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We report on a study on construction of knowledge through successive argumentative activities. 120 Grade 5 students filled first a questionnaire to express individually their standpoint on a controversial issue. They then engaged in argumentative talk in triads, having at their disposal databases presenting information on the issue. Individuals filled then the questionnaire again. The triads went on in their argumentative talk. In one group (G1, N1=60), triads used a computerized tool, the argumentative map, to represent viewpoints and reasons supporting them. In the second group (G2, N2=60), triads used a two-column table for inserting “pro and con” reasons. The triads wrote then a collective essay. Finally, individuals filled the questionnaire for the third time. Knowledge and construction of knowledge were measured through arguments-outcomes produced in the successive activities. We observed in general that individual arguments were gradually less one-sided and more compounded. Also the reasons invoked were more relevant to the viewpoint claimed and more acceptable. More reasons supporting alternative arguments were raised. Finally the quality of the reasons invoked was higher. 


The analysis of collective arguments considered as produced by one cognitive entity showed that argumentative maps helped to construct significantly better collective arguments than tables. However, the measures of final individual arguments were significantly lower than collective arguments (in both groups). This seems to indicate that while maps and tables helped representing arguments agreed upon members of groups, individual students only partly internalized the collectively constructed arguments (via the mediation of the tools) to construct own arguments. 





ARGUMENTATION AND THE CONSTRUCTION OF KNOWLEDGE


We adopt Goldman’s (1976) view of knowledge according to which knowing something is the ability to eliminate other rival possibilities or believing that the chosen belief is more warranted than plausible rival beliefs. Constructing knowledge is a never-ending process of marshaling evidence that the chosen belief is a) supported by the available evidence and b) more warranted than plausible rival beliefs. The definition of what counts as ‘plausible’ is determined by the discourse within which the validation takes place. Such a definition suggests that knowing is an intra-subjective activity, a choice done by individuals. On the other hand, the plausibility of all alternatives is inter-subjective, being judged according to norms adopted by communities. 


The above definition of knowledge seems to be accepted now even in scientific domains (Duschl, 1990; Ohlsson, 1992). A central means for constructing knowledge is reasoning, and the outcome of reasoning is an “argument”, that is a structure consisting of a conclusion and of several reasons supporting it (Nickerson, 1986; Means & Voss, 1996; Perkins, Farady, & Bushey, 1991). The term “argument” does not suggest that it is necessarily the product of a collective argumentative activity. Rather, research on construction of knowledge has often concentrated on specific skills of the solipsistic learner. For example, Means and Voss (1996) claim that construction of knowledge results from the application of skills to access knowledge (available from external or internal sources) and to construct and evaluate arguments. They found that the ability to build and evaluate good arguments is positively correlated to general ability level and to knowledge, where knowledge is understood as factual. However, as knowledge is also positively correlated to ability level, the gap between the ability of students with different general ability levels, to build and evaluate arguments, increases with age. Means and Voss indicate that argumentative practices such as participation to discussions may foster these skills, but that these practices are neglected in classrooms. Kuhn (1991) did a similar claim in order to explain the serious shortcomings several age groups (from adolescence to advanced adulthood) have in constructing and evaluating arguments: No significant difference was found between the groups concerning the inability to construct a counter-argument, and the fragility of the link between the conclusion (or the standpoint) and the reasons that subjects invoke to support it.. 


 In an experimental study, Kuhn, Shaw and Felton (1997) focused on the construction and evaluation of argument subsequent to initiated argumentative activity. The students were invited to write personal essays on capital punishment, then were paired in dyads to discuss the issue, and to write again individual essays. The researchers identified arguments in the essays subsequent to peer interaction. They found that the quality of arguments was significantly higher after dyadic interaction, to claim that dyadic interaction fosters argumentative reasoning, meaning that the effect of dyadic argumentative interactions on arguments written in individual essays was the improvement of the quality of the arguments-outcomes. 


	Finally, in a recent study, Schwarz, Neuman and Biezuner (2000) paired low-level high-school students with incorrect rules on decimal fractions (called “wrong” students) in an activity designed to lead to conflict between them. The researchers showed that at least one of the wrongs became right. There is then here clear evidence for construction of knowledge. Schwarz, Neuman and Biezuner identified some mechanisms that led to construction of knowledge, among them and centrally, argumentative operations (such as challenge and concession). While this effect was found significant among pairs of wrong students, the effect on wrongs interacting with right students was found as not significant. The researchers interpreted this finding by claiming that argumentation is most effective among students arguing under uncertainty, and that an “expert” that invokes correct rules expresses them as evident, and does not convince the wrong student. 


In sum, review on research about the role of argumentation in construction of knowledge indicated that the acquisition of knowledge needs to account for context (i.e., for tools available, social interactions, history and goals of the participants). In particular, although it is quite difficult to determine initial, intermediate, final arguments in an argumentative activity, a coarse evaluation of collective and personal knowledge needs to be done. A reasonable solution is to elaborate tools for collecting arguments as artifacts/outcomes produced by “many” individuals and groups in a defined setting before and after the argumentative activity. Individual (resp. collective) arguments can be evaluated when participants act individually (resp. in collaboration). 


Our aim in the present study is first to measure the effect of types of argumentative activities on the constructs elaborated by individual children participating to these activities, the arguments (first research question). Second, we aim at identifying the origin of these constructs (second research question). Finally, we compare the effect of the use of the two tools on the arguments constructed (third research question).





METHOD


Participants


The population included 120 Grade 5 children (63 boys, 57 girls) from two public schools with similar socio-economical level in the suburbs of a city. In both schools, a program of computer literacy was implemented and the children were familiar with basic applications such as word processors with graphical functions, spreadsheet and use of databases. A teacher specially trained by our research team to animate argumentative activities with the tools we designed, worked with all students during the 20 hours of the experiment. During these activities, the teacher instilled normative behaviors concerning pluralism and critical thinking�. In the first school two classes participated in the study; in the second school, three classes participated. The first class in the first and in the second schools, and half of the third class in the second school were the first experimental group (G1, N = 60); they used the Argumentative Map. The rest of the children constituted the second experimental group (G2, N = 60); they used the Pro-Con Table.





Materials


The Questionnaire


The questionnaire is inspired from a questionnaire asked by Kuhn (1991) in the study in which she checked argumentive skills of children and adults. In the first item, children are asked to write an argument about experiments on animals. In the second item, they are asked for reasons supporting their argument. The third item asks for a counter-argument and the fourth, for answering the counter-argument. The rationale for the choice of the issue (experiments on animals) was dictated by three theoretical reasons: (1) The solution to the issue is not unique and is subject to controversy to a certain degree; (2) The construction of arguments does not necessarily rely on technical knowledge; (3) Most students heard about or discussed such an issue. We then hypothesized that this issue will lead students interacting in small groups to infer new knowledge.





The mediating tools for constructing and evaluating arguments


The database. All triads were provided with tools we hypothesized to mediate the construction and evaluation of arguments. The first tool, common to all triads, was a database of fifteen short texts designed to enable students to access information on experiments on animals. The short texts could serve as reasons for supporting arguments. An example of text is “Not all the experiments really help humans. Not all the experiments have impact on humans. The body of animals is different from that of humans” (T1). Another text is “The development of new technologies for the sake of humans means preliminary experiments on animals” (T2). It is clear that these two texts may support conflicting arguments. The following completes T2: “Laika is the first dog that was sent to space, far before the first man” (T3). While most texts clearly alluded to a favorable or an unfavorable attitude towards experiments on animals some texts were ambiguous such as “To invent new sweets, scientists used rats to check whether these sweets are safe for humans” (T4). In sum, the texts seemed to allude to the support of conflicting or completing arguments. They could help constructing arguments, although students needed to integrate and complete them to result in high-quality arguments.





The Argumentative Map. The Argumentative Map is a tool inspired from the Belvedere system, a tool developed by Lesgold and colleagues (Cavalli-Sforza, Lesgold, & Weiner, 1992). The Argumentative Map enables to represent arguments as a conclusion (or a claim) supported by premises (or reasons). The Argumentative Map has also a dialectical dimension: it is a shared space that enables peers to represent concurrent arguments, to display whether some reasons support or oppose conclusions (by using different colors) and to display the degree of confidence of the arguer (by using degrees of darkness). For example, Figure 1 represents an Argumentative Map collaboratively constructed by a triad.








�


�
The rationale for the use of the Argumentative Map was that it provides for an illustration that displays the components of arguments and their structure (standpoint, reasons, and material links that represent a support or a conflict), and for a shared referent for collective construction and evaluation of arguments. In accordance with Collins and Brown (1988), we hypothesized that the display of the structure of arguments could lead students to task-relevant externalization, and particularly to the use of abstract concepts. For example, we hypothesized that the Argumentative Map would lead students to use terms such as “relevant”, “opposes to”, “rebuttal”, or “assertion” that are embodied in the Argumentative Map. Also, we hypothesized that as students could represent different arguments on the same space, it could foster discourse among learners. Hence we hypothesized that the argument produced could be used as an artifact to write a collective essay instead of inferring intersubjectivity from discursive activity only (see support to this hypothesis in Erkens, Tabachneck-Schijf, Jaspers & van Berlo, 2000). 





The Pro-Con table. The Pro-Con table is a two-column empty table. The words “Pro” and “Con” appear on the head of each column. Similarly to the Argumentative Map, the Pro-Con table displays reasons supporting or challenging the argument. However, unlike the Argumentative Map, the Pro Con table does not display the conclusion. Also, links (supporting or challenging) are not provided. Consequently, we hypothesized that the use of the Pro-Con table should yield to positive effects concerning the writing of a collective essay, but that these effects will be weaker than those of the Argumentative Map, as the structure of arguments is not displayed.





Procedure


The procedure was organized in several phases, to observe arguments in several contexts. In a preparatory session, all students learned basic ideas about argumentative debate: what is a dilemma, what are arguments and that they need to be justified. They also briefly practiced the search for sources of information to make up their mind and they elaborated the solution of two dilemmas. Then, the teacher shortly presented the dilemma concerning experiments on animals. All individuals filled then the questionnaire (Q1), were then organized in triads, given the database, and invited to debate on the dilemma. At the end of the discussion, all individuals filled again the questionnaire (Q2). In a next phase, the triads in G1 continued discussing the dilemma. They were asked to collectively construct argumentative maps, and to write an essay on the dilemma. This phase was identical for group G2, the argumentative map being replaced by a “pro-cons” table.  Finally, individuals were asked to answer a third time the questionnaire (Q3). 





Methodology


The data consist of three individual outcomes, individual answers to the same questionnaire  (Q1, Q2, and Q3) for both groups, and two collective outcomes, an Argumentative Map for G1, or a pro-con table for G2, and a collective essay for both groups. The first research question concerns the effect of the two argumentative activities on the quality of arguments as outcomes of the argumentative activities. To answer this question, we defined the type of arguments, the number of reasons supporting or in conflict with the conclusion, the soundness of the arguments and the quality of reasons. This characterization made possible the study of the change of arguments as a result of the two argumentative activities. The same characterization could help answering the second research question (the origins of these changes) and the third question (the comparison of the effectiveness of the Argumentative Map and the Pro-Con Table). 





Characterization of arguments


1. Argument type. Four types of arguments were considered. The first type includes statements that lack any reason. For example, the statement “It’s forbidden to do experiments on animals because it’s not fair”. A second type includes one-sided arguments, in which a statement is followed by a (series of) reason(s) supporting it. For example, “We should permit to do experiments on animals because it’s important to develop medication for people”. A third category is two-sided arguments, which include reasons supporting and challenging the conclusion. For example, “Although experiments on animals may hurt them, I agree that they are necessary for helping people”. Two-sided arguments do not clearly evidence whether the individual or the group undertook an analysis of the pros and the cons to solve the issue. Means and Voss (1996) call such analysis decomposition, meaning that the student generates a conditional statement that redefines or constrains the stated problem. Such arguments include terms such as “it depends...if...but if...”. We call them compounded arguments. Almost every statement expressed in the questionnaire, the Argumentative Map or in the essay was a real argument, so that practically three types of arguments existed. In the questionnaire, the type of argument was determined by analyzing the first item only.











2. Soundness of arguments 


The soundness of arguments was judged according to their acceptability and the relevance of the reasons invoked. Acceptability was evaluated on a 0 to 2 scale according to the logical structure of the argument and its degree of realism. For example, the argument “Experiments will cause the extinction of animals and there will be no more animals on earth” is not acceptable (0 on the acceptability scale). In contrast the argument “I am against experiments on animals because it causes them sufferance” is acceptable (2 on the acceptability scale). The relevance of the reasons invoked to the conclusions was also established according to a 0 to 2 scale. For example, in the argument  “Experiments will cause the extinction of animals and there will be no more animals on earth” relevance is scored as 2 (although it scores 0 on the acceptability scale). 





3. and 4. Overall number of reasons and number of reasons supporting counter-arguments


The number of reasons includes the reasons raised by the individual or the triad (either supporting or in conflict with the opinion brought forward). We picked these reasons from the four items of the questionnaire. In the Argumentative Map, and the pro-con Table, the reasons were generally delimited by the icons and cells of the tools. Same reasons appearing more than once were counted once only. 





5. Quality of reasons


The arguments were also analyzed according to their content, namely the reasons invoked by the students. The reasons were classified into four categories, vague, make sense, consequential, and abstract. Examples illustrate the categories. In all examples, reasons are underlined.


5.1 Vague reasons. Vague reasons consist of imprecise statements such as “I am against experiments on animals because the animal can be out of control and hurt the scientist and the scientist will be sick and there will be an epidemic”. 


5.2 Make sense reasons. Make sense reasons assemble in a single category three kinds of reasons recognized by Means and Voss (1996). These are rule-based, authority and personal reasons. Rule-based reasons are generally accepted truisms or beliefs. For example “Animals have feelings like humans so it’s forbidden to hurt them”. Authority reasons involve appeal to an authority. For example “I am for experiments on animals because I heard a scientist in the TV who said that it helps fighting against diseases”. Personal reasons refer to personal experience of the child. For example, “I am against experiments on animals because I once dissected a frog and it’s appalling”. We decided to cluster these three kinds of reasons in one single category because they relate to what has been heard, experienced or accepted by capitalizing on a make sense epistemology (Perkins, Farady, & Bushey, 1991).   


5.3 Consequential reasons. Consequential reasons are statements in which a direct consequence is always stated as an outcome of a particular action. For example, “Although the experiment may cause sufferance to animals, one must remember that it helps in saving lives”. 


5.4 Abstract reasons. Abstract reasons are logical in form. They proceed from a general class from which the participant reasons. For example, “Experiments help to develop medication”.


Two experts analyzed 20% of the body of the data to validate the procedure of characterization of arguments. The inter-rater score was high (0.9) and enabled one of the experts to conduct the rest of the analysis.


 


Measure of collective and individual knowledge 


As stated in the second research question we aimed at evaluating collective as well as individual knowledge. According to the definition of knowledge we adopted, we evaluated the (changes in) arguments at each stage of the experiment. We first collected the reasons appearing in the three questionnaires, the maps, tables and collective essays. We could organize the reasons according to 29 kinds. Examples of kinds of reasons are “Animals have feelings”, “Experiments are not abuse”, or “Experiments help develop medication”. The grouping of reasons was organized according to content and not to quality. We defined the knowledge of the individual before the experiment (resp. after the first argumentative activity) as the arguments she raised in Q1 (resp. in Q2). Regarding the knowledge of the triads, we considered each triad as a cognitive entity whose knowledge is the argument agreed upon the members of the triad when constructing a table or a map, and when collectively writing an essay. Such a definition implies that the knowledge of the triad depends on the tool at the disposal of the triad (map or table) and the activity in which the triad is engaged (representing an argument or writing an essay). The knowledge of the triad is then defined by two measures, although the two activities students engaged in, were undertaken almost concurrently.


We compared individual knowledge of the members of the triads in Q1, Q2 and Q3 to their collective knowledge. By this means, we could trace the origins in the changes arguments underwent through the phases of the experiment. Specifically, we could ask whether the appearance of new reasons in the individual, could be traced (1) in reasons appearing in the questionnaire of other individuals which engaged in argumentative activity at the same time, (2) in the data base they consulted, or (3) stemmed from the argumentative activity. Reasons that were not a mere reproduction of any information appearing in the database but that showed some processing of this information were sorted as stemming from the activity. The same procedure could be adopted for the disappearance of individual arguments. 





RESULTS


We analyzed the characteristics of arguments to answer the first research question, the effect argumentative activities on arguments. In order to avoid methodological problems of multiple measures, we limited the measure of the effect of the two argumentative activities on arguments to four variables: TYPE, SOUND(NESS), COUNTER(-REASONS) and ABSTRACT. TYPE measured the argument type value (from 0 to 3), SOUND, the sum of the acceptability and relevance values (from 0 to 4), COUNTER measured the number of reasons in conflict with the conclusion, and ABSTRACT, the number of abstract reasons. These four variables are especially sensible to the limitations people have in constructing and evaluating arguments (Means & Voss, 1996; Kuhn, 1991). Table 1 presents the means and standard deviations of students’ performance across the three individual measurements, that is, in experimental phases 1, 2, and 5, in which the students produced arguments individually.  





Measure�
Phase�
M�
SD�
�
TYPE�
1�
2.08�
.46�
�
�
2�
2.56�
.57�
�
�
5�
2.83�
.53�
�
SOUND�
1�
4.50�
1.19�
�
�
2�
4.91�
.96�
�
�
5�
5.50�
.71�
�
COUNTER�
1�
.87�
.68�
�
�
2�
1.50�
.59�
�
�
5�
1.57�
.54�
�
ABS�
1�
1.45�
.89�
�
�
2�
2.02�
.93�
�
�
5�
2.30�
.87�
�
Table 1. Means and Standard Deviations for the four measures of individual arguments at Phases 1, 2 and 5. 








In order to test our research hypothesis we conducted a 2 (Group) by 3 (Time) ANOVA for repeated measures, separately for each of the four dependent variables. To prevent an artificial increase in the alpha level we set the alpha level to .01 for all the statistical tests. The ANOVA revealed a significant effect for Time at TYPE (Wilks’ Lambda = .34, F(4, 85) = 77.41, p = .000), SOUND (Wilks’ Lambda = .61, F(4, 85) = 26, p = .000), COUNTER (Wilks’ Lambda = .46, F(4, 85) = 47.16, p = .000), and ABS (Wilks’ Lambda = .46, F(4, 85) = 46.48, p = .000). The ANOVA revealed a significant effect for Time x Group for ABS (Wilks’ Lambda = .70, F(4, 85) = 16.87, p = .000). The main effect of the experimental condition was found non-significant for all the dependent variables. We can then conclude that the increase in the measures of arguments can be traced to students’ social interaction. 


Concerning the identification of the sources of the reasons students invoked along the phases of the experiment, we differentiated between reasons that one member of a triad raised initially in the first questionnaire and that appeared in an ulterior questionnaire of another member of the triad, from new reasons that stemmed from the interaction itself during the activity. The first category represents diffusion of consensual knowledge, while the second the generation of new knowledge. Table 2 presents means and standard deviations for these four possible sources. PRIME represents the number of reasons initially claimed in Q1, APPR represents the number of reasons initially raised by one member of the triad and appropriated at a later phase by another member of the triad. ACT represents the number of new reasons that stemmed during the argumentative activities, and DB, the number of reasons appearing in the texts of the database and that re-appear verbatim in the questionnaires after the two argumentative activities (at Phases 2 and 5). Table 2 shows that the common sources of reasons are the initial reasons claimed in the first questionnaire. The social source for individual arguments that significantly increased along the successive phases of the experiment is APPR. In other words, the social interaction between students afforded the increasing “diffusion” of reasons through appropriation.    














Source�
M�
SD�
�
PRIME2�
2.10�
1.00�
�
PRIME5�
2.12�
.96�
�
APP2�
.70�
.60�
�
APP5�
.95�
.67�
�
ACT2�
.99�
.58�
�
ACT5�
1.01�
.50�
�
DB2�
.24�
.43�
�
DB5�
.20�
.40�
�
ABAND2�
1.34�
1.08�
�
ABAND5�
1.35�
1.15�
�
Table 2. Sources of individual reasons in Phases 2 and 5.








We already mentioned that no significant difference could be detected between G1 and G2 concerning individual arguments expressed in Phases 1, 2 and 5 (as measured through TYPE, SOUND, COUNTER and ABS). This finding partly answers the third research question. However, we also intended to investigate the collective arguments whose construction and evaluation are directly mediated by the Argumentative Map as contrasted to the Pro-Con Table. These tools make it difficult to analyze the type of arguments because they do not differentiate between two-sided and compounded arguments. Thus, we decided to compare arguments appearing in the Argumentative Map as opposed to the Pro-Con Table according to three measures only, SOUND, COUNTER, and ABS. Table 3 presents means and standard deviations for these measures across experimental conditions and the two collective measurement phases, 3 and 4. 





Phase�
Measure�
G1


M          SD�
G2


M           SD�
�
3�
SOUND�
5.69      .57�
5.40      .80�
�
3�
COUNTER�
2.36      .61�
2.24      .61�
�
3�
ABS�
2.83      .80�
2.53      .74�
�
4�
SOUND�
5.19      .61�
5.15      .84�
�
4�
COUNTER�
1.72      .45�
1.54      .69�
�
4�
ABS�
2.95      .60�
2.17      .61�
�
Table 3. Collective reasons in Phase 3 (with map or table) and Phase 4 (in the essay).








To test the effects of experimental phase and manipulation we conducted a 2 (Group) by 2 (Time) ANOVA for repeated measures. The ANOVA revealed a significant effect for Time at COUNTER (Wilks’ Lambda = .47, F(2, 88) = 118.82, p = .000), and SOUND (Wilks’ Lambda = .68, F(2, 88) = 49.17, p = .000). A significant effect for Group was found for ABS (F(1, 86) = 19.85, p = .000). The interaction GROUP x TIME was found significant for ABS (Wilks’ Lambda = .88, F(2, 88) = 13.55, p = .000) and SOUND (Wilks’ Lambda = .90, F(2, 88) = 10.99, p = .001).  It appears then that the Argumentative Map mediated better (according to three measures of arguments) the collective elaboration of arguments than the Pro-Con Table. However, as mentioned above, the analysis of the third questionnaire (displayed in Table 1 as Phase 5) shows that the superiority of the collective argument for group G1 does not subsist aftermath, at the level of the individual.    





DISCUSSION


The most salient finding of this study is that in general all measures of individual arguments steadily increased along the successive argumentative activities. Reading together controversial texts and discussing them yielded better arguments, and constructing maps/tables to write collective essays yielded an additional improvement of the arguments of individuals. Individual arguments became less one-sided and more compounded. Also reasons invoked were more relevant to the standpoint claimed and more acceptable. More reasons supporting alternative arguments were raised. Finally reasons invoked were less vague or personal and more abstract. These findings were valid for both groups. Moreover, no significant difference for any of the four measures of arguments could be detected between the two groups. 





As for collective arguments appearing in maps/tables and essays, the fact that we considered the triad as a cognitive entity trivially caused the cumulative measures to be higher. The number of reasons supporting alternative arguments and the number of abstract reasons of the triad are naturally larger than for one of its members, and so for the number of counter-reasons or of abstract reasons. As for the type and the soundness of the arguments, these measures are not cumulative. To the contrary, a larger number of reasons makes it more difficult to constitute an argument with relevant and acceptable reasons. Table 3 shows that the measure of soundness is higher than individual measures in Phases 1 and 2. This seems to indicate that during the argumentative activities, the triad agrees upon arguments accounting for individual arguments and integrates among them. We relate the high score triads obtained for soundness to the norms of pluralism and critical thinking that were accepted by all students that participated in the experiment. The collective knowledge of the triad is then not only a theoretical conceptualization. G1 triads in were significantly more able to capitalize on their maps to write collective arguments than G2 triads (with tables). However, the superiority of argumentative maps as mediators for writing better essays provides an ad hoc advantage: Not only the measures of individual arguments expressed in questionnaires after the construction of the collective arguments are lower than these collective arguments, but also no significant difference between G1 and G2 could be detected. This seems to indicate that while maps and tables helped representing arguments agreed upon members of groups, individual students only partly internalized the collectively constructed arguments (via the mediation of the tools) to construct own arguments. 


The overall improvement of arguments-products following the two argumentative activities suggests the working hypothesis that this improvement occurred as a result of argumentative functions such as challenging, answering to challenges or conceding. We currently invest efforts in this direction in our research program. 
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� The teacher who participated in the present experiment, also participated in an educational program, the “Kishurim” project (Glassner & Schwarz, 1999), in which both pluralism and critical thinking were valued through practices such as brainstorming, rounds of turns, presentation and defense of arguments to a “committee of judges-peers”. Although in the present study these practices were not explicitly implemented, the teacher encouraged students in triads to listen to each other, to reflect on own arguments and to criticize peer arguments on a rational basis.      
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