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The aim of this work is to analyse the emotions mobilised in primary school students after solving a problem. A series of instruments have been designed to help students identify the emotions for their posterior analysis. In view of the type of questions to analyse the affective dimension, a mixed research methodology was established on a sample of 17 students. On the one hand, a descriptive analysis of the number of pleasant and unpleasant emotions, as well as their frequency in the sample. Although no differences are identified in relation to the presence of pleasant emotions compared to unpleasant ones, the study of the responses according to gender highlights that the majority of females identify more unpleasant emotions during problem solving. The qualitative analysis completes the previous results, identifying the factors that justify the identification of unpleasant emotions.

Introduction

Affectivity in the mathematics classroom is an essential element in student learning [START_REF] Farrington | Teaching adolescents to become learners: The role of noncognitive factors in shaping school performance[END_REF], which has attracted research interest from mathematics education. [START_REF] Mcleod | Beliefs, attitudes, and emotions: new view of affect in mathematics education[END_REF] expresses that affective responses are more intense when students work on non-routine problems. Therefore, problem solving is a context that provides opportunities to emphasise the affective dimension. However, DeBellis and [START_REF] Debellis | Affect and meta-affect in mathematical problem solving: a representational perspective[END_REF] point out that research in mathematics learning and problem solving has traditionally focused on cognition, with less attention paid to affect or the interactions between both. In this regard, [START_REF] Cai | Affect in mathematical problem posing: Conceptualization, advances, and future directions for research[END_REF] conduct a literature review in which they highlight the importance that the study of affect has acquired. However, they identify little research focused on determining the components of students' affect compared to research related to the characterisation of students' knowledge.

In addition, curriculum documents also place emphasis on addressing the affective dimension of the learner. The NCTM (2000) includes aspects of the affective dimension. On the one hand, it expresses a series of attitudes towards mathematics. On the other hand, it stresses the importance of reviewing the student's self-concept of learning, as well as beliefs towards mathematics which are an affective obstacle for students. The current Spanish curriculum considers the socio-affective dimension as a content associated with competences (MEFP, 2022). This novelty means that research in mathematics education continues to focus on how to respond to the affective aspects that are mobilised in the mathematics classroom. Moreover, the curricular frameworks not only indicate that affective elements should be considered during the learning process, but also that this process should be organised around problem solving (NCTM, 2000;MEFP, 2022).

Specifically, our research aims to analyse the emotions identified by a sample of primary school students after a proposed problem-solving task. As [START_REF] Mcleod | Beliefs, attitudes, and emotions: new view of affect in mathematics education[END_REF] noted, research into the emotional aspects that emerge during problem solving requires a varied range of qualitative and quantitative methods. [START_REF] Gómez-Chacón | Matemática emocional. Los afectos en el aprendizaje matemático[END_REF] also indicates the difficulty in identifying or diagnosing emotions due to the lack of instruments and the inherent complexity of the term in its theoretical characterisation. Therefore, we have designed an instrument that allows us to ask students about their emotions after they have made their attempts to solve the problem. [START_REF] Zhu | Gender differences in mathematical problem solving patterns: A review of literature[END_REF] presents a review of the characterisation that different authors have given to problem solving that allows him to characterise the concept of problem solver. In his work he reviews a number of factors that contribute to differences in problem solving. Among others, he points to gender-specific psychological issues [START_REF] Caplan | The Perseverative Search for Sex Differences in Mathematics Ability[END_REF]. Therefore, another objective of this research is to analyse whether there are differences in relation to the emotions mobilised by the subjects according to gender.

The theoretical framework, which is described below, reflects a review of the characterisation of the affective dimension in mathematics education research and, in particular, the emotions that are the focus of this research.

Theoretical framework

Affect is a construct that is not fully characterised in the field of mathematics education [START_REF] Hannula | Attitudes, Beliefs, Motivation, and Identity in Mathematics Education[END_REF]. [START_REF] Hannula | Affect and mathematical thinking: Exploring developments, trends, and future directions[END_REF] reviewed studies focused on the characterisation of affect showing, as a result, a lack of consensus. First, McLeod (1989) characterised the affective domain through three concepts: beliefs, attitudes and emotions. DeBellis and [START_REF] Debellis | Affect and meta-affect in mathematical problem solving: a representational perspective[END_REF] included values, pointing out that each of the four elements interact with each other, as well as elements corresponding to the subject's culture. More recently, [START_REF] Hannula | Finnish research on affect in mathematics: blended theories, mixed methods and some findings[END_REF] described the term as a series of different phenomena involving both emotions and motivation, including also self-efficacy and mood.

As our research focuses on the analysis of emotions, it has been identified that although there are differences in the characterisation showing a difficulty in identifying a consensus around the term, we consider the characterisation of the term emotion as an affective response characterised by a high intensity and physiological activation in the face of interruption and discrepancies between the subject's expectations and what is experienced [START_REF] Mcleod | Research on affect in mathematics education: A reconceptualization[END_REF][START_REF] Gómez-Chacón | Matemática emocional. Los afectos en el aprendizaje matemático[END_REF].

In relation to the classification of emotions, we consider the characterisation of [START_REF] Fernández-Abascal | Procesos Psicológicos [Psychological Processes[END_REF] who distinguish between positive, negative and neutral emotions. The use of the terms positive and negative for this classification corresponds to the sensation felt by the subject, this being pleasant in the case of positive emotions. Therefore, the dichotomy established by the authors will be reformulated in terms of pleasant and unpleasant emotions, since an emotion classified as negative has an adaptive function that allows the subject to develop appropriate behaviour to successfully deal with a situation. In this sense, the pleasant emotions that emerge during problem solving can be: happiness, satisfaction, pride, and so forth. On the other hand, the unpleasant emotions that the subject may experience during problem solving correspond to fear, anxiety, sadness, frustration, and so forth. [START_REF] Goldin | Affective pathways and representation in mathematical problem solving[END_REF] distinguishes between local and global affect. Local affect corresponds to moods that have the characteristic of changing rapidly and are very subtle during problem solving. On the other hand, the author interprets the global state as the result of local affect pathways, where he also includes attitudes. These pathways are connected to the whole network of cognitive representational systems with which the affective system interacts. As [START_REF] Goldin | Affective pathways and representation in mathematical problem solving[END_REF] points out, stable affective structures are complex, and part of their complexity lies in the local affective representation pathways they incorporate. Furthermore, he relates a number of emotions to the heuristics present in problem solving. For example, "... frustration encodes lack of progress. These feelings suggest that a process has been tried and retried without success or that a succession of strategies has resulted in little new understanding..." (Goldin, 2000, p. 215). Thus, [START_REF] Goldin | Affective pathways and representation in mathematical problem solving[END_REF] presented a model in which interactions between states with heuristic configurations are characterised. Our research focuses on local affects that correspond to the emotional states that are mobilised during problem solving. Particularly, we pursued the following research questions: RQ1: How the instrument designed allow analysing the emotions that emerge during problem solving? and RQ2: What type of emotions do primary school pupils identify when problem solving is proposed to them?

Methods

The sample consisted of 17 primary school children (9 girls and 8 boys), 8 of whom were in 6th grade (11-12 years old) and 9 in 5th grade (10-11 years old) in a rural group school. This school is characterised by a small number of pupils, which requires the grouping of different grades in the same classroom. Therefore, teaching is multilevel, considering both the grade and the characteristics of the pupil.

The study takes place within the framework of a Programme of the Government of the Community of Aragon (Spain) that connects the school with the university to establish links and points of support between the two institutions with the aim of improving a need identified in the applicant school. Therefore, the research is developed around a series of phases that are described below: Phase 1: Meetings with the teacher of the classroom group in which the implementation takes place. The teacher emphasises the need to help the pupil to identify emotions. Moreover, it is an objective of the school project. Together with the teacher, the emotions to be worked on are chosen: sadness, happiness, calmness, nervousness and frustration. The researchers design a material to mobilise the affective facet, which is reviewed by the teacher. In addition, a tool is designed to record the emotions that the students are able to identify. Based on the review of the theoretical framework, it is proposed to the teacher that the context for mobilising emotion be organised around the resolution of a nonroutine task. In fact, it is identified that problem solving is not the approach followed for the design of the instructional process. Furthermore, the problem is presented to the students with the terminology of mathematical challenge in order to avoid the negative connotation assigned to the word problem. Phase 2: Implementation of the material on working on an emotion the tool to register the elements of the affective facet. On the one hand, the teacher worked for 5 sessions of 1 hour on different emotions (sadness, happiness, calmness, nervousness and frustration), through a material based on the use of images that help to evoke the emotion. In this way, students reflect on the emotion presented in the image. In addition, they are shown images of situations that may be associated with that emotion. They are also asked to think about personal situations and how they can act once the emotion has been identified. On the other hand, a tool has been designed to register the emotions identified by the students after carrying out a specific activity. This tool is used at the end of each session of the work on emotions described above. In order to familiarise them with this register, the teacher uses it as a tool at the end of a lesson. This register is described in more detail in the next phase. Phase 3: Implementation of the mathematical challenge and the tool to register the elements of the affective facet. The students worked individually on the problem (Figure 1). At the end of the task, they completed the following record in which they are asked three questions: a) to identify three emotions, b) to point out a value of the thermometer and c) to complete the following sentence: "I feel _______ because: _______". In the case of the thermometer, the answer that the student can select corresponds to one of the following: bad, regular, well, very good and great, understanding that "well" has a neutral meaning for the students, as has been confirmed in previous classes.

Characterisation of the mathematical challenge

The problem presented in Figure 1 was solved individually during a 45-minute session. Both the teacher and the researcher were in the classroom during the session. Material was provided for the analysis of the statement as well as certain heuristics to help them with solving the task without the direct intervention of the researcher. In fact, if any student made any question, it was the researcher who took the responsibility. For example, if it was observed that the student did not identify any strategy after exploring the problem, the student was invited to explore the problem for a simpler case.

THE BIRTHDAY

A small restaurant has 30 small square tables. Each table can seat only one person on each side. If all the tables were placed together, how many people could sit at the table? The analysis of the affective dimension is based on the paper that the student answers at the end of the problem-solving process. The analysis of the answers corresponds to a quantitative research based on a descriptive statistical analysis. To this end, a coding of the responses associated with the characterisation of the three emotions and the thermometer is carried out. This quantitative analysis is completed with qualitative analysis by analysing the sentence in which the student is asked to justify how student felt during the resolution process.

Analysis and results

Quantitative analysis

Firstly, we considered the record of responses associated with the thermometer. As the students had used this tool before, they knew that the purpose of its use was to identify how they had felt during the development of a task, assessing qualitatively which state had been the one they had identified most. The results show that most of the participating sample identified that the development of the resolution of the challenge or problem posed was regular (41.2%). However, 22,4% of students identified that they felt very good or great in the development. Only 1 person (5,9%) has reported feeling bad.

According to the RAE (2022), concentration is "the action and effect of concentrating or concentrating, concentration being understood as focusing or intensely focussing attention on something". Therefore, it corresponds to a cognitive activity. Moreover, no student used the term sadness to describe the emotions mobilised, even though it was one of the five emotions worked on by the tutor with the class group. From the analysis of the terms used by the students, six groups have been made according to the similarity of the words in terms of meaning. If we analyse the total percentage associated with pleasant emotions (Groups 1 and 4) compared to unpleasant emotions (Groups 2, 3 and 6), we see that the percentage is similar. The percentage of responses for those students who do not respond or provide an invalid response reflects the inherent difficulty in identifying the dimensions of affect and, in particular, emotions. 

Qualitative analysis

The qualitative analysis completes the previous analysis, focusing on those responses in which emotions associated with unpleasant and pleasant feelings are identified. Firstly, we have considered those responses that present at least two emotions from groups 2, 3 and 6 to study unpleasant feelings.

We have also considered those responses in which the students had identified only one emotion that corresponded to one of the three previous groups. The coding considered is S_number, to refer to the student with that number. Applying these criteria, we obtained 8 students (7 females and 1 male). From the content analysis based on these responses, the following categories emerge:

Students who identify that the cause of the identified emotion is due to the task (S17, S8). Under this category, we locate the response S17 where the student characterises the task as difficult. In this category, we identify those responses such as S8, in which the student interprets the task as an examination exercise.

S17: I feel regular because it was very difficult. S8: I feel nervous because it reminded me of exam exercises. Students who identify that they are not good at solving the task (S5, S6, S7, S10). On the one hand, we identify responses (S6, S10) that express that they did not know how to perform the task set, such as, for example, the response of S6. In this sense, student S5 (male) expresses that although he values the task as positive, he is aware that it has not been solved in an adequate way. S5: I feel regular because it was good but I'm sure there are a lot of things wrong. S6: I feel regular because I didn't know how to do it.

Student who shows a dislike for the task posed. In this sense, only the response of S15 is identified, the student expresses that she likes the task because she identifies it as a problem. S15: I feel regular because I don't like problems and tired of so many tables. Other responses. In this category we have considered those responses in which the student identifies external causes. In this sense, the response of S1 is identified, who indicates that his state of mood is conditioned by a discomfort unrelated to the resolution of the problem. S1: I feel regular because my feet hurt and I keep thinking about it. Regarding the analysis of pleasant emotions, we consider those responses that indicate at least two terms corresponding to groups 1 and 4, or only identify an emotion from one of the two groups. Analysis of the students' responses leads to the characterization of two categories:

Students who identify the emotion because they consider that they have successfully completed the task (S2, S12, S14, S16). In addition, they identify that the task presents a low level of difficulty, such as S14. S2: I feel good because I knew how to solve the problems. Students who identify the affective aspect without referring to success in task completion (S4, S9, S11, S13).

S4: I feel great because I wasn't stressed out or nervous, and the temperature was very good. The previously established criteria classify most of the responses except for S3, who is not coherent. The analysis of Table 2 allows connecting task resolution with the identified emotions. It is remarkable that five students (S2, S4, S9, S11, S14) experienced pleasant emotions despite giving an incorrect answer, of which S2 and S14 considered their response appropriate.

Conclusions

Firstly, our research shows that problem solving encourages contexts in which elements of the affective dimension emerge, as identified by [START_REF] Mcleod | Beliefs, attitudes, and emotions: new view of affect in mathematics education[END_REF]. Following the classification of [START_REF] Fernández-Abascal | Procesos Psicológicos [Psychological Processes[END_REF], the descriptive statistical analysis reveals that both pleasant and unpleasant emotions are identified without major differences in terms of percentages. The qualitative analysis focused on the justifications associated with those who identify unpleasant emotions reveals that most of the subjects who identify this type of sensation are women (50% of the total sample and 88% of the total number of women participating in the study). Despite having followed instructions in the classroom that allow for the mobilisation of positive meta-affect (DeBellis & [START_REF] Debellis | The affective domain in mathematical problem solving[END_REF], given that they are told at the beginning to try to solve the task and that the task will not be evaluated, we identified that not having reached a solution that they consider adequate is interpreted as not knowing how to perform the task, which triggers the appearance of emotions such as frustration, nervousness or stress. Finally, despite having been working previously on the identification and expression of these emotions, it is worth highlighting the difficulty associated with the identification of emotions [START_REF] Mcleod | Research on affect in mathematics education: A reconceptualization[END_REF][START_REF] Gómez-Chacón | Matemática emocional. Los afectos en el aprendizaje matemático[END_REF], due to the number of responses in which students do not respond or express a term that is not valid. [START_REF] Gómez-Chacón | Matemática emocional. Los afectos en el aprendizaje matemático[END_REF] indicates that the limitations of the study are due to the inherent difficulty of the object of study, which explains the lack of instruments. In this sense, an instrument has been designed that has allowed students to identify their emotions, favouring their analysis, although the size of the sample is a limitation. Besides, the instrument must be replicated to undertake a reliability analysis.

This study has obvious implications for research since it highlights the need to investigate the socioaffective dimension not only by identifying students' emotions, but also by studying possible ways to support students in dealing with unpleasant emotions through anticipation, which may promote their perseverance in the design of strategies [START_REF] Goldin | Problem solving heuristics, affect, and discrete mathematics[END_REF]. As a future research direction, identity of the student, social culture will be variables to considered due to the school is in a small town. This perspective will broaden the scope of research to encompass both the emotional and social dimensions in problem-solving.
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Table 1 : Frequencies of identified emotions
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Table 2 : Characterization of response type according to the student
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	Type of response	Response characterization	Student
	Correct	Description of the formula.	S13, S16
	Partially correct	Correct description of the formula when the number of tables is even.	S5, S12
		They do not give meaning to table-joining.	S2, S4, S7, S8, S11, S14, S15
	Incorrect	They do not identify that there is a person on each side.	S9, S10, S17
		Incoherent response	S1, S3, S6

Acknowledgment

Both authors belong to the research group S60_23R "Investigación en Educación Matemática" (Gobierno de Aragón, Spain), PIIDUZ_928 and PIIDUZ_ 874 (Programme for the Incentivisation of Teaching Innovation at the University of Zaragoza).