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This study tried to understand students' argumentation in mathematical assessment tasks. 169 sixth graders were selected as the participants. Descriptive statistics and case analysis were used to understand students' argumentation in the cognitive and categorical argumentation processes. The results of this study showed that (1) students performed well in identifying elements of argumentation;

(2) students' performance in constructing and revising argumentative evidence was almost indistinguishable, and there still is room for further improvement; (3) students' performance was weak in evaluating argumentative evidence compared with other three cognitive processes; (4) students made little difference between supportive arguments and rebuttal arguments.

Introduction

Argumentation is fundamental for deep learning in mathematics and plays an essential role in fostering students' conceptual understanding (Hanna & De Villiers, 2012). In many countries' curriculum standards, argumentation is regarded as an important component of school mathematics (e.g., Common Core State Standards for Mathematics, 2010;National Mathematics Curriculum in England, 2013). In China, although some key elements point to the ideas of argumentation, the concept of argumentation is not explicitly stated in the Chinese mathematics curriculum standards [START_REF] Zhou | Mathematical argumentation performance of sixth-graders in a Chinese rural class: A pilot study[END_REF]. For example, the Chinese mathematics curriculum standard (2022 version) indicated that: "[Students should] make observations, conjectures, experiments, [and] justifications in the practice of mathematics …". This situation poses some challenges for teachers to understand students' argumentation. Thus, this study will explore students' argumentation in solving mathematics tasks to help teachers understand better students' knowledge of argumentation.

In elementary school, grade 6 is located in a transition period between elementary and secondary schools, and understanding students' argumentation at this stage not only helps elementary school teachers reflect on the teaching of argumentation but also provides evidence for secondary school teachers to understand students' level of knowledge. Thus, this study will focus on two research questions: In solving argumentative mathematics tasks, (1) what are the average score rates of sixth graders on the different dimensions of argumentation? (2) what are the features of sixth graders' performance on the different dimensions of argumentation?

Theoretical Framework

Argumentation was usually understood by the categories and cognitive processes of argumentation in previous studies (Stylianides, 2016), which provided a good structure to organize the theoretical framework of this study.

Defining the concept of argumentation

Researchers have long sought to accurately define the concept of argumentation in school mathematics, but definitions have differed according to different research purposes. Generally, these definitions can be understood from three aspects based on previous studies (Harel & Sowder, 2008;[START_REF] Krummheuer | Argumentation and participation in the primary mathematics classroom. Two episodes and related theoretical abductions[END_REF][START_REF] Stylianides | Proof and proving in school mathematics[END_REF]. First, the social interaction environment is the basis and prerequisite to developing argumentation ability. When a mathematical task is presented to students, teachers should create classroom environments conducive to exchanging ideas and debates in which students have enough opportunities to justify their mathematical understanding [START_REF] Krummheuer | Argumentation and participation in the primary mathematics classroom. Two episodes and related theoretical abductions[END_REF][START_REF] Zhou | Mathematical argumentation performance of sixth-graders in a Chinese rural class: A pilot study[END_REF]. Second, finding supportive and rebuttal evidence for claims is the heart of argumentation. In the process of making mathematical argumentation, students need to find reasonable and effective evidence and then use a series of inferences to support or refute a mathematical claim [START_REF] Stylianides | Proof and proving in school mathematics[END_REF]. Third, persuading oneself or others is an important goal of argumentation. [START_REF] Harel | Students' proof schemes: Results from exploratory studies[END_REF] stated that argumentation refers to the process of removing their own doubts or others' doubts about a claim. Thus, the definition of argumentation in school mathematics mainly refers to the process in which students seek evidence and use reasonable modes of reasoning to support or refute a certain mathematical claim in a social interaction environment to persuade themselves and others.

Understanding the cognitive processes of argumentation

The cognitive processes of argumentation were regarded as an important perspective for developing an assessment framework of argumentation (Stylianides, 2016). The relevant literature indicated that identifying elements for argumentation as well as constructing, evaluating, and revising argumentative evidence were generalized four aspects of cognitive processes of argumentation [START_REF] Balacheff | A study of students' proving processes at the junior high school level[END_REF][START_REF] Komatsu | Proof validation and modification in secondary school geometry[END_REF]Reid & Knipping, 2011;[START_REF] Stylianides | Proof and proving in school mathematics[END_REF][START_REF] Stylianides | Proof constructions and evaluations[END_REF][START_REF] Vale | Mapping variation in children's mathematical reasoning: the case of 'what else belongs?[END_REF]. Specifically, identifying elements for argumentation means that students analysed what mathematical claims (e.g., conditions and conclusions) of problem statements are, which is the basis of conducting argumentation. Constructing argumentative evidence is the ability to make valid judgments about an idea by looking for evidence and using effective modes of argumentation, which is the key aspect of making argumentation. Evaluating argumentative evidence is the process of adopting critical eyes to reasonably reflect on the others' argument process from different perspectives and make valid judgments, which is the basis for the continued development of the argumentation process. Revising argumentative evidence is the process of revising or recreating a new argumentation in response to a flawed or invalid argumentation to make the argumentation more adequate, which is a further deepening of the argumentation.

Developing an assessment framework of argumentation in school mathematics

Incorporating the definition and the cognitive processes of argumentation in school mathematics, this study initially specified an assessment framework of argumentation for developing assessment tasks to understand students' performance. The assessment framework is shown in Figure 1. 

Methods

Participants

In this study, 169 sixth graders from 4 classes in a public elementary school in Beijing were selected as participants through the combination of purpose sampling and convenience sampling. Specifically, the local administrator recommended a school that was in the middle level of teaching in Beijing. Further, the headmaster of the school recommended 4 classes that were in the middle level of all the sixth classes, so the selection of this sample was relatively representative.

Instruments

According to the assessment framework, an instrument was developed to investigate sixth graders' argumentation. Some examples were chosen to present in the results based on the assessment framework. Specifically, this instrument includes 27 items. Except for the revising argumentative evidence were 6 items, and each of the remaining cognition processes was equally 7 items. The development process of this instrument has undergone expert focus group discussion, student group interview, the first round of pre-test, expert interview, and the second round of pre-test to ensure the quality of all items. In this part, detailed information of developing instrument will not be presented here due to the limited words. The results of the second round of the pre-test were shown here. The Cronbach's coefficient was 0.838, indicating a good test reliability. Through confirmatory factor analysis, the results showed: 𝜒 2 = 600.3, 𝑑𝑓 = 343, RMSEA = 0.047, CFI = 0.912, TLI = 0.903, indicating a good structure validity [START_REF] Hu | Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria versus new alternatives[END_REF].

Data collection, coding, and analysis

To ensure the reliability of the data results, this study collected the data of the same students in two periods respectively. In the first period, students answered test 1, which examined the identifying elements of argumentation and constructing argumentative evidence. The test lasted 60 minutes, and the answer rate was 98.9%. In the second period, students answered test 2, which examined evaluating and revising argumentative evidence. The test lasted for 80 minutes, and the answer rate was 95.3%. The duration of the two periods has been tested during the development of instruments.

The coding method of students' performance not only pays attention to the performance levels of students but also pays attention to strategies students use. Specifically, the first digit of the code represented the performance levels and the second digit number of the code represented the performance categories (please see the results). In the coding process, the bottom-up way was chosen. This study selected two mathematics education researchers to conduct independent coding. Before coding, the researcher explained the scoring criteria of each question for them respectively, and then pre-coding was carried out. When differences were encountered, repeated discussions were conducted to achieve the consistency of coding. Finally, the result of double independent coding showed that Kappa=0.82, indicating that the coding of the two raters was almost the same. Descriptive statistical analysis and case analysis were mainly used to answer two research questions.

Results

The average score rates of sixth graders on the different dimensions of argumentation

The assessment framework of argumentation in solving mathematics tasks mainly includes two dimensions, namely categorical and cognitive dimensions. Specifically, the average score rate of students in the identifying element of argumentation was the highest, which was 0.80 (the range is 0-1); The average score rates of constructing and revising argumentative evidence were similar, which were 0.64 and 0.66 respectively; The average score rate of evaluating argumentative evidence was the lowest, 0.59. Further, the average score rate of students in the supportive argumentation was 0.68, while the average score rate in the rebuttal argumentation was 0.67, indicating that students' argumentation in the two aspects was similar. In addition, this study further analyzed the students' features of argumentation in the cognitive dimension through the bottom-up way.

Students' features in identifying elements of argumentation

Example 1: In the math class, Mr. Wang put forward a mathematical saying, he said: "For any rectangle, if the length is reduced by 1/2, the width becomes 2 times the original, then the area of the rectangle always remains the same." In Mr. Wang's mathematics statement, what are the condition and conclusion respectively?

This task was used to assess students' ability to distinguish the condition and conclusion from the problem statement. Students presented different arguments. According to Table 1, we can find that students' performance in identifying elements of argumentation was good, but there still were some difficulties in distinguishing conditions and conclusions. 

Students' feature in constructing evidence of arguments

Example 2: the question stem is the same as example 1, and the specific question is as follows:

Do you agree with this mathematical statement made by Mr. Wang? Why?

This task was used to assess students' ability to construct supportive argumentation. Students' argumentation performance is presented in Table 2. ." Do you agree with this statement? Please explain why. This task was used to assess students' ability to construct rebuttal argumentation to disprove the ideas asked by Mr. Gao.

Students' performance was presented in Table 3. Combined with the above two case analysis results, it could be found that in constructing supportive evidence, students' performance was not so good. Although some students can use natural (informal) language or symbolic (formal) language for logical reasoning to form general evidence to support this idea, most students just can present specific examples for reasoning. Students' performance in constructing rebuttal argumentation needed to be strengthened, with about two-thirds of students unable to recognize the effect of one counterexample in the reasoning.

Students' feature in evaluating argumentative evidence

Example 4: In a math class, Mr. Wang presented a math problem. He said, "Add any three consecutive integers, and the result is always a multiple of 3. Do you agree with this statement? Please explain why." To solve this math problem, Xiao Li gave his answer: "I agree with this statement because Mr.

Wang has said that if add any three consecutive integers, the result is a multiple of 3." Do you think Xiao Li's reasons for making the judgment are sufficient? Why? This task was used to assess students' ability to evaluate supportive argumentation. That was whether students could critically evaluate the supportive argumentation process made by others. Students' argumentation performance is presented in Table 4. Example 5: Mr. Liu presented a math problem. He said, "The product of two numbers multiplied by each other must be larger than any of the factors. Do you agree with this statement? Please explain why." To solve this math problem, Xiao Li gave his answer: "I don't agree with that. Because 1 time 5 is 5, which satisfies the above conditions, but 5 is equal to one of the factors rather than greater, so that's not true." Do you think Xiao Li's reasons for making the judgment are sufficient? Why? This task was used to assess students' ability to evaluate rebuttal argumentation. That was whether students could critically evaluate the rebutting argumentation process made by others. Students' argumentation performance is presented in Table 5. The students felt that it was not enough to show only one counterexample and that several more should be shown.

21.9% 11

The student thinks the reason was good, because he gave an example, but does not emphasize whether this example was a "counterexample".

23.7%

21 Students think the reason was sufficient because one counterexample can reverse an opinion.

53.8%

Combined with the above two case analysis results, it can be found that in evaluating supportive argumentation, most students can effectively make critical evaluations, but some students cannot accurately understand the problem and make critical evaluations; In evaluating rebuttal argumentation, students can realize the important role of counterexamples in the proving process, but some students lack a correct understanding of counterexamples.

Students' feature in revising argumentative evidence

Example 6: In math class, Mr. Wang put forward a math problem, he said," For any of a rectangle, if will lose the original 1 2 long, wide into 2 times, then the rectangular area always remains the same.

Do you agree with this statement? Please explain why." To solve this math problem, Du gave her answer: "The length of the rectangle is 8cm and the width is 3cm. According to the condition of the question, the length and the width of the changed rectangle are 6cm and 4cm respectively. The area of both rectangles before and after the change is 24cm², so I agree with the above statement." Xiao Ming said to Xiao Du, "I don't think you have a good argument. I have a better argument than you." So, what might Xiao Ming's reasons be? This task was used to assess students' ability to examine the student's ability to revise incomplete argumentative evidence. That was whether the student could make corrections based on the incomplete argumentative process of another person. Students' argumentation performance is presented in Table 6. Combined with the results of the above case analysis, it can be found that in terms of revising argumentation evidence, students basically have general argumentation, but a small number of students still stay at the level of empirical argumentation.

Discussion

In this study, we found that students have a strong ability to identify elements of argumentation, which was different from [START_REF] Cheng | A survey on the mathematical reasoning ability of eighth-grade students in China [Chinese paper[END_REF]. In their study, eighth graders couldn't correctly distinguish the conditions or conclusions of propositions. The reason for this phenomenon may be related to the assessment tasks. When assessment tasks were more formalized, the cognitive needs of students were higher, which would cause difficulty in differentiation. Thus, to develop students' ability to "identify elements of argumentation", we should first start with the most basic mathematical concept knowledge, clarify the conditions and conclusions in simple problems, and then gradually transition to the analysis of complex mathematical problems.

In addition, this study also showed that the average score rate of students in constructing and revising argumentative evidence was 0.64 and 0.66 respectively, indicating that students' performance needed to be enhanced. This result was different from [START_REF] Heinze | Students' performance in reasoning and proof in Taiwan and Germany: Results, paradoxes, and open questions[END_REF]. [START_REF] Heinze | Students' performance in reasoning and proof in Taiwan and Germany: Results, paradoxes, and open questions[END_REF] collected students' performances in German and Chinese Taiwan in mathematical reasoning and proving tasks and found that students performed very well in one-step reasoning or procedural reasoning. The reason for this situation may be that secondary school students have more opportunities to engage in written argumentative tasks, but the opposite for elementary school students. Thus, in elementary school, teachers should design some argumentative tasks for students to help them understand mathematics better and lay a foundation for teaching based on deductive proof in junior high school.

The average score rate of students in this study was 0.59 in evaluating argumentative evidence, and this result was lower than the other three aspects, indicating that students' ability to evaluate argumentative evidence was insufficient. This was mainly reflected in the following aspects. First, in evaluating supporting evidence, most students can make critical evaluations effectively, but some students cannot accurately understand and critically evaluate the statement; In evaluating rebuttal evidence, students can realize the important role of counterexamples in the proving process, but some students still lack a correct understanding of counterexample. This result was consistent with [START_REF] Selden | Validations of proofs considered as texts: Can undergraduates tell whether an argument proves a theorem[END_REF]. In their study, they investigated the performance of college students in evaluating the results of four mathematical arguments and showed that half of the students were unable to make correct judgments at the initial stage. The reasons for this situation may be lots of aspects. The most important aspect was that students had even less opportunity to make evaluations. Thus, it's more necessary for teachers to provide students with more opportunities to evaluate the evidence of arguments.

In general, the survey results of this study not only provide a basis for teachers to understand the students' argumentation but also point out the direction for mathematics teachers to effectively carry out teaching based on argumentation.
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 1 Figure 1: an assessment framework of argumentation in school mathematics

Table 1 : Sixth graders' feature in identifying elements of argumentation Coding Argumentation Performance Percentage

 1 

	01	The condition and conclusion found were wrong	14.8%
	11	The condition found was collected, but the conclusion was wrong	5.3%
	12	The conclusion found was collect, but the condition was wrong	5.3%
	21	Finding condition and conclusion correctly	74.6%

Table 2 : Sixth graders' feature in constructing supportive argumentation

 2 

	Coding	Argumentation Performance	Percentage	
	01	Students can't construct argumentative evidence effectively	9.5%		
	11	Students can support the statement by giving 1 example	37.9%		
	21	Students can give at least 2 examples to support the statement	12.4%		
	31	Students use informal language to embody "arbitrary" ideas	21.9%		
	32	Students use formal language to reflect the idea of "arbitrary"	18.3%		
	Example 3: Mr. Gao asked about a mathematics problem. "For any two true fractions A>B, C>D, so C A D > B	C A	and	D B	, if

Table 3 : Sixth graders' feature in constructing rebuttal argumentation

 3 

	Coding	Argumentation Performance	Percentage
	01	Students do not correctly construct counterexamples to disprove the idea	4.7%
	11	Students can find a valid counterexample to disprove the idea	37.9%
	12	Students can find more valid counterexamples to disprove the idea	57.3%

Table 4 : Sixth graders' feature in evaluating supportive argumentation

 4 

	Coding	Argumentation Performance	Percentage
	01	Students believe in the power of authority	21.9%
	11	Instead of answering the question directly, the students gave what	23.7%
		they thought were reasonable reasons	
	21	Students can give direct and effective answers to the question	53.8%

Table 5 : Sixth graders' feature in evaluating rebuttal argumentation Coding Argumentation Performance Percentage 01

 5 

Table 6 : Sixth graders' feature in revising supportive argumentation

 6 

	Coding	Argumentation Performance	Percentage
	01	The student repeated the reason in the question without giving a better reason	11.2%
	11	The students understood the meaning of the question and gave a reason that they	18.3%
		thought was more reasonable	
	21	Students are aware of the limitations of an example and make a general argument	64.5%