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We explore the intertwining of motivation, perceived competence and emotional disposition that emerge in STEM students' accounts of their relationship with mathematics. In particular, data have been collected from a sample of 50 first-year university students enrolled in an environmental sciences undergraduate course. We ask the students to draw the variation of the intensity of the aforementioned affective dimensions over time, and to verbally comment their drawings. Trait-and state-like nature of affective variables emerge.

Introduction

Many studies in Mathematics Education discuss the central role of attitudes and motivation with respect to dropout/success at university, especially in STEM courses. Di [START_REF] Martino | The Mathematical Crisis in Secondary-Tertiary Transition[END_REF] underline that attitudes have an impact on undergraduate student's choices and can prevent one from enrolling in an undergraduate course only because there is some mathematics in it. [START_REF] Gueudet | Investigating the secondary-tertiary transition[END_REF] reviews a variety of studies that show how lack of performance and lack of motivation turn out to strongly challenge the transition to university. Gildehaus et al. (in press) argue that the formal way of doing mathematics in general, and rigorous proof in particular, causes huge cognitive struggle for many mathematics students. It is not only cognitive struggle and a related lack of perceived competence, but also emotional struggle [START_REF] Rodd | Participation in undergraduate mathematics: choices and defenses[END_REF] and loss of motivation that causes difficulties to students. This is common across different national settings, but many students show a loss of motivation in the first semester, and some of them recreate their interest after some time [START_REF] Liebendörfer | Motivationsentwicklung im Mathematikstudium[END_REF], while others drop out. With respect to this short review of literature on STEM freshmens' difficulties in mathematics, we add that, as also [START_REF] Hannula | Exploring new dimensions of mathematics-related affect: embodied and social theories[END_REF] observes, many studies in mathematics education tend to consider one dimension at a time: "Theoretical frameworks have typically foregrounded just one of these categories [i.e., cognition, motivation and emotion], while the other two categories are positioned in subordinate roles. For example, motivation theories may handle emotion as part of motivation, or emotion theories may handle cognition as part of emotion" (p.144). In this paper, we aim at considering the intertwining of attitude and motivation in affecting academic success at a first year STEM course.

Theoretical Framework: emotional disposition, self-confidence, motivation

Cognition, motivation and emotion are considered the three main explanatory factors of behavior [START_REF] Hannula | Exploring new dimensions of mathematics-related affect: embodied and social theories[END_REF]. The essence of each of these categories can be seen in their role in learning: cognition deals with information and connects the cognising self with the environment to-beknown; motivation, which is related to one's goals and choices, directs behavior; emotions act as a feedback system to cognitive and motivational processes. [START_REF] Hannula | Exploring new dimensions of mathematics-related affect: embodied and social theories[END_REF] suggests further distinction between trait-like and state-like nature of emotions and motivation. Trait-like nature of an affective dimension refers to its stable parts, namely those that are hard to change. For example, Mitchell (1993), with respect to motivation, makes a distinction between personal interest (a trait) and situational interest (a state). With respect to emotions, [START_REF] Hannula | Exploring new dimensions of mathematics-related affect: embodied and social theories[END_REF] provides an example: "in the case of mathematics anxiety, an anxious student experiences fear (emotional state) when faced with a mathematical task and, on the other hand, has a tendency to experience this fear (emotional trait)" (p.145).

Since we are interested in examining not only the state-and trait-like nature of affective variables as they emerge in the students' accounts, but also the inter-dependencies of motivation, emotion and self-confidence over time, following [START_REF] Liljedahl | Emotions as Orienting Experiences[END_REF], we consider what he calls a "participative" research perspective on mathematical learning processes, which allows for a deep understanding of the role these variables in learning, and we shortly recall it in what follows.

Cultural Historical Activity Theory (CHAT), initially elaborated by [START_REF] Leont'ev | Activity, consciousness, and personality[END_REF], argues that every human activity, including mathematics, problem solving, etcetera, has a goal. Each goal becomes a reason for human action, to act in a way or another. Hence, motives guide human actions. They can be either conscious or unconscious and serve the purpose of satisfying our needs [START_REF] Leont'ev | Activity, consciousness, and personality[END_REF]. With respect to motivations, the expectancy-value theory, which has been developed within socio-cultural research and hence is coherent with CHAT's premises, assumes that a student's engagement, as well as her educational choices, and even her success are influenced by two types of beliefs: success expectations and subjective value of the task. Expectancies are defined as beliefs about one's ability to perform an activity and have been shown to predict success more strongly than actual academic performance [START_REF] Eccles | From expectancy-value theory to situated expectancy-value theory: A developmental, social cognitive, and sociocultural perspective on motivation[END_REF]. Value is another component of expectancy-value theory, according to which if students value a strategy, they use it often. Three types of values are: attainment value (which implies that an activity is part of an individual's personal identity), intrinsic/interest value (associated to the feeling of enjoyment in performing an activity), and extrinsic/utility value (which refers to the students' view that an activity can help them achieve their goals). Personal cost is the third component of motivation and it includes the amount of time and effort that a person will invest in an activity [START_REF] Wigfield | Expectancy-value theory of achievement motivation[END_REF]. Values have been shown to be stronger predictors of success than academic commitment and actual academic choices [START_REF] Wigfield | Expectancy-value theory of achievement motivation[END_REF].

As [START_REF] Radford | Of love, frustration, and mathematics: A Cultural-historical approach to emotions in mathematics teaching and learning[END_REF] observes, the change of perspective, from "acquisitionist" to "participatory", involves for the researcher a radical leap from considering affect as internal, subjective and physiological, usually of an irrational nature, to considering it as socially and historically constituted. Di [START_REF] Martino | Attitude towards mathematics: a bridge between beliefs and emotions[END_REF] further observe that one of the most critical aspects, yet still to be clarified, is the relationship between beliefs and emotions, a problematic relationship that recalls the problem of the nature of the interaction between cognitive, motivational and emotional aspects in mathematics learning activities [START_REF] Zan | Affect in mathematics education: An introduction[END_REF]. The construct of attitudes towards mathematics, which is one of the two main focuses of our research, is somehow "halfway" between emotion and belief. Di [START_REF] Martino | Attitude towards mathematics: a bridge between beliefs and emotions[END_REF] recall that such a construct is defined, in the context of social psychology, as an orientation to behave in a certain way, explicitly underlining the close link between attitude and behavior, and in particular between attitude and ability to make predictions about behavior. However, in this regard, Di [START_REF] Martino | Attitude towards mathematics: a bridge between beliefs and emotions[END_REF] suggest passing from a normative approach (which aims to explain the causes of the behavior, thus pretending to predict behavior), to an interpretative one, in which affective aspects help describing the interactions among them and between them and learning. This allows the researcher to understand the motives of intentional actions. In this direction, Di [START_REF] Martino | Attitude towards mathematics: a bridge between beliefs and emotions[END_REF] have elaborated a model for attitudes that considers, on one side, the emotional disposition towards mathematics, expressed as 'I like/dislike mathematics', and on the other side the perception of being/not being able to succeed in mathematics, which is often referred to as perceived competence (Pajares & Miller, 1994) and expressed as 'I can/can't'. The two researchers report, in their studies, a close relationship between negative emotional disposition (i.e., 'I don't like mathematics') and perceived competence (i.e., 'I'm not able in mathematics').

With these theoretical premises, in this study we aim at answering the following research questions: when undergraduate students are asked to talk about the evolution over time of their relationship with mathematics in terms of how much they like it, how much they feel competent and how much they feel motivated, is there a trait or a state nature of these aspects that emerge?

Methods

In order to answer the aforementioned research questions, a sample of students has been involved in data collection concerning the variation over time of these variables, with a methodology that is called "drawing affect" and that is shortly described in what follows (see also [START_REF] Satyam | Affect graphing: leveraging graphical representations in the study of students' affect in mathematics[END_REF]. Details on the participants and on the method of data collection are given below. There are several methods to collect data on students' affect-related dimensions in mathematics learning processes: for example, quantitative measures based on closed-ended questionnaires, qualitative measures using observation, interviews, or autobiological diaries (see references in Satyamet al., 2022). All of these approaches assume that students can recognize and/or articulate their feelings verbally, both in response to prescribed choices (surveys), and in open responses (interviews, diaries). However, not all aspects related to beliefs, attitudes or emotions are consciously accessible, hence the methods that are based solely on verbalization can create methodological challenges. To draw for representing one's own affective experiences offers an alternative that relies less on words, while not eliminating them altogether. When students graph some aspects of their affective experience, they can describe it or place it on Cartesian axes representing time (the x-axis) and intensity (yaxis), as in the study conducted by [START_REF] Satyam | Affect graphing: leveraging graphical representations in the study of students' affect in mathematics[END_REF]. If the graph, which represents the trend of an affective aspect over time in terms of intensity, is followed by a verbal description, the researcher can access the affective experiences of the student through two communicative registers: the graphic one and the verbal one. This is the method of data collection and analysis that we employ in our research. This methodology has also been employed by [START_REF] Satyam | Affect graphing: leveraging graphical representations in the study of students' affect in mathematics[END_REF], who explore how graphing can be used to examine students' perception of an affective construct, such as confidence or intensity of emotion, against time. The authors argue that an advantage of graphing is the reduced dependence on verbal data, the focus on the temporal ordering of participants' recollections, the explicit representations of change over time, and the creation of objects (i.e., the graphs) for discussion. We relied on this strategy of data collection as it supplements existing methods for studying affect in mathematics education, being a different medium through which students can communicate their experience. We also extended this method in order to capture more than one affective dimension varying over time, together with other dimensions represented on the same graph.

The study involved 50 participants, who were first-year undergraduate students enrolled in the degree in Environmental Science program at the University of Eastern Piedmont in Vercelli, Italy. The students participated on a voluntary basis. The group consisted of roughly half males and half females, with no information available about non-binary individuals. The average age of the participants was 21 years, and most of them had recently graduated from high school. The investigation began during the last mathematics class on January 10, 2023, a few weeks prior to the exam. The students were asked to draw a graph with three distinct lines, each representing one dimension of their mathematical experience. The red line represented the participants' perception of their enjoyment of mathematics over time ("I like mathematics"), the blue one their perceived level of preparedness for the exam ("I am able in mathematics"), and the gray one their motivation to study mathematics. Additionally, the students were instructed to mark on the horizontal axis any moments that they deemed significant in their mathematical journey, including those before entering university. Finally, they were asked to explain in no more than 10 lines the reasons behind their representation of the three curves. The graphs were then analyzed in relation to the model proposed by Di [START_REF] Martino | Attitude towards mathematics: a bridge between beliefs and emotions[END_REF], to examine the trend over time of perceived competence and emotional disposition, while for the analysis of motivation we applied the lens of analysis provided by expectancy-value theory.

Results

A first distinction that emerges from the students' graphs is that some of them represent a sort of stable situation, namely a quite horizontal line that shows the level of motivation, emotional disposition and self-confidence as being constant over time (see Figure 1). It is as if the students refer to a trait-like aspect of their affect in their drawings. Other graphs show a more fluctuating situation, and we interpret them as if these students focus more on the state-like nature of motivation, emotion and self-confidence. We thus analyze the trait-versus state-like aspects of affect-related variables that emerge from the students' graphs. Representative examples of traitlike graphs are shown in Figure 1, where the graphs of Andrea, Benedetta, Davide and Paolo are reported.

Andrea's graph shows almost constant lines. The line of motivation is the highest and his comment is: "it is important to study mathematics, because it increases your reasoning skills and it is useful to have success in other topics (e.g., physics). Moreover, it is more pleasant than other subjects". We can classify Andrea's motivation as an intrinsic one, with a link established between the value mathematics has for the student and his pleasure in doing it. Andrea's positive disposition ("math is pleasant") is linked to the perceived usefulness of the subject. Andrea's words do not leave space for fluctuation in motivation, as he focuses on the trait-like aspects of it. For the perceived competence, he comments "I feel prepared for the exam" and also in this statement there is no reference to a possible fluctuation in time. For the emotional disposition, we notice a slight decrease, which is described as "an initial moment of adaptation, when my enthusiasm decreased temporarily", and then the "I like" remains constant (but lower than both motivation and perceived competence). Also Benedetta's graph is a series of constant lines, in the same order of Andrea: motivation is the highest, followed by perceived competence (which increases at the beginning of the course, but this is not commented by Benedetta), and then by emotional disposition, which is constant and low because "I never liked mathematics, it is very abstract, but it is necessary as it is at the basis of other sciences". We can notice that also Benedetta's motivation is intrinsic and mathematics is found to be useful, but differently from Andrea her emotional disposition is less positive. If we focus on the trait-versus state-like aspects of affective variables, we notice that also for Benedetta, there is coherence between her words, in which no reference to changes over time is present, and her graph: a trait-like feature of affect is predominant.

For Davide, the emotional disposition is, at least at the beginning, the highest one: "I always liked mathematics". There is a fluctuation in the red line, which is commented in this way: "I liked the games at the beginning of the course, then the more traditional topics did not interest me so much". The blue line of perceived competence is a constant and it is slightly below the red one, while the gray one is low and constant and Davide's comment is that "I always succeeded in mathematics, hence I have never felt the need to be motivated to do mathematics".

In Paolo's case, the gray curve of motivation is the highest, with an increase at the beginning of the course because "I could recap the topics seen at school and I felt much more confident in passing the exam". Paolo establishes a link between motivation (i.e., the curve he is commenting) and his perceived competence (i.e., having the opportunity to recap the contents, which in turn made him feel able to pass the exam). The red curve of emotional disposition is below the motivation one, and we see an increase also in this case: "at the beginning I did not feel strong in mathematics, but I found it interesting at the beginning of the course and I started liking it more". Also for Paolo we can notice an intrinsic value assigned to mathematics. The blue line of perceived competence is the lowest one, with an increase at the beginning: "I was aware I had to work hard", comments Paolo. There is a reference to the cost aspect of motivation, in these words. We can further notice that Paolo connects his emotional disposition with perceived competence.

The graphs of Andrea, Benedetta, Davide and Paolo allow us to understand different situations with respect to a trait-like approach to one's own motivation, emotional disposition and perceived competence. Motivation is always the highest curve (with the exception of Davide's case), followed by perceived competence for two students and by emotional disposition for the third one. In the students' comments, being the curves almost constant, there is little to no reference to changes over time. It is, in fact, hard to see how one variable influences or is influenced by the others. Thus, even if this kind of graphs represent the majority of students' answers, we find it interesting to comment on the fewer cases where a state-like aspect of affective variables emerge. We see two examples.

Figure 1 reports also the graphs drawn by Ilaria and Filippo: we can see a certain degree of variation in the curves: Ilaria draws an increasing curve for the perceived competence, which reaches a maximum and then slightly decreases; the emotional disposition starts constant, decreases, then increases again. The motivation seems the most constant, with just a decrease after the beginning of the course. Ilaria comments the variations in the emotional disposition in this way: "I found some topics difficult to understand", thus the state-like aspect of Ilaria's emotions depend, in her own interpretation, on the difficulty of the lesson. We can interpret this in terms of the cost dimension of motivation and see a connection between this dimension and emotional disposition. Filippo's graph shows a decrease in the emotional disposition, then an increase, and also in his view this fluctuation is linked to the topic of the lesson: "at the beginning I liked mathematics, then the games made me hate it but with the integrals I started loving it again". Filippo's perceived competence is fluctuating, as if he focuses on the state-like aspect of it, and also motivation changes: it is low and constant at the beginning, then it increases. And this increase in motivation goes parallel with the increase in emotional disposition.

Discussion and conclusion

From the six selected cases of students, Andrea's protocol confirms results in literature (Di [START_REF] Martino | Attitude towards mathematics: a bridge between beliefs and emotions[END_REF][START_REF] Eccles | From expectancy-value theory to situated expectancy-value theory: A developmental, social cognitive, and sociocultural perspective on motivation[END_REF]: positive motivation is linked to positive emotional disposition and to high perceived competence. Moreover, all this emerges as a trait, which is stable. The case of Benedetta contradicts, partly, this result: motivation is positive also for her, but emotional disposition is quite negative as she does not like mathematics. Davide's situation is even more different: motivation is not positive (and the reason Davide declares for this is that he had never to resort to motivation because he always liked mathematics and he always succeeded in mathematics), hence it as if, in terms of the value (in terms of [START_REF] Wigfield | Expectancy-value theory of achievement motivation[END_REF] that mathematics has for him, Davide had never to struggle for it. Also in this case, it is a stable trait that prevails. Finally, the case of Paolo allows us to confirm the positive interdependence between emotional disposition ("I started liking math more"), perceived competence ("I felt more confident") and interest towards mathematics, confirming [START_REF] Wigfield | Expectancy-value theory of achievement motivation[END_REF] findings. The majority of students draw graphs of this sort, namely graphs that show mostly horizontal lines that, in our interpretation, speak for trait-like aspects of affect.

The drawings of Ilaria and Filippo, which refer to a more state-like and fluctuating aspect of emotional disposition, perceived competence and motivation, allow us to see how these three dimensions are interrelated: for Filippo, motivation and emotional disposition grow together and this finding is in line with [START_REF] Wigfield | Expectancy-value theory of achievement motivation[END_REF]. Perceived competence, indeed, has ups and downs that do not seem to be related with the other dimensions. For Ilaria, motivation and emotional disposition are constant, then decrease, then increase as if they are intertwined, while the perceived competence increases then decreases as if it was rather independent from the other two dimensions.

To conclude, we can say that the methodology of drawing affect, as we called it, has a potential to allow the researcher to explore how students describe their relationship with mathematics by resorting to different registers: the graphic one and the verbal one. The researchers that first introduced this method (i.e., [START_REF] Satyam | Affect graphing: leveraging graphical representations in the study of students' affect in mathematics[END_REF] do not point out any limitation of it and the methodology is very recent in order to have already received critiques. In our study, we reflected on its limitations and we propose that one of its limits is the fact that we ask the students to draw the lines representing the changes in motivation, emotional disposition and perceived competence without having any clue if these dimensions are psychologically central (see DiMartino & Zan, 2011) for them. Namely, at least one of these can have limited relevance for a particular students' relation with mathematics, but we somehow force her to say something about it. A second limitation can be that each student may have different perceptions of both scales on the x-axis (representing time) and y-axis (representing intensity), hence it might be difficult to compare the graphs and create a sort of a metric. However, we claim that the aim of our study is not to create comparisons among students, but to explore how three relevant affective dimensions are intertwined as this intertwining emerges from their own narratives and graphical representations. Intertwining is meant, in this study, as co-variation over time. We claim that the emergence of either focus on trait-or state-like nature of experienced motivation, emotion and attitude helps us unveil how students' relationship with math varies at the beginning of undergraduate STEM studies. Follow-up studies would show how this methodology can be used in other contexts, such as preservice teachers' education.
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 1 Figure 1: Andrea's (top-left), Benedetta's (top-middle), Davide's (bottom-left) and Paolo's (bottom-middle) graphs, which are examples of protocols where a trait-like of affect-related variables emerge. Ilaria's (top-right) and Filippo's (bottom-right) graphs, which are examples of protocols where a state-like of affect-related variables emerge. In red, the emotional disposition ("I like") is drawn, in blue the perceived competence ("I can") and in gray the motivation