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Clinical simulations for mathematics teachers' training: the impact on preservice teachers' sense of self-efficacy regarding their knowledge
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Forty-four preservice teachers participated in clinical simulations as part of their training. The simulations were designed to improve teachers' knowledge. The study investigated the advantages and disadvantages of this method concerning the teachers' self-efficacy regarding their knowledge. Results demonstrate that the simulative experience did not enhance teachers' confidence and exposed gaps in teachers' knowledge.

Introduction and theoretical background.

Clinical simulation is a learning process in which the learner copes with a simulated action or occurrence from the real world of employment. It is unique in that it allows the learner to experience an authentic scenario that may occur in real professional life [START_REF] Sauvé | Distinguishing between games and simulations: A systematic review[END_REF]. The main advantage of simulative experiences is the formation of a direct connection between abstract concepts and the reality of which one learns, allowing the learner to implement theoretical ideas and terms on a realistic event [START_REF] Davidovitch | Simulation-based learning: The learningforgetting-relearning process and impact of learning history[END_REF]. Such experience is considered more effective than mere theoretical training on the professional knowledge demonstrated by the learners, their self-confidence in their ability to cope with different situations, and their inner motivation [START_REF] Kolb | On becoming an experiential educator: The educator role profile[END_REF]. It is extensively used in the context of vocational training for pilots, medical doctors, nurses, social workers, and more.

In recent years, clinical simulation has become common in teacher training institutions, as part of a general tendency to incorporate more real-life scenarios. Traditionally, mathematics teachers' training courses include content aimed at improving the knowledge needed for teaching and enhancing the sense of self-efficacy regarding the ability to teach; this could be achieved in diverse methods, such as workshops, lectures, and practical work in school. Nowadays, the use of analyzing real-life situations, rehearsing lessons, and discussing realistic scenarios is commonly used [START_REF] Horn | Teaching replays, teaching rehearsals, and re-visions of practice: Learning from colleagues in a mathematics teacher community[END_REF], sometimes using virtual reality that simulates a classroom [START_REF] Barmaki | Providing real-time feedback for student teachers in a virtual rehearsal environment[END_REF]. The present study focused and explored a method of clinical simulations, not by rehearsing scenarios in front of fellow students or colleagues, nor engaging in an imaginary scenario, but a simulation with actors. As part of the simulations, the preservice teacher (PST) takes on the role of the teacher, and the actors the role of the students. Each simulation can be conducted around a scenario that portrays either an event in the classroom (a teaching-learning event, or a disciplinary event) or an individual meeting conversation (with a student or a parent). The clinical simulation allows the PST to experience (or watch others experience) the event in a safe environment, so they can practice coping with different and varied confrontations, learn from them and receive professional feedback about them. Studies dealing with teacher training through clinical simulation with actors have mainly dealt with conflict situations [START_REF] Brouwers Cil | Pre-service Teachers' identity characteristics: an investigation of pre-service teachers' decision making and facilitation process within a clinical simulation[END_REF][START_REF] De Coninck | Exploring the effectiveness of clinical simulations to develop student teachers' parent-teacher communication competence[END_REF], and focused on discussions with parents or colleagues. These studies have found that this method of learning has improved teachers' awareness and empathy, and their sense of confidence for dealing with such situations in the future. The present study used simulations not for conflict situations, but for everyday teaching-learning experiences, to promote teachers' knowledge and to enhance teachers' self-efficacy regarding their knowledge.

What is the knowledge required for teaching? In the context of mathematics teaching, four components of knowledge were defined [START_REF] Ball | Content knowledge for teaching: What makes it special[END_REF]: Common Content Knowledge, CCK (e.g., knowing how to solve or calculate); Specialized Content Knowledge, SCK (e.g., knowing how to solve a problem in more than one way); Knowledge of Content and Teaching, KCT (e.g., knowing how to choose the suitable examples for presenting a topic); and Knowledge of Content and Students, KCS (e.g., familiarity with common student errors). Teachers' knowledge is a very significant factor in the teaching-learning processes: the broader the teachers' knowledge is, the better they cope with students' difficulties, the better intervention programs they prepare, and the better attainments their students have [START_REF] Tchoshanov | Relationship between teacher knowledge of concepts and connections, teaching practice, and student achievement in middle grades mathematics[END_REF][START_REF] Van Inger | Evidence of the need to prepare prospective teachers to engage in mathematics consultations[END_REF].

Another factor that may affect the teaching-learning processes is the teacher's sense of self-efficacy [START_REF] Bandura | Self-efficacy: toward a theory of behavioral change[END_REF]): one's belief in his ability to successfully organize and perform a series of actions necessary to achieve the desired result. Performing a task properly requires both suitable skills and confidence in the ability to employ them. Thus, self-efficacy affects people's functioning: the higher self-efficacy is, the greater efforts and time they invest. Self-efficacy may affect teaching-learning processes: the higher teachers' self-efficacy, the better relations they have with school staff, the higher job satisfaction they have, and the more involved they are in promoting students [START_REF] Dellinger | Measuring teachers' self-efficacy beliefs: Development and use of the TEBS-Self[END_REF][START_REF] Sarıçam | Burnout and teacher self-efficacy among teachers working in special education institutions in Turkey[END_REF]. Studies exploring teachers' self-efficacy regarding their knowledge found a difference between the different components of knowledge. The highest level of self-efficacy is related to common content knowledge, and the lowest level of self-efficacy is related to knowledge of content and students (Schreiber & Fillo, 2019).

As mentioned above, simulative experiences might be used to promote teachers' knowledge and their sense of self-efficacy regarding their knowledge. Thus, it is important to explore the influence of simulative experience on the teachers' knowledge and the associated sense of self-efficacy. As far as I know, no simulative studies have been conducted that focused on the effect of simulations on mathematics teachers' knowledge and their sense of self-efficacy regarding their knowledge.

The aim of the study: To examine the effect of simulations on the teachers' confidence in their knowledge (both their knowledge in general and specific knowledge components). The research question: (1) Are PSTs able to express their knowledge during simulations? (2) What is the impact of clinical simulation on PSTs' level of self-efficacy regarding their knowledge?

Methodology

Participants: Forty-four PSTs, who participated in a practice-based course for mathematics teachers training, as part of their studies for a teaching certificate in mathematics. During the course, they participated in several simulation sessions with professional actors who played school students. In these sessions, 23 PSTs actively participated, playing the teacher in the simulation, while 21 participants watched them. Among the 23 active participants, 14 PSTs participated as a teacher with 3 players (class simulation), and 9 PSTs participated as a teacher with one player (individual meeting simulation).

The participants have a bachelor's degree in mathematics education/science/economy, and they have very little experience in teaching (only a few hours a week). During the course, they acquired theoretical knowledge regarding students' conceptions and misconceptions, and knowledge regarding teaching specific mathematical concepts and topics. They also watched and analyzed lessons videos.

Research tools:

1. Scenarios that were written as scripts and simulated a teaching-learning event. Two types of scenarios were constructed: a scenario that simulates a classroom event, in which the teacher teaches three actors, and a scenario that simulates an individual conversation, in which the teacher teaches one actor. In each script, there is a math problem, given to the teacher in advance. The actors (professional actors who do not know mathematics) get in advance the solution that they are supposed to present during the simulation (correct/wrong/correct but unusual solution) and are instructed how to react to every possible response of the teacher. The teacher must choose how to explain the problem to them, whether to answer their questions and how to respond to their suggestions for solutions or to continue in the path he has chosen. The solutions presented by the actors were aimed at probing the knowledge component needed for mathematics teaching [START_REF] Ball | Content knowledge for teaching: What makes it special[END_REF]: an unusual solution is aimed at SCK, the wrong solution is aimed at KCS.

An example for a scenario involving an arithmetic sequence problem: "the third number in an arithmetic sequence is 10, and the seventh number is 20. Find the fifth number". Each of the actors presented one of the following solutions: (1) A correct solution: using the equation an=a1+(n-1)d for the third and seventh numbers, and then solving a system of two linear equations; (2) A correct answer: finding the fifth number by performing arithmetic mean of the two given numbers; (3) An incorrect solution: the student wanted to find the constant difference between the consecutive numbers, so he wrote: 10, a4, a5, a6, 20, subtracted the values of the two given numbers (20-10) and divided the result by 5, instead of by 4, because he counted 5 numbers and not the 4 differences between them.

Simulation videos:

Each simulation is filmed. The videos were transcribed and then codedmapping events to the relevant knowledge component: CCK -participants knew how to solve the problem correctly, SCK -participants chose to show the students alternative or unconventional solution, KCT -participants prepared an explanation or a teaching method to the problem, KCSparticipants addressed student difficulty or error. For the data analysis, the number of events in which participants displayed each knowledge component was counted, as well as the numbers of missesevents in which the participant was expected to demonstrate knowledge and did not (for example, an occasion in which a participant refused to acknowledge an easier solution suggested by a student).

Self-efficacy questionnaires:

The participants were asked to address thirteen different statements that dealt with different components of knowledge and indicate whether their level of confidence increased, decreased, or did not change after participation in the simulations' workshops. For example, they were asked to refer their level of confidence in their ability to examine an unconventional student solution to a problem and determine whether it is correct (SCK). Or their level of confidence in their ability to anticipate students' common errors (KCS). In addition, participants were asked to answer a concluding question: whether they generally felt that their level of confidence in their knowledge increased, decreased, or did not change after participation in the simulations' workshops.

4. Interviews: To elaborate on the self-efficacy questionnaire findings, interviews were conducted with 10 PSTs who participated as teachers in the clinical simulation. Participants explained their answers regarding their general level of confidence in their knowledge and elaborated on the reasons for the change in their confidence level.

Procedure:

The actors were instructed how to respond and what to say to the PST. The active participant, who played the role of teacher, was given in advance the mathematical problem the simulation deals with. He could think about it and choose the solution and the way he wanted to explain it. But he did not know what solutions the actors would present, what their errors would be, and what they were going to ask. This was intended to imitate a real experience in the classroom, in which a teacher does not know in advance what the students will ask and what solutions they will offer. Each simulation lasted from 6 minutes to 15 minutes and immediately after it a feedback discussion was held with all present. During this feedback session, the teacher explained his motives, what guided him in his responses, the difficulties he had in managing the scenario his conclusions for a similar situation in the future; the actors explained how they felt as students, what the teacher's strengths were and what they would offer him to do differently; viewers highlighted the teachers' strengths, his actions they approved of, and suggested additional approaches and additional possible responses to the simulative situations.

The participants could (if they wanted) participate again in another simulation.

Results

Teachers' knowledge: As previously written, in each simulation, the PSTs coped with a problem they received in advance. The solution they chose to present, their reaction to an error or an unconventional solution, revealed their knowledge and their ability to use it in real-time. Watching the videos, I analyzed the responses and pedagogical decisions the teachers had made and examined what components of teachers' knowledge were expressed during the simulation.

The PSTs showed common content knowledge, but they had partial and even lacking knowledge in specialized content knowledge and knowledge of content and students. Regarding CCK, the teachers had no gaps: all the PSTs but one solved the problem correctly. The one teacher who brought a wrong solution noticed it right at the beginning of the simulation and corrected her solution right away. But, regarding SCK, some PSTs were not familiar with solutions presented by the actors, either choosing to ignore it or forbidding the actor to present it. Most teachers did not know whether and how to present a second solution after one was presented, so they chose to adhere only to one solution -in all the scenarios but two, no solution was discussed other than the one that the teacher had prepared in advance. Furthermore, no connection was made between different representations, and many PSTs found it difficult to explain the mathematical principle underlying the solution they chose. All these expressions of SCK were missing or partial among the PSTs. Another gap in teachers' knowledge was regarding KCS: it was found that there was great difficulty among most PSTs in dealing with a student's error or wrong solution: most of them could not identify the difficulty, and none understood what the source of the error was. While most of them did pay attention to the actor who played the struggling student, their communication was merely personal, expressing empathy and patience, rather than educational; it lacked the necessary instruction tailored to a specific difficulty or specific error. Since the teachers did not understand exactly what the difficulty was, they chose to repeat the same solution instead of explaining to the student what the mistake was and how it could be avoided in the future.

Teachers' self-efficacy: The findings of the concluding question in the self-efficacy questionnaire (Table 1) vary depending on how the PSTs participated in the simulation. Table 2 demonstrates that in general, only a quarter of those present in the simulation reported an increase in the level of confidence in their knowledge. Among those who were observers only, the simulation seemed to raise the confidence level or at least did not cause a decrease. Among those who were active with one actor, there was no difference in reporting between increase and decrease of confidence: a third of them reported an increase, a third of them reported a decrease, and a third of them reported no change in their confidence. In contrast, participants who were active as teachers with three actors were more likely than other participants to report a decrease in their level of confidence in their knowledge, even though in the discussions that took place immediately after the simulations, the strengths of the teacher were emphasized.

Table 1: Changes in the level of confidence in the knowledge

For a better understanding of these findings, interviews were conducted with some of the participants to explore the reasons for the effect of the simulation on their level of confidence. The interviews, as will be explained in detail below, highlighted that the change in confidence level mainly depends on the knowledge component the teachers inadvertently focused on.

Four PSTs reported that coping with the scenarios strengthened their confidence in their knowledge and in their ability to deal with similar situations in the future. In their interviews, they all referred to their knowledge of content and students. One of them, David, had a successful simulation experience with three actors. When one of them posed a question, David felt he answered it well. In the selfefficacy questionnaire, he indicated that his level of confidence in the knowledge of content and students increased, and so did his overall level of confidence. In the interview, he said: "When I was at school and my students had difficulties, I realized that I had already experienced something similar during the simulation. That was the moment I felt more confident. The scenarios we were given are very similar to what is happening in a real class with real students. The simulations improved my sense of confidence in my ability to deal with different situations in the classroom". Another one, Eva, also reported an increase in her general level of confidence and referred in her explanation mainly to the knowledge of content and students: "A situation like the one I experienced in the simulation happened to me in a classroom, and then I realized I was given tools to deal with it. I knew what to focus my explanation on. It strengthened my confidence that I could deal with situations in a real classroom". In these statements, the PST emphasized that coping with a scenario helps to cope with a similar experience in the future and strength the sense of confidence in the ability to handle similar situations.

However, it seems that first-time encounters with real-life situations might have the opposite effect. Unlike the above statements, many PSTs reported that the simulations decreased their confidence. They also explained their feelings in the interview by referring to what they know or don't know. For example, Ron said: "I feel that I don't always know how to explain a solution that I am not familiar with, or how to explain errors to the student who made them". Ron's confidence was influenced by two components of knowledge: specialized content knowledge, e.g., dealing with an unconventional way of solving, and knowledge of content and students, e.g., dealing with a student's error. Lina, another PST, also focused on these two types of knowledge, because during the simulation she had to deal both with an unusual solution, and with a wrong solution: "During the simulation, I felt the need to bridge between my desire to show a nice mathematical solution and the actors' desire to get an answer... there were situations where I felt that I directed my explanations at a particular actor, while the others were not silent… On the one hand, it feels like a real classroom, but on the other hand, here it was a little harder for me, and it undermined my confidence. All I wanted at that moment was for the actors to listen to me and to understand their error, but I felt my explanation was lacking".

Summary and conclusions

In mathematics teacher training courses, PSTs are aimed to gain the knowledge required for mathematics teachers: learn teaching methods, different representations for mathematical objects, and common errors of students. One of the tools used in the training process is simulation workshops, in which the PST can experience a reality-like scenario that allows him to use the theoretical knowledge he has acquired. The rationale for conducting these is that teacher knowledge is best developed through the experience of teaching a classroom; for this reason, it is believed that PSTs should be trained to develop a wide range of skills experientially and practically [START_REF] Ball | What does it take to make a teacher?[END_REF]. The advantage of this experience is that the scenario's focus is on specific types of knowledge and enables the participants to watch themselves and discuss with others their decisions and their responses.

The questions of the present study were: (1) Is the knowledge imparted to PSTs reflected during the simulation workshops? (2) Does attending workshops increase PSTs' sense of self-efficacy regarding their knowledge?

The study described in this paper does not seem to give clear-cut answers to these questions.

Regarding the knowledge of the PSTs, the findings show that differences were found between the levels of proficiency and control the PSTs demonstrated in each component of knowledge. In common content knowledge, the teachers were more knowledgeable; in pedagogical-content knowledge, they were less knowledgeable, which may adversely affect their teaching and the learning process of their students; and in specialized content knowledge and knowledge of content and students, they were least knowledgeable. These findings support the findings of past studies, in which it was found that teachers in general, and particularly novice teachers, lack these components of knowledge [START_REF] Schreiber | Teaching multiplication and division in classes of learning-disabled students: Teachers' knowledge and sense of self-efficacy associated with their knowledge[END_REF]. If the teaching quality of teachers is an outgrowth of their knowledge, the findings suggest that PSTs should strengthen mainly the two components of knowledge that were found missing (SCK and KCS), and therefore training should include workshops with scenarios that require an online active use of these components; for example, unusual (SCK) and wrong (KCS) solutions.

Regarding the PSTs' sense of self-efficacy, the results indicated that the simulation might not be the best experience for the participants, since only a few participants reported improved confidence. It was found that after participating in the simulation workshops, most of the participants reported that their general confidence was undermined, as well as their confidence in their knowledge. A possible explanation for the results is that the teachers lack certain knowledge components. In the interviews, the explanations that teachers gave for their decrease in their general sense of confidence, usually focused on their difficulty to handle unconventional solutions and students' difficulties, which is linked to SCK and KCS. Most of the participants' explanations focused on a particular knowledge component that lowered their confidence. It can be deduced from the PSTs' answers that for each of them there was one component of knowledge in which they were less knowledgeable, and thus has more influence on their sense of confidence. Another possible factor for the decrease in the general confidence that was expressed in the interviews is the difficulty of addressing three actors at once while being subjected to criticism from many spectators, as well as from the actors themselves.

How can the benefits of simulative experience be maximized so that they improve participants' sense of competence and increase their level of confidence? How to avoid a situation of feeling 'failure' in dealing with the scenario? The results suggest that some measures should be taken to increase the positive effect of clinical simulations on preservice mathematics teachers. First, more work needs to be done to support the PSTs' development of SCK and KCS in positive experiences, to increase their self-efficacy before engaging in this type of simulation. Second, the self-efficacy aspect should be strengthened in the training process in general, and in the feedback for a simulation in particular; more emphasis should be put on the strengths of the participant and his empowerment. Third, simulations with one actor are less intimidating and should be the only kind used; the course and the simulations should focus on one type of knowledge. The present study and its findings imply that while providing guidance and consultation to novice teachers, it is important to strengthen their confidence while promoting their knowledge, especially concerning specialized content knowledge and knowledge of content and students. This recommendation has also been mentioned in previous studies (Schreiber & Fillo, 2019;[START_REF] Van Inger | Evidence of the need to prepare prospective teachers to engage in mathematics consultations[END_REF].