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In the reported experiment, we focus on word problems of the type What number makes sense, which comes from Singapore textbooks. This problem was set to primary school 5 th graders. In the analysis of the experiment, we focus on mathematical reasoning involving argumentation and on communication observed in pupils' discussions while solving the problem. We comment on pupils' reactions in terms of three approaches (mathematical, linguistic, real contextual) of which we have kept record also in our previous experiments.

Introduction

Word problems represent a problematic area for both pupils and teachers. Pupils are not always motivated to solve them, as in word problems they practice stereotypical solving strategies they do not always understand. Teachers see pupils' problems in solving word problems mainly in the lack of logical thinking or insufficient level of reading literacy, which is manifested, for example, by incorrect understanding of the text or the meaning of the words. This is why pupils often produce a wrong solution and use incorrect or inappropriate argumentation [START_REF] Vondrová | Kritická místa matematiky na základní škole očima učitelů[END_REF].

Different approaches to word problems can be observed in different countries. Within the frame of the Czech project "Support of the integration of mathematical, reading and language literacy in primary school pupils" (TA ČR, 2020), Singapore approach to word problems was used. "Singapore outperforms the rest of the world in the OECD's latest PISA survey, which evaluates the quality, equity and efficiency of school systems" (OECD, 2016). This, for example, leads to "to the promotion of approaches from Shanghai and Singapore in England, with 'Singapore maths' gaining considerable popularity" (Hough et al., 2019, p. 4523).

Various types of problems from Singapore textbooks (created with the help of researchers from the Université du Québec à Montréal) support the development of many skills in pupils as well as different approaches to the problem, which are the essence of their argumentation [START_REF] Savard | Who's wrong? Tasks fostering understanding of mathematical relationships in word problems in elementary students[END_REF]. "Mathematical reasoning and communication are two key process skills in the framework of the Singapore school mathematics curriculum (Ministry of Education (Singapore), 2012) that have been advocated for a long time" (Chua, 2017, p. 115). Mathematical reasoning is an inherent part of solving word problems of the type What number makes sense? [START_REF] Kaur | Pathways to reasoning and communication in the primary school mathematics classroom[END_REF] and communication takes place, among other, in the discussions of the solution, which was used in our experiments. This approach to word problems has not yet been researched in the Czech Republic, which motivated us to commence research using this approach in one type of word problems.

Theoretical framework

We work with the following definition of a word problem: A word problems is a "verbal description of problematic situations that give rise to one or more questions whose answers can be obtained by applying mathematical operations to the numerical data present in the problem" (Verschaffel et al., 2000, p. 641). We agree with this definition. When starting the research with the type of word problem "What number makes sense?" (Fig. 1) we regarded it as a non-standard word problem [START_REF] Slezáková | Non-standard word problems of the type What number makes sense?[END_REF]. Having studied the definition of a non-standard word problem [START_REF] Jimenez | Development of children's solutions of non-standard arithmetic word problem solving non-standard arithmetic word problems[END_REF], however, we classify this type of a problem as standard with nonstandard wording. What makes the problem look 'non-standard' is the way the text is organized. This type of word problems has two parts. The first part is the instruction: "Fill in the missing information in the word problem." and the data that will be filled in. The second part is a problem situation with missing numerical data. These are replaced by underscores. The order of the numbers given in the first part does not have to correspond to the order of blanks in the problem. The pupil's task is to fill in the numbers in such a way that the problem makes sense from the point of view of a) mathematics, i.e. the filled in numbers make a problem situation that is mathematically meaningful, in other words the numerical data are in additive or multiplicative relation (e.g. the following holds for the numerical data 2, 3, 4, 5: 2 + 5 = 3 + 4). Pupils prefer to look for relations between numbers, which comes out of their experience and beliefs gained while solving word problems, which is that we get a result with the help of one or more arithmetic operations with numbers from the assignment while ignoring connections to real-life experience [START_REF] De Corte | Beginning first graders' initial representation of arithmetic word problems[END_REF][START_REF] Nunes | Teaching and Learning About Whole Numbers in Primary School[END_REF]. b) language, i.e. the filled in data are grammatically correct (in Czech e.g. declension). With respect to language, researchers focus especially on simplification of sentence formulation [START_REF] Plath | The impact of linguistic complexity on the solution of mathematical modelling tasks[END_REF] or the length of words and sentences [START_REF] Bergqvist | The role of linguistic features when reading and solving mathematics tasks in different languages[END_REF]. The issue of grammatical correctness with respect to declination characteristic of Slavonic languages has not yet been subject to research in the area of word problems, c) real-life context, i.e. the filled in data make a meaningful real-life situation. Pupils tend to use their real-life experience more often while solving word problems [START_REF] Van Dooren | Improving realistic word problem solving by using humor[END_REF] and thus get a clearer picture of the problem situation better [START_REF] Cooper | Children's responses to contrasting 'realistic' mathematics problems: Just how realistic are children ready to be?[END_REF]. The problem situation can be mathematically meaningful but nonsensical in a real-life context.

Research questions

The main goal of our experiment was to analyse pupils' reactions when solving a word problem and to find out: What arguments for completing the text of the word problem with the given numbers will pupils use? Specifically, will they be sensitive to the linguistic aspect of the problem? Further partial goals that arose while conducting the experiment were: to compare approaches from two different classes from different schools, to gain evidence on whether this problem is suitable for a discussion leading to cooperation or involving conflicting opinions, which reinforces argumentation, to find out whether pupils are aware that the task has more than one solution.

Methodology

Let us now introduce the studied word problem (see Figure 2). From the mathematical point of view, the problem has four solutions that are meaningful as the numbers are in a multiplicative relation (e.g. 4 x 5 = 2 x 10). With respect to real-life context, this situation is not a conflicting one since all four solutions make a possible real-life situation. However, when we look at the problem from the linguistic point of view in Czech, the problem has only two solutions, namely 5, 2, 10, 4, or 10, 4, 5, 2. Otherwise the text is not grammatically correct (declension in Czech). We are aware that each language is specific [START_REF] Daroczy | Word problems: a review of linguistic and numerical factors contributing to their difficulty[END_REF]. The impact of a country's language and culture on the way pupils argument, verify and prove while solving problems was also discussed in the CERME11 TWG1. [START_REF] Stylianides | Introduction to the papers of TWG01: Argumentation and Proof[END_REF] Let us now explain readers who do not speak Czech the linguistic reasons for selecting the right numbers in the blanks. The first, third and fourth blanks are in the Czech original in a sentence with "be" (was, were "bylo" or "byly"). What matters is the last letter in the word: "o" or "y". The word "bylo" works only with the numbers 5 or 10. The word "byly" needs the word 4 or 2. In case of the second blank, the relevant word is the preposition "in" (in Czech "v" or "ve"). The form "v" can be followed only by the numbers 5 or 10. The form "ve" can be followed only by the numbers 2 or 4.

Research participants

Two fifth grade classes (A, B) took part in the experiment in 2021. There were 18 pupils in class A and 24 in class B (10 to 12-year-old pupils). Pupils from each class were working together online for 45 minutes. The lesson included a discussion with the pupils' argumentation on the solutions. The online lessons were recorded and transcribed. The pupils' personal data were anonymized.

Analysis of pupils' work

We present the most interesting pupils' reactions in the lessons that point out their approach to the problem. Both individual and mutual reactions in the episodes are grouped with respect to their nature: 1. Pupils' first immediate reactions, 2. Reactions that show different approaches to problem solving, 3. Incorrect or inappropriate argumentation in a pupil's reasoning, 4. Correct argumentation in a pupil's reasoning. Each is followed by our commentary. The pupils are coded A or B, depending in the class they are from. The number specifies the individual pupil.

The first immediate pupils' reaction

Number 10, 5, 4 and 2 fled from the text. Put them back in their places and check that they make sense.

Children brought pheasants to a rescue station. They brought __ pheasants. They bought grain in __ packages. There were __ kg of grains in each of the packages. That means that if divided fairly among them, each pheasant would get __ kg of grain.

Pupil A1

I'm ready. It's as if there were 10 shoppers. They bought 5 packages. The children brought pheasants to the rescue station. I thought it was 10 but I'm not really sure.

Commentary: Pupil A1 already had experience with this type of problem because he had solved a simpler one at the beginning of the lesson. He tried to fill in the first two numbers, but he was not sure if he had understood the wording of the problem.

Pupil B1

I know. I think it's in pairs, it's vice versa 2, 4 ,5 … no, not this way. Wrong.

Commentary: The impulsive reaction of pupil B1 could have stemmed from his need to show off in front of the teacher and other classmates. That might be the reason why he did not comment on the numbers in the text very meaningfully. He decided about numbers 2, 4 that the numbers went in pairs but soon realized the mistake.

Reactions that show different approaches to problem solving

Pupil A1 I think instead of 10 there will be 2. Because 10 must be down there. 10 must be the kilograms of grain, I found out because a pheasant is quite heavy in fact.

Teacher A So the picture showing the size of the pheasant helped you?

Pupil A1

Yes.

Pupil A2

Well, pupil A1 said there must be 2. But it doesn't make sense when I read it ´bylo jich 2´. [there were two -

problem in declension]

Pupil A3 There can be ´bylo jich 5´ [there were five], that makes sense. It can't be 10, because 10 is a lot.

Commentary: Pupil A1 approached the problem from the point of view of real context, which was strengthened by the fact that his classmates showed him what a pheasant looks like in a picture from the Internet. Thus, the picture was the basis for his argumentation, namely that the pheasant needs a lot of grain because it is large (in his words 'heavy'). Pupil A2 approached the task from the linguistic point of view. He realized the correct placement of numbers depended on declension. His argument was important for the thinking of the other classmate A3. They presented arguments with other possible numbers corresponding to the declension (5 and 10). Pupil A3 rejects the number 10 from the given numbers, from the point of view of the real-life context -10 pheasants brought to the rescue station are too many and therefore it would be necessary to prepare far more grains for them.

Pupil B2 I've solved it. I realized it can't be 'bylo jich 4' [there were four] because it's not right from the point of Czech. It must be ´bylo jich 10 5´ [there were 10 5].

Pupil B1

You know what? 'Bylo jich', it must be there 100%. Grammatically it must be 5 or 10. Because it can't be 'bylo jich 2 nebo 4' [there were two or four].

Pupil B3 I think the second number could be a two because 10 and 5 are grammatically correct in the previous case … aha … they are both divisi … no, 10 is a divisible number. And two is also divisible and I think that could be it.

Pupil B1

No, that wouldn't make sense grammar wise. It's definitely wrong.

Commentary: Pupil B2 approached the problem from the linguistic point of view. She focused on the verb 'to be'. This motivated her classmates to the same approach. Pupil B1 reacted by listing all the possibilities, which he classified according to declension. Pupil B3 added an argument based on mathematics to the declension argument. She focused on common characteristics of numbers 2 and 10 as numbers divisible by two, which did not bring her to the solution.

3. Incorrect or inappropriate argumentation in a pupil's reasoning Pupil A5 I was now calculating for myself. I decided there could be 5 pheasants. Then the 2 kilograms, [unsure], in fact that it would be the 4 kilograms and I calculated that 1 pheasant gets 2 kilograms, another one also 2 kilograms and then I got 5 pheasants and 10 kilograms altogether.

Pupil A6

Those 2 packages and 4 kilograms of grains in each of them. It means it's 8 altogether. 2 times 4 equals 8. And it wouldn't make sense that each gets 10 kilograms if there are only 8.

Commentary: Pupil A5 approached the problem from the mathematical point of view. Intuitively she was aware of the multiplicative relation between the numbers 2 and 5. There is a multiplicative relation between the numbers but not between these two. Pupil A6 then applied the multiplicative relation on the numbers used by pupil A5, which led to a number that is not offered. He based his argumentation contradicting pupil A5 and her solution on this.

Teacher B [the filled in numbers are 5, 2, 10, 4]. How much grain did they have altogether?

Pupil B1 Four. No, ten. Ten.

Pupil B4

No, there were two packages, so 2 x 10 … Pupil B5 There were two packages and, in each package, there were 10 kilograms of grain. 2 x 10 is twenty.

Pupil B1

Yes, this made me confused. They had 20 kilograms. You're right.

Teacher B And how did they divide it fairly among the pheasants?

Pupil B1 Well, they had each pheasant have 4, because there are 10 and to make it fair.

Commentary: Teacher B invited the pupils to check whether the previously proposed solution was correct. Pupil B1 was not able to answer the teacher's question. Pupil B4 wanted to formulate the correct solution but was interrupted by pupil B5, who completed the argument in the same way as pupil B4 was planning to. Probably thanks to the safe environment in the classroom, pupil B1 acknowledged his mistake. The teacher wanted to check if pupil B1 really understood the problem, so he asked the pupil to argue the right solution. Pupil B1 was not able to do that.

Pupil A7 There were 4 pheasants, they bought for them grains in 2 packages and, in each package, there were 5 kilograms of grain so together in the 2 there were 10 kg of grain.

Teacher A Why 4 pheasants?

Pupil A7

Because it works like that. 4 pheasants, they scatter the grain on the ground and they can divide it somehow. This is how it works on farms, that they scatter the grain on the ground. They don't let them peck it to pieces. They don't put the package in the coop. [muted laughter]

Teacher A How many pheasants were there?

Pupil A7 There were 4 pheasants and each had 2 packages with 5 kg of grain.

Teacher A And now each has 2 packages or they have 2 packages together?

Pupil A7 They have them together. So, each pheasant couldn't have 10 kilograms, in fact.

[enthusiastic reaction] I get it. There were 5 packages and, in each package, there were 2 kilograms of grain.

Commentary: As in the situation in class B, there was communication between one pupil and the teacher, who tried to use questions to make the pupil argue the solution. Pupil A7 first tried to find a solution by trial and error. After the teacher's first question, he tried to argue from the point of view of the real-life context, which could have also been his attempt to make the class laugh (it certainly made him laugh). Unlike pupil B1, he perceived the context in the problem better, so after the third question from the teacher he became aware of the mistake and enthusiastically came up with a new solution, which, however, was not correct.

Correct argumentation in a pupil's reasoning

Pupil A6 I think there are 10 kg of grains in each package. Because there are 2 packages and in each package there are 10, which is 20 and these 20 kg can be divided among 5 pheasants. That is 4.

Commentary: Pupils A6 felt no need to express explicitly that the numbers are multiplied or divided but obviously he understood the multiplicative relations.

Pupil B2

The first is 5, they brought 5 pheasants. They bought 2 packages for them. Each package was 10 kg. 10 x 2 is 20. And each had 4 and there were 5. Because 5 x 4 is 20.

Commentary: Pupil B2 stated explicitly in her argumentation that the numbers are multiplied. She did not use division. She was aware of the multiplicative relation between the four numbers.

Conclusion

These two experiments showed that pupils from two fifth grades react similarly to this type of word problems. First came positive reactions of pupils facing a new type of problem. However, both of these reactions contained incorrect or meaningless arguments that were not related to the problem itself. Examples of reactions in different approaches to the problem show that these pupils had richer experience with language than younger school pupils [START_REF] Slezáková | Non-standard word problems of the type What number makes sense?[END_REF] and therefore they focused on the language aspect of the problem, which helped them solve it. The choice of the number was argued with the declension rule. In this case, the linguistic aspect was helpful, reducing the number of possible solutions. On the other hand, we are aware of limitations of language in a word problem. Still, it can bring new possibilities in the area of interdisciplinary relations between mathematics and language and it also gives more space for argumentation. Other arguments for filling in the numbers were the mathematical and the real-life context aspect. Extracts from the episodes in the 2 nd and the 3 rd points prove that the problem could provide potential opportunities for, among other, two key processual skills, mathematical reasoning (i.e. also argumentation) and communication, which is formulated in the Singapore curriculum. All this happened despite the unfavourable conditions of online education. Pupils actively listened to each other and used the arguments of others. The work of the whole class led to discussion and mutual support while searching for various solving strategies. In the final extracts of correct argumentation of the solution, we see similar reactions showing pupils' insight into the multiplicative relations between the numbers. What makes these reactions different is that the pupil does not feel the need to express explicitly that it is either multiplication or division.

These experiments showed that problems of the type What number makes sense? can be the opportunity to the development of pupils' argumentation skills and moreover they connect mathematical and language skills. While solving this type of problems, pupils naturally reason and justify their thinking processes. We are at the beginning of our research and in the future will conduct experiments with a wider set of problems, greater research sample and longer intervention.

We would like to focus on the following questions: Will pupils use previous experience with this type of problems to solve new problems? How will pupils' approaches vary depending on their age? Will language aspects in other countries project into pupils' argumentation in problem solving?
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