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Conceptual change is extremely difficult to trigger in mathematics and science education. The present study shows the special role of designin the fact that design can afford behaviors that lead to conceptual change. We chose the domain of proportional reasoning. The design was based on collaborative and argumentative scripts, provision of a tool for checking hypotheses, and arrangement of students with different strategies. Above all we created a task, the Blocks Task, that invites students with different strategies different solutions, whereby creating (socio-)cognitive conflicts with the possibility of enhancing conceptual change. The participants were 496 ninth graders. A central result is that performing the task resulted in conceptual change. It was also shown that the provision of a tool for checking hypotheses yielded substantially larger gains. We conclude by providing design principles for fostering conceptual change in mathematics.

The present paper The focus of the present paper

The present paper aims to expose whether the block task is effective in triggering conceptual change in proportional reasoning. While triggering conceptual change in mathematics and in science education is a very challenging task. We have defined conditions for task design and we showed that they can dramatically boost conceptual change and learning in the field of proportion reasoning: Collaborative scripts, the arrangement of students in small groups and the provision of a hypothesis testing device for feedback were central design decisions. Above all, we created a special task, the Blocks Task, which invites students with different strategies in proportional reasoning (that reflect different levels in proportional reasoning) to exhibit different solutions, by such creating sociocognitive conflicts

Theoretical framework

The process of conceptual change had been described in literature in various ways. The pioneering model of [START_REF] Posner | Accommodation of a scientific conception: Toward a theory of conceptual change[END_REF] had described the conceptual change of replacing the earlier premature, and somewhat naïve, conceptions (which, at times, contradicts the scientific explanations) with more up-to-date scientific conceptions. The trigger for this change had been the dissatisfactions with the earlier conceptions. Other scholars (e.g. [START_REF] Vosniadou | Extending the conceptual change approach to mathematics learning and teaching[END_REF] replaced Posner et al.'s model with a model they called a synthetic model which is based on the combination of a scientific concept with the student naïve preliminary concept. Cognitive conflict had been for a long time considered as a major, necessary ingredient in the development of psychological theories that explain conceptual changes. The role of cognitive conflict is important in many mathematical fields [START_REF] Stylianides | Facilitating the transition from empirical arguments to proof[END_REF] related to the potential concealed in cognitive conflict to support the development of the student knowledge. In the domain of proof, counterexamples play a great deal as a pivotal means in creating and resolving a cognitive conflict [START_REF] Zazkis | What makes a counterexample exemplary?[END_REF][START_REF] Stylianides | Facilitating the transition from empirical arguments to proof[END_REF]. However, it was also found that introducing conflicting data was generally not sufficient for triggering conceptual change [START_REF] Limón | On the cognitive conflict as an instructional strategy for conceptual change: a critical appraisal[END_REF]. Collaborative and argumentative settings as well as the provision of feedback are among the means described in the literature which may prompt the development of conceptual change among students (Schwarz, 2009). The block task which was designed for the purpose of the present study has been a sophistication of the blocks task developed by Harel, Behr, Lesh and Post (1992). Harel and colleagues designed the original Blocks Task as a diagnostic tool to assess the level of proportional reasoning of adolescents. I modified the task as a learning task with the potential for triggering conceptual change (Cohen-Eliyahu, 2001). The modifications consisted of posing the task in a dyadic setting, providing a collaborative and argumentative script in their interactions, and providing a hypothesis testing device (a balance) for checking hypotheses. This mathematical task has the potential to create socio-cognitive conflicts based on the three aforementioned conditions. Schwarz and Lichevski (2007) showed that the design yielded conceptual change. In an additional study, [START_REF] Asterhan | Outcome feedback during collaborative learning: Contingencies between feedback and dyad composition[END_REF] examined the mechanisms that govern conceptual change with the Blocks task. In the present paper, I examine the role of design in triggering conceptual change. Let us first describe succinctly the study. More information can be found in [START_REF] Asterhan | Outcome feedback during collaborative learning: Contingencies between feedback and dyad composition[END_REF].

Method Participants

The participants were 496 Israeli ninth graders from large metropolitan areas (After studying the subject proportion ratio and percentages). 16 groups were formed with different conditions for each group: individual or pair work, with or without weighing condition (the hypothesis testing device). Students were paired according to their initial solution strategies, in order to create varied social settings based on differing initial cognitive levels. Three strategies were focused on: Students with additive strategies (N=196), students with proto-proportional strategies (N=194) and students with proportional strategies (N = 106).

Tools

The Blocks tasks were designed according to three aforementioned conditions in the field of mathematics, and its aim was to facilitate learning (i.e. conceptual change) of ratio and proportion, as follows: (a) The task enables collaborative or individual work. (b) There is a tool (scales) with which one may check (or not) whether hypotheses are correct. In other words, students receive feedback on their solutions by using scales (c) The task allows the activation of a variety of strategies by which students may be differentiated according to their levels of thinking, which may facilitate teaming them up according to their levels of proportional thinking. In each task students are shown 4 three dimensional blocks constructed from bricks (A,B,C and D). They are told the bricks in A and C is identical (the same weight = the same color) and the same is true for bricks in B and D. In each trial, students are given information about the relation between the two base block constructions A and B (A is heavier than B, B is heavier than A, or they are of equal weight). They are asked to determine the relation between the weights of the two target blocks, C and D, choosing one of the following four options: "C is heavier than D", "D is heavier than C", "They are of the same weight", or "Impossible to determine". They are required to provide a verbal explanation for their choice.

Figure 1: Blocks Task 1

In the current study seven configuration of the Blocks tasks had been designed. The design was aimed at leading wrong reasoning strategies to wrong answers. For example, a student using Visual explanations typically would claim that "it has less bricks in it". A student adopting an additive reasoning strategy would use an explanation such as "when B has 6 more bricks than A, A and B weigh the same. D has 13 bricks more than C so D weighs more than C." A student adopting a protoproportional reasoning strategy would typically draw a wrong conclusion: For example, he would say "B has more bricks than A but they have the same weight so each brick in A is heavier than single brick in B. C is 13 bricks less than D but each bricks weigh more so it's impossible to decide." Students adopting a proportional reasoning strategy would typically predict the right conclusion that C weighs more than D. They would say something like, "10 bricks in A(10a) have the same weight as 16 in B(16b) i.e. one single brick in A weighs 1.6 times one single brick in B a=1.6b. so 24 bricks in C weigh 24*a=24*1.6b = 38.4b that is more than 37b bricks in D." We see then that the Blocks task was designed to lead students with inferior strategies to give wrong answers.

Procedure

The current study consisted in three stages: pre-test, intervention and post-test.

Stage 1: Assessment and selection-pre-test. Five Blocks Task Test was administered in pen-and paper format to all students in the ninth grade classes to assess their initial level of proportional reasoning. In each tasks the blacks' constructions (A, B, C and D) were presented to the class and trained research assistants called aloud the instruction. According to their initial reasoning strategy students were arranged in order to create socio-cognitive conflicts.

Stage 2: Learning stage. Students were asked to solve collaboratively two different Blocks Tasks according to the aforementioned condition. They were provided a collaborative and argumentative script: The dyads asked to solve the tasks together. they were invited to collaborate and to argue with each other. Additionally, students that work with hypothesis testing condition get a scale after they finished each task to check their answer. An experimenter helped them to put the blocks constructions (C and D) on the scale and told them the correct answer, and asked them to explain it. All students, dyads or individuals with or without hypothesis testing device, were interviewed while this stage by trained research assistants who, repeated the instruction again and asked the student to explain their answers.

Stage 3: posttest the student answered the five Blocks Task Test again individually.

All the participants completed the three stages in less than one month.

Results

Over the entire sample, it appears that in all conditions, conceptual learning was attained. T-test showed significant results in compering differential from pre-test to post-test to zero.

Analyses were conducted with a mixed model (SAS PROC MIXED) with random effects of dyad within condition and of individual within dyad and condition. Differentials means and standard deviations between pretest and posttest performance per condition are reported in Table 1. 

Table 2. Differentials mean (and SD) between pretest and posttest scores for non-Proportional students (N=382)

There is significant different between non-Proportional Students who worked with feedback (single or peer) (M=.26, SD=.03) and students who worked without feedback (single or peer) (M=.16, SD=.03). The results confirmed that hypothesis-testing improved learning (F (1,239)= 4.13 p= 0.043).

In addition, Focusing on the non-Proportional students revealed that apart from the hypothesis-testing condition, there is significant affect to the pairing condition ((F(3, 225)=10.98, p<.0001). and the Tukey-Kramer post hoc test showed that most efficient pairing was with a partner with full proportional reasoning. The interaction between the hypothesis-testing condition and the pairing condition is significant (F(3,225)= 3.22, p=0.024). The Tukey-Kramer post hoc test showed that with feedback condition students who worked with student who reached proportional reasoning gained more than student who worked with any other pairing. But, without feedback condition the result wasn't significant.

We present here the example of two students, Ido and Shira, and show how the design of the task helped them advancing their strategies in proportional reasoning. Ido and Shira both started, according to their pre-test, in a proto-proportional stage. Neither of them had a fully proportional answer to any of the tasks, but they were well aware of the importance of looking at each of the cubes separately. After the interaction, they both progressed: Shira gave one full-fledged proportional answer and Ido, two. Right from the start, elements of the proportional discourse were apparent in both Shira and Ido's interaction. Interestingly, the additive discourse co-existed with elements of the proportional discourse all through the interaction about the first task (see figure 2). Thus, for instance, Shira first suggested an additive argument:

24 Shira: I think, I think this (C) is bigger than this (D) because here they tell us that this (A), no, sorry, because here they tell us that this (A) is smaller than this (B) although here (A) there are more, but only by one cube more, so if here (C) there is more in three cubes, so that says that this (C) is big.

Ido, on the other hand, starts referring to multiplicative routines: Interestingly, Ido and Shira's solution, though not accurately proportional (Ido found a linear relationship between the block structures, not a proportional one), still leads the two students to a correct solution. In other words, it leads them to predict that C < D (by preserving the linear relationship), and the scales do not contradict it. Thus, there is no resistance of material agency.

During the second phase (where 10Acubes = 12Bcubes), it is Ido's disciplinary agency (that is, the previous mathematical knowledge obtained by Ido) that resists the additive discourse. The pair starts out by trying to implement the successful routine that they had employed in the first task:

106 Shira: Now, OK here there are 10, can you show me the calculation again? This (A) times 3.

After some calculations, Ido realizes this solution brings them to a dead end:

115 Ido: OK, look, we multiplied both of them times two, it (A) turned out 20 and this (B) turned out 24. Now, if we add to both of them 3, you get this (B*2) plus 3 gives 27 like this (D) and this (A*2) plus 3 gives 23, it didn't get to 24.

According to this linear relationship, Ido and Shira agree that C and D are not equal. However, they do not have a way of determining which block (C or D) is heavier. This, because the only way they know to use the linear relationship is by applying it to affirm the relationship between the C and D blocks stays the same as between A and B. Realizing that the former routine does not work (resistance from disciplinary agency), Shira goes back to the additive discourse: 120 Shira: so look here (C & D) this is by 3 more (meaning D has 3 more than C) and here (A & B) it's only by 2 more (meaning B has 2 more than A), get it?

After quite a long discussion (24 turns), Shira convinces Ido of her additive solution. But as she writes up her argument on the paper, Ido continues calculating numbers. The experimenter turns Shira's attention to that and Ido explains to Shira:

147 Ido: look, this (A) is 10 and here (B) it's 12. Just saying, I'm not saying it's true but let's suppose each mass here (A) is 3 and here (B) each cube is 2.5 cause that's less and they are equal cause 3 times 10 is 30 and also 2.5 times 12 is 30 and the weight between them is equal, but each cube is different like they said here. We can see that Ido changed his mind before the balance scales proved Shira's additive solution to be wrong. We can only hypothesize why this happened. It seems the resistance that was most important here was that of disciplinary agency. Both Shira and Ido could not initially find a multiplicative routine that would satisfy them. But once such a routine was found by Ido, they happily switched to it, being aware all along of the appropriateness of the multiplicative discourse for the problem at hand. Ido and Shira were actively engaged in convincing each other and questioning each other's solutions. Especially impressive was Shira's attempt, once she was convinced by Ido's new multiplicative solution, to critically examine her previous solution:

181 Shira: so how could it be (true) if like this (covers one cube from the D structure with her hand so that there is a difference of only 2 between D and C) it's equal and like this (raises her hand to expose the whole structure) it (C) is bigger?

182 Ido: because the weight of the cubes is not the same.

Shira is not convinced. She repeats her argument that D minus 1 cube equals C, but now Ido challenges this assumption: "who said it's equal?" He then goes on to explain 188 Ido: you told me that there are two points (probably means cubes) less so you add two here and another one but you don't know, the two point here (A & B) and the two points here (C & D) are not the same.

189 Shira: The mass is different, I get it.

Thus, even though Ido is the main one to pursue the proportional solution and substantiate it, Shira is very active in her attempts to follow his logic, and to compare it with her own previous solution. Only then she is convince that the additive solution is invalid.

Conclusion

The Blocks task resulted in substantial learning which may be termed conceptual change, since under all conditions the students improved their solution strategies very significantly from the pre to the posttest. These are impressive findings that suggest the crucial role of design in triggering conceptual change. The additional results consistent with the assumptions based on previous researches (Schwarz and Lichevski, 2007) about the conditions that promote conceptual change. The very rich dialogue between Ido and Shira revealed the crucial role of task design in triggering conceptual change that lead to learning. In the pre-test both student initial strategy were protoproportional reasoning. During the Learning stage (intervention) they both made a huge advance and promote their strategies reasoning to proportional as been founded in the post-test. The Blocks task design afforded and invited, as we saw in Shira and Ido very rich dialogue, a variety of reasoning strategies (Additive, Proto-proportional & Proportional). Shira and Ido considered those antithetic strategies by justify their claims and explain to each other their opinions this socio and cognitive conflict lead them to collaborate and argument in dyad and that lead to the desired conceptual change. Also in Ido and Shira case the scale's checking hypotheses "just" confirmed their solution. After the first task confirmation done with the scales, for Ido it was a trigger in the second task to continue searching for other option even if the AddS sound acceptable (120 Shira). The deep dialogue showed the power of the collaborative work, investigating each other ideas (an additive and a protoproportional solutions) cause emerging of a new insight (proportional -solution). The case of Shira and Ido exemplifies the importance of collaborative and argumentative scripts, of a tool for receiving feedback (the scale), of the arrangement in dyads, but foremost of the design of the task that led students with inferior strategies to arrive to wrong conclusions, to check them with the scale and to revise them accordingly. In conclusion, as the statistical result and Ido and Shira's dialogue showed, the task design allows the use of variety of confronting strategies that may led to socio-cognitive conflict between the dyads. In the statistical result we find that gap between students play a major role. Non-proportional students with hypothesis-testing condition is significantly advanced proportional reasoning when they work with proportional students. In Ido and Shira case also it looked they started with the same strategies we reveled in the rich dialogue gap between their strategies. when Shira used automatically additive strategy Ido looked for another option that explain his proto-proportional strategy. The hypothesis-testing condition that confirmed his first answer helped him to persist in finding satisfactory solution.

It seems that the next step is to expand the study to examine the effectiveness of the conditions defined in designing mathematical tasks in other areas.
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Table 1 : Differentials mean (and SD) between pretest and posttest scores on the BlocksTask
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There is significant different between Students who worked with feedback (single or peer) (M=.25, SD=.04) and students who worked without feedback (single or peer) (M=.13, SD=.04). The results confirmed that hypothesis-testing improved learning (F (1,422)= 5.10 p= 0.024). But in general there is no advantage to work with peer over individual work.

Further analyses were made in purpose to reveal what accord in different pairing condition. Focusing on students who lacked full proportional reasoning, non-Proportional students (Protoproportional students (ProtoS) and additive -students (AddS)). Differentials means between pretest and posttest and standard deviations performance for non-Proportional students are reported in Table
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