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This paper presents twelve characteristics of an inductive analysis of the emotional dimension of students' written responses to the item 'I like mathematics because' in a qualitative questionnaire survey from a large study of lower secondary school students' attitudes towards mathematics. The data is from three schools from grade 6 to grade 9 in the school district in the city centre in Shanghai, China. The findings indicate that the emotional dimension of students' attitudes towards mathematics is largely characterised by many students are interested in mathematical problems, like the nature of mathematical thinking or like problem solving. Furthermore, the findings suggest that there are several significant associations between the emotional characteristics of students' attitudes toward mathematics and their age. For instance, regarding mathematics does not require remembering, grade 6 students referred to this characteristic significantly lower than grades 7 and 8 students.

Introduction

This paper contributes to the ongoing research about the clarification of different dimensions of affective constructs and their relationships addressed in the Congress of the European Society for Research in Mathematics Education (CERME) TWG8. While the need to clarify and consolidate concepts and theoretical frameworks has dominated much of the literature in the mathematics education field since the late 1980s (e.g., [START_REF] Dowker | Mathematics anxiety: What have we learned in 60 years[END_REF][START_REF] Mcleod | Research on affect in mathematics education: A reconceptualization[END_REF][START_REF] Zan | Affect in mathematics education: An introduction[END_REF], the general problem of the inconsistent definitions and conceptualisations across the studies has remained to be solved [START_REF] Hannula | The structure and dynamics of affect in mathematical thinking and learning[END_REF]. For instance, in analysing the terminology for affect appearing in 134 affect papers presented in CERME 3-10, 2003-2017, terms "belief, emotion, affect(ive), motivation, goal, efficacy, and attitude" were identified as the key concepts of affect in those papers (Hannula, Pantziara & Di Martino, 2018, pp. 130-131). Moreover, the terms varied over the years of CERME 3-10 (e.g., the term "Attitude" fell after CERME 4, while the terms "Motivation and Goal" increased). As pointed out by [START_REF] Simon | Comments[END_REF], "If our science is to advance, we must identify these nuances and both construct and adhere to a vocabulary that makes the necessary distinctions in a consistent way [italics added]" (p. 334). This paper presents some initial findings of coding students' written data in a qualitative questionnaire survey from a large study of lower secondary school students' attitudes towards mathematics (11)(12)(13)(14)(15) in Shanghai (SH), China [START_REF] Ding | Students' attitudes towards mathematics across lower secondary schools in Shanghai[END_REF]. Our research questions in this paper are: What characteristics can be identified in the emotional dimension of Grades six to nine students' attitudes towards mathematics when expressing their reasons why they like mathematics? Is there any significant association between referring to these characteristics and students' age and gender?

A theoretical framework for studying the key dimensions and their relationship to the mathematics-related attitudes An important step in theorising research on mathematics-related affect is [START_REF] Mcleod | Research on affect in mathematics education: A reconceptualization[END_REF] reconceptualisation of research on the affective aspect of mathematics learning. Briefly speaking at the risk of oversimplification, in the context of teaching and learning of mathematical problem solving, [START_REF] Mcleod | Research on affect in mathematics education: A reconceptualization[END_REF] framework highlights three concepts: beliefs, emotions and attitudes. Firstly, the individual's knowledge and beliefs play a significant role in the interpretation of the interruption. Second, the arousal that leads to the emotion may be intense, but is generally of limited duration. Third, repeated interruptions in the same context usually result in emotions that become less intense. The responses in this situation become more stable and predictable and begin to resemble the kinds of attitudes that have been the emphasis of past research on affect in mathematics education [START_REF] Mcleod | Research on affect in mathematics education: A reconceptualization[END_REF]. Noticeably, McLeod's framework could be interpreted as a linear model (cognitiveaffective) to characterise the varying degree of stability, intensity, and cognitive involvement of the three concepts (e.g., [START_REF] Hannula | Exploring new dimensions of mathematics-related affect: embodied and social theories[END_REF]. That is, beliefs are viewed as on one extreme of the linear model, representing "the cool, cognitive, and stable end of these dimensions, emotions the other extreme, and attitudes covers the middle ground" (Hannula, 2012, p. 139). Since then, researchers have developed critical thinking about McLeod's framework. In particular, regarding the suggestion by [START_REF] Mcleod | Research on affect in mathematics education: A reconceptualization[END_REF] that more attention should be paid to the characteristics of different attitudes, researchers consider that it is important for research not simply focus on the direction and magnitude of attitude, but to understand the distinctions regarding its quality [START_REF] Hannula | Exploring new dimensions of mathematics-related affect: embodied and social theories[END_REF]. Currently, the theoretical frameworks applied to research on affect in mathematics education field are numerous, complex and diverse (e.g., [START_REF] Hannula | Exploring new dimensions of mathematics-related affect: embodied and social theories[END_REF][START_REF] Zan | Affect in mathematics education: An introduction[END_REF]. While it is challenging to make a synthesis that does justice to each of these frameworks, it is necessary to advance the scientific work by studying closely the nuances of individual differences and building up codes and categories to characterise the empirical data of students' mathematics-related attitudes. This study chiefly refers to Di Martino and Zan's (2010) three-dimensional (3D) model particularly for examining the social, ethical and psychological links of students' attitude towards mathematics from students' narrative perspectives written in the qualitative questionnaires (see Figure 1). An important characteristic of this 3D model is addressing the subjectivity of individuals of the interaction among the emotional disposition and the other dimensions, and thus highlights the need for instruments capable of capturing this subjectivity. Di [START_REF] Martino | Me and maths': Towards a definition of attitude grounded on students' narratives[END_REF] further pointed out that students' voices were largely neglected in educational investigations, and it is important to let students' voices talk. To investigate students' voices, they focused on students' narratives about their own stories with mathematics. Using their own words (Di Martino & Zan, 2010, p. 33), our hypotheses in choosing autobiographical essays is that pupils will tend to explicitly evoke those events and remarks about their past that they deem important here and now, and they will also tend to paste fragments, introducing some causal links, not in a logical perspective but rather in a social, ethical and psychological one… .

While in the larger study our goals are about examining the social, ethical and psychological links, the focus of this paper is chiefly on identifying the nuances of emotional characteristics of individual students across grades 6 to 9 who responded 'like-can' in the qualitative questionnaire survey.

Research about the association of attitudes to gender and age

Given the research questions of this paper, here we focus on the research about the association of attitudes to age and gender in geographically different social contexts. It has been well documented that in the domain of mathematics (e.g., [START_REF] Dowker | Mathematics anxiety: What have we learned in 60 years[END_REF][START_REF] Zan | Affect in mathematics education: An introduction[END_REF], mathematics is a subject which is typically perceived to evoke strong and often negative reactions, particularly in older children and adults (Batchelor et al., 2019). Di [START_REF] Martino | Me and maths': Towards a definition of attitude grounded on students' narratives[END_REF] investigated how students tell their own relationship with mathematics, proposing the essay "Me and maths" to more than 1,496 students in Italy (707 from primary school (grade 2-5), 369 from middle school (grade 6-8), 420 from high school (grade 9-13). Their study questioned the traditional approach of finding general cause/effect laws between attitude and achievement in mathematics. For instance, a causal relationship between negative emotions and failing behaviour, as well as that between certain beliefs and negative emotions, are implicitly assumed. Their study showed that the same belief can elicit different emotions in different individuals, even in younger students' essays.

In the initial quantitative analysis of 4,313 valid student questionnaires in Shanghai, [START_REF] Ding | Students' attitudes towards mathematics across lower secondary schools in Shanghai[END_REF] reported that the proportion of students who liked mathematics increased across the grades from G6 (78.2 %) to G7 (84.1 %) and then to G9 (85.3 %), only slightly dropping down at G8 (82.2 %). The study also used a Chi-square test to examine both grades and students' emotional disposition towards mathematics ('like/dislike'). There was a statistically significant difference in the form of the students' responses to "I like or dislike mathematics" across the grades (p = less than 0.001). Among 3,002 students who considered that they could do mathematics, 88.4 % of them (2,655 students) liked mathematics, while 11.6 % of them (347 students) disliked it. In contrast, we found that there were a considerable number of students who liked mathematics, yet they did not perceive that they had the competence to do it. This phenomenon did not recede when they got older, rather it increased; see the relationship of "cannot" and "like" across G6 (141 students, 57.1 %), G7 (131 students, 62.7 %), G8 (152 students, 59.6 %), and G9 (89 students, 62.2 %) (for the details of the statistical analysis see the tables in [START_REF] Ding | Students' attitudes towards mathematics across lower secondary schools in Shanghai[END_REF]. That is, the combinations "I can do it but I dislike it" and "I like it although I can't do it" observed by researchers such as [START_REF] Pepin | Pupils' attitudes towards mathematics: a comparative study of Norwegian and English secondary students[END_REF] in the European school contexts were not rare cases in our SH study. [START_REF] Dowker | Mathematics anxiety: What have we learned in 60 years[END_REF] show that one of the factors that has received the most attention with regard to mathematics anxiety is that of gender. Moreover, most studies suggest such gender differences only develop at adolescence, and that primary school children do not exhibit gender differences in mathematics anxiety though even in the younger age group boys often rate themselves higher in mathematics than girls do.

The study and data analysis

Data for the study is part of a larger study [START_REF] Ding | Students' attitudes towards mathematics across lower secondary schools in Shanghai[END_REF]. The original qualitative questionnaire (a translation version of the Appendix in [START_REF] Pepin | Pupils' attitudes towards mathematics: a comparative study of Norwegian and English secondary students[END_REF] was used to collect data in Shanghai, China. The questionnaire was based on the 3D model for attitude (see Figure 1). Given the research questions of this paper, the initial data analysis focuses on three schools from grade 6 to grade 9 (age 12-15 years old) in the school district in the city centre. At each grade in each school, the first eight boys and eight girls who responded 'like-can' in the qualitative questionnaire survey are selected for the initial data analysis. Thus, 64 students' written data are selected in each school, three schools192 students (G6-9) in total. It should be noted that our data cannot be viewed as a statistically representative sample of that school district; rather, as explained in the foregoing section, our concern has been on the clarification of definitions and attitude construct itself. The schools were selected based on those that were accessible to us at the time of the study.

Towards developing a mixed methods study to investigate students' attitudes toward mathematics

We are at the very beginning phase of the development of new ways of combining both qualitative and quantitative methods for studying the students' written data in the qualitative questionnaire survey. The initial data analysis procedure is conducted in two stages. The first stage is the qualitative data analysis of the students' written responses to the questionnaires. The first author read the written data (in Chinese) and identified keywords in the students' written responses to 'I like maths because', the emotional dimension of the 3D model (see Figure 1). Students' written data were not segmented before coding them. This is to enable the researcher to make an effort towards examining the multiples meanings of the key words of different students' written data in the larger study later on. Afterwards, the keywords are translated into English for building up the code table and discussing with the coauthor. For instance, a student responded, "some mathematics problems are interesting". Code 'interesting' is thus created. When the next student wrote new aspects, new codes were added. For instance, "maths makes one happy". New code 'happy' is added to the code table. Moreover, there are codes that convey juxtaposing meanings of students' written data such as like mathematics problems (see C3 in Table 1). The written response 'some problems are interesting' is both coded as C1. Interesting (see Table 1), and as C3. Like mathematical problem. In so doing, after reading 192 students' data in the emotional dimension ('I like') of the first category, 'I like-I can', more than 50 open codes are accumulated. Then the two authors discussed the open codes and categorised them into 12 characteristics (see Table 1). The Fisher's exact test of independence was used to examine the association between referring to the identified characteristics (i.e., referring versus not referring) and students' age and gender. This test is used because referring to each characteristic can be considered as a dichotomous variable (1=referring to the characteristic and 0=not referring to the characteristic). Furthermore, students' age and gender can be considered categorical variables with four and two independent groups, respectively. Therefore, for each characteristic, two contingency tables (i.e., 2 × 4 and 2×2) can be created. We used the Fisher's exact test, instead of the more known independence test, the Pearson's Chi-square test, because of our sample size. The Fisher's exact test is recommended when the total sample size is less than 1000 [START_REF] Mcdonald | Handbook of Biological Statistics[END_REF]. We also conducted the post hoc multiple Z-test to have pairwise comparisons among the four age groups, and used the Bonferroni correction in SPSS to adjust the p-values.

Findings

Given the space of this paper, the outcomes of the initial quantitative analysis are reported.

The dimensions of the emotional characteristics of students' attitudes towards mathematics

Students' responses to the item "I like maths because …" were inductively coded, leading to identifying 12 different characteristics of the emotional dimension of the students' attitudes towards mathematics. The findings indicate that many students liked mathematics because they found mathematical problems interesting, liked the nature of mathematical thinking or liked problem solving. Furthermore, more than 30% of students liked mathematics because they perceived that it requires hard work, felt successful after solving mathematical problems, or enjoyed being challenged by mathematical problems. The other identified characteristics are reported in Table 1. Regarding the association between referring to these characteristics and students' gender, only one significant association was observed for C11 (i.e., good teacher (P-value=.039)). Of those 8.9% students who reported they liked mathematics because they liked their mathematics teachers, 13 (76.5%) students were female, and 4 (23.5%) were male students. Therefore, in the rest of the findings section, we focus on the association between referring to the characteristics and students' age in detail, that five significant associations were observed.

The association between the identified characteristics and students' age

The distribution of five out of the 12 identified characteristics was significantly not equal between the four age groups. These five characteristics were C2, C4, and C8-10 (Table 2). For C2, like the nature of mathematical thinking, the post hoc analysis indicates that the proportion of G8 students (32.1%) who referred to this characteristic was significantly higher compared to their G6 counterparts (16.7%). For C4, the proportion of G8 students (48.6%) who referred to liked mathematics because it requires hard work was significantly higher compared to the other three groups. For C8, the post hoc analysis did not recognise any difference between the proportion of students who referred to this characteristic across the four groups, even though the P-value of the Fisher's exact test was below 0.05. Regarding C9, the proportion of G6 students who referred to this characteristic was significantly lower than G7 and G8 students. For C10, the proportion of G6 students who referred to this characteristic was significantly lower compared to G8 and G9 students.

Another notable observation from Table 2 is that 35.3% of G6 students referred to C11, good teacher.

While the percentage of referring to this characteristic was not significantly higher than other age groups, it is interesting that G6 students referred to this characteristic more than their counterparts. The final interesting observation to highlight is that more than half of G8 students referred to C9 (51.4%), mathematics does not require remembering, but this characteristic was almost not perceived by G6 students as only 2.9% of students referred to this characteristic.

Discussion

In this paper, an effort is made to understand the key emotional characteristics of 192 lower secondary school students' attitudes towards mathematics in Shanghai, China. As already explained in the foregoing section, we are at the very beginning phase of developing new ways of combining qualitative and quantitative methods for studying the complexity of the students' written data in the qualitative questionnaire survey. In this paper, we chiefly report twelve characteristics identified from the initial inductive analysis (see 2010) study that when students describe their own relationship to mathematics ("I like"), nearly all students refer to one or more of these dimensions: emotions (see C1, C7), the vision of mathematics (e.g., C8, C9) and perceived competence (e.g., C5, C12). Our findings confirm that the 3D model is a capable instrument for capturing the subjectivity of mathematics learners (Di [START_REF] Martino | Me and maths': Towards a definition of attitude grounded on students' narratives[END_REF].

The twelve characteristics identified in the emotional dimension of the 3D model cannot be regarded as a linear cognitive-affective model due to the complicated and qualitative differences of the characteristics identified in the individual students' written responses across the four age groups (see Table 2). For instance, we can observe that less than 10 percent of G6 students referred to C9, C10 and C12 whereas the percentage of referring to these characteristics was much higher for other year groups. The next step of our study is to develop a holistic analysis of these codes not only to the single item that emphasises the emotional dimension of their attitudes towards mathematics "I like maths because…", but also to the other two dimensions "I can do it because …" and "Maths is …". For instance, regarding C9, we need to further examine the three dimensions of the 3D model (see Figure 1) in association with the ages. Moreover, the findings of our analysis lead us to consider the importance of using the concept motivation in Hannula's metatheoretical framework (2012) for guiding our next step of data analysis of the other two dimensions, instead of the general concept attitude in [START_REF] Mcleod | Research on affect in mathematics education: A reconceptualization[END_REF] framework. This will particularly enable us to examine the interrelationships of the characteristics identified in the item "I like mathematics because …" (see C2, C4, C8-10 in Tables 1 &2) that direct goals or choices related the significant differences between G6 and G8 students' learning behaviours in the other two items of the questionnaire. It will also enable us to examine further the interrelationship of the identified characteristics from the initial findings, particularly regarding the significantly more number of G8 students referred to C2 than G6; and the significant difference between G8 and the other three groups in terms of referring to C4. In doing so, our work can further contribute to understanding the relationship between the socially situated concepts "motivation" and "mathematics anxiety" which is well documented in the European social contexts (e.g., Batchelor et al., 2019;[START_REF] Dowker | Mathematics anxiety: What have we learned in 60 years[END_REF][START_REF] Zan | Affect in mathematics education: An introduction[END_REF].
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 1 Figure 1: The 3D model for attitude (Di Martino & Zan, 2010, p. 43)

Table 1 . The identified characteristics of reasons students liked mathematics

 1 

	Characteristics	Sample responses to the question "I like mathematics because …"	%
	C1.	Some [mathematical] problems are interesting.	51
	C2. Like the nature of	Mathematics requires strong logical thinking and proving skills.	43.8
	mathematical thinking		
	C3. Like mathematical	I like to solve difficult mathematical problems.	43.2
	problems		
	C4. Require hard work	Although we might encounter some difficulties, I like to discuss them with my	36.5
		classmates again and again until the problem is successfully solved.	
	C5. Feeling successful	I cannot find a word to convey how happy I was after I successfully solved a	35.9
	after solving	difficult mathematical problem.	
	mathematical problems		
	C6. Enjoy being	I enjoy very much taking several hours to solve a difficult mathematical	34.4
	challenged	problem.	
	C7. Happy	Mathematics makes me happy.	24.5
	C8. Useful in real life	Mathematics helps me in real life.	20.8
	C9. Mathematics does not	Unlike other subjects that require remembering important knowledge,	18.2
	require remembering	mathematics requires complex thinking and deep understanding.	
	C10. Expanding students'	Mathematics lessons expand our horizon of the world.	16.1
	worldview		
	C11. Good teacher	My teacher enables me to experience the happiness that mathematics brings. 8.9
	C12. Everyone can learn	Mathematics is easy and interesting so everyone can learn it well.	7.3
	mathematics		

Table 2 . The dependency of referring to the identified characteristics to four age groups

 2 

	Characteristics	G6 (%)	G7 (%)	G8 (%)	G9 (%)	P-value
	C1. Interesting	20.4	24.5	30.6	24.5	.235
	C2. Like the naure of mathematical thinking	16.7a	28.6a, b 32.1b	22.6a, b .040*
	C3. Like mathematical problems	21.7	21.7	30.1	26.5	.410
	C4. Require hard work	10a	17.1a	48.6b	24.3a	Less than 0.001*
	C5. Feeling successful after solving mathematical	23.2	26.1	29	21.7	.751
	problems					
	C6. Enjoy being challenged	25.8	21.2	31.8	21.2	.410
	C7. Happy	23.4	25.5	27.7	23.4	.982
	C8. Useful in real life	15a	12.5a	37.5a	35a	.016*
	C9. Mathematics does not require remembering	2.9a	25.7b	51.4b	20a, b	Less than 0.001*
	C10. Expanding students' worldview	3.2a	22.6a, b 38.7b	35.5b	.003*
	C11. Good teacher	35.3	17.6	17.6	29.4	.701
	C12. Everyone can learn mathematics	7.1	28.6	35.7	28.6	.442
	* The P-value is significant at the .05 level for the Fisher's Exact test.			
	a, b: Each subscript letter denotes a subset of students' age categories whose column proportions do not differ
	significantly from each other at the .05 level.					

Table 1 )

 1 , regarding students' written data to the item "I like maths because…" in the category of students' responses to 'like-can' of the questionnaire. Firstly, the twelve characteristics support the juxtaposing meanings of the three concepts of[START_REF] Mcleod | Research on affect in mathematics education: A reconceptualization[END_REF] framework in research on students' learning in mathematics. Characteristics C1 (Interesting) and C7 (Happy) can be grouped in the category of Emotions. C2 (Like the nature of mathematical thinking), C3 (Like mathematical problems), C5 (Feeling successful after solving mathematical problems), C8 (Useful in real life), C9 (Mathematics does not require remembering), C10 (Expanding students' worldview), C11 (Good teacher) and C12 (Everyone can) can be considered in Beliefs. C4 (Require hard work) and C6 (Enjoy being challenged) are in Attitudes. Next, the twelve emotional characteristics support the findings of DiMartino and Zan's (