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The present study focuses on teachers' emotions in relation to their decision-making in handling Pivotal Teaching Moments (PTMs), adopting an Activity Theory perspective. We study a case of an experienced mathematics teacher, who participated in a professional development (PD) program. Data comes from videotaped lessons, PD sessions and interviews with the teacher. From the first interview we identified teacher's motives and goals. From the other three interviews and the videotaped lessons we identified relations between PTMs, emotions and actions. According to the results ten PTMs appeared, accompanied by negative, positive, mixed or neutral emotions. Teacher's emotions seemed to reflect his sense of possibility of achieving his goals while his actions move towards his goals' achievement.

Introduction

Emotions set the context for teaching, affect social relations, and reveal effects of power in the classroom [START_REF] Zembylas | Emotion metaphors and emotional labor in science teaching[END_REF]. Emotions has occupied much of the international literature, but very little research focuses on teachers' emotions [START_REF] Hagenauer | Teacher emotions in the classroom: associations with students' engagement, classroom discipline and the interpersonal teacher-student relationship[END_REF], and much more on emotions that arise in mathematics teaching. This is probably due to the methodological difficulties that lie in the qualitative study of emotion, due to its ambiguous nature, which is why most of the studies that have been carried out, mainly concern quantitative approaches. Teachers' emotions are related to the quality of teaching and are a key factor in teachers' decision making [START_REF] Martino | Pre-service primary teachers' emotions: The math-redemption phenomenon[END_REF]. Bishop (2008, p. 30) considers decision making at "the heart of the teaching process" and he argues that if we know about teachers' decisions, we can link teaching to a number of different aspects (e.g., objectives, intentions, children's attitudes, children's mathematical development) and so search for ways of improving its quality [START_REF] Potari | Teacher decision making: Developments in research and theory[END_REF]. [START_REF] Zembylas | Emotion metaphors and emotional labor in science teaching[END_REF] highlights that teachers' decisions are influenced by emotions and reflect teachers' values and beliefs about teaching. Yet, the affective dimension of mathematics teacher decision-making is rarely the focus of research. Teacher decision making is triggered usually on what Stockero and Van Zoest (2013) call pivotal teaching moments (PTM). The tensions that arise during PTMs are considered stressful for teachers and usually negative emotions accompany their management [START_REF] Pillen | Tensions in beginning teachers' professional identity development, accompanying feelings and coping strategies[END_REF].

Therefore, we attempt deepening our understanding on teachers' on-the-moment decision-making while handling PTMs, and their emotions involved in the process. The study of mathematics teaching through these lenses can offer new perspectives on the management and the quality of teaching and consequently on student learning. Our research question is: How do emotions relate to teacher's decision-making in handling PTMs?

Theoretical Framework

In our study we see emotions being formed within the context of the activity in which the individual participates. We adopt the Activity Theory (AT) framework where the activity (mathematics teaching) with the teacher as the subject, is directed towards an object (students' learning) and is expressed through actions with conscious goals. [START_REF] Engeström | Activity theory and individual and social transformation[END_REF] takes joint activity as the unit of analysis focusing on the process of social transformation and emphasizes upon the conflictual nature of social practice. The activity is dialectically related to subject's actions: the motive of the activity is concretized as the goal of the action and the action is the one that affects the object of the activity. Action is the way in which the subject engages with the object, that is, the way in which the individual performs the collective activity. Within this context, emotion is a holistic expression of the subject's current state in relation to the object, and the subject's sense of the possibility of success in realizing the object/motive he/she has accepted [START_REF] Leont'ev | Activity, consciousness, and personality[END_REF]. According to Burkitt (2021, p. 13), emotions are integral components of social interactions, and "they function in complex ways, not only as internal signals to one's self, but also as signals to others, which are frequently spontaneously expressed in the moment without full consciousness of our intention". Thus, the emotion moves together with the activity as a whole, and is one of its manifestations in the actions of the subject in the effort to achieve his conscious goals. Instability, tensions and contradictions, that may occur, may affect subject's emotions in relation to its goals, and thus his actions, reforming the whole activity's context. According to [START_REF] Ekman | What is meant by calling emotions basic[END_REF] the basic (seven) emotions are discrete physiological responses to fundamental life situations that have been useful in our ancestral environment. [START_REF] Plutchik | The nature of emotions[END_REF], in his three-dimensional model, presents the characterizations of the primary emotions' intensity and also refers to the "primary dyads" emotions, that are mixtures of two of the primary emotions. Stockero and Van Zoest (2013, p. 127) define a pivotal teaching moment (PTM) to be "an instance in a classroom lesson in which an interruption in the flow of the lesson provides the teacher an opportunity to modify instruction, to extend/change the nature of students' mathematical understanding". When a PTM occurs, the teacher should at first recognize it and then decide how to handle his/her interruption. Five types of PTMs were identified: extending, incorrect mathematics, sense making, mathematical contradiction and mathematical confusion.

The teachers trying to manage the PTMs that occur in their classrooms, they are called to take on the moment decisions. According to Engeström (2001, p. 281) "decisions are not made alone; they are indirectly or directly influenced by other participants of the activity (e.g., students in the classroom, other teachers). Decisions are typically steps in a temporally distributed chain of interconnected events". In terms of responsibility and power, decisions have moral and ideological underpinnings. Decisions shape the future of the broader activity system within which they are made, not just the ostensible problem or task at hand [START_REF] Engeström | Making expansive decisions: An activity-theoretical study of practitioners building collaborative medical care for children[END_REF].

Methodology The context of the study and the case of the teacher

The present study is a case study of one high school mathematics teacher in Greece with 30 years teaching experience, a master's degree in special education and rich professional development (PD) experiences. This study is carried out in the context of a professional development program EDUCATE (http://www.ucy.ac.cy/educate/en/general-information/the-project), aiming to support teachers to balance differentiated learning and mathematical challenge. In the context of EDUCATE, he worked in a video club setting with five other high school teachers to conceptualize the meaning of differentiation and mathematically challenging tasks and enact them in the classroom teaching. In particular, seven two-hour PD sessions took place along a period of a school year (2017)(2018) and in between the teachers had to plan lessons, enact in their classrooms to address the focus of EDUCATE and share video-excerpts from their lessons with the other teachers in the PD sessions. The teacher of our study designed three lessons two for grade 10 class and one for grade 11 class (mixed ability classes). The aim of balancing differentiation and mathematical challenge, to which the teacher is called to respond, is a fertile ground for creating PTMs and the emergence of emotions as it is new and demanding enough for him. The above process was followed by all the teachers in the group but in this article, we focus on the teacher with the characteristics we described above.

Data and Data Analysis

The data has been generated from the three videotaped lessons, the seven PD sessions and four semistructured interviews with the teacher. Initially, we analyzed the videotaped lessons to identify the PTMs, teacher's emotion(s) and his actions dealing with each incident, drawing additional data from teacher's reflections on his lessons during the PD sessions. The interviews were conducted by the first author. The first interview's aim was to outline the teacher's teaching profile and his overall teaching goals. For each one of the other three interviews, the teacher was asked to watch the videotaped lessons and identify incidents that he considered important and/or that indicate emotions from his side. In the first part of each interview, we discussed the moments chosen by the teacher, while in the second part the moments chosen by the researcher, in relation to his emotions and actions. Some of the questions addressed to the teacher, when discussing about each incident, are: Why did you choose to discuss this incident? How do you feel at that moment? Why do you feel that way? How you usually feel in similar moments? How did you act/react? Why did you act that way? To identify the PTMs and teacher's actions during teaching we used an expansion of Stockero and Van Zoest's (2013) framework. To identify teacher's emotions during the PTMs, we used semiotic tools such as gestures, facial expressions, gazes (see [START_REF] Ekman | Unmasking the face: A guide to recognizing emotions from facial clues[END_REF] and voice pitch. Then we transcribed the interview data and grounded analyzed them in order to verify teacher's emotions and find relationships between the PTMs, decision-making and teacher's emotion(s). Our emotion characterization was based on a synthesis of [START_REF] Plutchik | The nature of emotions[END_REF] and [START_REF] Ekman | What is meant by calling emotions basic[END_REF] models. Through this process, the coding schemes used for the analysis of PTMs, teacher's actions and teacher's emotions, are presented in Table 1. Categorizing the data about "why" the teacher feels or acts in this way, we captured the categories that are presented in Table 2 along with their meanings. 

Results

Motives and goals

Through the initial interview some information was gathered about teacher's motives and goals.

Below is an excerpt from the interview with the teacher:

Interviewer: What characterizes your teachings? Teacher: Students' engagement. Interviewer: What do you mean by that? Teacher:

It's obvious. It makes no sense to just copy a solution from the board into their notebook or "parrot" procedures and operations to be able to solve an exercise. It is necessary for them to get involved in the resolution process….to think. Only then is it possible for them to make sense of what they are doing, to see some utility, and I am referring to the mathematics they use. Interviewer: I see that this is of great importance. But it is also difficult to succeed. How do you do that? Teacher:

I improvise a lot. Depending on where the flow of the class will throw me or I will think what I want to do. Interviewer: So? Teacher:

(pause) So, I try to play, challenge them with questions and arouse students' interest.

It is important because the student will be bored, and secondly, I am bored too talking all by myself (laughs).

The above extract illustrates teacher's image of the object (motive) of the activity which is students' engagement and making sense of mathematics. To achieve students' engagement, he poses two main goals, to attract students' interest and to involve as many students as possible. He rejoices when the majority of students interact with each other and with him during the lesson as he considers learning a collective process. He wants even for the students that won't follow a mathematical orientation, to develop a mathematical way of thinking. It is also important for him to build a safe classroom environment for the students to feel free to express their ideas.

Emotions and Decision-making: Approaching "why"

In our data ten PTMs appeared: four are accompanied by negative emotions (I.M., M.C., G.C and E.), four by positive emotions (S.M., M.C., G.C. and E.), one by positive and negative emotions (S.M.) and one by neutral emotion (M.C.). In Table 3 we illustrate our findings about five out of the ten PTMs, the most representative of each category (based on the intensity of emotions' expressions). Redirecting to goal "It is important to hear all the views of the students so that there is a "game" between them." … "when something is heard from their classmate, it is more easily accepted by the students because it is not something "alien sounds" that is heard by the authority".

nd PTM (Extending):

A student presents an alternative (correct) way of solving that goes beyond the mathematics that the teacher had planned to discuss. The teacher doesn't seem to fully understand it at that moment and skips it.

Negative

Emotions

Anxiety

Why? Interview's Excerpt

Slow on goal "Because then I didn't fully understand what the student were saying". Also, "there was no time to devote to it" and had to remain in the original lesson plan.

Actions

Ignores/Dismisses Holding on to goal "You want to move forward, you also have a flow, a path of thought and you skip it".

rd PTM (Mathematical Confusion):

There is interaction between the students. They ask questions, they are confused about the concepts of decimals with infinite number of digits and irrational numbers. A student says "it is not possible to draw a length of 1.4… and infinite decimals, right?", he is troubled. The teacher tells him that if he gives him a ruler, he can draw it. After a few minutes of talking with the students, he states that this problem has preoccupied the Pythagoreans, and that in another lesson they will prove/construct the line segment with length √2. 

Why

Actions

Ignores/Dismisses

Pursues students' thinking Globalizing goal "If I had verified that this was the correct answer, the other students would have never tried to do something like that".

th PTM (Mathematical Confusion):

In classroom they complete the root-definition (on board) and a student does not understand why the constraint θ≥0 is needed since it is in the square. Then the teacher asks them: if √𝑎 = -5

then 𝑎 = 25 and then √25 = -5? He uses a non-example so that the student can see the error in his reasoning. He had "expected the students to have difficulty with the constraint".

Neutral Emotion

Why? Interview's Excerpt

Achieving goal

Actions

Pursues students' thinking Processing goal "I don't feel anything. The use of a constrain is a common confusion-point for the students, you know that too. Every year with each class we have the same talk about constrains and their use."

The first and the second PTMs are accompanied by negative emotions which are seemed to be created due to the unexpectedness of these incidents and their potential to make the teacher deviate from the initial lesson planning and his goals. Nevertheless, teacher's actions seem to target on redirecting or holding on to his initial goals. Teacher's positive emotions in PTMs seem to be created due to the positive outcomes of his interaction with the students in relation to his goals. Although in the third PTM it could be expected that his feelings were negative, he feels surprised and pleased because his students' mathematical confusion is a sign for him that the lesson he planned, triggered their mathematical thinking, something that is of extreme importance for him. In the fourth PTM, on one hand he is joyed due to his student's understanding and rigorous explanation but on the other hand he feels disappointed because he thinks that if he confirms the correctness of this answer, the other students' engagement would be minimized. His decisions once again align with his main goals and are oriented in confronting that negative emotion. The neutral emotion that accompanies the fifth PTM may be due to the fact that the teacher had been expecting this to happen. This also can be confirmed by his readiness to deal with this incident in such procedural way.

Discussion

In our study we try not just to describe the teacher's emotions and decision-making in handling PTMs, but also to find a way to make sense of his on-the-moment decisions through his emotions. Our teacher's case indicates that his emotions aren't directly dependent upon the type of each PTM (e.g., 3rd PTM in Table 3), but they reflect his sense of possibility of success in realizing the motive he has accepted [START_REF] Leont'ev | Activity, consciousness, and personality[END_REF]. Our findings agree with what Schoenfeld (2011, as cited in [START_REF] Potari | Teacher decision making: Developments in research and theory[END_REF] claims that decisions are consistent with the teachers' goals consciously or unconsciously. Through his decisions, the teacher seems to be led by his need to refocus his thinking and actions on the aspects of his environment (classroom interaction and management) they could change for achieving his goals, but also to be able to push back on the unpleasant emotions and try to maintain a positive disposition. A number of appraisals such as valence, goal congruency, expectedness, or controllability are assumed to influence human emotions; they can be classified as situational appraisals and appraisals about the self (Scherer et al., 2001, as cited in Schukajlow et al., 2017). The teacher's long teaching experience may justify his flexibility in how he moves towards his goals [START_REF] Westerman | Expert and novice teacher decision making[END_REF] and in handling his emotions, but further research into this aspect is necessary. The study of teachers' emotions in relation to their decision-making in more cases of teachers could give us insights for understanding better how these interrelate in the complex context of mathematics teaching and learning.

Table 1 : Coding PTMs, emotions and actions Emotions Basic (and intensity) Dyads

 1 

		Joy (Pleasure, Enthusiasm),	Pride (Pleasure + Satisfaction), Delight (Joy + Surprise),
		Sadness (Disappointment), Fear, Surprise,	Anxiety (Fear + Anticipation), Disapproval (Sadness +
		Anticipation		Surprise)
	PTMs	Extending (E), Incorrect Mathematics (I.M.), Sense-making (S.M.), Mathematical Confusion (M.C.), General Confusion (G.C.)	Actions	Extends and/or Makes connections, Pursues student(s) thinking, Continues as planned, Ignores/Dismisses, Giving extra time to students

Table 2 : Coding the "why" Why feels that way?

 2 Expecting goal: the teacher expects the goal to be achieved Moving away from goal: the teacher feels that he is moving away from achieving his goal Slow on goal: the teacher feels that the process of achieving the goal is delayed Conflicting goals: when his thought is attracted in different goals at the same time

	Achieving

goal: the teacher thinks he is approaching his goal Contributing to goal: when he contributes more than intended to achieve the goal Why acts that way?

Redirecting to goal: when acting so that the lesson progresses back to achieving his goal

Holding on to goal: when acting in such a way that the flow of the lesson doesn't deviate from the achievement of the goal

Processing goal: when a goal has been achieved and he extends it through his actions Globalizing goal: when he had a goal about one student and momentarily makes it a goal for all the students of his class

Table 3 : PTMs, emotions, actions and "why" 1 st PTM (Incorrect Mathematics):

 3 The teacher asks why we use the root symbol. Students give insufficient or incorrect answers. The teacher seems a bit irritated. He listens to all students' answers without correcting them. After summing them up, they come to a correct conclusion.

	Negative Emotions	Anxiety Disapproval	Why? Expecting goal Moving away from goal	Interview's Excerpt "it is a crucial point what the students will answer for the development of the lesson" … "this knowledge should have been acquired in previous classes".
		Extends and/or		
		Makes connections		
	Actions	Pursues student(s) thinking		
		Ignores/Dismisses		

  A student unfolds his thinking and explains everything very correctly and in detail. The teacher does not confirm anything and asks for the others students' ideas.

			?	Interview's Excerpt
	Emotions Positive	Delight	Achieving goal	"This shows that the lesson works, there is interaction, the students have entered the "game" and it starts working in their mind, the student has something to say and the teacher has something to teach".
		Extends and/or	Holding on to goal	"I didn't want to escape tangible planning. The goal
	Actions	Makes connections Ignores/Dismisses		for this course was to reach the definition of the ninth root, so time would not be enough.".
		Continues as planned		
	4 th PTM (Sense Making): Joy Disappointment Mixed Emotions	Why? Conflicting goals	Interview's Excerpt "Because the student has understood from a previous lesson what he says and reproduces it now… I don't want it to end like this for the other students".