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This research focuses on examining shifts in emotions related to mathematics learning that impacts the attitudes that future teachers hold about mathematics. Initial analysis showed that almost half of the sample did not hold consistent emotions related to mathematics. In examining the catalyst events related to shifts in emotions, many of the shifts to a positive emotional reaction were related to internal structures, and those that shifted to a negative emotional reaction were external motivators. Understanding the events that lead to changes in emotion is important for supporting future teachers in considering how to support future students.

Introduction

The focus of this paper is understanding the timing and events that influence a change in future teachers' attitudes and emotions towards mathematics. Past research has shown a potential relationship between attitude and achievement [START_REF] Ma | Assessing the relationship between attitude toward mathematics and achievement in mathematics: A meta-analysis[END_REF], as well as interconnections between attitudes and beliefs about teaching mathematics (e.g., [START_REF] Philipp | Mathematics teachers' beliefs and affect[END_REF]. In Ontario, the teacher education program is a two-year after degree program, so the time with future teachers in a mathematics course is limited. If attitudes have an impact on beliefs and beliefs have an impact on choices made in the classroom [START_REF] Wilkins | The relationship among elementary teachers' content knowledge, attitudes, beliefs, and practices[END_REF], then understanding where changes in affect occur, is important. Initial research around emotions related to mathematics shows that there is not an exact classification of what makes a student enjoy or dislike mathematics with some things that individuals enjoy about mathematics (e.g., a focus on right and wrong) are the same reasons that others hate it [START_REF] Holm | Considering the mathematical experiences of future teachers[END_REF]. [START_REF] Philipp | Mathematics teachers' beliefs and affect[END_REF] notes that in a review of literature around affect, the negative attitudes towards mathematics tend to be rooted in their experiences as learners, so this study seeks to explore further how previous experiences in mathematics impacts shifts in emotional response.

Literature Review and Framework

In [START_REF] Liljedahl | Chapter 1: Emotions and learning[END_REF] work with future teachers, they note that "emotions are not to be avoided or controlled in mathematical activities, but they have to be provoked, made visible and talked about" and strive to include activities in preservice programs to call attention to emotions (p. 9). In the research study discussed in this paper, the attempt was made to have participants call attention to the emotions that have been provoked during their experiences with mathematics through recalling and writing about their mathematical histories. [START_REF] Hannula | Attitude towards mathematics: Emotions, expectations and values[END_REF] examines attitude as a connection between emotion and cognition in order to understand the influences with attitude, yet notes that although emotion and cognition are separate constructs, they are highly connected and cannot be fully understood separately. My intention in having participants write their stories was for them to understand how their feelings about mathematics were connected to their experiences, their attitudes, and their beliefs through reflection. In this research paper, the focus is on how their emotions were connected to their experiences in order to understand more about the factors influencing emotion and consequently their attitudes related to mathematics.

According to [START_REF] Zan | Affect in mathematics education: An introduction[END_REF]Antilla et al. (2016), the area of emotions needs further research to add to the relatively low number of studies currently, and this research project attempts to continue filling this gap in the literature by adding to the discussion. [START_REF] Schukajlow | Introduction to the work of TWG 8: Affect and the teaching and learning of mathematics[END_REF] note that "emotions are defined as phenomena that included cognitive, affective, motivational, physiological and expressive parts. Affect and motivation are used in this definition thus for characterization and grounding of emotions" (p. 3). Emotions are a complex portion of the work in mathematics education research, so an understanding of the types of events that can trigger strong emotions (both positive and negative) can add to the body of work to support future teachers in moving forward.

To ground this research within its focus on emotions, the definition of emotions from DeBellis and Goldin ( 2006) is utilized: "Emotions describe rapidly-changing states of feeling experienced consciously or occurring preconsciously or unconsciously during mathematical (or other) activity. Emotional feelings range from mild to intense, and are local and contextually-embedded" (p. 134). Since emotions are tied to particular events within mathematics, participants in my research have been requested to write about their emotions connected to mathematical situations, in order to understand what events trigger a change in their connection with mathematics. [START_REF] Ekman | An argument for basic emotions[END_REF] notes that the basic emotions are anger, fear, sadness, enjoyment, disgust, and surprise, with contempt, shame, guilt, embarrassment, and awe being considered basic but share commonalities with the others. Future teachers will be bringing their emotions about mathematics into their future classrooms, so it is important to understand the root causes of these emotions to help future teachers understand the impact on their own students. Although it is unrealistic to assume that all students will maintain a positive attitude towards mathematics due to the complexities of beliefs, emotions, and affect described in the research cited, an understanding of what causes shifts in attitudes can illuminate some areas of concern in teaching.

The study in this paper uses a portion of the framework that [START_REF] Hannula | Attitude towards mathematics: Emotions, expectations and values[END_REF] has suggested for understanding and analyzing attitude. Although considering all four categories of the framework would have added to the discussion, this paper focuses on two specific areas that could be observed in the data set "the emotions the student experiences during mathematics related activities" and "the emotions that the student automatically associates with the concept 'mathematics'" (p. 26). By focusing specifically on the emotional aspects of the attitude framework, this report looked at what emotionally charged events impacted their attitudes towards mathematics. The basic emotions in the work of [START_REF] Ekman | An argument for basic emotions[END_REF] was used to categorize the emotions in the stories. The basic emotions were categorized as "positive" if they could conceivably lead to a positive outcome in a classroom if presented by the teacher (enjoyment, surprise, and awe), or "negative" if they could conceivably lead to a negative outcome if presented by the teacher (disgust, fear, sadness, contempt, shame, and guilt). The goal of the study was to understand more about how and when future elementary teachers encountered a shift in their emotions related to mathematics. This information will inform how teacher education programs can both support a potential change during a limited time with future teachers, and raise awareness of future teachers on the impact of events within their own classrooms.

Methods

The data for this research paper focuses on three years of written stories collected from future teachers at an Ontario Faculty of Education. The participants would all be in the Bachelor of Education program, either in the Primary/Junior program (K to grade 6) or the Junior/Intermediate program (grade 4 to 10). The Bachelor of Education is a two-year, after degree program, so the participants completed another degree in any subject, including mathematics, although having a mathematics degree is rare in our Bachelor of Education program. The majority of participants will be teaching in K to 8 schools following the completion of their degree.

The stories were part of an assignment that all future teachers would complete in their first-year of the program as part of their initial mathematics methods course. The description of the portion of the assignment relative to this research is as follows: "Create a discussion about your own experiences as a mathematics student. Be sure to include a description/picture of your experiences and how you felt as a mathematics student." Participants would complete the initial assignment draft in the first two weeks of class (November), and then would have the opportunity to edit or add details to submit at the end of the first class (February) to allow for the opportunity for reflection. The research questions in this reported study were as follows: When in school do shifts in affect occur in mathematics? What do participants indicate causes the shift in affect in mathematics?

The initial analysis focused on emotions presented by the future teachers by highlighting events or portions of the stories related to mathematics activities or emotions immediately associated with mathematics [START_REF] Hannula | Attitude towards mathematics: Emotions, expectations and values[END_REF], providing a narrower scope for determining when or if a catalyst event occurred. Then the highlighted portions were coded based on the emotions in Eckman's (1992) work. The initial data analysis of the stories resulted in sorting them into different categories based on how they described their emotions about events in mathematics: neutral (no feeling included), only positive (enjoyment, surprise, and awe), only negative (disgust, fear, sadness, contempt, shame, and guilt), and ones that showed a shift from one emotion category to another. Initial descriptive statistics are presented to gain a picture of the total cohort over the three years. The category of neutral was not meant to convey future teachers who did not feel strongly in a single direction but instead a place to sort those who did not mention something related to the basic emotions at all in their responses related to mathematics. Liljedahl and Andrà (2020) note a concern over using a binary construct for considering attitudes and emotions, so this construct was only used as a means to show the range of story types, focusing on the ones where participants noted shifts in how they felt about mathematics. Approximately ten percent of the total number (18) were randomly selected to be independently coded by a critical colleague to determine initial reliability of the sorting of the papers. The independent coder sorted the papers as only positive, only negative, neutral, or showing a shift (including if positive to negative or negative to positive). Coding was compared to the author's codes showing an initial agreement of 83% (15/18) was achieved and after a conversation, the three disagreements were agreed upon between the reviewers further strengthening the lens for coding the remainder of the papers.

Further analysis was conducted on only the stories that described a shift in emotions for the purposes of this paper. These papers were chosen in order to investigate what causes a shift from either positive to negative or vice versa. With the Ontario program only being two years and only having two, tenweek mathematics education courses, time is limited, so it is important to understand how changes occur. The stories were grouped into subcategories to explore: those that shifted from positive to negative, those that shifted from negative to positive, and those who experienced multiple shifts over the course of their experiences. A fourth category was later created for those who did not have a "shift" in emotion but did not convey the same emotion throughout the story. These individuals related to [START_REF] Hannula | Attitude towards mathematics: Emotions, expectations and values[END_REF] category of automatic response as opposed to reactions to mathematics. A thematic analysis [START_REF] Braun | Using thematic analysis in psychology[END_REF] was conducted on the stories in each of the sub-categories to understand what caused the shift. Sections of stories where the change was described were initially coded with a descriptive term. Descriptive terms were then gathered and collapsed to determine overarching themes to describe what caused a change in affect in mathematics. The collapsed codes were reviewed by and then discussed with the critical colleague to ensure that all initial codes were accounted for in the final analysis.

Results

In total 182 different stories were considered for the data analysis. Table 1 shows the stories by classification to begin the discussion. Words like "struggle" and "hard" were coded as neutral since they were not coupled with an emotion related to the event. Some individuals did attach an emotion, but some noted enjoyment because of the struggle and some noted dislike because of struggle. Based on the initial data analysis, only 78 were considered for the second analysis to determine what impacted a shift in the emotions of the future teachers when discussing their mathematical histories.

Table 2 shows the breakdown of the new subcategories for this group, and each of the results from the subcategories will be discussed in detail below.

Positive to Negative Stories

In examining the stories for when a single shift occurred from positive to negative, only 35 of the total 37 stories included an approximate time frame. Table 3 shows a breakdown of the time bands. 

Negative to Positive Stories

All 17 stories of a single shift from negative emotions to positive emotions related to mathematics contained a time frame for when the shift occurred. Table 4 notes the breakdown of the times that were included. As a note, only grades 11 and 12 were specifically mentioned, other participants noted "high school" in general as the time frame for when the shift occurred. The codes in this category could be broken into four overarching themes: internal motivating factors, external motivating factors, perception of purpose, and content. In this subcategory of stories, internal motivating factors was credited the most times as being why the shift occurred. Internal motivating factors included a feeling of confidence, skills development, success, and a feeling that the mathematics made sense. External motivating factors that caused a shift to a positive emotion related to mathematics were all related to specific traits of teachers: engaging teachers, feeling understood, appropriate pedagogy, and caring. Perception of purpose related to finding a connection with real life and application of the mathematics or being able to support their own children in mathematics. The only content mentioned in a positive shift was data management.

Multiple Shifts

When considering the stories that had multiple shifts, these were grouped together since their themes mirrored most of the categories already presented. In looking at those that started positive and had multiple shifts, as well as those that started negative and had multiple shifts, the most common threads were the importance of the teacher and the reliance on grades or success. The participants often pointed to having a singular moment with a teacher who caused a positive emotion that was often shifted by a singular teacher who caused a negative emotion. The feelings of confidence based on success in grades, as well as the feelings of frustration based on a lack of understanding were also often cited as reasons for going back and forth on the like/dislike of mathematics.

Multiple Emotions

Although a much smaller group of the sample, these five participants provided an interesting subgroup to consider. These participants did not have an actual "shift" in feeling around mathematics, but they included multiple emotions throughout the story that ranged from neutral to positive to negative. What was interesting about this group was the reasoning for the changes. Again, the teacher played a role in the feelings reported, where the participants would admit they liked mathematics but hated the class due to the teacher (or vice versa). Oftentimes it was different content areas or aspects of the pedagogy, like collaboration, that were enjoyed but the overall feeling towards mathematics was negative. One participant also changed opinions of the subject based on their feelings around success or failure in relation to the topic.

Conclusion/Discussion

The data from this study pointed to some interesting information of when students shifted from one emotion to another, which showed no discernable pattern, although the majority of the participants saw a shift in later years. [START_REF] Philipp | Mathematics teachers' beliefs and affect[END_REF] review of the literature pointed to affect being determined before college, but this research does not support this finding. A number of individuals found their opinions of mathematics shifted to a more positive outlook in either university or once they were part of the workforce and needing mathematics in real-life. University mathematics was also credited by multiple participants as causing a shift to a negative emotion towards mathematics. Not reporting on shifts in earlier years of school could also be a result of the recency of the events to the time of the reflection instead of attributed to the school or mathematics classes in the early years. One limitation of this study was that the stories were entirely self-reported, so there could potentially be missing details or memories that are not entirely accurate based on the time since the events had occurred. Not all stories started from the same point, so some individuals only reported on what they felt was most important to tell.

In comparing the motivating factors that caused a shift from negative to positive and positive to negative, it was interesting to note that internal motivation most often was credited for the shift to positive, and external or societal pressures were most often credited as a shift towards a negative conception of mathematics. Emotions related to motivational elements (Antilla et al., 2016) suggests that attitudes towards mathematics could continue to be affected with negative emotions that would lead to a decrease in motivation which could continue a cycle of negativity, raising concerns over the impact of emotions with motivation. This finding is particularly interesting for considering preservice teachers so that they understand the power they could have over the emotions of their own students.

The findings showed that some participants credited being challenged in mathematics as being the reason that they felt more positively about mathematics, while others noted that perceiving the mathematics as harder was the reason they now felt negatively about it. This research links to how mindset may affect the entire perception of the mathematics classroom; therefore, the need for a growth mindset [START_REF] Boaler | Mathematical mindsets[END_REF] as it may shift the entire perception of mathematics overall. The findings in this study also link to the caution by DeBellis and Golden (2006) that in their research they advocate for developing meta-affect that would allow them to use the negative feelings in a way that would lead to productive learning. Developing this meta-affect with future teachers could prove to be important, but also to make them aware of how to structure their classroom environment to encourage this outlook in their future students.

The smaller group of participants who reported a range of automatic emotions throughout their stories showed that the most prevalent portion of the [START_REF] Hannula | Attitude towards mathematics: Emotions, expectations and values[END_REF] framework in the study was emotions connected to mathematics events and not just automatic responses. This highlights the importance of considering the emotions related to specific events in teaching. This smaller group showed that their responses were caused by mainly external factors in that their feelings towards mathematics were entirely influenced by grades, success, or teacher impacts. As soon as grades dropped, success was less, or as the teacher was perceived as being unhelpful, mathematics was now seen with negative emotions. When the opposite was true, the mathematics was then seen in a more positive light. This research finding also aligns with what [START_REF] Philipp | Mathematics teachers' beliefs and affect[END_REF] noted that there is a connection between perceived proficiency and affect.

One smaller theme that came out of this data was around English speakers taking mathematics in French while in French Immersion programs in elementary and secondary school. Although only a small number reported the category, there was a theme around a dislike of math when in the French Immersion program that was resolved when returning to an English program. The participants often cited they felt like the language was a barrier, so this would be a worthwhile area to study further to investigate how this may impact the emotions that a future teacher holds around mathematics.

Even though [START_REF] Philipp | Mathematics teachers' beliefs and affect[END_REF] review found no research linking affect to classroom decisions but notes that there is support for teachers in developing a positive affect. This research sought to begin the conversation about how to support future teachers in developing a more positive relationship with mathematics through understanding what causes shifts in their emotions related to mathematics. Future research directions could consider the intersections with beliefs and practices in mathematics.

Table 1 : All stories categorized by emotion

 1 

	Type of Emotion	Number	Percentage
	Positive	38	20.9%
	Negative	50	27.5%
	Neutral	16	8.8%
	Shift	78	42.9%

Table 2 : All stories grouped by the type of shift

 2 

	Type of Emotion	Number	Percentage
	Positive to Negative	37	47.4%
	Negative to Positive	17	21.8%
	Multiple shifts beginning with positive	13	16.7%
	Multiple shifts beginning with negative	6	7.7%
	Multiple emotions throughout	5	6.4%

Table 3 : When the shift from positive to negative occurred

 3 The codes in this group of stories could be sorted into five overarching themes: external motivating factors, societal pressure, internal motivating factors, perception of purpose, and content. External motivating factors and societal pressure were the most commonly noted themes in this portion of the data set. External motivating factors included unhelpful or unapproachable teachers, classroom management styles, grades, and teaching pedagogy. Examples of societal pressure included teacher humiliation, peer pressure, family pressure, and a fear of looking "dumb" in front of peers. Internal motivating factors included frustration, a lack of understanding, fear of failure, and the work being harder that previous grades or units. Perception of purpose related to participants finding the mathematics unconnected to real life or any real-world application for being studied. Content included timed drills, functions, calculus, data management, and algebra.

	Type of Emotion	Number	Percentage
	Grades 3-5	4	11.4%
	Grades 6-8 (middle school)	3	8.6%
	Secondary school (Grades 9-12)	21	60%
	University	7	20%

Table 4 : When the shift from negative to positive occurred

 4 

	Type of Emotion	Number	Percentage
	Grades 6-8 (middle school)	4	23.5%
	Secondary school (Grades 9-12)	7	41.2%
	University	3	17.6%
	Adult (after school years)	3	17.6%