unit of measurement the meter, equal with the length of pendulum which does this movement forward and backward in 2 seconds. It’s something very simple, it can be realised in front of people, it’s very economical and easy... 

Quotes from student-in- role of Condorcet argumentation in favour of the meridian

...You have mentioned that we live know in an era that we must be rationalists. Can the measurement that you have proposed, be a product of rational and realistic thought? You have mentioned some other factors to which I will now refer. More precisely you have referred to the acceleration of gravity and to the number π, the well-known 3,14…. I want to remind you that all these numbers have infinite digits … Is it possible that the meter that we will use in all our life, for all the time from now and then, for all next generations, will not be an exact number? Is it allowed such a thing? How is it possible for the meter to be approximated in such a way? As citizen Talleyrand correctly mentioned before, the acceleration of gravity changes from place to place. Is this not enough for us to reject it? Will France have a different acceleration of gravity, Spain another one, and Russia too? Will we have then a different meter for every different place in the earth? How is it possible for us to accept it?

Fostering the sense of citizenship: Through the whole procedure, the value of public (and responsive) dialogue has been brought out. During the introduction of the debate, the necessity of innovation ‘in order for the people stop being victims’ has been underlined. Also, the exploitation of people by feudal lords though the use of arbitrary units of measurement has also been emphasized by the students. The need to release from king’s units has been emphasized, as they were local and also being defined in an arbitrary way. Students correlated the common meter with human rights while both teams have argued that the ‘meter’ had to be defined in a way that can de understood by every citizen. 
…I would like to agree with Condorcet aspect, as pendulum is a phenomenon, which is encountered with a lot of formulas and notions that any person in France isn’t obliged to know. So, how is it possible for any simple tradesman or farmer to measure the period as it was mentioned before? How are they obliged to know the oscillation?

…Pendulum is based in a physical phenomenon. Everyone of us can use it simply, as many times he wants, quickly and with precision, something that is quite impossible with the method of meridian.

SOME CONCLUDING REMARKS 
The experiential dimension of learning, considered as a fundamental component in alternative approaches of teaching, is absent or has a decreasing role in traditional teaching. In the aforementioned project we have seen students involving in an experiential way –with role playing- in a more complicated process than a traditional lesson and we have seen them cultivate multiple aspects of their selves and their creativity. Apart from the students their facing different subjects in the same activity, they saw another image of Mathematics. Contrary to a conventional lesson which emphasises solving of formal problems, -often de-contextualised - students faced a non direct mathematical problem but a problem with mathematical notions. The social conditions determining the context have appeared to also determine decisions, while the scientists’ social responsibility, as people who play active roles in society, came into the fore.
According to Ernest (2008) the adoption of mathematics as a cultural construction, as much from a historical perspective as from the perspective that examines knowledge in relationship to the context, can endow a human element to school mathematics once more. We believe that with all the aforementioned activities this aspect of mathematics came to the forefront. With the role-playing the central role of historical and social context and ways mathematics could be utilized in was brought to light and students were able to experience this dimension of mathematics, not only mentally but emotionally and physically. We think that there is a need to reconsider research related to ways in which Drama in Education techniques can contribute to an experiential learning of history of mathematics and mathematics in general.
Notes

1. We consider that the first seven from the aforementioned benefits -for integrating the history of mathematics into the educational process - are the most relevant for the study presented in the present paper.
2. The necessary knowledge for the project -the ‘simple pendulum’ and ‘the French Revolution’- is included in the 11th grade Physics and History curriculum.
3. The 11th grade Euclidean geometry curriculum includes the notion of a straight line segment measurement. In the school book there is a reference of the arbitrariness of the measurement unit. This reference gave us the opportunity for the project concerning the establishment of the meter. 
4. T=2π(l/g)1/2 ,T=The period of a simple pendulum,  l = length of the pendulum
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