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This work means to highlight the reactions of the students when their interactions with a digital storytelling in mathematics are influenced by the feedback of an expert. That causes affective reactions among the students that, taking a specific role, are immersed in the digital story and act to build an original version of it. In particular, this research is interested in analyzing the students' affective pathway in connection with some Goldin's engagement structures that emerged from group discussions. The qualitative data emerged from a pilot study lead us to explore this aspect in order to define specific categories that include affective and cognitive aspects.

Introduction

In the recent period of pandemic emergency there has been much talk about Distance Learning, with teachers of all levels finding themselves transforming into distance learning teachers, with difficulties and constraints that this sudden change would mean from a pedagogical, didactic and social standpoint, and also with all problems connected with the greater or lesser technological competence of teachers and the extent of technological equipment available for students. In such a situation, we are called to reflect on the potential of technologies to integrate, improve and rethink some aspects of face-to-face didactics. Studies developed within the PRIN 2015 project "Digital Interactive Storytelling in Mathematics: a competence-based social approach "1 , go in this direction.

The basic idea is, on the one hand, to use technologies to involve the student in the story and make them interact with other teammates; and, on the other hand, to create problematic situations (mathematical) which the student-actor has to deal with during the story. Similarly, the student is faced with solving problems that may concern their character. On the basis of a plot prepared by the teacher, the students therefore become actors of a story that they themselves contribute to creating, also through choices made in problematic situations they progressively encounter and by interacting with their teammates.

The main objective is to allow, through a DIST-M (Digital Interactive Storytelling in Mathematics), for the active involvement of each student, who will have to think and act as a character in the story, having their own role, and taking on the emotional load that this condition entails. However, the whole group is the actor being in the narrative and in the mathematical challenges proposed. Each participant has a role and can make their own contribution; in fact, the student can be supported and is supposed to deal with peers, in a perspective that is not only inclusive, but also able to promote communication skills in mathematics. The study, whose first experiments were already presented during TWG08 CERME11 conference [START_REF] Albano | Engagement in mathematics through digital interactive storytelling[END_REF], is based on a group of learners being engaged in a mathematical problem solving supported by an expert (Guru) who intervenes in the group discussion at various times, primarily when she feels the process is slowing or stops, acting as a motivator. So, through peer and expert interactions we attempt to answer the following two research questions: RQ1: How does an expert, that acts as a guide, a facilitator, know when to intervene in group learning? RQ2: What does feelings Guru's presence provoke in the students when they are playing in the digital story?

Starting from scholars such as Hannula (2002) and [START_REF] Cobb | Young children's emotional acts while engaged in mathematical problem solving[END_REF], who have investigated students' affect during problem solving-focused teaching experiments over a period of time, we mean to analyze the affective field in collaborative problems solving, such as digital storytelling, and how the affective field is addressed by the Guru's contribution.

Theoretical background

Most of the research on students' emotions in the field of mathematics education focuses on their role in mathematical problem solving activities [START_REF] Mcleod | Affect and mathematical problem solving: A new perspective[END_REF][START_REF] Debellis | Affect and meta-affect in mathematical problem solving: A representational perspective[END_REF]. Indeed, mathematical problem solving activities also become fruitful ground for investigating the influence of affective factors in mathematical thinking processes [START_REF] Gómez-Chacón | Affective influence in the knowledge of mathematics[END_REF][START_REF] Pesonen | Analyzing students' emotional states during problem solving using automatic emotion recognition software and screen recordings[END_REF]. In particular, DeBellis and [START_REF] Debellis | Affect and meta-affect in mathematical problem solving: A representational perspective[END_REF] talk about "affective pathway" as "established sequences of (local) states of feeling that interact with cognitive configurations" (p.134). They also underline the importance of meta-affect, defined as "affect about affect, affect about and within cognition about affect, and the individual's monitoring of affect through cognition" (p. 136). From a methodological point of view, the interplay between affect and cognition is quite a complex topic to be investigated. Such an interaction is far more present in problem solving situations where, given the nature of the same activity, students live experiences of impasse and construct new representations. In the context of problem solving activities, terms such as engage and engagement are used. In particular Goldin et al. (2011) refer to "engagement structure" as a tool for framing the analysis of the complex nature of affect, and particularly the interaction between individual and social aspects of students' problem-solving experiences in mathematics. In this kind of "framing" situation, affect, cognition and motivation interact to influence students' mathematical engagement in a social environment; the affective pathway is, therefore, one of the components of the structure. [START_REF] Goldin | Motivating desires for classroom engagement in the learning of mathematics[END_REF] describes various examples of engagement structures (ES) constructed from observation. In this work we recall and adapt those that emerged from chat room discussions such as: I'm Really Into This (the desire to enter and maintain the experience of learning mathematics), Help Me (the desire to obtain help or support for solving a mathematical problem or understating mathematics). These ES relates the role mathematical affect has on ones' "doing" mathematics as a learner. Hence, our theoretical framework makes reference to [START_REF] Goldin | Motivating desires for classroom engagement in the learning of mathematics[END_REF] understanding of engagement while our approach is based on the use of collaborative scripts [START_REF] King | Scripting collaborative learning processes: A cognitive perspective[END_REF] that consider a sequence of Vygotskian activities [START_REF] Vygotsky | Mind in society: The development of higher psychological processes[END_REF] embedded in a framework of digital storytelling. Eventually, the methodology involves the interaction among peers [START_REF] Albano | Engagement in mathematics through digital interactive storytelling[END_REF] on an e-learning platform (Moodle).

Methodology

The design of the activity

The macro-script of the story consists of five activities corresponding to stages of a mathematician's work during a problem-solving process [START_REF] Boero | Argumentation and mathematical proof: a complex, productive, unavoidable relationship in mathematics and mathematics education[END_REF]. First we have an Exploration phase, where the problem is explored and first hypotheses of solution are proposed, followed by the Conjecture phase, devoted to refine the hypotheses (often in spoken language) to obtain a clear and complete conjecture. Third and subsequent phase is called Formalization, in which the "best" (or more promising) conjecture is translated into mathematical language; this represents an essential step to fully trigger the following phase, namely, the Proof, where all current mathematical knowledge is applied to prove (or confute) the mathematical conjecture. Finally, a Reflection phase, which allows mathematicians to possibly retrace the story from the mathematical point of view and produce a statement to be shared with the community. All these phases are translated and modeled with structured learning activities within a storytelling framework; each of them corresponding to an episode in the story. Along the above steps, various situations that a mathematician may face in solving a problem have also been identified: a) problem solvers observe the path for finding a solution; b) they take action to find a solving strategy; c) if they think they are failing or feel stuck, they try to reassure themselves in order to restart successfully; d) they try to find an insight or ask for help from an expert or from external sources (books, journals, etc.); e) they ask themselves whether the solution path is working or not; f) they look for evidence to justify their conjecture; g) in case they find something to be corrected, they give the new solution in the exact form. The sequence is not necessarily linear, and could be cyclical or could not include all of the situations mentioned above. However, in all these situations, we can identify an interaction among different forms of thought and discourse, which we have modeled as cooperation among characters.

The story and its characters

The key attitudes illustrated beforehand are "embodied" by 5 distinct characters (or roles) within our storytelling. Specifically, the characters will work as a team within the storytelling, each one contributing to a step: Pest keeps asking questions, trying to make everything clearer; Blogger records and shares all team's achievements in a written form; Boss keeps the group working and well-focused on the objective; Promoter suggests new ideas and searches for directions. In case of difficulty, the Promoter can ask the fifth character for helping them, Guru (an external expert, typically the teacher or a researcher) who, otherwise, would not be fully involved in the story. Guru intervenes during the interactions among the actors with the aim to let them clarify their comments and remarks or improve the communication. This type of personalized approach promotes first-person engagement within the story, while team working supports the social construction of (possibly new) shared knowledge. To sum up, we have a story, organized in 5 episodes, where students play as characters. They are given a proper role (which changes from one episode to the other) and specific actions to perform according to their role in the episode. Some tasks are individual, some other are collaborative and therefore require a good level of communication and coordination (students are not allowed to directly talk to each other). It is worth saying that students, based on our storytelling approach, do not "create" the story that they are playing (since by doing so it would be difficult to predict its directions and success).

The designed model allows to the students to participate in the story in two different ways. For each episode we have: 1) One group acts as Actors: each student in the group takes on the role of one of the characters described above; 2) The other groups act as active and aware Onlooker: each student takes charge of observing a specific character in the story and reflects on how the observed character behaves with respect to both the mathematical problem and the role she is playing.

The immersive aspect of DIST-M is strongly related to I'm Really Into This engagement structure: each student "comes into the story" as a character, as an Actor or as an Onlooker. Associated to Help Me engagement structure could be considered the role played by the teacher in the story (Guru), who will provide (explicitly or implicitly) for a variety of ways in which students' needs can be satisfied, overcoming the impasse responsible for disrupting the learning process. So, she embodies the role of "wisdom" and represents a source of knowledge for students to draw upon when needed. In order to allow each student to take part and play within the story, we arranged all students in teams of 4 members (one for each of the above characters). In unstructured collaborative problem solving, students often remain in the role in which they feel most comfortable. In the proposed model, however, both the groups of Actors and Observers rotate, as do the roles within each group. For example, if in the first episode a group played as Actors, in the second episode they will play as Observers and a group that played as Observers will play as Actors. Also, if a student played as Boss in the first episode, they will play as an Observer of a different role than Boss in the second episode. In this way, each student experiences (as Actor or Observer) all of the cognitive functions, and this can lead to ownership of those functions by each. The constant change of perspective, moving from Actor to Onlooker and from one role to another are intended to help internalize all the roles and phases [START_REF] Vygotsky | Mind in society: The development of higher psychological processes[END_REF].

The chosen problem

The mathematical problem proposed concerned an algebraic regularity of four consecutive numbers [START_REF] Mellone | Ambiguity as a cognitive and didactic resource[END_REF] as follows: "Choose four consecutive natural numbers, multiply the two intermediates, multiply the two extremes, and subtract the results. What do you get?"

The problem was presented within the story in a more implicit way by means of some quadruplets and operations. Students were expected to explore the situation, to formulate conjectures, concluding that the result was always 2, and, thus, to prove it. At the end of the story we submitted a questionnaire to the students in order to investigate their feedback on the whole experience. In this work, we are interested in analyzing the students' feelings about Guru's involvement and the way they experienced her interventions in the discussion group. The interactions among peers try to give us an answer to RQ1; while through the answers that the students have given to a final questionnaire, we try to answer to RQ2. The sentences, considered in our analysis, are the students' answers to a specific question: "Did you feel comfortable enough or would you have felt more comfortable if she had been closer in age to you, but still more experienced? To what extent? Justify your answer".

The experimentation

The DIST-M was experimented with 26 first-year high school students. All students, enrolled in a Moodle course, were divided into groups of 4, or 5 if the total number of students was not a multiple of 4. Thus, we had four groups of four students and two groups of five students. In the case of groups of 5 students, the role that is duplicated is Pest (and Pest Onlooker) since this role is necessary to encourage the production of conjectures, arguments within the group, necessary to reach mathematical formalization and, therefore, the proof. The role of the expert, Guru in the story, was played jointly by a researcher together with the teacher. The flexibility of Moodle provided useful tools for both educational activities and social interactions. For instance, we used Chat rooms for all informal communication among students in the same group and as a privileged channel between the Promoter and Guru. Forums and Questionnaires, instead, were used in all formal communications between Actors and Guru. This shift, which mimics the transition from spoken to written language, was also intended to promote the transition to literate registers problem.

Data analysis and Results

In order to find an answer to the research questions and to investigate the affective factors (emotions, attitudes, interest) at stake in the interactions within the digital storytelling, we used both information extrapolated by the e-learning platform and data of the final questionnaire submitted at the end of the experimentation. In this regard, we looked at the transcriptions of the conversations extracted from the group chat room among all the characters and from the private chat room between Promoter and Guru. That provides us with information about possible interventions made by the Guru at various times of the group discussion, and primarily when she feels that the process is slowing or stops, acting, consequentially, as a motivator. Let us read excerpts of a Chat room discussion within Episode 2. In the first excerpt (lines 1-6) we can easily observe that Guru (named Gianmaria in the story) does not intervene during the discussion. He simply reads and observes, postponing her intervention to a later moment (line 7).

1

Promoter: I told Gianmaria that we have found a formula 2 Pest: I don't think 3

Promoter: He's telling me that now 4

Promoter: Eh…but I'm stuck 5

Promoter: How should we proceed? 6

Blogger: Let's summarize: if we subtract the product of medium and of extremes of 4 consecutive numbers, the result is always 2 7 Gianmaria: Fede, are you there? 8 Gianmaria: Look, I have an app that can help you with words 9

Promoter: A lot of useful words appear to explain the formula 10 Boss: Yes 11 Promoter:

We have to reconstruct a theorem from those words

The students, starting from the discussion between Promoter and Guru, try to formulate the conjecture, showing some difficulties. Blogger (line 6) tries to summarize, but her attempt is not enough to overcome the impasse. Guru, then, observing the discussion, decides to activate the digital tile app so as to direct the students towards the construction of the conjecture. The intervention of the Guru (as confirmed also by teacher/expert of the class) has conducted to a reflection about her role: her facilitator function does' not mean providing some specifics contents but guiding the students in the discovering of the solution. The role of facilitator was also recognized to the students, as some of their statements show:

41 Pest: I think she is the most important character in the story. 42 Promoter:

I think Gianmaria was helpful in solving the puzzle because she was able to prop the guys up 43 Boss:

I think Gianmaria' s character was helpful and is a good character. 51 BLO1:

I think he was very helpful, since she has made us deepen our ideas. 52 BLO2:

She is very good. She helped us when the solution was not correct. 61 BO1: She has been very good at removing doubts and making changes to the solution when necessary. 63 BO3:

She is very nagging, and it is lot of fun to answer her questions. 71 PO1:

Nice idea, but when she asks questions it feels like taking a real test; she should involve the characters more and make the questions simpler. 72 PO2:

I think that she is the main component of the story, although she could be a bit faster:)". 81 PRO1:

Thanks to her involvement we could engage with a person who knew more than us on the topic and was able to back us when we asked for help. 83 PRO3:

I think that sometimes Gianmaria asks too many questions, but that is acceptable since her job consists in finding the right solution. 84 PRO4:

Gianmaria is a character who helps solving the enigma by asking questions to the interlocutors to help them understand better. However, there are also some expressions of disappointment regarding the role played by Guru: boredom expressions "she should involve the characters more" (line 71); or expressions that evoke mixed feelings: "she could be a bit faster" (line 72) in opposition to positive aspects: "Nice idea" (line 71); "Nagging…and a lot of fun" (line 63). At the conclusion of our analysis, performed by crossing the conversation in the chat of the characters with Guru (lines 1-11) and the answers to the question of all students 'statements (lines 41-84), a first consideration concerns the fruitful participation of the students into the story: indeed, the lively conversation in all episodes, either among the peers or between peers and Guru, evokes the desire of the participants to feel immerged into the story. Next extracts from students' answers give us a perception of the students' feelings regarding the influence of the Guru in the story.

100 Pest: Being in contact with your peers gives greater freedom and understanding of dialogue. 101 Promoter:

Speaking to a person closer to my age would make me feel more at ease; I think I would be able to speak more confidently and in a more relaxed way. 102 Boss:

In some cases, I found it difficult to express my views to Gianmaria. 103 BLO1:

It wouldn't have changed anything because I basically don't feel comfortable talking to people I don't know. 104 BLO2:

I get along great with people older than me, I enjoy talking to them and comparing notes. 108 PO2:

Because Gianmaria was nice and could make us feel at ease. 109 PO3:

Because an age gap doesn't have much effect on me. 110 PO4:

Her age doesn't change anything since she is behind a screen, anyway. 111 PRO1:

I believe that it would not have changed anything, even if she had been my age. 114 PRO4:

Because, anyway, a person who is closer in age to us knows better our way of thinking/reasoning.

We want underline as the full involvement of the students in the story has really motivated the student.

Referring to specific words used by themselves with the teacher, they affirm "I enjoyed mixing math with stories"; so this put in result as being immersed in an interactive story has motivated the student, that is in line with the aim of the ES "I'm Really Into".

If we look at the affective pathways of the engagement structure "Help me" we can observe alternate feelings of confidence and discomfort in connection with the presence of Guru in the story. The mixed feelings regarding Guru's suggestions could be linked to critical thinking development.

Discussion

The findings lead us to define, a posteriori, some possible categories that will explored in some future works:

Category 1-confidence vs development of critical thinking. The expressions used by the students in their interviews, such as "I get along great with people older than me" (line 104); "Gianmaria was nice" (line 108); "an age gap doesn't have much effect on me" (line 109); "her age doesn't change anything" (line 110) induce us to suppose that these students are not embarrassed by the presence of an expert. So, they probably recognize also the added value that the Guru's presence, in their interactions, could give to the cognitive aspects. The interactions among them and with Guru could generate new knowledge in a collaborative and individual manner and, for consequence, to develop argumentative competences. Moreover, the use of digital in the learning can go in the same direction; indeed, the used expression by a student "behind a screen" (line110) leads to thinking about how the use of digital in learning contexts can foster the development of knowledge.

Category 2-anxiety vs use of communicative registers. The expressions used by the students in their interviews, such as "greater freedom" (line 100);" more confidently and in a more relaxed way" (line 101); "I found it difficult to express my views to Gianmaria" (line 102) highlight linguistic difficulties in interacting with Guru, and, therefore, a need to use literate registers. For this kinds of the students the presence of an adult, in the chat among peers or in a Forum session, provokes feelings of anxiety, embarrassment, as also remarked in the line 114 "a person who is closer in age to us knows better our way of thinking/reasoning". Probably, these students perceive the difficulty of using difference communicative register. It is clear that communication is influenced by context: the context of the situation, i.e., space, time, the participants as individuals, the context of the culture, which concerns the beliefs and knowledge about the participants and the topics of communication [START_REF] Ferrari | Educazione Matematica, lingua, linguaggi. Costruire, condividere e comunicare matematica in classe[END_REF].

Category 3-indifference vs passive learning. Few students express feelings of indifference respect to the new situation. The expressions used by the students in their interviews, such as "I basically don't feel comfortable talking to people I don't know" (line 103);" I believe that it would not have changed anything, even if she had been my age." (line 111) underline a poor interaction with the peers and Guru. However, this type of feedback is also useful because it allows the teacher to detect errors and misconceptions in a timely manner, to be taken up and discussed later, outside the activities of the story.
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