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The application of digital technologies empowers students to use their creativity and develop their critical thinking skills. This is why at the University of Turin, within the first-year module "Mathematics and biostatistics with computer science applications" in the study program in Biotechnologies students are engaged in multiple ways with hybrid ways of delivery mathematical contents, making use of digital interactive resources and automatic assessment empowered with formative practices. In particular, in this paper we are going to analyse students' group and individual activities in which they were asked to provide specific examples of Mathematical objects under specific restrictions, and to reflect on the tasks they performed. We analysed the way students think while performing example eliciting tasks, with a focus on Ordinary Differential Equations.

Introduction

Mathematics education is an important component of the background for many sciences. As some authors highlighted, research in STEM education is increasing in importance internationally and the identity of STEM education journals is becoming clearer over time [START_REF] Li | Research and trends in STEM education: A systematic review of journal publications[END_REF]. The use of automatic assessment combined with formative practices and boosted by interactive components that allows students exploration of concepts can have positive effects on the achievement of learning objectives. Moreover, as a general trend in Mathematics education, there is a growing number of universities and academies that use automatic assessment systems to evaluate their students. The combination of automatic assessment with formative practices helps the students in developing mathematical construction and conceptual understanding. Li and colleagues (2020) found that research collaboration (publications with multiple authors) has been very common in STEM education research. Indeed, this research was developed thanks to an international collaboration between two universities, the University of Turin and Karlstad University, Sweden (Barana, et al., in press). In this joint project, similar tasks were proposed to Italian and Swedish students in various topics in mathematics, even though the ones described in this paper were only proposed to Italian students. This paper reports the result of a study performed with first-year students in a Mathematics module of the bachelor's degree in biotechnology during the first semester of the academic year 2022/2023. The context of the study is represented by group activities which students could freely decide to join: we had 121 subscribers. Here we analyse the answers provided by 88 students to the group activity dedicated to Ordinary Differential Equations (ODEs), a topic that made students struggle a lot in previous years of the university module. Recently, ODEs have also been included to the topics that, according to the Italian National Guidelines, students should study at the end of Scientific Lyceum, so we expect that it is not a new topic for many of the students. In the following sections of the paper, we will explore the Theoretical background in performing the kind of Example Eliciting Tasks (EETs) that we require of students, together with formative practices, since those tasks were performed by students with their peers and with the purpose of consolidating mathematical knowledge. Next, we will provide the research methodology and discuss the results and the comments of students quantitatively and qualitatively. Conclusions and discussion will provide the main findings.

Theoretical background

In literature there are numerous examples of collaborative learning environments designed to let students perform explorative tasks. There are examples on the topic of functions [START_REF] Brunström | Designing prediction tasks in a mathematics software environment[END_REF][START_REF] Jaworski | Developing teaching of mathematics to first year engineering students[END_REF]. This may be boosted by the mediation of technologies, to redesign tasks that are very difficult to assess with other means. In fact, today many instructors choose to utilise Automatic Assessment Systems (AAS) in mathematics modules in higher education [START_REF] Rønning | Influence of computer-aided assessment on ways of working with mathematics[END_REF]. Students' performances can be improved by reducing the cognitive load. Students were helped by the possibility of using dynamic mathematics software (DMS) environments [START_REF] Sangwin | Computer aided assessment of mathematics[END_REF], combining a dynamical exploration and automatic assessment to promote mathematical understanding [START_REF] Joubert | Revisiting theory for the design of tasks: Special considerations for digital environments[END_REF]. An example of this kind of system is given by Möbius Assessment. There are studies that started investigating the integration of these two types of technology [START_REF] Luz | Students' conceptions through the lens of a dynamic online geometry assessment platform[END_REF], but anyway further research is needed to better understand students' learning behaviour. This can be further enhanced by implementing also formative assessment (FA) [START_REF] Black | Developing the theory of formative assessment[END_REF]. Black and Wiliam definition entails the collection of data about students' understanding, and the use of such data to change the learning path. In previous works, we adopted automatic formative assessment (AFA) in a Digital Learning Environment, thus with the automatic elaboration of responses and provision of feedback [START_REF] Barana | Interactive feedback for learning mathematics in a digital learning environment[END_REF]. We have developed and experimented a model for the design of activities with AFA [START_REF] Barana | Strategies of formative assessment enacted through automatic assessment in blended modality[END_REF], based on Möbius Assessment, whose computational engine is empowered by advanced mathematical capabilities. By making use of programming languages or mathematical packages, it is possible to build interactive tasks based on algorithms where answers, feedback and values are calculated over random parameters and can be shown with different mathematical and graphical representations. Thus, new solutions for computer-based items can be conceived, including dynamic explorations, animations, and symbolic manipulations, which offer students experiences of mathematical construction and conceptual understanding [START_REF] Sangwin | Computer aided assessment of mathematics using STACK[END_REF]. According to our model, AFA activities should:

A. be always available in a Digital Learning Environment, without limitations in data, time and number of attempts; B. be algorithm-based, so that random values, parameters, formulas and graphs make questions, and their answers change at every attempt; C. be open-ended or almost open-ended, the AAS's mathematical engine assures that open mathematical answers are graded independently of the form in which they are provided; D. provide students with immediate feedback while they are focused on the task; E. provide students with interactive feedback just after giving an incorrect answer. It has the form of a step-by-step guided resolution that interactively shows a possible solving process; F. be contextualised in real-life, thus contributing to the creation of meanings through the association of abstract concepts to concrete experience.

Example eliciting tasks

There is a growing literature on Example Eliciting Tasks (EETs). As a teaching and learning tool in mathematics, EETs are a type of problem-solving activity where students have to provide examples of mathematical entities under certain conditions, rather than simply calculating solutions with standard procedures. This is a way to engage students actively in their mathematical understanding, using also different registers and representation of mathematical entities [START_REF] Watson | Student-generated examples in the learning of mathematics[END_REF]. This idea has been integrated into automatic assessment [START_REF] Sangwin | New opportunities for encouraging higher level mathematical learning by creative use of emerging computer aided assessment[END_REF]. Studies have shown that EETs can have a positive impact on students' understanding of mathematical concepts [START_REF] Brunström | Designing for a combined use of a dynamic mathematics software environment and a computer-aided assessment system[END_REF]. For example, research has found that students who participated in EETs had a deeper understanding of mathematical principles and a stronger ability to apply these principles in real-life situations. Additionally, EETs have been shown to improve students' problem-solving skills and ability to think critically. To further challenge students' thinking, some authors suggested asking students for several different examples to extend students' example space [START_REF] Watson | Student-generated examples in the learning of mathematics[END_REF] and to support problem solving and to mirror the reasoning processes [START_REF] Yerushalmy | Design of tasks for online assessment that supports understanding of students' conceptions[END_REF]. EETs have also been shown to be effective for students of all abilities, including those who struggle with mathematics, since they allow students to work at their own pace and focus on their strengths and weaknesses. In didactical practices, EETs can be used as a teaching tool alone or as part of a larger lesson plan or activities. They can be used in the classroom, as well as in online or remote learning environments. Additionally, EETs can be used with a wide range of mathematical concepts, from basic arithmetic to advanced calculus. This approach is used to help students understand concepts by actively engaging with the material and making connections to real-life situations.

Mathematics and biostatistics with computer science applications

The context of our research lies in a first-year module of a study program in biotechnology called "Matematica e Biostatistica con Applicazioni Informatiche" (Mathematics and Biostatistics with Computer Science Applications). The module aims both at providing competences in basic mathematics that is useful for a future scientist and at improving several soft and transversal skills, such as digital competences and problem-solving skills. Students also participated to lab sessions in a room equipped with their own PCs (Bring Your Own Device mode), to work with an Advanced Computing Environment (ACE) to explore mathematical concepts and learn how to deal with high order mathematics through the use of technologies, and to solve problems contextualised in the applied sciences constituting the core of their curriculum of studies, such as Life Sciences and Chemistry, as well as Biotechnologies itself. We created an online course available from everywhere and at all times with a dedicated section for most of the course topics, in which ACE worksheets with interactive components and AAS tests flank more traditional resources such as static files. According to our model, tests are designed to allow multiple attempts, and random parameters make questions change at each attempt. This allows students to find repeatable exercises and activities inside our course, removing at least from a strict point of view the need for looking outside in order to train themselves better. Furthermore, we provided questions with an immediate and interactive feedback, by subdividing them in several parts, with the path proposed to the student dependent on his or her performance. Likewise, we also designed exercises that bore a similar construction with respect to those which constitute the exam, in order to let students become confident of the ways they would have been assessed and graded. The tasks that we are going to consider for this research possess most of the features that have been highlighted in the Theoretical background, with two main differences:

• The tasks are not based on real life applications of Mathematics since they aimed at empowering students' theoretical understanding and ability to generate examples. • The feedback could be viewed by students only after performing the full test (which was composed by four questions) for the first time during the group activity. This choice has been made since students were performing the tasks in groups, and we tried to avoid one student suggesting the others the correct solutions while performing the tasks. Many activities with feedback in the course make the students read it directly after the task. Students could perform the test more than one time to recap the topics.

Research question and methods

This research has been mainly motivated by the need to find an answer to the following research question: How students generate examples about ODEs when they have some degree of freedom in their construction? To answer to this question, we will examine student responses to two tasks concerning ODEs. The collected data are student responses to the tasks typed inside Möbius Assessment AAS. The 88 students worked in groups, autonomously and independently from the lessons, and questions contained group tasks and individual tasks. We considered one student from each of the 35 groups, in order to highlight differences between the various teams. We considered the first attempt of those students. We analysed the two following group tasks:

Task 1

This question asks you to provide an example of a function that satisfies a differential equation. For this task, the tricks that students had to pay attention were:

• There was only one possible way to solve this problem through usually-taught resolution methods, separating the variables. • The application of the usually-taught resolution methods was more difficult than the standard ones, the inversion of the integrated hand sides to find a suitable function for x requires to be skilled with these aspects of Calculus. • The main aim of the task was finding examples, so students are encouraged to find the shortest way to the solution, in this case the easiest ones were the constant functions -1 and 1.

In light of this, we classified the groups in some categories, according to the kinds of functions they provided as examples, and if they were actually solutions of the ODE or not. This quantitative aspect is then related with the qualitative description of how they proceeded in order to give the answers to the task, by focusing for example on why they followed a certain line of reasoning.

Task 2

This question is individually answered but can be investigated in a group. The question asks you to provide two examples of differential equations that have the function f(x) as a solution.

a) Write two different differential equations that have the following function as their solution:

f(x)= a1•exp(a2•x)+b1•exp(b2•x)+c1•x+c2
(where the parameters are random integers between -5 and 5, with a2, b2, c2 nonzero)

b) Describe how you came up with the function expressions.

In this task, the challenge for students was to recognize that the usual ways of obtaining a solution of linear ordinary differential equations (no matter the order of the ODE), and looking for proper coefficients of the homogeneous solution and the particular solution, although resolutive, were not necessarily the best methods to find the examples with the most possible simplicity. Indeed, it would have been quite simpler to differentiate n times the function f(x) and equating it to the n-th derivative of y, for every n (in order to answering the task, n=1 and n=2 are sufficient). Moreover, this task swaps the role of "solving an equation" into "finding an equation".

Again, we devised a proper classification for the groups, by considering on the one side who actually answered y' = f'(x) or y'' = f''(x) (or both of them), and on the other side who on the contrary constructed more complicated ODEs (either of first or second order), by still paying attention also to the correctness of the answers. We put here too in relation the quantitative submissions with the qualitative explanations, allowing us to understand what they thought to do.

Results and discussion

Let us start with the analysis of Task 1. Among the 35 groups of students, we were able to collect 29 groups' answers, since six of them did not respond. Our classification reads as follows:

• 28% of groups of students answered with two constant functions: they all submitted -1 and 1, thus correctly answering to the task; • 14% of groups answered with a constant and a non-constant function: all of them but one by correctly providing both examples, while a group alone made an error on the non-constant; • 55% of groups answered with two non-constant functions, but only just over half of them provided correct answers, with the other ones answering two erroneous functions; • one group answered with a single non-constant erroneous functions, by leaving the second field blank.

By relating these findings with the qualitative description, we were able to observe that:

• Students calculated the full solution just to input constant functions: for instance, one of the groups answering with a constant and a non-constant function, declared to having substituted two values for C in the general integral. They probably substituted the easiest values for C in the general integral, but they forgot to look for the easiest way to write the answer. In fact, it is worth to note that, while teaching how to solve an ODE by separating the variables, the fact that constant functions are to be found (if present) otherwise explicitly emerges; nonetheless, most students appeared to skip that part. Relating this evidence to the research question, we can state that students tend to follow rigid patterns, also when they are not asked to do so, by having the possibility of being more flexible. A possible motivation about the skipping of finding constants can lie in the fact that these students could be used to follow rigid algebraic processes without exploring the problem from an analytic perspective or looking for simpler solutions. This could be due to the way they learned Mathematics at secondary level. Since the steps required to obtain the solutions to an ODE are more algebraic than analytic, students likely tend to see the constant solutions as less related with the differential problem, even if they actually provide other solutions to the ODE. • two groups said to have looked firstly for solving the ODE by separating the variables, and only secondly for reasoning and finding the constant functions, when they found the standard resolution method too difficult. In a certain sense, answering with the constants has been a makeshift solution for them; • generally speaking, most groups separated the variables, but this resulted in wrong answers in almost half of the cases, and furthermore they underwent a needlessly more challenging procedure, with respect to what really necessary in order to answer correctly.

By considering now the analysis of Task 2, we collected 27 groups' answers. The main findings were:

• only a group answered in the simpler way: y' = f'(x) and y'' = f''(x);

• 26% of groups gave as one of the answers y' = f'(x), but apart from the just mentioned group, only one other group correctly gave the other answer; • 74% of groups gave as at least one answer an ODE having order 1 or 2 more articulated than y' = f'(x) and y'' = f''(x), which resulted to be wrong in almost half of the cases: sometimes due to minor errors (like sign), but other times completely, even with some situations where in the description they explained the procedure with the right steps; • less frequent errors concerned for example integrating f(x) rather than differentiating it, or writing expressions in x without equating them to an expression in y and its derivatives.

Again, the majority of groups followed a procedure which was not the simplest one and often brought errors, essentially confirming the answer to the research question inferred by Task 1: students tend to generate examples by "answering using rigid procedures", even if they are not required to do so.

It has to be noted also how 19% of groups provided only an example rather than two, a percentage considerably higher than in Task 1 (where only one group did so). The fact that this problem is the inverse of what usually asked, i.e. equations have to be found rather than solved, could have constituted a difficulty also in framing it.

Future work

Our next steps will consider that, apart from the descriptive answers in the two tasks, we asked students also to keep track of their actions by redacting some logs, in which they were questioned to report what they learned through lab activities that they were unable to learn during the lectures; to explain how working in group supported or not their comprehension of mathematical concepts relative to the task subjects, by giving also an example; and to state what they perceived as simpler and what was more difficult, explaining also why.

By analysing the answers, we will have a deeper insight of the students' behaviour when facing tasks which require conceptual understanding and high-order thinking. It would be interesting to compare the findings with other countries (such as Sweden) to investigate if these results are the product of a national school system or if they are more generalizable. Moreover, we will be able to detect to what extent these activities help students' learning with respect to a more traditional course not considering anything of comparable, how teamwork plays a role in better understanding what they work on, and to target difficulties. This would suggest how to reinforce with proper teachers' actions where students have to put more effort to achieve their goals, such as in commitments comparable to Tasks 1 and 2, where most of them did not answer optimally. This would allow us to devise subsequent actions aimed at improving the benefits arising from this approach, which can be in turn studied in order to determine how they constitute progress, and if other further actions are still appropriate. In future work we are going to provide further feedback to the students to extend their example space and make them reflect on the example-generation process.

  a) Write two different functions that are solutions of the following differential equation: 𝑑𝑑 𝑑𝑑𝑑𝑑 𝑦𝑦(𝑑𝑑) + 𝑦𝑦(𝑑𝑑) 2 = 1 b) Describe how you found the expressions of the functions.
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