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Feedback as a personal metacognitive tool can be effective only if learners respond to it by selfreflection on their learning process. A central challenge of the online assessment platforms is to develop ways that guide students to self-reflection. We report on a study involving a dedicated design pattern of a pair of complementary example-eliciting tasks designed based on the logic-of-yes and the logic-of-not principles. Each task, presented as an interactive diagram, requires constructing examples of fractions and classifying them using a given set of characteristics. The set was given to students in a personalized report and used to automatically analyze their work. We explored whether and how the design supports 5th-grade students' learning the topic of fractions using online resources. We analyzed task-based protocols of one pair of tasks, aiming to identify connections between the design patterns and students' self-reflection, performance, and metacognitive skills.

Introduction and theoretical background

Feedback is considered as one of the most powerful ways of supporting learning processes [START_REF] Hattie | The power of feedback[END_REF] and developing metacognitive skills, but it should not an effective tool if students fail to consider it or do not engage with the information they receive. [START_REF] Shute | Focus on formative feedback[END_REF] pointed out that elaborated feedback, which addresses the topic, response, particular errors, and examples, and provides guidance toward a correct answer, appears to enhance students' learning more than other types of feedback. Shute's review indicated that presenting too much information may result in superficial learning and invoke cognitive overload. Even a comprehensive design of assessment and how it is being reported cannot support the learner or lead to self-assessment unless metacognitive reflection skills of planning, monitoring, and evaluating follow [START_REF] Ruchniewicz | Technology Supporting Student Self-Assessment in the Field of Functions-A Design-Based Research Study[END_REF]. In this study, we distinguish between two meanings of feedback. Feedback as an object, which refers to the contents of feedback itself (the information), and the feedback process, which describes the student's interactions with the task and the feedback information. [START_REF] Ruchniewicz | Technology Supporting Student Self-Assessment in the Field of Functions-A Design-Based Research Study[END_REF] investigated feedback as part of autonomous learning and explained how it turns into a process, in which learners make sense of information about their work to improve learning strategies, metacognitive skills, and future performance. Following their study, we designed tasks that require constructing examples with an interactive diagram and characterizing the construction using a given set of statements that the student is asked to reflect upon as part of solving the task with feedback. In our study, the feedback was automatic, and the set of statements used to automatically analyze the submitted constructions appeared in the personalized reports given to students. [START_REF] Arzarello | Semiotic and theoretic control in argumentation and proof activities[END_REF] proposed two types of inquiry logics to be considered when designing tasks to help students in inquiry-based knowledge acquisition: the "logic of yes" (LoY), which leads students to empirically test their examples, and the "logic of not" (LoN), guiding students to an indirect validation of an example by attempting to argue the impossibility to find a counterexample. These designs should lead students to explore, observe facts, and ask and answer questions to discover connections between them [START_REF] Arzarello | Semiotic and theoretic control in argumentation and proof activities[END_REF]. Following these inquiry logics, students in our study were requested to reflect on their examples before submitting them.

Fractions are a central topic in the mathematical curriculum. Learning the concept of fractions poses a significant challenge to students and has been for a long time a focus of research of the mathematics education community. [START_REF] Arnon | Where do Fractions Encounter their Equivalents? Can this Encounter Take Place in Elementary-School?[END_REF] studied and reported on fifth graders who learned with the Shemesh software, which was designed to promote conceptual learning of equivalent fractions, offering concrete representations of the fraction and the operations performed on it. The current study, based on a similar representation, uses the Seeing the Entire Picture (STEP) platform. STEP is a formative assessment environment that involves the student with automatic information analysis of rich example-eliciting tasks (EETs). EETs require students to formulate an example and present it by submitting one or several constructions based on an interactive diagram.

Recently, online platforms have been offering ways to obtain rich and varied evidence that enriches learning assessment. Traditionally, automatic assessment provided judgmental reaction, verified the correctness of information, and often suggested tasks for students to perform to achieve better results [START_REF] Scalise | Computer-based assessment in e-learning: A framework for constructing" intermediate constraint" questions and tasks for technology platforms[END_REF]. With STEP, the automatic analysis generates information about the correctness of the task, but its main objective is to analyze the work according to other mathematical and pedagogical characteristics, which were defined when the task was designed and were individualized to report back to the student. These include methods of work, misconceptions or common mistakes, and the diversity of the example space [START_REF] Olsher | How might the use of technology in formative assessment support changes in mathematics teaching?[END_REF]. The platform automatically points out whether or not the characteristics are present in the student's submissions. We refer to the interactions of the student with the activitythe task requirements and the automatic reportas the "online personalized feedback" process. The novelty of this study lies in the interaction of the online personalized feedback process with the task design to lead students to self-reflection and examine their performance in three areas: (a) the correctness of the answer, indicating whether the example meets task requirements and conditions; (b) the metacognitive skills: planning problem-solving goals, strategies, and allocating resources; monitoring what has been achieved to set goals of comprehension and performance; and evaluating the assessment of given problems or understanding of mathematical concepts, for example, through self-reflection [START_REF] Ruchniewicz | Technology Supporting Student Self-Assessment in the Field of Functions-A Design-Based Research Study[END_REF]; and (c) the richness of the personal example space, as the collection of examples to which an individual has access at any moment (Liz, Dreyfus, Mason, Tsamir, Watson, & Zaslavsky, 2006, p. 133).

We ask whether the interaction of the online personalized feedback process with the task design results in self-reflection and better performance on the part of the students. We studied the potential of task design that explicitly requires students to conduct a reflection on their work. This reflection should be made explicit by analyzing (a) student`s checking and marking all the useful listed characteristics that they have encountered already in the previous automatic report; and (b) student`s submitting of answers that meet as many (logic-of-yes) or as few (logic-of-not) possible characteristics while working on two consecutive EETs on the topic of fractions. Our research question was: Is the special design of a complementary pair of EETs reflected in the students' selfreflection, performance, and metacognitive skills, and if yes how?

Methodology

Research setting. To explore the effect of task design on student performance, we designed tasks for which the feedback process is part of student self-reflection, and conducted an empirical study of the way students engage with such tasks. Two students, aged 12 years, participated in this study. They shared one computer while solving the tasks. In the instructions we provided to student before they start working on the tasks, we encouraged conversation and a think-aloud process. We transcribed the students' segments of discussion and analyzed them qualitatively to find evidence of connection between the engagement with the task design principles and the students' self-reflection, performance, and metacognitive skills. The students had learned fractions according to the national curriculum in a regular classroom. They were presented with a sequence activity of four tasks and given 45 minutes to complete these tasks delivered on STEP. Following each task, five sets of mathematical characteristics were used to automatically analyze the work, and the feedback was given to the students as automatic report. For the second and third tasks, students were asked to characterize their example using this set of characteristics.

Construction part

Automatic report

The requirement of the task Diagnostic and summative tasks. The interactive diagram (Figure 1) that the student used to solve each task displayed points in the coordinate system representing a fraction. The numerator was represented by the number that appears on the vertical axis, and the denominator by the number that appears on the horizontal axis. Students were asked to choose a fraction by dragging first the green point, then the other three points to represent equivalent fractions to the one chosen. The requirement was to construct three examples as different as possible of equivalent fractions. The criteria of difference between the submissions were based on a comparison of the characteristics of each. When all fractions were equivalent to the fraction that the student chose, a line demonstrating the "equivalent fractions" appeared automatically. The diagnostic task (Task 1) and the summative task (Task 4) were identical and were assigned to evaluate the effect of the personal report and the work on Tasks 2 and 3. Both were intended to assess the characteristics of the students' submissions when they created equivalent fractions. The criteria for assessing changes between the diagnostic and summative tasks were based on a comparison of the automatically assessed characteristics, assuming that the change in the example space indicates changes in the students' concept of equivalent fractions.

Online personal feedback process refers to the interactions of the student with the task requirements and the automatic report. The report was automatically generated in response to submissions. It included five characteristics (Figure 2), one corrective characteristic (characteristic 1) and four characteristics of the submission labeled 2-5: characteristic 2 had the potential to explain the visual representation of the examples; characteristic 3 had the potential to explain the mathematical characteristic of the example; characteristic 4 had the potential to explain the method for finding equivalent fractions; and characteristic 5 had the potential to explain misconceptions or common mistakes in the course of finding equivalent fractions. Figure 2 shows the analysis of a correct submission (characteristic 1) which indicated whether the student's submission was answering the requirement of the task (green checkmark) or not (red X sign), three mathematical characteristics that were identified by STEP in the students' submission, these were automatically highlighted in yellow (characteristic 2, 3, 4) and one that was not present in the example (characteristic 5). These characteristics were designed to reflect the curricular foci of the task and the basis for the student's engagement and self-reflection process in the LoY and the LoN tasks.

LoY and LoN intermediate tasks (Figure 3). To help students self-assess their performance while reflecting on and regulating their learning, the task was designed to include a construction and a reflection part. The construction part required students to choose two equivalent fractions by dragging two points. The reflection part required students to characterize the construction using a given set of characteristics. This set had been used to automatically analyze the work and was given to the student as a personalized report. STEP enables students to compare their self-reflection with the automatic report. Each task placed different constraints on the statements that should be reflected in the construction, indicating either a LoY or a LoN. The LoY (Task 2) was formulated as follows: "Choose two equivalent fractions by dragging the red and the green points. To the right of the interactive diagram, five statements can help you characterize the two fractions you have created. Check each characteristic that is present in your example before submitting it. Try to submit two fractions in a way that your submission should comply with as many statements as possible. Submit three such examples, as different as possible from each other." The maximum number of characteristics that the students could check was four because characteristics 3 and 5 were mutually exclusive. In the LoN task (Task 3), the students were asked to submit examples that comply with as few statements as possible, the minimum number of characteristics being two (characteristics 1 and 2). In these tasks the representation line did not appear automatically. It was a tool that students could choose to use or not, when the fractions were not equivalent there would appear two distinct lines-green and red, the lines were united when the fractions were equivalent. The using of the representation line could help students connected it with the correctness of their answers.

Data sources and analysis. The data needed to answer the research question were based on the automatic information analysis by STEP, observations of students working together on the tasks, their initial submission, the processing of the automatic feedback, and their final submission. Their discussion was video recorded. We analyzed the students' interactions while working on the tasks and their response to the online personalized feedback process. After the discussion was transcribed, we analyzed the segments and correlated the analysis with the STEP data to find an indication of the principles of task design being reflected in their work and meta-cognitive skills. Below we present empirical evidence of the students' self-reflection process as they were working on the tasks. Limar and Sana worked on the first task. Limar chose fractions that are equal to one (2/2=3/3=4/4=5/5), (9/9=8/8=7/7=6/6), (6/6=8/8=9/9=10/10). Limar noticed that the presentation line that appeared indicated that their answers were correct. For each example, the STEP automatic report indicated characteristics 1, 2, and 5. The students were interested only in the correctness of their submissions (especially Limar, who led the working on this task. The pair quickly moved to the LoY task. Limar chose the fractions: (2/2=4/4), (4/4=8/8), (4/4=6/6), and checkmarked statements 1, 2, 4, and 5 for the first submission (2/2=4/4) after reading every statement. The students chose the same characteristics for the second and the third submissions, without reading the statements. They evidently thought that having chosen fractions that were all equal to one, the submissions should have the same characteristics. After receiving the report, they examined the statements they had checkmarked.

Results and preliminary remarks

Sana:

We chose all fractions equal to one. Why in this submission (means 4/4=6/6, Figure 3) statement 4 [which they had checkmarked] is not highlighted [by the online feedback]? [Reading statement 4] OK, fractions should be an expansion or reduction of one of the other; in this submission there is no integer that we multiply by 4 and we get 6. We shouldn't have checked this statement.

The students compared their checkmarked statements in the reflection part of the LoY task with the highlighted statements in the online feedback because they noticed that the online feedback did not match their self-reflection, which made them check their answer again and changed their mind about the answers. Because they were interested only in the correctness as indicated in the feedback and skipped the other characteristics, they did not notice that the statements in the online feedback were the same statements that they had received for the LoY task, otherwise they may have been more specific while checking their statements. Figure 3 shows an example of the students vs. submission and the corresponding online feedback.

When the students started to work on the LoN task, Limar chose the fraction (3/3=6/6). Segment 29-34 shows their working on the LoN task.

29 Sana: But if we do as we did in the previous task [she drags the points to 10/10=7/7], this will give us three characteristics, and we want as few statements as possible. Here, there is no expansion or reduction, there is no integer that we multiply by 7 and we get 10. [Checkmarks statements 1, 2, and 5 and submits]. The question is, can we choose an example that has fewer than three? [Meaning checkmarked statements]. [Drags the green point and chooses 1/2] This is half, this is less than one [points to statement 3], it's not good. 30 Limar:

Yes, it's not good. Try to do 2/1 [dragging the point]. This is equal to the number 2. But how can we find a fraction that is not an expansion or reduction to this fraction? Usually, when the fraction is not equal to one, I do expansion to find the equivalent fraction. 31 Sana:

Wait [writes in the notebook] 2/1 expanding by 2 is equal to 4/2, if we expand again by 2, we get 8/4. No, it'll always be an expansion because when we expand by 2 we get an even number. Maybe we should expand by an odd number, 3 or 5 for example? 32 Limar:

[Writes in her notebook (2x3)/(1x3)=6/3 and (2x5)/(1x5)=10/5)]. 33 Sana:

[Points at the fraction that she wrote in the notebook and the fractions that Limar wrote] Yes, here are two fractions 6/3=4/2. There is no integer number that we multiply by 4 and get 6. The same with 4 and 10. 34 Limar:

Let's take 6/3=4/2 [They check the presentation line that the two points are there]. Great! We have only two checkmarked characteristics.

The students tried to have as few characteristics as possible, the fewest being two, characteristics 1 and 2. They had to check the statements and to find examples that met the requirements of the LoN task. It was clear to them that they should not choose a fraction that was less than one. They used the expansion to find equivalent fractions, and used even and odd numbers to find fractions that are not expansions or reductions. They succeed in finding such fractions, although their explanation was not entirely correct. For every example the students used the representation line to check whether it crossed the points because it indicated for them the correctness of the answer. The students then went on to the last task, and Limar chose (12/12=13/13=16/16=19/19) (segment 36-37).

36 Sana: Let's choose also fractions that are not equal to one. [Drags the green point to 1/2, expanding by 2, 3, and 4 in her notebook and dragging the points to 1/2=2/4=3/6=4/8, then she submits]. 37 Limar:

[Laughing] I want to choose easy fractions. Here we shouldn't checkmark any statements, for me, the main thing is the correctness of the answer [drags and chooses 20/20=21/21=23/23=25/25 and submits].

Sana tried to create a new type of fraction that they did not have in previous submissions. This fraction related to statement 3, which they were sure not to checkmark in the LoN task. Despite Sana's suggestion to choose fractions that are not equal to one, Limar chose to submit fractions that equal precisely one, as she did in the first and second tasks. She justified her choice by having to meet the demands of the task. She decided to choose easy correct answers, especially given that the task did not require checkmarking any statements, as she stated. Thus, the statements in the LoY and the LoN tasks served as a tool for self-reflection, otherwise the mathematical discourse about the tasks concerned only the correctness of the submissions. For Limar, 20/20=21/21=23/23=25/25 and 12/12=13/13=16/16=19/19 were correct answers, and she may have seen them as different examples although both are equal to one.

Discussion

In this study, we designed a pair of complementary example-eliciting tasks following the LoY and LoN principles. Each task was given as an interactive diagram and required constructing examples of fractions and characterizing the construction using a given set of characteristics. The set was used to automatically analyze the work and was given to the student as a personalized feedback. We explored whether and how the tasks design elicited the students' metacognitive skills and led to learning the topic of fractions.

The empirical results show aspects of work on these specially designed tasks and suggest that selfreflection has occurred in response to these designed features. Three skills of metacognition were apparent in the work on the tasks and on the online feedback: planning, monitoring, and evaluating.

Planning. The students planned their chosen type of fraction in response to the requirements of the LoY and LoN tasks, which motivated the student think not only about the correctness (as they did in the first task), but also about other mathematical characteristics in their examples, or to identify characteristics that should not be present in their submissions. The students chose fractions that were "not easy" for them to choose, and generated more varied examples in their submissions than they did in the first task (unlike in the last task where they paid little attention to the feedback because they were sure that they could answer correctly). Thus, task design helped students enrich their example space. To solve the LoN task, the students discovered a new strategy for finding two fractions that were not expansions and shared their previous knowledge about the concept of even and odd numbers regarding statement 5 in the task. Monitoring. The students used the online feedback of the platform to compare their self-reflection in the LoY and the LoN tasks. The option of making comparison part of the task design enabled students to identify features that characterized their answers, and they tried to understand the meaning of every characteristic and the relation between them. One of the relations was the connection between the correctness and the representation line; the students chose their examples, then checked their correctness based on the representation line. All this led them to evaluate their learning process, rethink their choices and concept image, and change them. The task design also led the students to modify and adjust their learning process.

The findings are consistent with the literature that found a large potential for task design that combines feedback with the students' metacognitive reflection and self-assessment in advancing their performance and metacognitive skills (Ruchniewicz & Barzel, 2019, p. 55;Carless, Bridges, Chan, & Glofcheski, 2017). This is especially true for designs based on LoY and LoN principles [START_REF] Arzarello | Semiotic and theoretic control in argumentation and proof activities[END_REF]: LoY activates the students' inductive approach by finding an example that supports the statements, whereas LoN energizes students' thoughts as they seek a counterexample to the statements [START_REF] Soldano | Learning with the logic of inquiry. A game-approach within DGE to improve geometric thinking[END_REF]. We combined the two logic principles with statements from an automatic feedback that students received in response to their submissions. This task design developed students' metacognitive skills, and enabled them to engage with the online personalized feedback process and compare their self-reflection with automatic feedback, leading to a change in their performance. These findings may serve as a basis for further research in the field of task design and self-reflection. The study was limited by the small number of participants and should be reproduced with larger groups.
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 1 Figure 1: Diagram for the first task Figure 2: Automatic report for the example on the left

  visual representation line crosses all points at the same time 2.The visual representation line crosses all points at the same time 3. You chose a fraction that is less than one 3.You chose a fraction that is less than one 4. One fraction is an expansion or reduction of the green fraction 4.One fraction is an expansion or reduction of the green fraction 5. The numerator and the denominator of one fraction are larger additively by the same number than the numerator and the denominator of the other fraction 5. The numerator and the denominator of one fraction are larger additively by the same number than the numerator and the denominator of the other fraction

Figure 3 :

 3 Figure 3: Construction, reflection and report for the example 4/4=6/6
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