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This work focuses on Distance Learning during the COVID-19 pandemic to improve undergraduate students' motivation, participation, and engagement. Experimentation in a Mathematics STEM class evaluated the impact of Distance Learning on students' motivation, participation, and engagement levels, computed through a Fuzzy Cognitive Map. It was performed on some affective and interaction parameters derived from using an adaptive e-learning platform and from the answers of a semistructured questionnaire. The results have been analyzed through Technological Pedagogical Content Knowledge and Instrumental Genesis theories.

Introduction

Distance Learning (DL), at the time of COVID-19, was a didactic of "being there", as defined by the philosopher Heidegger, in the etymological sense of "being-out" (ex-sisto), in which "being" is meant as the projection to the future, an opening to possibilistic horizons. DL was characterized by using methodologies and technological tools to keep students' participation, engagement, and motivation high. It was not just a question of using technologies in teaching but an actual adaptive process to using technologies as the only way to learn. This study is framed by the theory of instrumental genesis [START_REF] Verillon | Cognition and artifacts: A contribution to the study of though in relation to instrumented activity[END_REF], integrated into the Technological Pedagogical Content Knowledge Framework (TPCK), showing how the didactic contents delivered in the presence have taken on a new aspect with distance learning [START_REF] Mishra | Technological pedagogical content knowledge (TPCK): Confronting the wicked problems of teaching with technology[END_REF]. Some theories on motivation [START_REF] Skinner | The generic nature of the concepts of stimulus and response[END_REF][START_REF] Fredricks | School engagement: Potential of the concept, state of the evidence[END_REF] were used to analyze the students' motivation to follow lessons at a distance, to be virtually present in the classes [START_REF] Shonfeld | The Impact of an Online Collaborative Program on Intrinsic Motivation, Satisfaction and Attitudes Towards Technology[END_REF], and to use the teaching tools made available by the teachers. It is not rare to find many students who leave the online learning course shortly after the beginning; such a phenomenon, called dropout, is always more frequent among the students who are not sufficiently engaged and motivated with the learning experience. The root causes of students dropping out are the lack of motivation, engagement, and participation (J. [START_REF] Keller | Learner motivation and E-learning design: A multinationally validated process[END_REF]. Our contribution, in this paper, is to model teaching in an adaptive way using adequate technological tools to cope with panic and frustration in which students suddenly found themselves trying to stem a possible wide phenomenon of dropout [START_REF] Capone | Blended Learning and Student-Centered Active Learning Environment: A Case Study with STEM Undergraduate Students[END_REF]. The motivation considers the level of interest in the course, the engagement represents the level of involvement in the learning experience [START_REF] Kuh | What were learning about student engagement from NSSE: Benchmarks for effective educational practices[END_REF], whereas participation [START_REF] Dominguez | Participatory learning[END_REF] refers to the action of taking part in activities and projects, the act of sharing in the activities of a group. For these reasons, a modern course cannot be limited to the simple learning content delivery task. Still, it should support the learners in their whole learning experience, leading them to reach their learning objectives successfully. A case study was conducted to evaluate whether our didactic models adapted to this emergency have helped to maintain a sufficient level of engagement, motivation, and participation. The study was carried out with first-year engineering students of 2019-2020 in mathematics class. The case study has nomothetic and ideographic intentions by collecting quantitative and qualitative data. The quantitative data include the students' interactions on the used e-learning platform, the results of the tests, and a semi-structured questionnaire according to the Likert scale. In addition, the questionnaire anonymously proposed to students also included openended questions from which to infer, through qualitative analysis, the motivational state of the student. Finally, from the qualitative and quantitative data that emerged, a Fuzzy Cognitive Map (FCM) was built to derive the levels of the students' engagement, motivation, and participation parameters. Based on completely remote teaching, the obtained results are compared with those obtained in a previous experiment [START_REF] Capone | From Distance Learning to Integrated Digital Learning: A Fuzzy Cognitive Analysis Focused on Engagement, Motivation, and Participation During COVID-19 Pandemic[END_REF]. The data seem to show that, thanks to the use of an adaptive e-learning platform and restructuration of the educational content through technologies, the students have maintained an adequate level of engagement and motivation parameters comparable to those of the previous years. On the other hand, participation was lower than the previous experience due to a drop in concentration and frustration of being at the computer the whole day to follow the online lectures. The dropout was instead contained within acceptable values, and in terms of students' achievement of competencies, the results are comparable.

Conceptual Framework

The framework of the Technological Pedagogical Content Knowledge (TPCK), the idea of instrumental genesis proposed by Vérillon and Rabardel (1995), and the theory of Fuzzy Cognitive Map are tools to describe and model complex systems/environments.

Technological Pedagogical Content Knowledge Framework

The Technological Pedagogical Content Knowledge (TPCK) framework conceived by Shulman in 1986, defines which elements can characterize teaching supported by technologies without neglecting the pedagogical aspects and the specific teaching contents of the discipline. We follow Mishra and Koehler (2006) that make further clarifications by describing the meaning of the intersections between TK and CK, between PK and CK and between TK and PK. They specify the following: Pedagogical content knowledge (PCK) is concerned with the structure, organization, management, and teaching strategies for how the particular subject matter is taught; Technological content knowledge (TCK) is related to how one specific subject matter is represented in technology-rich environments. Teaching with technology requires knowing the subject and how subject matter can be changed with the application of technology, and this knowledge is called TCK; Technological pedagogical knowledge (TPK) is concerned with how teaching and learning change due to integrating technology into instruction and how a teacher should choose a particular tool for a specific task considering its affordances and limitations. Technological Pedagogical Content Knowledge (TPCK) "is an emergent form of knowledge that goes beyond all three components" (p. 1028). According to the transformative model, TPCK is different from "knowledge of a disciplinary or technology expert and from the general pedagogical knowledge shared by teachers across disciplines" (p. 1029). This model helps to interpret the attitude of teachers in the face of innovation in their didactic.

The Instrumental Genesis

The idea of instrumental genesis [START_REF] Verillon | Cognition and artifacts: A contribution to the study of though in relation to instrumented activity[END_REF] seems suitable to describe the use of Distance Learning in mathematics education. The instrumental genesis distinguishes an artifact (an artificial object/instrument) from an instrument (a psychological construct) by defining the instrument as a mixed entity composed of both components related to the characteristics of the artifact and subjective components (patterns of use) that come out from the situated instrumented activity or the activity involving a subject (as a user), an artifact (as an instrument) and an object (as epistemic transformation, for example, the knowledge of functions in two variables). This hybrid entity considers the thing and describes its practical use for the subject. A scheme is a systematic procedure for using a given instrument to achieve a given purpose. The elaboration and evolution of instruments is a long and complex process that Rabardel calls instrumental genesis. It is articulated in two processes: instrumentalization, related to the appearance and evolution of the different components of the artifact, for example, the progressive recognition of its potentials and limits; instrumentation, related to the appearance and development of patterns of use. In our case, the didactic activities carried out with AR involved students (as users and protagonists of the didactic-educational path), technological objects such as 3D glasses, tablets, and PCs (as instruments), and an object, intended in an educational sense as a mathematical item to be recognized, internalized and contextualized (the real functions of two real variables). The teacher thus makes use of technological artifacts that undergo a triple process of instrumental genesis: from the didactic point of view, because their use is aimed at generating knowledge and enhancing skills; from the pedagogical point of view, because their use is subordinated to suitable teaching methods activated by the teacher and aimed at the construction of mathematical meanings; from a technological point of view, because the use of technologies is not an end but implements an effective mobilization of strategies aimed at learning.

Fuzzy Cognitive Map

In this work, parameters related to Interaction, Participation, and Motivation, and their causal relationships, have been identified and analysed through a Fuzzy Cognitive Map to describe the student's state during the course. Kosko defines an FCM as a graph structure for representing casual relationships. It can symbolically describe complex systems/environments, highlighting events, processes, and states. In an FCM, a node of the graph is called a concept, and an edge is called weight. The edge allows for implementing a causal relationship between two concepts. The weight represents the strength of the influence of the relationship, described with a fuzzy linguistic term (e.g., low, high, very high, etc.).

An FCM can be formalized through a 4-tuple (N, E, B, f), where:

1. N = {N1, N2, …, Nn} is the set of n concepts that are represented by the nodes of the graph.

2. E: (Ni, Nj) → ei,j is a function (𝑁𝑥𝑁 → [-1,1]) which associates the weight ei,j to the edge between the pair of concepts (Ni , Nj); ) (Eq. 1)

3. B: Ni → Bi
FCM is developed by integrating existing experience and knowledge related to a system. As f (x), different functions can be used. FCM can be used to make a what-if inference, starting from a given initial activation vector B(0), to understand what will happen next to the modelled system/environment. Our FCM has been defined by a team of four experts. Each expert, starting from the status model we have defined, has proposed his FCM to identify the causal relationships and weights between the available concepts. The weights are represented by seven linguistic terms: no impact 0.00, very low = 0.165, low = 0.335, medium = 0.50, almost high = 0.665, high = 0.835, very high = 1.00. Then, we aggregate the different maps proposed by the experts to obtain one FCM. When some differences arise between the relationships and weights proposed by the experts, we asked them to discuss these differences and try to find an agreement, until they achieve a sufficient degree of consensus. This allowed us to obtain the FCM widely discussed in D'Aniello et al, 2020.

Methodology

The methodology is based on a single case study to identify intervention strategies on the specific situation of didactic hardship following the pandemic. Direct observation, understood as studentteacher interaction through information technologies collected empirical data on teaching effectiveness. The approach was both of an ideographic nature based on qualitative methods through a questionnaire to students (fully reported in appendix A) and of a nomothetic nature based on quantitative data that emerge from the results of the tests, from the responses to the questionnaire based on the Likert scale, and from students' interactions with the e-learning platform. Further qualitative information was collected from the protocols from the dialogues between students and between students and teachers on the e-learning system used. A specially created FCM summarizes both qualitative and quantitative data in terms of participation, motivation, and engagement, comparing them with the data of the previous cohort. As for the analysis of the disciplinary skills, a comparison between the results of the first and second mid-tests of two years was carried out.

The Case Study

The didactic experimentation involved the students of the first year of Mechanical Engineering and Management Engineering at the University of Salerno, the course teacher, two experts of the discipline for the exercises, three students attending the master's degree in engineering with the function of the tutor. The course was carried out during the second semester of the first year after students had attended and/or taken a Calculus 1 exam. Because of the COVID-19 pandemic, after the first two face-to-face lessons, the teaching activities of the Calculus II course were conducted through Distance-Learning. They were articulated into Asynchronous Online Learning and Synchronous Online Learning. The course has been restructured following the constructive alignment suggested by [START_REF] Biggs | Applying constructive alignment to outcomes-based teaching and learning[END_REF]. The course included 90 hours of lessons (six hours per week), divided into 54 hours of theory lessons and 36 hours of training; also 24 hours of exercises with the tutors, dividing the students into two sub-groups, 12 additional hours of activities for students who have reported an insufficient evaluation at the first test. The course has been designed considering the indications of the Teaching Council and the Lisbon descriptors. The following online resources have been used: custom adaptive e-learning platform [START_REF] D'aniello | Feedback generation using Fuzzy Cognitive Maps to reduce dropout in situation-aware e-Learning systems[END_REF], Microsoft Teams, Doceri, Edmodo, the teacher's website, the teacher's YouTube channel, Geogebra AR. The use of these resources follows the framework proposed by Bray and Tagney (2016). This approach focuses on creating activities within the Transformation space: transformative uses of technology allow significant task redesign (modification) or permit the creation of tasks that would not be possible without the digital tools (redefinition). These aspects have contributed to implementing this course's activities, especially regarding engagement. The results obtained from the data available for completely remote teaching were compared with the data collected in a previous experiment. The course was conducted in blended mode, i.e., in the 2018/19 academic year. The Engagement parameters have been made available by the systems used through the collection of student interactions. The parameters relating to Motivation were determined through the analysis of questionnaires administered during the course. The parameters related to Participation or Emotions and social activities are established through sentimental analysis on the video streaming of the webcams filming the students and through the answers to the questions in the questionnaire. Dropout was calculated as the ratio of the number of students who attended the whole course to those who were present at the beginning of the course. The data provided by the system for the different parameters of interest are analysed through FCM execution to create the student's status; by comparing the parameters of the participants it will be possible to understand if the use of completely remote teaching did not negatively affect the status of students. The two classes are made up of 131 and 112 students respectively. For the experimentation, 60 samples from the first group and 60 samples from the second group were randomly selected. Cochran's formula was used to calculate the sample size: 𝑛 0 = 𝑍 2 𝑝𝑞 𝑒 2 (Eq. 2), where: e is the desired level of precision (i.e. the margin of error); p is the (estimated) proportion of the population which has the attribute in question; q is 1 -p; the zvalue is found in a Z table. It is s the abscissa of the normal curve that cuts off an area α at the tails (1 -α equals the desired confidence level, e.g., 95%); n0 is the sample size.

In our experimentation the chosen parameters were: Z = 99%; p = 0.90; e = 0.10. The average levels of engagement, motivation, and participation calculated through the execution of the FCM are shown in Fig. 1a. The parameters used to obtain the motivation level were determined by analysing questionnaires administered during the course. The parameters related to participation were established through sentimental analysis on the video streaming of the webcams filming the students and through the answers to the questions in the questionnaire. At the same time, the parameters related to engagement were obtained, analysing mainly the data coming from the elearning platform. The decline in student participation in the year 2019/20 compared to the previous year seems to be due to the negative impact of the emergency for the pandemic on the emotional state of students. In addition, the sense of alienation and frustration has led to a loss of concentration and poor social activity. The level of motivation is comparable for students of the year 2018/19, it is determined by intrinsic and social motivation for students of the year 2019/20 by an external tax. The engagement is slightly greater for students of the academic year 2019/20 who have massively used the e-learning platform as the only tool to follow the course and access the content made available by the teachers. Finally, the dropout graph shown in figure 1b shows how the two values are comparable (6% in the year 2028/19 and 9% in 2019/20) and how they remained below an acceptable threshold. The use of an adaptive e-learning platform and the restructuring of educational content using technologies, which led students to have a high level of engagement for the course duration, seem to have contributed to containing the phenomenon of dropout feared at the beginning of the course through distance learning methods. In addition, from the hierarchical questions of the questionnaire, it emerges that in the year 2019/20, 69.77% of students answered 4 or 5 on the Likert scale to the question of how frequently they confronted each other on the teaching activities of the course; while in 2018/19 40%. 92% of the students declared that they had interacted on the e-learning platform forum either assiduously or frequently (4 or 5 on the Likert scale) in 2019/20. As they declared, the forum allowed them to recreate the study room environment, although virtual, in which to discuss the solution of the exercises proposed in class. In 2018/19, however, only 25%. As a further element of qualitative analysis, it was decided to compare the data that emerged from the tests during the two academic years, shown in Fig. 2. A less critical situation seems to emerge from the data in Fig. 2 than from the qualitative data. There is no statistically significant difference between the two data; indeed, it is possible to note that the percentage of those who failed the tests in 2019/20 is slightly lower than that of 2018/19. A possible interpretation of these data is suggested by having completely restructured the didactic activities. TCK, PCK and TPK have been intersected to convey the contents of the discipline using alternative teaching methodologies supported by the use of technologies. So, the main findings are: Distance Learning is excellent as an additional and support methodology but highlights the ineffectiveness of completely remote teaching; the emergency alters motivation, participation, and engagement, and the distance learning used. The motivation went from intrinsic to extrinsic given the external constraint to take the online course as the only way to obtain attendance. Participation plummeted because the emotional state and the desire for socializing were adversely affected. Engagement increased as a result of massive use of adaptive learning platform and all the technological tools as the only means to follow the course and feel part of a community; by integrating TCK, PCK and TPK to use an adaptive e-learning platform, students have reached adequate levels of competence.

Conclusions

Distance learning, already widespread in recent years, has taken on a new meaning in this pandemic time. It has taken on the role of proximity education, as openness to the world and a willingness to enter into a relationship with things and others. It was indispensable for strengthening the web of relationships between teachers and students and between teachers. Distance Learning could lead to unexpected connections that are not just accessing a server from a client through protocols or software but could instead favour synaptic connections that produce cognition and generate positive emotions that do not make us become victims of an emotional abduction and transported by fear, by anguish in a non-adaptive way. This research focused on distance learning and the virtual environment during the Covid-19 pandemic, highlighting how motivation, participation, and engagement are affected. The purpose of the experiment was to verify how the use of completely remote teaching influences the student's status in terms of participation, interaction, engagement. A student with a high level of these indices proved to be more motivated to study the discipline, positively influencing skills improvement. It was possible to understand that completely remote teaching did not negatively influence the student's status, assessed through FCM, and allowed satisfactory results to be achieved in terms of acquired skills. The dropout was contained within acceptable values. The strategies implemented by the course lecturers aimed at integrating TK, PK, and CK following the TPCK framework. Finally, the processes of instrumentation and instrumentalization have caused an instrumental genesis of technological artifacts. The findings of this case study provide a fresh perspective and set the stage for future related research. The authors hope to undoubtedly return to face-to-face teaching, where human values and relationships take on a concrete and visible form while trying to exploit the potential of distance learning, integrating the strengths of the two methodologies. Distance learning offered the opportunity to rethink educational action from the point of view of contents, methodologies, and student-teacher interactions alike. At the end of the pandemic, as the next step, we think that some positive aspects of distance learning can be integrated with traditional teaching and enhance a blended modality of didactic action called Integrated Digital Teaching.
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  Ni at time t. B(0) ∈[0,1] n is the initial activation vector containing the initial values of all the concepts; C(t) ∈[0,1] n is the state vector at a specific time instant t.

	4. f: R → [0,1] is a transformation function with a recursive relation for t ≥ 0 between B(t + 1)
	and B(t):
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is the activation function which associates to each concept Ni a sequence of activation values, one for each time instant t: ∀t, Bi (t) ∈ [0,1] is the activation value of the concept