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Evolution of teachers' perception of Automatic Formative Assessment during a training course
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Formative assessment is a practice that provides ongoing feedback that instructors can adopt to improve their teaching and students can benefit from to improve their learning. Teachers and instructors need training, otherwise formative assessment and immediate feedback could also produce negative results. This paper aims at understanding the evolution of participants' knowledge and perception of Automatic Formative Assessment throughout a teacher training course. The course was open to STEM teachers of all grades. The analysis considers teachers' responses to questionnaires with both close-ended and open-ended questions. Results show the empowerment and more awareness of teachers' application of Automatic Formative Assessment; in particular, teachers developed a more student-centered approach to formative assessment. This experience helped us list a set of recommendations and advice for those who approach Automatic Formative Assessment.

Introduction

Several studies show that formative assessment (FA), when used following proper learning models, is correlated to higher students' achievements [START_REF] Black | Assessment and Classroom Learning[END_REF]. Surprisingly, it has been shown that FA and feedback practice could also produce negative results, especially when they are not used appropriately [START_REF] Kluger | The effects of feedback interventions on performance: A historical review, a meta-analysis, and a preliminary feedback intervention theory[END_REF]. Many studies point out that a high number of Mathematics teachers lack pedagogical and content knowledge about FA, so they have difficulties in implementing it successfully [START_REF] Herman | Investigating the dynamics of formative assessment: Relationships between teacher knowledge, assessment practice and learning[END_REF][START_REF] Mcgatha | The Effects of Professional Development in Formative Assessment on Mathematics Teaching Performance and Student Achievement[END_REF]. Therefore, teacher training is a key element for an effective use of FA in teachers' daily practice, even more when integrating technologies into assessment. The recent health emergency has required a digitalization of the assessment practices, and this has been one of the most critical aspects of distance education (OECD, 2020). The urgency of re-skilling has been felt by many teachers in the last two years. This paper deals with an in-service teacher training course on Automatic Formative Assessment (AFA) for STEM teachers, which was held online in Spring 2021. The course was aimed at developing competences in the use of an Automatic Assessment System (AAS) particularly suitable for STEM, and in the design of questions for the FA according to a particular pedagogical model. The goal of this paper is to understand how the teachers' knowledge and perception of AFA evolved throughout the course. We investigate this issue through a qualitative and quantitative analysis of teachers' answers to two questionnaires. In the following paragraphs, we will discuss the theoretical framework on AFA and teacher training in Mathematics; then, we will illustrate the structure of the course and the analysis methodology; afterwards, we will present and discuss the results gained and interpret them in light of the theoretical framework; in conclusion, we will provide some hints for the creation and management of activities with AFA, collected through the teachers' experiences.

Theoretical framework

Automatic Formative Assessment in Mathematics

For this study, we accept Black and Wiliam's definition and conceptualization of FA:

Practice in a classroom is formative to the extent that evidence about student achievement is elicited, interpreted, and used by teachers, learners, or their peers, to make decisions about the next steps in instruction that are likely to be better, or better founded, than the decisions they would have taken in the absence of the evidence that was elicited. (Black & Wiliam, 2009, p.5) This definition entails the collection of data about students' understanding, and the use of such data to change the learning path. Their conceptual framework includes five key strategies through which formative practices can be enacted by three agents (students, peers and teachers):

(S1) clarifying and sharing learning intentions and criteria for success; (S2) engineering effective classroom discussions and other learning tasks that elicit evidence of student understanding; (S3) providing feedback that moves learners forward; (S4) activating students as instructional resources; (S5) activating students as the owners of their own learning. (Black & Wiliam, 2009, p.4).

In previous work, we have defined AFA as the use of FA in a Digital Learning Environment through the automatic elaboration of students' answers and provision of feedback, where FA is intended as in the Black and Wiliam's definition [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], relying on an AAS such as Möbius Assessment, whose engine is empowered by advanced mathematical capabilities. By exploiting programming languages or mathematical packages, similar AASs allow to build interactive tasks based on algorithms where answers, feedback and values are calculated over random parameters and can be shown with different 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; 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 still 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 contextualized in real-life, thus contributing to the creation of meanings through the association of abstract concepts to concrete experience.

Teacher Training on Automatic Formative Assessment

In the literature, there are not many studies on teacher training on AFA. [START_REF] Roschelle | Online Mathematics Homework Increases Student Achievement[END_REF] showed that combining the use of an AAS and teacher training on how to use assessment information to shape teaching helped improve learning results. The teacher training was mainly based on workshops and coaching. [START_REF] Haj-Yahya | Preservice teachers' experiences with digital formative assessment in mathematics[END_REF], in a study involving pre-service teachers, showed that training on FA and on the use of an AAS helped them improve their skills in observing, interpreting and responding to students' work. According to Schütze and colleagues (2017), it is often hard for teachers to put into practice the knowledge gained in teacher development programs. When dealing with teacher training on the use of new technologies, it is common to refer to the TPACK model [START_REF] Voogt | TPACK in teacher education: Are we preparing teachers to use technology for early literacy?[END_REF], which aims at integrating technology, pedagogy, and content knowledge for improving teaching skills. Several studies have pointed out that including active learning and job-embedded practices is more effective for improving teaching [START_REF] Mcgatha | The Effects of Professional Development in Formative Assessment on Mathematics Teaching Performance and Student Achievement[END_REF]. Moreover, embedding the course in a practice community where teachers can share knowledge and experiences helps them not to feel like isolated learners, empowers their active participation, and boosts the results [START_REF] Lave | Situating learning in communities of practice[END_REF]. This aspect is particularly relevant in online courses, especially during pandemic times. Establishing solid AFA practices in the daily teaching is not easy; often, it implies a revolution of one's habits. Supporting teachers in the application of what they have learnt during the course becomes crucial. We based the development of our training course on the following principles:

• providing teachers with technological knowledge and skills about the use and management of an AAS for Science and Mathematics; • providing teachers with pedagogical knowledge and skills on formative assessment and on the design of tasks for AFA according to our previously cited model; • embedding the training course in a virtual practice community, where teachers could share materials, experiences, idea, difficulties and find support in their colleagues; • supporting teachers in the creation of their AFA activities and in their experimentation in the classroom, so that they can feel sustained in their first impact with the change of practices and encouraged to go on in the revolution of their teaching style; • including teachers, after the training course, in a continuous training program and in a practice community with other expert teachers, so that they can be supported in their future activities.

Methods

Our research about AFA is mainly focused on the training course "Automatic formative assessment in STEM disciplines", delivered 15 hours in synchronous mode and 7 hours in asynchronous mode, where 15 school teachers, 11 of whom teaches Mathematics, learned how to use the AAS Möbius Assessment. Teachers also received methodological training for designing AFA activities according to the model we presented in the Theoretical Framework. In this course, participants had to carry out e-tivities to become confident with the digital environment and to actively enter the community, such as creating items and sharing them in a common database. At the beginning of the course, each teacher had to choose a topic on which to create activities and define learning objectives, and then they identified questions that made the achievement of the objectives stand out. Moreover, they designed feedback that allowed students to bridge the gap between current performance and desired performance and began implementing it with interactive feedback. The last and most important step of the course was to administer the activities they prepared all over the course to their students. The teachers received training and support from tutors, who presented examples of questions and activities and described how to monitor student progress in order to guide, review and modify teaching activities. Tutors actively helped teachers in the delivery of the experimental activities with their students, too. During the course, teachers were encouraged to share their experiences and difficulties through a forum monitored by the tutors, and to share their materials in a common database. After the course, teachers had the chance to enter the wider community of practice of the national "Problem Posing and Solving" Project, which has been adopting similar methodologies since 2012 [START_REF] Fissore | Secondary school teacher support and training for online teaching during the covid-19 pandemic[END_REF]. The course was open to STEM teachers of all grades, from primary to upper secondary education. Also some teachers of humanistic subjects enrolled and followed the course. In total, 24 teachers enrolled in the course. However, we restricted the analyses only to the STEM teachers who reached completion in all the e-tivities and participated in at least 70% of the synchronous meetings.

Teachers had to respond to an initial and a final questionnaire, which represent the main source of data for our analysis. The initial questionnaire asked teachers their previous idea, perception, and usage of AFA, the application of certain methodologies with their classes and their adoption of digital tools. All teachers who attended the first meeting submitted the initial questionnaire. On the other hand, only the teachers who completed the course submitted the final questionnaire. From the final questionnaire we could gather their perception of AFA after the first implementation in the classroom and cast a glance at their future proposal to adopt what they had learned during the course with their students. The questionnaires consist in a mix of close-ended questions (mainly Likert scales) and open-ended questions, thus data collected are both qualitative and quantitative. Concerning quantitative data, we considered the main descriptive statistics, while for qualitative responses we classified the wide range of responses into a smaller number of categories, identified on the basis of the theoretical framework, in order to analyze them: this categorization depends on the researcher's interpretation of the respondents' responses, thus we compared two independent evaluations.

Results

In the initial questionnaire we asked teachers to give their own definition of FA. We granted them the possibility to answer in an open format, which resulted in a lot of different answers regarding various aspects. The reference to the five key strategies of [START_REF] Black | Developing the theory of formative assessment[END_REF] triggered our classification of teachers' answers in this framework, since we were able to refer them to one or more strategies. All the strategies but one were referenced. S1 was referred in two answers, here we provide an example: "an essential and necessary tool, for both teachers and students, to learn and to communicate", which highlighted the sharing capabilities of the methodology, and its learningcentered purpose, being communication central for making clear intentions and criteria. S2 was implied in 9 answers out of 15; here we report the most exemplifying: "to understand the learning of the students", shedding light on the search for evidence of student understanding. S3 is related to two answers, one of them is: "the act of communicating to the student if, and how much, they have acquired the important competences in the context of the course, and how they can improve in the future"; this communication can be regarded by all means as feedback, which allows the learner to move forward. Finally, S5 is mentioned in only one answer: "it has to allow students, in case of errors, to understand and remediate them": they are invited to master their learning. No answer referenced S4, probably because to be an instructional resource for one another is a process between peers, and therefore probably not the first one a teacher thinks about, albeit the importance of peer instruction and evaluation mediated by teachers is undisputed. Note that some of the answers cannot be properly considered as definitions, regardless of being in accordance with the literature or not: for example, the answer we put in relation with S5 is indeed a feature rather than a true description of the methodology. In three very short answers we could not find any reference to the 5 strategies. The strategy that had been referred to more frequently was, with a large gap, S2: this outcome highlighted how most of the teachers before our course saw FA as a tool centered on themselves, rather than on the students. We also compared the teachers' answers with the definition of FA (from Black and William, 2009), which considers data collection and their use to improve teaching and learning. Data collection was referred to 10 times, their use to improve teaching and learning 5 times. Teachers also considered the fact that assessment should occur during the course, 6 times explicitly, plus some other answers where it is implied (for example, where FA is described as "a method for detecting students' knowledge and competences"). We also looked for references to the agents included in the teachers' definitions (teachers, students, or peers). No answer referred to peers, consistently with the absence of S4; while two answers referenced both teachers and students, the former ones appeared 10 times, while the latter ones only 4. Note that teachers largely included considerations about students' learning, but mostly without giving them an active role. This is in line with the absence of S4 and confirms a teacher-centric approach to FA before attending the course.

Let us now consider the evolution of the answers relative to the actual use of FA by teachers. Before our course, several of them already made use of it, at least in some of its traits, but it was only after our course that most of them really became aware of its potential. Indeed, before the course, only 2 teachers declared using automatic assessment for FA regularly (most of them, only seldom), while 7 used it for summative purposes with regularity. For example, a teacher stated that she had used formative assessment by assigning students various activities, such as questionnaires, tests, exercises, with a successive discussion on aspects like the difficulties they had faced, the errors they committed, the solving processes. After the course, she recognized that she had acquired more cognizance relatively to the importance of FA, by specifically referring to real time interactive feedback as a tool for giving key support. Another teacher used grids with indicators. However, letting students become aware of how the assessment works or giving them parallels between the evaluation and the formative goals (essentially, S1), is only a first step towards a true obtainment of the strategies' outcomes. Indeed, answering after our course, she specifically referred to the creation of interactive feedback, with hints also aimed at helping disadvantaged students, in order to let each of them focus on understanding the solving process, rather than on the mere result of the problem. In this context, the use of variable data, thanks to the algorithmic capabilities of the AAS, was recognized as further enhancing the formative scope of a question. A teacher proficiently used automatic means with gamification features, which could be useful to engage students and to foster their interest in using more specific tools for formative assessment, as he noted. Finally, it is noteworthy to take into account one answer before the course, which considered tests, homework checks, actively involving students during lessons, and classroom simulations, in which they were allowed to help one another. The latter feature is important because it references S4, which had been excluded from the answers relative to the direct question about how to define formative assessment. Unfortunately, the teacher giving this answer followed our course only partially, and she did not respond to the final questionnaire, so we are not able to track possible progresses in that direction. These qualitative considerations can be integrated with some quantitative data. In the two questionnaires, we asked teachers some specific questions involving the strategies, in terms of attention devoted, perceived importance, and application capabilities with formative assessment. Specifically, before the course, we asked them how much, in their didactic activity, they paid attention to reaching the goals explicated by the strategies; note that the teachers were generally unaware, at the time, of the relation between the concept of FA and the strategies, as shown by several definitions they proposed. In a Likert scale from 1 to 5, where 1 means "nothing at all" and 5 means "very much", the averages are depicted in row (b1) of Table 1. It emerges again how, while the other strategies were generally present in the teachers' practices, with an average considerably higher than the midpoint 3, S4 underwent a weaker trend. A similar question regarded again the strategies, but in terms of how much teachers perceived them as important for learning. Two aspects emerged from the row (b2) of Table 1: the first one is the higher marks, likely because it is easier to think about a strategy than actually apply it; the second one is how S4 is still the weak link, although the differences between the other ones are less marked. Finally, after the course, we asked teachers how much they thought AFA would be able to help them in applying the strategies. It can be noted that the averages of row (a1) in Table 1, in comparison with those relative to the attention paid before the course, namely row (b1), increased in the score for all strategies except S1 ranging from +0.2 to +0.6. It can mean, as a general remark from the scores, that teachers recognized the importance of these strategies and of their goals and outcomes throughout the course. We now give an example, in Figure 1, of a question designed by a teacher towards the end of our course. It has been proposed as an algorithmic question, which means that random parameters allow the exercise to be repeated with different values, and with interactive feedback in case of a wrong answer. The coefficients are random integers in a proper range, generated every time the question is accessed.

If the correct answer to the first section is given at the first or at the second attempt, the exercise ends, and the student obtains a full score. If none of the two attempts results in the correct answer, as in Figure 1, subsequent sections open, guiding the student towards the solution by asking questions relative to intermediate steps, with the partial score that can be seen as an indicator of the student still needing help and refinement of their preparation (see the strategies). Note that in formative assessment scores are not as central as in summative assessment, but they can be of some help anyway along the other feedback, for example in moving students forward and letting them aware of their own learning, that are S3 and S5. 

Discussion and conclusions

AFA is a relatively new area of research and there is a need for teacher professional development on the use of it, as well as of research about the impact of training on teachers' practices with AFA. This study presents some limitations; first of all, the low number of teachers involved, which hinders generalization of the results. However, thanks to this study, we were able to observe the evolution of the teachers' knowledge and perception of AFA during a training course. If at the beginning of the course teachers tended to use automatic assessment as distinct from FA, throughout the course they learned to integrate the two methodologies, taking advantage of the potential of the digital technologies to empower the formative practices. We also observed that teachers mostly had a teacher-centered perspective of FA at the beginning of the course. They were used to paying more attention to proposing task in order to collect evidence of students' understanding rather than activating students in covering the gap between actual and desired performance. Their answers could suggest that the course may have given them the necessary tools to give students ownership of their learning during assessment. This resulted both from their answers to the final questionnaire, and from the increase in the scores given to the item relative to S5 after the course, which is not extremely strong (+0.6), but is the highest one. According to the teachers, the provision of feedback to move the learner forward is particularly enhanced by AFA, when implemented according to our model. The training modalities helped teachers to gain experience in the use of AFA, encouraging them to carry on this path. They perceived the usefulness of the course especially in a context of hybrid or face-toface teaching. Thus, they participated actively and enthusiastically, despite the online training modality, also because the trainers tried to stimulate confrontation and discussion during the synchronous meetings.
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 1 Figure 1: A question designed by a teacher (sections up to down, then left to right)

Table 1 : Average scores of questions relative to strategies, before and after the course
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	Before (b1, b2) and after (a1)	S1	S2	S3	S4	S5
	(b1) Attention paid to strategies and goals	3.5	3.7	3.7	2.9	3.5
	(b2) Perceived importance of strategies	3.9	4.1	4.3	3.9	4.5
	(a1) Help in applying strategies from AFA	3.5	3.9	4.2	3.1	4.1