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Abstrat

Some aspects of the relationship between Science Education and Theories of Argumentation, some related to the Philosophy of Science (Toulmin, 1958) but also of others from Philosophy, Advocacy and Pragmatics (Perelman and Olbrecht-Tyteca, 1958) is commented. 

The research interest of the GRIEC group of the University of Barcelona will be briefly summarized, their theoretical perspectives, methodolgy and the context, as well some illustrations of reseraches will be summarized. 

The paper will deep then on the relationship between argumentation and students’ misconceptions in science. The aim of this research is to recognize the patterns (argumentation schemes) which are mainly used in the students’ arguments that relate to students’ science previous ideas, and by this way to improve our understanding of the ‘science of students’ and to use this knowledge to propose pedagogical strategies to improve the scientific knowledge of students and their argumentative skills and critical thinking through the practice of argumentation in science classes. Our hypothesis is that these patterns of arguments are learnt in society, and so we think that students will share a lot of common patterns of arguments that can be found also in other context different from the one of the science classes. 

I. Argumentation and Science education.

Introduction
The argumentationa has been studied from several disciplines. As area of research is in fact interdisciplinary, research on argumentation has been carry out from Philosophy (Philosophy of Science, Logics,….) , Linguistics, Sociology, Advocacy, Comunication, Pragmatics and also, and it is our interest, Science and Mathematics education. 
In Science education research on argumentation great influence has been contemporary’s theories of argumentation, especially Toulmin’s (1958), who apart from the theoretical aspects part of his work, has provided with his schematical representation of the structure of an argument which has been a useful and practical tool to analyse and to teach to built arguments in science classes’ context. Aspects of Philosophy that are not properly belonguing to Philosophy of Science are becoming very rellevant to Science Education, as somme theories of argumentation which have been, apart from the Toulmin’s one, the Walton’ Critical Argumentation approach (1996, 2006, 2008), or the New Rhetorics and Argumentation theory from Perelman & Olbrecht-Tytheca (1958; Perelman, 1969) that now time begins to be considered a very fruitful theoretical base for Science Education Research. Also some ideas from the contemporary theories from the Pragmatics (Van Eemeren & Grootendorst, 2004) apport an interesting Pragma-dialectical approach useful for Science Education in some aspects as the model of a Critical Discussion. In this way, argumentation is a new field of research in Science Education that brings new theoretical bases that were not until recently in Science Education.      
Background

The main line of research in Science Education until the last ten years or so was focused predominantly on students’ thinking, ideas and conceptions in sciences and aimed to make contributions to a suitably designed curriculum that could favour conceptual change of students. Most of the studies explored individual students answering questionnaire or being interviewed. Less work has been done with observing and analyzing groups of students during a learning activity (Driver, 1983, Clement, 1985,  Watt,  Gilbert, Driver, 1983, Driver et al., 1985). 

During these years there have been many agreements but also some discussions related these science’ ideas and conceptions. Since 80s agreements were that they are different from the scientific point of view and that in some topics, especially difficult, students don’t change these conceptions despite their teaching of science in classrooms. Although the tools used to research about these children’ ideas and conceptions have been different by several researchers and also performed in several countries, many coincidences have been found in those results (Driver et. 1985). There have been discussion about the coherence of these ideas that in many cases seems depending of the context of the questions asked to students, this discussion seems that is still present novadaya.

Relevant to the aim of our research are the attempts that have been made to identify general reasoning patterns which were not related to the specific topic content of the questionnaire or the interview commonly used in research into science students’ conceptions (Andersson, 1986; Guidoni, 1985, 1990; Maurines, 1991; Rozier & Viennot, 1991; Viennot, 1996) and which could in some way explain the students’ ideas. Researchers from different fields of knowledge have given other interpretations, in some cases, through cognitive entities such as “schemes”, “p-prims”, “mental models”, and so on (Rumelhart, 1980; DiSessa, 1980; Genter and Stevens, 1983; Gutiérrez & Ogborn, 1992). These studies suggest that beneath the students’ specific forms of reasoning some common or general ways of reasoning or argumentative patterns can be found. 
In summary, we suppose now that the image we have to have of the science of children can’t be as simple as at the beginning of this research line could be supossed and linked not only to ideas or concepts but also related to patterns of reasoning students acquire during their live into and outside the school.  
The preocupation of many experts in Science Education in relation to the difficulty that students have to change their initial ideas and conceptions and to accept the scientific view brings experts to elaborate pedagogical models to favour the conceptual change of students (Posner et al. 1982, Osborne and Freyberg, 1985; Nussbaum and Novick, 1981b, 1982; Renner, 1982; Karplus, 1977; Osborn and Wittrock, 1983; Erickson, 1979; Driver, 1986; Duit, 2003). In all these models the first phase is to investigate the ideas or forms of reasoning in relation with the Science content and afterthat the teacher intervenes in some way to evidence that the previous ideas of students are not adequated to answer a question, to explain an experiment, to solve some problem, etc.... This topic of how to produce the conceptual change in learning science has been found as a strand of research in Science Education Conferences during many years and still novadays is found, perhaps today with another terminology and with a more open perspective than before (p.e., in EARLI; 2010; Narst, 2010; Narst, 2011, ESERA 2009; 2011). We also can still find papers in the Journals about this general topic of students’ ideas and conceptions in Science and conceptual change, or ways to favourize the scientific learning of students. The persistence of this topic in the Journals and Conferences means that this change or evolution of the students’ previous ideas towards the accepted Science models is not easy to attain.  
In recent years, researchers have become increasingly interested in the discursive interactions (Roth and Lucas, 1997; Mortimer & Scott, 2003) that occur during classes. It is considered that beliefs, epistemologies and conceptions are no longer treated as things that an individual or a group has and later shares, but as things that are established, shared and negotiated, through interactions, mediated by the language and other semiotic means; that means, meanings are constructed that will first be social and will later be reconstructed as individual ideas or conceptions (Vygotsky, 1978). In this context, the interest in semiotics (Lemke, 1997; Kress, G. & Hodge, R., 1988), rhetoric (Martins et al., 1999; Martins, 2002), argumentation (Solomon 1989; Duschl, 1999; Jiménez-Aleixandre et al., 2000; Erduran et al., 2004; Simon at al., 2006) and communication in general (Ogborn et al., 1996) – beginning to be seen as multimodal (Lemke, 1998; Martins, 2002) – as ways of interpreting what happens in science  classes has increased, and much of the research in Science Education has moved in this direction. Some of the Driver’s last works were about argumentation (Driver et al., 2000) and within a few years the argumentation becames a topic of research (Duschl and Osborne, 2002; Erduran and Jiménez-Aleixandre, 2007). 

Lately has been recognized the importance of Argumentation and the Rhetoric in the construction of the scientific knowledge and their location like central characteristics of the scientific activity (Gross, 1990; Pera & Ahea, 1991; Prelli, 1989). For many years there has been existing in Mathematics a direction of thinking, ¨Heuristic Mathematics¨ that emphasizes the value of the reasonable reasoning (that  identifies how a non deductive reasoning in the sense of the formal logic) in the historical development of the Mathematics (Polya, 1966). What is interesting here is that the same Polya (1960) affirms that in all the subjects, including the Physics, and in the daily context it is used the plausible reasoning and that this have to be not forget in the Science construction also in the school. 
In agreement with these ideas, novadays it is accepted in Science Education that Argumentation and Rhetorics have to be present in Science classes because it is considered that the grounds for the belief must be presented and explored in the context of science classroom (Duschl & Osborne, 2002; Kitcher, 1988; Erduran, 2003) in order that students learn ideas, theories and ways of reasoning; as Duschl and Grandy (2007) and Duschl (2008) say, it is not enough to learn the What in science classes, students have to know How we know and Why we accept what we know: 
“Shifting the dominant focus of teaching from what we know (e.g., terms and concepts) to a foci that emphasizes how we know waht we know and why we believe what we know (e.g. using criteria to evaluate claims) requires a different classroom culture and discourse envirinment. “ (Duschl, 2008, pp: 159) 
 “Language of Science is a discourse that critically examines and evaluates the numerous and at times iterative transformations of evidence into explanations” (Duschl & Grandy, 2007) (citat per Duschl, R. 2008, pp159

In few years the argumentation has became a very popular topic of research in Science Education (Duschl and Osborne, 2002; Osborne, Erduran and Simon, 2004; Simon, Erduran and Osborne, 2006); recently there have been edited books that collect the state of the research on argumentation in Science Education, among other, the one edited in English that collects relevant researches in the world (Erduran and Jiménez-Aleixandre, 2007), another which collects researches that mainly relate argumentation and learning sciences in the Français context (Buty et Plantin, 2008) and it is forcoming a chapter about Research on Argumentation in Europe in the Handbook of Research in Europe (Jorde and Dillons (eds), 2011). Argumentation has gained significant attention in the Journals of Science Education as prouve the studies done on the content of many relevant Journals of Science Education fom Lee, Wu and Tsai (2009) and Erduran, Ozdem and Park (2011). These last researchers analysed near of 2500 papers from 1998 to 2009 and have found that 40% of the papers are about Argumentation in a more o less direct relationship. All these books and papers prove the extension of this topic in research on Science Education.
The research on argumentation includes the study of discursive practices that occurs in the construction of science (and in its learning) as well as the study of the articulation and justification of scientific statements and of the arguments and counter-arguments that can be given in theoretical or practical contexts (in scientific theoretical or in scholar contexts).

Related to the argumentation in science classes context, in the research literature we find that many researches focus the students’ argumentation in a context of a discussion about a polemic issue, mainly socio-scientific, or about a problem to be solved. These repports agree with agendas for fostering the argumentation in Science classes but not trying to link the argumentative activity with the construction of the scientific knowledge, mainly they have other aims such as the learning of argumentative skills, of higher order thinking skills or of critical thinking skills. Less researches have been focusing on the relationship between students conceptual comprehension, construction of scientific knowledge, and argumentation (Von Aufschnaiter, 2008; Baker, 2004; Buty & Plantin, 2008; Cross, Taasoobshirazi, Hendricks, & Hickey, 2008; Dawson & Venville, 2009; Yesiloglu, 2007), that means that the deep relationship between students’ arguments and the ideas and concepts of students have not been received much attention into now in the argumentation in science education line of research. Our research goes in this direction, we have advanced some preliminary results of our research group in Esera conferences (Castells et al., 2006; Castells, Erduran & Konstantinidou; 2010; Konstantinidou, Cerveró and Castells, 2010; Konstantinidou, Castells & Cerveró, 2011). 
Argumentation is seen as a reasoning strategy and thus is a very relevant strategy to Critical Thinking as well (Ennis, 1987; 1992, Paul, 2005). Some authors begin to say that Critical Thinking is a concept that evolved some years ago in the context of a democratic society and in relation to the discussions of the skills that a citizen must possess in order to participate in social and political life in a reflective, critical way; if argumentation is seen as a reasoning strategy, then it is a very relevant strategy to Critical Thinking as many authors say (Ennis, 1987, 1992; Paul, 2005).
In some papers (Guidoni, 1985) it is suggested that the students’ reasoning strategies for solving open problems in an everyday context were closer to common sense reasoning which is not formal reasoning, or, using the terminology of Polya (1966), closer to plausible reasoning, because we wants to study the spontaneous arguments given by students our analytical framework have to be built from Theories of not formal argumentation. These comments coincide with the conclusions from Duschl and Ellenbogen (1999) related to  the SEPIA project in which they stated that in a dialogic context between students the arguments or reasoning students use are not like the analytical or the formal logics but that they are of presumptive type as the ones listed by Walton (1996, 2006 und 2008). In this types of reasonings the conclusions are not necessarily coming from the sure premises but they are only probable or of presumptive nature. In the first fase of the study of Duschl & Ellenbogen (1999), the authors tried to apply the Toulmin’s model of argument structure to the students dialogues and they  found very difficult to distinguishing the elements of the argument’s structure, as f.e., the distintion between warrant and backing and also between data and backing and so, they used  cathegories of agument schemes from Walton (1996). From the list of those 25 types of Walton’s argument schemes (Walton, 1996), they use only 8 of them. The researchers don’t justify why they chose only these especific 8 argument schemes, if there are the schemes they have found analyzing the students texts or if they are the schemes the authors chose because they think those argument schemes will fit better with the types of reasoning students give when perform activities that are used to do in science classes or in a dialogical context in which students feel free to give arguments based on their experiences, or on not sure evidences. Results of this work say, according to Duschl & Ellenbogen (1999), that the broad set argumentation schemes employed by students, such as argument from sign and argument from consequences, suggests that the authentic argumentative practices of students reflect a blending of analytical, dialectical and rhetorical devices. The Walton analytical scheme was also used to analyse discourse in a study of computer-supported classroom science learning (Goldman et al., 2002); and in a study of argumentation discourse used in extended writing responses on A-level course examinations (Osborne et al., 2002). 
      Duschl & Ellenbogen (1999) say: 
“In contrast to the success Pontecorvo and Giradet (1993) had with applying Toulmin’s argument pattern to analyze group reasoning in a history context, we found that the analysis of discourse employing argumentative and epistemic operations did not adequately distinguish signal from noise. Consequently, distinghuishing the structure and patterns of argument was difficult. Difficulties were also encountered with the assignament and analysis of epismetic operations. The dialectical nature of the group interview made the assignment of analytical epistemic operations like definition, categorization, predication, evaluation, warrants and backings awkward. At times it felt as if square pegs were being forced into round holes. There was more success at assigning the epistemic operations to the reasoning sequences than to the idea units.”…..”The use of Walton’s presumptive reasoning schemes more adequately fit the dialectical structure, reasoning sequences, of the group interview. The broad set argumentation schemes employed by students, such as argument from sign and argument from consequences, suggests that the authentic argumentative practices of students reflect a blending of analytical, dialectical and rhetoric devices
Also Jimenez-Aleixandre & Al. (2000) have used some of the Walton’s argument schemes (1996) in their researches, among other, the expert opinion argument. Recently, Walton’s argument schemes also have been used in the research done by Ozdem et al. (2010) with Pre-service Science Teachers in a Inquiry Laboratory Context.  In this study, 20 kinds of argument schemes out of 25 were generated. 

Proposal 

In this study we want to deep into the relationship between the misconceptions that children have in Science with different patterns of arguments (Argumentative schemes according our theoretical framework, see below). In other words, we try to find a new way to interpret students’ misconceptions and reasoning, with particular reference to the role of argumentative schemes can be inferred from their arguments. It is basically a qualitative research in which we attempt to describe, analyze, characterize and categorize the arguments of the students in an argumentative scientific context in Science classes. 

As our main focus is on types of patterns of arguments, or argumentative schemes, and, given that we use categories from several Theories of Argumentation, we will also contribute to the theoretical level in relation to argumentation.

Our hypothesis is that if we understand better the reasoning patterns, or argumentative schemes that students use related their previous ideas in Science, we will also be able to see why the students form these ideas in particular and not others, and on what their reasoning is based on. 

Perspectives on argumentation

Argumentation has a long tradition as an object of study. In fact, it can be traced back to the Classical World, and linked to dialectic, rhetoric and logic (Bellinger, 2000); in spite of this, there is no universally accepted theory or conception. The study of argumentation is becoming increasingly relevant in several fields of knowledge (philosophy, rhetoric, informal logic, linguistics, pragmatics, psychology, discourse analysis, sociology, collaborative reasoning, law, science education, communication, .....) and research into argumentation has been approached from several theoretical perspectives (Van Eemeren, 1996). These theoretical perspectives are related to different concepts of argumentation.  

In Science Education we don’t have elaborated a specific theory of argumentation, so in our field we have to incorporate theories or perspectives from other fields, for this reason ther is the need to do a study of the main theories or perspectives of argumentation from other disciplines and to constrast the several conceptions of argumentation that exist to chose the most relevant one to our context of Science Education or to adapt some to our insterest as Science educators and recherarchers on Science Education.   
After a review of the existing perspectives on Argumentation, considering our specific context of science education, we agree with the authors (Resnick, 1993; Van Eemeren 1996) who state that argumentation is a social practice, with specific characteristics: a) it is verbal, but can be joined with other non-verbal communicative modes, b) it is social, in that two or more individuals participate, but it is also possible to conceive of argumentation with oneself, because one may weigh up the pros and cons of one’s own ideas, c) it is a reasoning activity; by arguing, one tries to produce a rational report with which to defend a position, d) it begins from the presumption (true or not) that the point of view of the arguer will not be immediately accepted, but that there will be controversy, e) it tries to justify a point of view, or to refute another, f) arguments may be presented in favour of a proposition, arguments-for (“reasons to”) or against the same proposition, arguments-against (“reasons against”), g) argument tries to increase (or decrease) the acceptability of a controversial point of view to the listener or reader, h) as the argumentation advances, the actors submit their arguments to the examination of the others (of the audience), who are expected to be able to evaluate them as rational judges, on the basis of the criteria that are “accepted” in the community of discussion. The argumentative process will be effective (function) if the argumentative schemes proposed by one individual, or by some arguers, are resonant with the ones proposed by the others (the audience) (Van Eemeren, 1996; Chinn & Anderson, 1998). But we enlarge some points of this definition, among other the idea that the argumentation is always  a social activity but we consider that when a persong is thinking alone, he is making a dialogue with himself, so is like to talk with other people. Also if we study argumentation in written texts, we know that the author many ways talk using several “voices” that come from other autors or are sicaillly incorporated voices (Bathkin). 
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According those authors when people argue elaborate arguments, a single argument is made of several premises (accepted ideas, theories, values, etc.), a thesis, conclusion or standpoint and the argumentative scheme (warrant, according to some authors) that allows and justifies the transference from the premises to the conclusion or thesis, this concept of argument is enough clear and simple to be very useful in Science Education context. 
Exemple of an argument:

	Ice task :           1. What will happen to the level of the water when the ice melts? Why?
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2. Does your prediction agree with the result we show below?

3. Scientifics agree that because of the increase of temperature in the Earth as the main cause of (because) the climate change, the level of the sea will increase.  

Could you compare this prediction with the result of the previous experiment? 

If the prediction of the scientifics is correct, how do you explain this prediction taking in consideration the previous experiment of the glass and the ice?  

	Student 4 intervention: “...And more, the climate change makes that the heat arrive before and makes that the trees produce flowers before and that in February the allergies begin because of the pollen although they would have to begin at the end of  March...” 

	Thesis: There is climate change (implicit)

	Premises:  1) The climate change makes the heat arrive before (truth or presumption)  

                 2) The flowers of the trees bloom before (fact)

                 3) The flowers produce pollen (fact or truth) 

                 4) The allergies begin in February before the normal time at the end of March)

                 (fact)     

                 5) The allergies are caused by the pollen (truth) 

	Description of the Argument: We know that the climate change is produced because there are events that are consequence of the climate change.

	Argumentative scheme: Facts and consequences


Independently of the concept of argument, we find that argumentation theorist are interested in the oral and written production of argumentation and also in the analysis and the evaluation of argumentative discourse. The study of argumentation mainly concentrates on the analysis, evaluation and presentation of the 'point of departure or premises', on the 'organisation or argumentation structures' of argumentation, on the ‘argument schemes’ and on the ‘fallacies’ (Eemeren, 2004). The point of departure consists of all explicit and implicit facts, accepted ideas or theories and also assumptions that are taken as the starting point in argumentation. The organisation of the argumentation comprises the way in which the various reasons or arguments are connected with each other and with the thesis or standpoint at issue to justify or refute this standpoint or thesis. Argumentation theorists are also interested in the “internal organization” of each individual single argument. This interest relates to the ‘argument schemes’ in some cases. In fact, to analyse the defense mechanism employed in single arguments, they refer to justificatory or inference principles that are covered by this concept of an ‘argument scheme’. Argument scheme pertain to the kind of relationship between the explicit or implicit premise to the standpoint or thesis. Argument schemes are more or less conventionalized ways of achieving this transfer, correspond to what some authors names warrants (Toulmin, 1958). The ‘argument schemes‘ are also a relevant interest of scholars that study argumentation (Van Eeemeren et al., 2004; Duschl, 2007) . 
Many argumentation theorists are inspired by logic and they study argumentation for normative purposes. These studies are not of interest for us. However, there are also argumentation theorists who have a merely descriptive goal. 
In the argumentation studies tradicionally have been distinguishing some central problem areas that have relation with the above comments, which Eemeren (2004) summarize: “unexpressed elements in argumentative discourse”, “argumentation structures”, “argument schemes”, and “fallacies”. It is important to realize right away that verbal expressions are not “by natural” thesis, arguments, or other kinds of units of language in use that are interesting to argumentation theorists. They only become so when they occur in a context where they fulfill a specific function in the communication process. So, in argumentation, it has to identify and consider elements that are only implicitly represented in the text and can thus be regarded as “unexpressed”. This applies in particular to unexpressed premises. Most of the time, it can easily be detected. In some cases, hovewer, it is much more difficulty to determine exactly which unexpressed premise the arguer is committed to. Information of the context in which the discusion takes place or the text has been writen is necessary, a logical analisis that is exclusively based on the formal validity criterion is not decisive. That means it recquires a pragmatic analysis that makes use of contextual information and background knowledge. For Science Education, this background knowledge is a very important element of the argumentation because will give important information about the ideas and spontaneous ways of the students’ thinking on science topics, and that  relate to the most popular topic of research during the last 30 years. 
Argumentation for o against a standpoint can be simple, as in “single argumentation”, which consists of only one explicit reason for or against the standpoint. But the argumentation can also have a more complex argumentation structure, depending on the way in which the defense of the thesis has been organized in view of (anticipated) doubts or criticism. In an argumentation with a more complex structure, several reasons are put forward for or against the same thesis. These reasons can be alternative defenses 
of the thesis that are unrelated, as in “multiple argumentation; but they can also be interdependent, so that there is a “parallel chain” of mutually reinforcing reasons, as in “coordinative argumentation”, or “serial chain” of reasons that support each other, as in “subordinative argumentation”. A problem in the analysis of complex argumentation is that the literal presentation often makes insufficient clear whether the argumentation is multiple, coordinatively compound, subordinative compound, or some combination of theses possibilities. In these cases, too, all kinds of contextual and other pragmatic factors need to be taken into account in the anlysis (Eemeren, 2004, Perelman, 1969) .
Argumentation theorists are also interested in the “internal organization” of each individual single argumentation. To analyse the defense mechanism employed in single argumentation, they refer to justificatory or inference principles that are covered by the concept of an argument scheme. Argumentation scheme pertain to the kind of relationship between the explicit premise to the thesis. Argument schemes are more or less conventionalized ways of achieving this transfer, correspond to what some authors names warrants (Toulmin, 1958). In most cases, some interpretative effort is required to identify the argument scheme that is being employed. Then, again, pragmatic knowledge must be brought to bear. And also, many authors consider that in many cases more than one argument scheme is possible to identify. Another problem in relation to the argument schemes is that several cathegories can be found according to several experts on argumentation, some of these cathegories can coincide among different theorical perspectives, but other don’t do because they can fit to different cathegorization criteria, and so, related to research on argumentation and argument schemes we are in a problematic area.   

Another problematic area in which argumentation theorists are especially interested in is that of the fallacies. One of he main objections to the logico-centric approach to the fallacies that was dominant until recently is that fallacies were merely viewed as invalid arguments that seemed valid, so that a great many familiar imperfections in argumentative discourse fell outside the scope of the definition. When the old definition is dropped and the notion of a fallacy is taken in a much broader sense, the communicative and interactional context in which the fallacies occurs needs to be taken into account in the analysis. As we are interested mainly on spontaneous arguments students build, we doesn’t differenciate between fallacies (in the meaning of the formal logics) and spontaneous arguments. The majority of students’ arguments will be fallacious from the point of view of Logics but they can have meaning from the point of view of the students thinking. In consequence we don’t refer to fallacies from here when we analyse the students’ arguments.  
Trying to caracterize the theoretical approaches to the study of argumentation, we see that in Science Education the Toulmin’s Model (1958), from the field of Philosophy,  has been the preferred theorical and methodological framework. Toulmin (1958) in his book The Usages of Argumentation provides a representation of the structural part of an Argument and this representation have been a useful and practical tool to analyse the arguments made by the students or of a written text, or also to teach students to build arguments considering its essential parts. Toulmin’s (1958) framework, broadly introduced in research in the field of science education, has provided researchers with a theoretical perspective on argument that involves conceptualizing argument in terms of linked components. The advantage to researchers of adopting this framework is that it can be used to assess the quality of argumentation in terms of identifying the type or the number of components, hence the complexity of the arguments used (Erduran, et al., 2004; Sadler et al., 2006; Simon, 2008). (Macagno, in press) According to Walton et al. (2008) Toulmin’s book The Usages of Argumentation describes argumentation as a process and not as a product of the communicative event, and so more linked to justificatory or validity processes than to processes of knowledge building as occurs in the science classes. Our thinking is that surely because the Toulmin’s model has been presented in a visual way that seems easy to understand have attracted recherarchers and teachers, but its application is not easy, and perhaps other perspectives could be also frutiful as Toulmin’s model or sill more fruitfull than this. In fact, we consider that we need to enlarge our perspective on argumentation considering other models or theories of argumentation different from the Toulmin one. In the following paragrafs we will present a brief summary of the most important models of argumentation that has been used in the ancient and contemporary times. 

Summary of models of argumentation from ancient and modern times
Van Eemeren and Grootendorst (2004) discusses various approaches , it is important to emphasize that all modern approaches of argumentation developed in the past decades are highly influenced by classical and post-classical rhetoric and dialectic. Classical syllogistic logic (or ‘analytics’) has not played such an important role: from the second half of the nineteenth century onwards this logic has been gradually replaced by modern formal logic concentrating on symbolic reasoning by means of formally valid derivations rather than argumentative practice.

Considering the big number of authors that have studied argumentation, and from several problems of interest and from several fields of knowledge, as we have said above, before to present the current state of the art in the study of argumentation focusing mainly on the argument scheme which is our main interest; we will comment about its ancient origens, the topos and afterthat I shall give a brief overview of some important contemporary approaches to the study of argumentation based in part on Eemeren et al., (1996, 2004). We will begin with the theory of Aristotle and his ‘topos’, it is important to emphasize that all modern approaches of argumentation developed in the past decades are highly influenced by ancient, classical and post-classical rhetoric and dialectic. We will present some of these theories begin with any of the anciennt one. 
Aristotle’s topics-topos

The father of the antique argumentation theory is considered to be Aristotle, so it is impossible not to include his approach about argumentation schemes. Aristotle is the first that explicitly described the argumentation schemes, called in their books as the topoi. For Aristotle an argument is made of several premises, a conclusion and the argumentative scheme (topos) that allows and justifies the transference from the premises to the conclusion. 

Although Aristotle is considered the builder of the first theory of argumentation, Aristole‘s account of topoi have some precedents in previous works of Plato, who, for first time, gave a systematic explanation of dialectical topics. They were the way to understand the Ideas: topoi represent the relations that link or divide them, their structural connection. Dialectic, based on the topoi, is considered the way to ascend to the intelligible world (Robinson, 1962). Plato delineates a set of dialectical procedures, never called topoi, but closely related to Aristotelian concept. Another way in which topoi are represented in Plato’s writings is as the examples of kinds of argumentation used by Socrates in the Platonic dialogues. Socrates provides the model of the working dialectician using common forms of argumentation to raise questions and to probe into the weak points of an opponnet’s argumentation. (Walton at al., 2008)

In Aristotle, argumentation schemes, topoi, are found in his two books, Rhetoric and Organnon. According Aristotle argumentation has three generally recognized forms: analytical, dialectical, and rhetorical (van Eemeren et al., 1996). Analytical arguments are grounded in the theory of logic, proceeding inductively or deductively from a set of premises to a conclusion. Aristotle’s logical theory is found first and foremost in the Prior Analytics and Posterior Analytic, which are part of the Organnon. Dialectical arguments occur during discussion or debate, involving reasoning with premises that are not evidently true; they are a part of the informal logic domain. Dialectic is the art of arguing for or against. Dialectical arguments can be found in The Topics and in the Sophistical Refutation, where we can find really the origen of the fallacies but in a dialectical context, these books are part of the Organnon, also. 

Rhetoric deals mostly about, as the name itself indicates, rhetoric. The arguments we can found in the Rhetorics are oratorical in nature and are represented by the discursive techniques employed to persuade an audience.  
Topics is a manual for the contact of a public debating contest held in the presence of an audience (Eemeren, 1996). Generally in a discussion there are the defenders and the attackers. The key in dialectics is to make defenders contradict themselves. This happens by using a system of topoi. ‘Topics’ are series of argumentation techniques, that means are argumentative schemes.    

     These books of Aristotle together summarize the Aristotle’s argumentation theory and divide the topics into types. Aristotle enumerated about 400 proper topoi. The categorization is complex because he uses several criteria at the same time. By one side, he categorizes topics as common topoi (possible, impossible, past fact, future fact size) and proper or special topoi (for given cases or subject specific). Also, in the introduction to ‘The topoi’ he says that a topos is enunciated though a proposition. In every proposition the predicate may contain a definition, a property, a genus, or an accidental attribute of the subject (accidens). There are also the topoi of ¨preferable¨ as we might name them because there is always a comparison and a preference between different situations and we select one situation from the other using the criteria of these topoi. 
Since Aristotle’s time, topics have been a subject of interest. Commentators have interpreted the topics in a wide variety of ways, but it is fair to say that no single theory of them, or systematic account of them, has proved to be widely useful. Kneale and Kneale (1962) propose the translation of topic as ‘move’. A move is interpreted as a tactic or piece of play to elaborate an argument in favour or against a thesis. In Aristotle, topoi (or moves) have a double function: the invention or selective function (the topoi are places where the arguer obtains premises to elaborate arguments) and the proof or guarantee function (a topos is a rule, pattern to guarantee the transition from premises to the conclusion). Common topoi are generally rules, and represent the genus under which proper topoi can be found. These general rules are endoxa, that means, similar to common knowledge from which the specific reasons warranting the conclusion are derived. But, in reality, these general rules are a higher kind of endoxa, which are sometines necessary. They are never questioned, as they are axioms, elements laid down in the sense of primary, basic propositions presupposed. As accepted general rules, they are part of common “knowledge” of a society, in fact in our research we are interested to discover which ones are shared by our students. (Walton et al. 2008) 
The two functions of the topoi are showed in the fig. 3 (the figure is an adaptation from De Pater, 1965; Van Eemeren, 1996, p. 39). 
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Figure 2 : Functions of the topics
We will understand better these functions with the following example of Aristotle.
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Figure 3: Example of Aristotle of the two functions of a topic

Below we present a representative list of these topics.

	Some topics of Topics 
	Some topics of Rhetoric (Warnick, 2000)

	-If the more accompanies the more what is more will be more (e.g.., if the pleasure is a good, what is more pleasure will also be more good’ (Top.115a2).

-If a predicate is generally true of a genus, then the predicate is also true of any species of that genus (Top. 111a33) (i.e. X has knowledge (X possess the genus): Therefore, X has grammatical knowledge or musical knowledge (X possesses the species) 

Topics of Preferable

-That which is more lasting or secure is more desirable than that which is less so.(116a14)

-That which is desired for it self is more desirable than that which is desired for something else. Also, that which is desirable in itself is more desirable than what is desirable per accident. (116a30).

-What is good by nature is more desirable than the good that is not so by nature. (116a14)

-Moreover, whenever two things are very much like one another, and we cannot see any superiority in the one over the other of them, we should look at them from the standpoint of their consequences. (117a5)
	-Conflicting facts: looking at contradictions in dates, actions, and words as applied to the opponent or to speaker and opponent. I.e.: He says he loves you (Athenian people) but he took the oath with the thirty. (Rhet.#22)

-Actions Compared: When something is about to be done that is contrary to what has been done; look at them together. (I.e.: People ask, “Should we sacrifice and sign dirges to Leucothea?” “Don’t sing dirges if you regard her as a god, and if you regard her as a human, don’t sacrifice” (Rhet. # 26)

-Course of action: Is there a better plan of a different sort that will be more advantageous? (Rhet.  #25)

-More and less: If the lesser thing is true, the grater is also. (i.e. If no even the gods know everything, human beings can never do so) (Rhet. #4)

-From the parts: Of all those things of which the genus is predicated. One of its species must also be predicated (Rhet #12).




Table 1. Some topoi of Aristotle (from Topics and from Rhetoric)

The Theory of Argumentation of Perelman & Olbrechts-Tyteca
We agree with authors (Saiz, 1999) that consider this theory a theoretical frame for discourse analyse. This Theory consists mainly of three linked essential aspects of a plausible argumentation
, in accordance with their impact on the audience: premises, argumentative techniques and theses. Perelman (1958) treats deeply in his book many other elements that have been considered traditionally belonging to rhetoric, but as indicates the title of his book
, they are integrated in it with the argumentative aspects.  In fact, this book studies all the aspects that are used to convince people.  

The theses or conclusions are the statements about which the speaker wants to convince the audience (oneself or any other people) through his argumentation. The theses can be not sure statements, but only plausible. The grade of plausibility can be varied. In the science classes the theses mainly correspond to the scientific contents to be thought. 

The Premises are the data and the agreements on which the argumentation is built. Many pages of Perelman’s book are devoted to premises and their degree of adaptation to the argument, reflecting the importance he attributes to them in all discourse that tries to be convincing.. Related this item he comment about the choice of premises o data, its adaptability to argumentation proposals, that means, to choice an interpretation of these data for adaptation to audience. The premises or data always include interpretation, the speaker chooses some specific interpretations and he presents them to the audience according his interpretations. The notion of presence of data is also largely commented in the Perelman’ book and it related to the form of data presentation to the audience.

According to Perelman the premises can be of several kinds (see Fig. 1). 
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The argumentative techniques in the Perelman & Olbrechts-Tyteca’s book include the argumentative schemes or structures of the isolated arguments, as well as their interaction, amplitude of argumentation and the order of arguments, that he relates with the convincing force of the argumentative discourse.  The argumentative schemes are the discursive structures that permit to transfer the agreements from the premises to the theses. The places are the substratum of the argumentative schemes, because only the agreement about its argumentative value can justify its application to particular cases (Perleman & Olbrechts-Tyteca, 1958, page 255, 299).

 These argumentative schemes are categorized in two big categories: schemes by Association or Connection, that joint separated elements in a new structure and schemes by Dissociation or Separation, that separate elements considered related or part of a whole, changing in consequence systems and notions. Into these big categories many other subcategories can be distinguished as we present in the fig. 2.

      The fourth aspect of Perelman theory is the interaction of arguments, the arguments isolated can loss many of their meaning. Often in a discourse we can distinguish a general argument with his premises, thesis and argumentative structure but also micro arguments. These micro arguments can interact by convergence, succession or by other forms. From these interrelations the convincing force of the discourse can increase. For science classrooms explanations, the interaction by convergence seams very relevant. Perelman also talks about the argumentation amplitude, when he comments that is very useful to accumulate arguments because their relationship and for the diversity of the audience. Even, the order in argumentation has a meaning rhetorical and argumentative. 

       But the analysis is not so easy, and as Perelman & Olbrechts-Tyteca say in their book, a particular structure can be interpreted by several techniques, and also, that any association implies dissociation, and the specific argument can fall upon one or other aspect. 
       Beside these aspects, that are deeply treated in the Perelman & Olbrechts-Tyteca’s book, many other rhetorical elements that can be found in this book can help to analyse argumentative discourse and to understand why a specific discourse persuades or fails to persuade an audience.   
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Walton’s argumentative schemes

The innovation that Walton's approach brings to this topic is the adoption of a more descriptive perspective. From this perspective, argument schemes are analysed in relation to fallacies.

In Walton's approach, most of the traditional fallacies are regarded as kinds of errors or failure in particular argumentation schemes, infractions of the necessary conditions required for the correct deployment of a topos in a type of dialogue (Macagno & Walton, 2006). Below we present the categories of his two books (1996, 2006).

	Walton’s Argumentative schemes (1996)
	Walton’s Argumentative schemes (2006)
	Definition

	1. Argument from sign

2. Argument from example

3. Argument from verbal classification

4. Argument. from commitment

6. Argument from position to know

7. Argument from expert opinion

8.  Argument from evidence to a hypothesis

9.  Argument from correlation to cause

10. Argument from cause to effect

11.Argument from consequences

12. Argument from analogy

13. Argument from waste

14. Argument from popularity

16. Argument from bias.

17. Argument from established rule

19. Argument from gradualism

20. The causal slippery slope argument

21. The precedent slippery slope argum. 22. Argument from vagueness of a verbal classification

23. Argument from arbitrariness of a verbal classification

24. The verbal slippery slope argument

25. The full slippery slope argument
	1. Argument from sign

2. Argument based on example

3. Argument from verbal classification

4. Argument from commitment

6. Argument from position to know

7. Argument from expert opinion

9. Argument from correlation to cause

11. Argument from positive consequences

11bis. Argument from negative consequences

12. Argument from analogy

14.Argument for appeal to popular opinion

16.Argument from bias

20.Argument for the slippery slope argument


	1. A particular finding or observation x is taken as an evidence of the existence of a property or event E in a given situation.

3. Takes a particular case, or single instance, and concludes that it has a particular property, on the grounds of a verbal classification of the instance as generally having such a property. 

4. The proponent claims that the respondent is, or should be committed to some particular position on an issue, and then claims that the respondent should also be committed to a particular action, or line of conduct, on the grounds that the position implies, in the given circumstances.

6. A has reasons to presume that B has knowledge of, or access to, information that A does not have, thus when B gives an opinion, A treats it as true or false. 

7. An expert in a particular domain of knowledge is in a special position to know about propositions in that domain, and therefore the expert’s opinion on some proposition of this kind generally has a weight of presumption in its favour. 

9. Infers a causal connection between two events from a premise describing a positive correlation between them. 

11. Practical reasoning in which a policy or course of action is supported or rejected because the consequences will be good or bad. 

12. Used to argue from one case that is said to be similar to another.

13. The speaker is striving to carry out a goal, but finds the process very difficult or perhaps even wonders whether it is impossible, and begins to question whether continuing is worthwhile. But then the speaker reasons, “If I stop now, all my previous efforts will be wasted. Therefore, I must continue”. 

17. Is a practical kind of argumentation that comes into play where one participant in a dialogue is attempting to persuade another participant to carry out an action or to act in a particular way using a rule established by the group. 

19. It is a sequential argument that moves forward by a series of small steps to persuade a responder to accept a conclusion he or she would not accept in one big step. 


Table 4: Walton’s argumentative schemes

Specifying the Building analytical framework

Our analytical framework combines the list of schemes of Perelman (1962) and the list of schemes of Walton (1996, 2006), which are completed by some topics of Aristotle (IV bC). We have proceeded from the theoretical framework to the analysis and vice versa several times. That means, from the lists of schemes (Perelman, Walton) we identified some schemes in the arguments of students in the recorded discussions. We compare schemes that are similar to Perelman’s and to Walton’s list of scheme. From the identified schemes in the dialogues, we elaborate a list of type of argumentative schemes, which joint the categories of these authors and in some cases combine with arguments (topics) of Aristotle in new big categories. We presented a first version of this analytical framework at the GIREP 2008 Conference (Castells, Erduran & Konstantinidou, 2008), which we change in some points here from our last analysis.  At following we give the list of these main categories of the synthesis we have used in this paper, the list is still provisional, more analysis is need and it could produce new changes in this list of Types of Schemes: 

Quasilogical arg. based on Logical Relations (transitivity, implications from a rule; implications from a classification, implications from a definition, contradiction and incompatibility, from the proper -several topics from Aristotle-, etc.) 

Quasilogical arg. based on Mathematical Relations (by identity/rule of justice, of reciprocity or symmetry, by the inverse, of compensation, of complementarity, of contradiction, of comparison (by the sacrifice), of all and parts, of division/addition, by probabilities, etc.) 

Facts and Consequences (pragmatic argument, argument by mean and end; from correlation to hypothesis, from correlation to cause, from cause to effect, from effect to cause, from consequences, from sign, etc.) (Linkages of Succession) 

Gradualism (the procedure by stages, of direction, the soaped slope or of the finger in the gear, from gradualism, of the slippery slope, of propagation, of overcoming, of unlimited development, etc.).

The Waste (of waste, of sacrifice, based on opportunity, of shortcoming, of redundancy, of the decisive, etc.) 

Group and Component (liaison of coexistence: person & acts; group & individual, essence & correlation, body and physical behaviour, by commitment, arg. against person, etc.) 

From Social Acceptation (by authority or expert opinion-person, text, institution, scholar rule, from popularity, ethotic argument, topics of quantity and topics of quality, etc.) 

Double Hierarchy (DH, of degree and order, by more -> more, arg. A  Fortiori)

By the Particular case (by the example, by the illustration, by the precedence, by the model) 

Analogy (analogy, metaphor)

From these different lists of schemes we are trying to build an analytical framework that synthesizes all these lists (Konstantinidou, 2008). We present here these argumentative schemes that have been useful in our analysis. This list is an initial version of our analytical framework which could be changed when we add new data coming from other studies. 
Some examples of arguments to illustrate argumentative schemes

We will illustrate some of these categories with other cases from Bristol or from Barcelona, in the next cases we also will comment about the identified premises.

Table 5. Analysis of arguments in a student S1 intervention about the Ice task 

	Student S1intervention: “I think the water will rise when the ice melts. As the ice melts it adds to the volume of the water, therefore increasing the water level”

	Thesis: The water will rise when the ice melts.

	Premises: 1) As the ice melts, it adds to the volume of the water, (fact) 

             2) If the volume of the water in a beaker increases, the level of the water will rise. (implicit fact)

	Description of the Argument: Quasilogical of Mathematics Relationship (a type of argument by Division, related to the mathematics relationship of Addition)

	About the scheme: It is a type of Quasilogical argument into the type of arguments by Division which, from the identified parts, assumes the sum of parts equals the whole and thus infers about the whole from the parts or viceversa.
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Figure 1. Representation of the geometrical views of the initial situation of the Ice task of S1 and S2

In what student S1 says we interpret in “it adds to the volume of the water”, this “it” as a volume, the volume 2, marked in the first drawing of the figure 1. The student’s argument, as a whole, seems related to a specific “geometrical view” of the situation, he “sees” the line of the water’s level separating the content of the beaker (volume 1) from the part of the ice above of the level 1 line (volume 2). So, for this student, when the ice melts, its water volume is added to the volume 1 of the beaker and so, the level will rise. We present in the following table the analysis done. From his intervention, we can think student S1 perhaps would share a misconception: “The volume of the water don’t change when it change to ice and vice-versa”. 

Table 6. Analysis of arguments in a student S2 intervention about the Ice task.

	Student S2 intervention: “I think that the water level will stay the same, because when the ice is first added to the water, displacement takes place forcing the water level to rise. As the ice melts this would counteract the displacement, but obviously the melted water would add to the volume, therefore creating a neutral effect where the water level would stay the same”.

	Thesis: The level of the water will stay the same

	Description of the argument: It is a complex argument that includes several arguments. As a whole, we can identify a Method or Device of Stages (Perelman, 1982) but in every stage we can identified other alone arguments. The sequence in the argumentation of student S2 is the following: 1st) There is a specific level of water when no ice is in the beaker (level 1), 2nd) the solid ice system is put into the water and so, the level of the water will rise (level 2), 3rd) when the ice melts (the solid disappears) the level of the water would have to decrease, but 4th) as the water from the melted ice is added to the water of the beaker, it will compensate the decreasing, and the level of the water will be the same. 

	Scheme: In the 2nd stage and the 3rd stage we can identify Quasilogical schemes of Logical Implication; and in the 4th stage, the scheme is a Quasilogical of Compensation (based on mathematical relations). Together is a Method or Device of Stages.   

	About the Scheme: The Method or Device of Stages is a method used when the gap between the theses the audience accepts and those the speaker defends is too great to be overcome all at once, it is advisable to divide the difficulty and arrive at the same result  gradually. Quasilogical Scheme of Logical Implication are schemes which claim to be rational because they resemble the patterns of formal reasoning as Implications from a Law or Theory, Implications from a Classification or from a Definition, etc. Quasilogical of Compensation is a type of scheme based on a mathematics relation of 


In this case, we can interpret that student S2 has a “geometrical view” of the situation as the volume 2 of ice differentiated from the volume 1 of the water of the beaker; in this view, the ice is considered an external system from the water of the beaker. 

With the previous examples, we try to show that the study of argumentation in real contexts is more than identifying thesis, premises and schemes. In this last example, student S2 seems to use a sequential reasoning, a type of general reasoning identified by other researchers (Viennot, 1996; Castells, 2001). For this case, we may conclude that the student S2 gives an incorrect answer because he has argued by Device of Stages in a not appropriated way to this situation, which impedes him to have a global appreciation of the situation. 
2. Argument Schemes as a Physics Teaching Instrument 

Introduction 
The last decades numerous studies have focused on the analysis of argumentation discourse in educational contexts, among others, Driver, Newton, & Osborne, 2000; Duschl, 1999; Jimenez-Aleixandre, Burgalló & Duschl, 2000; Kelly & Takao, 2002; Erduran and Jimenez-Aleixandre, 2008. Great influence of this significant attention has been contemporary’s theories of argumentation. Especially Toulmin’s, who apart from the theoretical part of his work, has provided with his schematics representation of arguments, which has been a useful and practical tool to analyse the arguments made by the students. The new approach of this work is to use the argumentation schemes as an instrument to understand the ideas and conceptions of students through the analysis of the structural part of the arguments and identifying in which schema the argument is based on. With our proposal, the misconceptions of the students, that of course, has taken part of numerous studies the last decades in the field of science education and physiology, could be re-analysed with an argumentation focus approach. In this way, we could be capable to characterise and identify the kind of arguments that are used mainly by the students and to understand better the difficulties of the conceptual change widely discussed in science education. 

From previous research about student’s scientific ideas and conceptions, we know that regarding many previous ideas in physics it is difficult, even with demonstration, to make students understand and accept the scientific theory. In the present study we investigate junior high school students' arguments related to scientific issues. We base our study on different argumentation theories because each of these theories was elaborated with the purpose to serve a particular context.  We use argumentative schemes of Perelman (1958), Hastings (1963?), Walton (1996, 2006) and also from the two works of Aristotle (IV bJ), Topics and Rhetoric. According those authors when people argue elaborate arguments, a single argument is made of several premises, a thesis or conclusion and the argumentative scheme that allows and justifies the transference from the premises to the conclusion or thesis. None of these argumentation theories are made to serve the discourse analysis in an educational context. So, one of our purpose is to see the particular need of this context and build an analytical framework, based on these theories, capable to help us understand students’ reasoning in scientific issues. The synthesis of these schemes might be a useful tool for future researches in argumentation in an educational context, in order to understand better students’ ideas and misconceptions. Our hypothesis was that teachers could provide more convincing arguments to the students if they are aware, not only of the previous ideas of the students, but also the kind of argumentative scheme that they use when they argue their ideas. One of our results in that study (Castells, Erduran & Konstantinidou, 2008) was the repetition of a particular pattern, which could include several students’ arguments that are present in different situations. Perelman (1958) named it as the ¨double hierarchy¨ argument.

In this study we want to do a deep analysis of this particular pattern-argument of Double Hierarchy (DH) and recognise the great significance that it has among students’ argumentation. 

Rationale 

As we mention before, analyzing the different arguments, we have found an argument that was repeated quite often. The purpose of this paper is the focus on the structure of this argument, not only for its repetition but also for its relation with some student’s misconceptions.

In the DH argument (Perelman, 1969), arguers use the DH strategy when they take an established series or hierarchy, one accepted by, or at least familiar to an audience, and form a second series on the model of the first, in the process trying to transfer implications of order or value from the first to the second. The goal of the DH argument is to make a second ordering possible and plausible. For example mediaeval alchemists ordered the seven known metals by the hierarchy of the seven heavenly bodies, equating gold with the sun, silver with the moon, and so on (Jeanne Fahnestock, 1999). According Perelman (1958), DH arguments are based on liaisons either of succession
 or of coexistence
 and can be classified among the arguments based on the structure of reality, which are arguments that are based to the nature of things themselves. With this kind of argument, a hierarchy is argued from other hierarchy by a correlation between the terms of one and of the other. The DH usually expresses a relationship of direct or inverse proportionality or at least a link between the parts of each hierarchy. Arguments of double hierarchy could be interpreted many times by the combination of a scheme of cause and effect, or other type of relation, and a scheme of more -> more, and this gives to this type of argument a very interesting inclusive character. 

The DH scheme has at least three parts. The hierarchy under discussion, (many times is the hierarchy that we are arguing), the accepted hierarchy (the hierarchy that we based our argument and that correspond to our ideas about the real world) and the third part is the relation that we establish between the two hierarchies. 

	Accepted hierarchy
	Relationship
	Hierarchy under discussion


Summarising, the scheme of DH is based on the argumentation of a hierarchy that is under discussion, using a hierarchy that is accepted. The hierarchies could be quantitative or qualitative. We have found hierarchies of both types in our analysis.  Important part of the DH argument is the relation that students establish between the two hierarchies. Many times, it expresses a proportional or non-proportional relation between the elements of the two series. 

It is very essential to define very clear the above three parts. Knowing the procedure of analysis of an argument can help us understand better the misconception that is related to this argument and see where it is mistaken. In this way, the teacher is better prepared to counter argue the arguments of the students. According the argumentation theory, the DH arguments can be refuted by three ways: 

· Denying the correctness of one of the hierarchies

· Denying the relation between the two hierarchies

· Opposing a different DH from the first presented and by this way the necessity to change it. 

The first refutation type implies a miscomprehension of the quantitative or qualitative values of the hierarchies. The second case of refutation indicates a change of point of view on the structure of reality that has been proposed as the base of the DH. The last type of refutation, introduces a point of view that the students didn’t take into account. It also modifies the structure of reality, engaging more aspects of the complexity of the situation, showing that the fist aspect was too simple. This new perception is not only pure new knowledge for them, it is their own modified knowledge, in other words a more complex vision of their own perhaps limited point of view.  Another interesting point of the refutation procedure is the role of the experiments in this process, especially in the quantitative DHs. One may think that the experiment is by itself a sufficient and definitive argument.  We think that the experiment needs to be part of the argumentative procedure of refutation and the convincement of the other. So, it is necessary that students explicit their arguments in detail and by this way the experiment could be integrated to the refutation of the arguments of the students.

Methods 

This is a qualitative study where the major objectives of the research were to identify the students’ arguments and then relate these arguments with their prior conceptions in domains relevant to science and specifically in physics. 

Subjects

All 15 students who participated in this study were primary pre-service teachers in the University of Barcelona. The scientific background of these students was quite limited in science topics. These students were distributed in four groups. 

The activities

The two open activities (Appendix A) were given to all the groups. Students were asked first to do the task individually, writing down their answer, expressing their point of view. After completing this part, they had to discuss their own answers with the rest of the group and try to find a solution to the problem.

Written individual answers and the discussions of 4 groups to the two activities on physics were collected and transcribed, then they are analysed and in them double hierarchy argumentative schemes are identified. We observe the structure of these specific arguments and its relation with previous ideas in science.

Results 
Before entering with more details to the results of this study and the presentation of examples of the DH argumentation scheme, it would be wise to considerate that many arguments are not very clear explained and that their interpretation could be with more than one argumentation schemes. This situation makes more difficult the argumentative analysis because many times we could interpret different possible argumentation schemes in the students’ interventions 

Students’ responses and transcript discussions were analysed. First by trying to identify the different arguments of the students and then isolate the particular pattern of DH argument that we focus in this study. We have found DH argument to most of the discussions, which means that in activities with topics as free falling and floatability, this type of argument is applied and it is a rather common argument. Once one double hierarchy argument is identified, its structure is analysed.

Examples of the DH argument 

Activity 1

Here we present the most typical students’ arguments with a proposal of refutation. For example one student wrote:

Marta: “I thought that this could happen because I thought that if a man is heavier than his spit or vomit he could … he would fall quicker”

In this argument we can identify two hierarchies. The hierarchy that is under discussion, in this case is the velocity of the spit, in other words the spit have less speed from the man that has more. The accepted hierarchy is the weight of the spit and the man. It cannot be questioned that the spit weights less than the man. The relation between the two hierarchies in this particular case is the proportionality that students consider between the speed and the weight.
Table 1. Example of DH argument (activity 1)
	Accepted hierarchy
	Relationship
	Hierarchy under discussion

	Weight

-spit(+man
	The velocity is proportional to the weight
	Speed

-speed(+man


In this example the hierarchy of weigh is undeniable and the speed hierarchy could be denied experimentally but first we would like to search for argumentative resources. So, we can use the third refutation type and oppose a different hierarchy between the weigh (mass) and the velocity. The bigger the mass of an object is, and thus the weight, the lesser the gain of speed when we apply a force to it. This hierarchy is familiar to the students; from their own experience they know that an object of a greater mass is more difficult to be displaced. By combining the two DHs, we can have an argument of compensation in such a way that the two effects are compensated and perhaps we might contribute to change their ideas about free falling.

	More weight
	(
	more speed

	More mass
	(
	less speed


Another type of refutation could be the following. In the case that the students have expressed in theirs arguments a direct proportionality between weight and speed, a second type of refutation is possible. In order to deny the relation between the two hierarchies a possible refutation might be, ask the students what would have happened with two balls that the one has the double mass than the other. After their prediction, the realisation of the experiment wouldn’t confirm the prediction, so we would have a counter-argument that denies the suggested relation between the two hierarchies of weight and speed. It is quite obvious that it’s not inconvenient to use different types of refutation. The combination of different arguments of refutation could make stronger the convincing value of the arguments and change the point of view of reality of the students. 

Form the above refutation procedure, we might use the metaphor that performing the whole procedure is like performing an intervening operation to a patient, which is our wrong argument, after making the diagnosis with medical scanner, which is the DH argument structure. 

Activity 2

Following the same methodology with the fist activity, we gave the students the second one, which was about floatability. The main question was why the raft had sunk, and what we could do to avoid this situation. A great part of the students argue this situation using the DH between different size surfaces that is in contact with the water with the weight that the raft might support.  We present here the most typical arguments of the second task:
Transcript: Paul: "The surface of the raft in comparison with the mammoth is not extensive enough to allow the water to support the mammoth. (...). If the raft had a much larger area than now, this does not happen”. 

Anna: "… the surface of the raft is not sufficient to support the weight of the mammoth on the water. (...) Our solution is to increase the surface of the raft on contact with water (length and width), but not in height. The more surface has the raft, more weight is able to withstand the mammoth, and the greater the force that causes the raft on the water "

In Paul’s explanation, there are two variables in his argument; a quantitative one that is the size of the surface of the raft, and a qualitative notion with only two opposite values, which is in this case the capability of the raft to support or not the mammoth. So, the DH hierarchy that we face here is a type of opposite sides DH, in which the hierarchy under discussion consists of two opposite qualitative situations. The accepted hierarchy of more or less surface permits the student to establish the hierarchy of support or not support capability of the raft, which could be in discussion. In this way, with the present used surface the mammoth cannot float, but with a biggest surface the raft with the mammoth might float. The relationship between these hierarchies is a means (surface) /ends (support, not support) type of relation. 

Table 2. Example 2 of DH argument (activity 2) 

	Accepted hierarchy
	Relationship
	Hierarchy under discussion

	Surface

-(+
	means/ends
	Support or not support


In Anna’s explanation we have the two series of hierarchies both with a quantitative value. The first is the surface of the raft and the second is the weight that the raft can support in order to float. The relation between the two hierarchies is the same the previous example, the means (surface)/ ends (support the weight) relation. In this second explanation, it is not clear the role of the water in this situation.

Table 3. Example 3 of DH argument (activity 2)

	Accepted hierarchy
	Relationship
	Hierarchy under discussion

	Surface

-(+
	means/ends
	weight


Both of the two above arguments try to explain that the phenomenon of floatability is related to the extension of the surface. In the first example, we have only one variable, since the second one is a qualitative notion. In that answer, is not clear the role of the water in this situation, so we could make a first comment to students by explaining to them that the water is what supports both the raft’s and mammoth’s weight. So, after this observation, the situation of the two above arguments is similar and can be refuted using the same way.

1. First of all we can observe that the DH argument has an obvious problem with the relationship between these two hierarchies. According to the above-mentioned ways to refute a DH argument, in this case is recommendable to deny this relation introducing an experiment (second type). For example we can use a piece of “play dough” putting it into the water, once in a form of a cube, and once in a form of an empty cube. So, we can show them that the relation of the floatability with the area of the surface is not correct. 

2. The second phase of this DH argument refutation consists of introducing the correct first hierarchy’s value (third type of refutation), which is the concept of volume that determines the weight that the raft can support. This can happen again introducing to the argumentation procedure another experiment. We can use, for example, a square made of cork that floats and we keep putting different masses above it. We can observe that meanwhile the surface in contact with the water is the same; the volume of the submerged piece of cork is getting bigger with the bigger mass that needs to support. In other words, the height of the cork that is each time is submerged into the water; in order to support the different weights is different. The heavier the object, the grater is the length of the submerged cork. The combination of these two variables are related with the weight that the cork can support, the surface and the length of one of the dimensions of the cork can take us to the idea that the variable submerged volume is what determine the weight that the cork can support. In summary, the combination of these two experiments can modify the argument toward the scientific point of view, by changing the concept of surface with the concept of submerged volume.  

Conclusions and Implications 
From the results we confirm our hypothesis that the analysis done is useful both a deep understanding of students misconceptions in physics and to provide a “tool” to contribute to change the incorrect reasoning or ideas and to improve the science knowledge of the students. In fact, the knowledge of the “double hierarchy” structure can be a help for teachers to attack the arguments and so the conceptions of students using the same argumentative scheme the students use themselves and making clear their structure to them. 

An implication for this study could be suggestions to introduce the argumentation schemes and especially the DH argument in the process of teaching. So, from problematic situations like, for example, the above activities, the students explain their ideas using argumentative schemes as the DH argument. So, the teacher could insist through a dialogical process, that students need to explicit their arguments. With teaches’ synthesis of the different arguments that came out, different refutations can be guided from both sides to find the correct counter-arguments. The final outcome of this procedure could be writing down a text with their first idea and explain why this ideas is the same or different with the final idea of the discussion with the teacher. May be in the future, we can present results of this didactical approach, that show the promising character of using argumentation in a science class.

A deep understanding of the double hierarchies contributes to group previous scientific ideas of students, the knowledge of these groups and of their common scheme by the teachers is necessary if they want to persuade students of the scientific ideas. 

On the other hand, by studying and recognising the argumentative schemes in general and particular the DH argument that are used in the students alternative ideas about science, we can better understand the procedure of arguing by identify the different parts of the argument and perhaps relate this arguing procedure with the learning process of the student. 

To conclude we can point out that it is true that argumentation theories are not made to analyse arguments in a science context. But we have seen that their argumentative schemes could be a very useful tool to persuade the students and try teachers to find more convincing arguments. Also, a very interesting point that we have not treated until now is the significance of being able to identify and modify arguments to the critical thinking improvement of the students.
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� Id note 2. 


� Perleman (1958) Traité de l’Argumentation. La Nouvelle Rhetorique. Bruxelles: Editions de l’Universite de Bruxelles


� Facts are universal agreements that means they are unquestionable. An argument gains convincent force if it based on facts (Perelman, 1958). 


� Places are premisses of general caracter that are useful for all the sciences and all kind of discoursive genres. Perelman (1958)


� Sucesión linkages


� Coexistence linkages
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