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This paper reports from a project where Lesson Study (LS) was implemented in the field practice component in four subject areas of two teacher education programs at one Norwegian university. Previous analyses of data from interviews and mentoring sessions indicate that mathematics was a challenging case that makes it interesting to investigate further. In the present study, we analyze classroom observations with the Classroom Assessment Scoring System (CLASS) in order to investigate potential improvements from the intervention. The results indicate that there were no significant differences between the control group and the intervention group. Possible explanations for this are discussed and implications for future implementations of LS in field practice are suggested.

Introduction

This paper has a focus on developing student teachers' ability to teach mathematics through LS. When [START_REF] Stigler | The teaching gap. Best ideas from the world's teachers for improving education in the classroom[END_REF] published the results from their comparative study of mathematics teaching in Japan, Germany and the USA, they argued that there was a "teaching gap" among these countries. The teaching quality of the Japanese classrooms appeared significantly higher than in German and US classrooms, and Stigler and Hiebert suggested that a main explanation for this teaching gap could be found in the incremental developments of teaching through LS in Japan. In the aftermath of this study, LS continues to gain popularity as a practice-based approach to professional development outside of Japan. There is also growing interest among researchers to adapt and use LS in teacher education (e.g., [START_REF] Ricks | Process reflection during Japanese lesson study experiences by prospective secondary mathematics teachers[END_REF].

In mathematics education research, numerous studies focus on how LS might increase mathematics student teachers' knowledge and understanding of the mathematical content. For instance, [START_REF] Cavey | Learning to teach high school mathematics: patterns of growth in understanding right triangle trigonometry during lesson plan study[END_REF] argue that their adapted version of LS has a potential to increase student teachers' understanding of the mathematical content. Drawing upon the idea that knowledge for teaching must be learned in and from practice [START_REF] Ball | Developing practice, developing practitioners: towards a practicebased theory of professional education[END_REF], one might argue that LS has a potential to serve as a "professional development tool when faced with the challenge of providing high-quality learning experiences for student-teachers" (Murata & Pothen, 2011, p. 104).

From an ongoing review of literature on LS in mathematics teacher education, we notice that, while several studies attempt to measure the effects of LS on student teachers' knowledge and understanding, few studies report on effects of LS on the quality of instruction. [START_REF] Chassels | Collaborative, reflective, and iterative Japanese lesson study in an initial teacher education program: benefits and challenges[END_REF] suggest that LS "provides opportunities for teacher candidates to build professional learning communities, to deepen understanding of curriculum and pedagogy, and to develop habits of critical observation, analysis, and reflection" (p. 734). When investigating mathematics student teachers' development of lesson plans, [START_REF] Fernandez | Investigating how and what prospective teachers learn through microteaching lesson study[END_REF] suggests that implementation of LS appears to influence their development of professional knowledge. [START_REF] Jansen | Prospective middle school mathematics teachers' reflective thinking skills: descriptions of their students' thinking and interpretations of their teaching[END_REF] focus on mathematics student teachers' reflective thinking, and their study includes analyses of student teachers' own interpretations of their teaching. Although the issues raised in these studies are of importance, neither of them focus directly on effects of LS implementations on the quality of teaching. [START_REF] Leavy | The challenge of preparing preservice teachers to teach informal inferential reasoning[END_REF] study includes a focus on observing teaching, but the analyses emphasize student teachers' reflections and development of knowledge rather than their actual teaching. [START_REF] Ricks | Process reflection during Japanese lesson study experiences by prospective secondary mathematics teachers[END_REF] reports from an intervention study, but his focus is on mathematics student teachers' reflections rather than on their teaching. With this as a background, the aim of this paper is to investigate possible effects of LS implementation on the quality of student teachers' mathematics teaching. We consider the following research question: What potential influences can be observed from a LS intervention on the quality of classroom interactions in the field practice of mathematics student teachers? In order to approach this research question, we analyze classroom observations from a time-lagged design experiment where LS was implemented in the field practice of two Norwegian teacher education programs. Videos of classroom teaching are analyzed by using the Classroom Assessment Scoring System (CLASS).

The Classroom Assessment Scoring System

CLASS scores are related to students' academic performance [START_REF] Teachstone | Secondary CLASS observation training participant guide[END_REF], and research indicates that substantial gains in measured student achievement is mediated by teacher-student interaction qualities [START_REF] Allen | An interaction-based approach to enhancing secondary school instruction and student achievement[END_REF][START_REF] Teachstone | Secondary CLASS observation training participant guide[END_REF]. An important mediator for academic outcome is the extent to which the students' interactions with their teachers motivate them [START_REF] Pianta | Building capacity for positive youth development in secondary school classrooms: Changing teachers' interactions with students[END_REF]. Based on this, student-teacher interactions in the classroom are the focus of attention when observing classrooms using the CLASS instrument. This instrument is designed to assess the fit between teacher-student interactions and students' developmental, intellectual, and social needs, i.e. elements of high-quality teaching that have been identified as central to student achievement [START_REF] Allen | An interaction-based approach to enhancing secondary school instruction and student achievement[END_REF]. The CLASS instrument consists of three major domains that provide behavioral anchors for describing and assessing critical aspects of classroom interactions [START_REF] Teachstone | Secondary CLASS observation training participant guide[END_REF]: 1) Emotional Support, 2) Classroom Organization, and 3) Instructional Support. Student Engagement is also included, due to the importance of observing student behavior in addition to behavioral anchors on the classroom and teacher level.

The first domain, Emotional Support, relates to students' social and emotional functioning in the classroom and is highlighted in the CLASS instrument because "relational supports and connections, autonomy and competence, and relevance are critical to school success" (Teachstone, 2012, p. 2). Second, Classroom Organization is included in the instrument based on research, highlighting the relationship(s) between aspects of organization and students' opportunities to learn. The foundation for the third domain, Instructional Support, is constituted by the following teaching strategies that enhance learning: "consistent, process-oriented feedback, focus on higher-order thinking skills, and presentation of new content within a broader, meaningful context" (Teachstone, 2012, p. 4).

These three domains can be further divided into twelve dimensions or CLASS indicators that are defined in the CLASS manual (see Tables 1, 2 and3). In addition to these observable indicators of effective interactions, the CLASS manual includes behavioral markers that provide clear examples of how teacher-student interactions in the classroom can be observed and assessed. These descriptions are specified and examples of justifications are provided on the basis of concrete classroom videos, coded by CLASS experts.

Method

This study is situated within the larger, cross-disciplinary project, Teachers as Students (TasS), which involved mathematics, science, physical education, English as a second language, as well as pedagogy. The TasS project (2012)(2013)(2014)(2015), supported by the Norwegian Research Council (grant number 212276), investigated student teachers' learning during field practice, aiming at learning more about how student teachers develop the knowledge and skills required to promote student learning in schools. LS was used in a time-lagged design experiment [START_REF] Hartas | Educational research and inquiry[END_REF] in two Norwegian teacher education programs, both four-year integrated programs, one for grades 1-7 and one for grades 5-10. Subject matter and didactics (pedagogy) should thus be integrated in all subjects, and there should be a close relationship between what was taught on campus and in schools when student teachers had field practice (100 days within the four years). The mentor teachers have an important role and are considered teacher educators in field practice.

The student teachers were organized in groups of three or four during a three-week period of field practice both in the Business as Usual condition (BAU) and in the LS intervention (INT). The TasS study recruited student teachers during the spring term of their fourth semester (except the science groups in the BAU condition, who were in their sixth semester). The TasS project includes data with two groups of student teachers from the four subjects in both data collection periods (see [START_REF] Munthe | Lesson Study in field practice: a time-lagged experiment in Initial Teacher Education in Norway[END_REF] for an overview). In this paper, we mainly report from analyses of classroom recordings of lessons taught in mathematics from the BAU and INT condition, using the CLASS (Classroom Assessment Scoring System) observational instrument [START_REF] Allen | An interaction-based approach to enhancing secondary school instruction and student achievement[END_REF][START_REF] Teachstone | Secondary CLASS observation training participant guide[END_REF]. We also draw upon findings from previous analyses in the discussion section based on conversations in mentoring sessions and pre-and post interviews (before and after the field practice in both conditions).

In the BAU condition, the mentor teachers were asked to conduct their mentoring sessions the way they normally did without any influence from the researchers in the project. In the LS condition (INT), it was crucial that mentor teachers were introduced to essential principles about LS since "they played the role as facilitator and knowledgeable other for the group of student-teachers who made up the Lesson Study group" (Munthe et al., 2016, p. 145). This required another approach. Three afternoon seminars were organized (from November 2012 to January 2013) for mentor teachers and the research group in order to discuss important characteristics within the LS cycle and to establish a shared understanding of implementing LS in student teachers' field practice. An important component of these afternoon sessions was to develop a "Handbook for Lesson Study", which included a text about important principles in LS and a list of questions which could support both the mentor teachers and the student teachers through pre-and post-lesson mentoring sessions.

Three researchers (the authors of this paper) took part in the coding of videos from the four lessons in both conditions (INT and BAU). We divided the videos into 19-minutes sections. This resulted in 22 sections (12 BAU and 10 INT). After watching a video section, we started the scoring for each dimension individually, using the 7-point range that is described in the CLASS manual, Low (1, 2), Mid (3, 4, 5) and High (6, 7). We made our judgements based on the general scoring guideline. Our scores were then discussed before we started to observe a new video section. The results that are presented in the three tables below illustrate the scores given by the three researchers (see Tables 1, 2 and 3). Where two scores are given, our individual coding differed.

Results

The CLASS domain of Student Engagement intended to capture "the degree to which all students in the class are focused and participating in the learning activity presented or facilitated by the teacher" (Teachstone, 2012, p. 109), was coded as Mid for both BAU and INT. This code means that either the students are listening to, or watching the student teacher, rather than actively engaging in classroom discussions and activities, that there is a mix of student engagement, or they are engaged part of the time and disengaged for the rest of the time. Across all the videos, there is a lack of offtask behavior and the students appear to be engaged.

Emotional support

The domain of Emotional Support is divided into three dimensions (Table 1)1 . Across the first two dimensions, the code Mid was given by all three coders. A Mid score on the first dimension, Positive climate, indicates that the student teacher and students sometimes provide positive comments and appear quite supportive and interested in one another. A Mid score on the second dimension, Teacher sensitivity, indicates that the student teacher sometimes monitors students for cues and generally attempts to help students who need assistance, but these attempts are not always effective in addressing student concerns. This code also indicates that some of the students sometimes seek support, respond to questions and share their ideas.

CLASS dimension BAU INT

Positive climate MID MID

Teacher sensitivity MID MID

Regard for adolescent perspectives LOW/MID LOW/MID The third dimension, Regard for adolescent perspectives, was coded as Low/Mid, illustrating that individual coding differed among the coders. Low to Mid on this dimension indicates that the teaching is the teacher's show. The students are rarely provided opportunities for autonomy and leadership.

As can be seen from Table 1, the LS intervention did not affect the coding for any of the dimensions included in this domain.

Classroom organization

The domain of Classroom Organization is composed by three dimensions (Table 2). Behavior management encompasses the student teacher's use of methods to maximize the learning time for the students. The code Mid indicates that there is some evidence that the student teachers encourage desirable behavior and prevent misbehavior. Productivity, the second dimension, does not relate to quality, but rather deals with the students' opportunity to get involved and the extent to which the teacher makes sure that everyone has something to do. A Mid score on Productivity indicates that most of the time there are tasks for the students and some routines are clearly in place. However, transitions could be more efficient and the student teachers could be better prepared.

CLASS dimension BAU INT

Behavior The dimension Negative climate is scored in reverse. A low score indicates that the overall level of negativity among student teachers and students is low or absent. This code counts for more than the others in this domain, indicating that the classroom processes related to the organization and management of time, student behavior and attention in the classroom provide the students with opportunities to learn. As can be seen from Table 2, the LS intervention did not affect the coding for any of the dimensions included in this domain.

Instructional support

The domain of Instructional Support is divided into five dimensions as shown in Table 3. The first dimension, Instructional learning formats, was coded Mid in both conditions, illustrating that learning objectives may be discussed, but they are not clearly communicated in order to support student attention which is an indicator for a high score.

It is only in the second dimension, Content understanding, that there are indications of a possible effect, from discrete pieces of depth of lesson content to sometimes finding meaningful discussions in order to help students comprehend the mathematical content. The three last dimensions, which emphasize higher-order thinking among the students with a purposeful use of a content-focused discussion in the classroom, are all coded Low or Low/Mid. The focus on mathematical content is not strong in the teacher-student classroom interactions. A Low score on Analysis and inquiry indicates teaching that does not let the students think, or that students are neither engaged in higherorder thinking, metacognition, nor have opportunities for novel application. The teaching is in a rote manner. A Low/Mid score on the dimension of Quality of feedback indicates that the feedback provided to the students neither expands or extends learning nor encourages student participation. A Low/Mid score on the dimension of Instructional dialogue indicates that the student teachers do not involve the students in content-based discussions in class.

CLASS dimension BAU INT

Instructional The results illustrate that our LS intervention had little effect on the quality of classroom interventions (Table 3). Across the videos, and in both BAU and INT, the classes are mostly dominated by student teachers' talk.

Concluding discussion

Many studies suggest that LS has potential to contribute to mathematics student teachers' development, but few studies analyze potential effects of LS interventions in mathematics teacher education on the quality of classroom interactions. CLASS analysis of classroom videos from a control group and an intervention group indicates that our LS intervention did not increase the quality of classroom instruction. One might argue that the challenging results that arise from this study are problematic since one would hardly expect the results to show any variance based on one LS cycle only. However tempting it is to bypass the reporting of such challenging results, we do the opposite.

The majority of research reports in mathematics teacher education appear to be success stories, but we suggest that it is also important to discuss results that were not as positive as desired. In the following, we highlight three issues that might have influenced the results of this study: 1) experience and time, 2) lack of focus on critical aspects of LS, and 3) personal factors.

First, we discuss the issues of experience and time. Stigler and Hiebert (1999, p. 109) describe LS as a "system that leads to gradual, incremental improvements in teaching over time." Japanese improvements in teaching happen through systematic work over several decades, and it is unfair to expect significant improvements in teaching from groups of student teachers who have just been introduced to LS. Most implementations of LS in mathematics teacher education seem to involve participants with little or no previous experience with LS (e.g., Bjuland & Mosvold, 2015;[START_REF] Leavy | The challenge of preparing preservice teachers to teach informal inferential reasoning[END_REF]. In addition, most of these studies are short-term studies that often report results from participants who have completed one LS cycle only (e.g., Bjuland & Mosvold, 2015;[START_REF] Chassels | Collaborative, reflective, and iterative Japanese lesson study in an initial teacher education program: benefits and challenges[END_REF][START_REF] Leavy | The challenge of preparing preservice teachers to teach informal inferential reasoning[END_REF]. It is not realistic to expect significant long-term effects from studies like this.

Second, a possible explanation for the challenging results in this study might be that the participants failed to implement some important aspects of LS. Previous analyses of data from mentoring sessions and interviews support this. For instance, Bjuland and Mosvold (2015) identified four indicators of why the implementation was challenging in mathematics. First, the student teachers reported about a lack of emphasis on pedagogical content knowledge on campus before field practice, and they called for more focus on students' difficulties and teaching strategies. A second indicator was related to a lack of formulating a research question. In a LS cycle, the student teachers should collaboratively plan, conduct and evaluate a research lesson with a focus on students' learning, but they should also formulate a research question that focuses on their own learning. No signs of this were found in the mentor sessions in the mathematics groups (Bjuland & Mosvold, 2015). Third, there was little focus on student learning and structured observationboth of which are decisive in LS. The mentor teachers' questions did, however, focus more on planning, observation and student engagement in the LS intervention [START_REF] Bjuland | What questions do mathematics mentor teachers ask[END_REF]. A fourth indicator was that student teachers organized research lessons around individual work with textbook tasksmaking observation of student learning difficult (Bjuland & Mosvold, 2015). These observations may explain why the LS intervention was not successful and why the quality of classroom interactions did not increase.

Third, other factors like the student teachers' background, motivation and support may have influenced the results of this study. From analyses of data from mentoring sessions as well as focusgroup interviews, we learned that one group of student teachers in the intervention may have had a lack of motivation for participating in the study. In the other group of student teachers from the intervention, the mentor teacher was absent for a period of time, and the resulting lack of support from the mentor teacher might have influenced the quality of classroom interactions. Similar factors were also observed in the BAU groups. For instance, one of those groups struggled to collaborate [START_REF] Bjuland | Laererstudenters refleksjoner om utvikling av laeringsfellesskap [Student teachers' reflections about development of learning communities[END_REF], and we cannot revoke the potential influence of such problems. Although many problems can be avoided or taken care of in a research project, there will always be a potential influence of human factors that cannot be controlled by the researcher.

Further long-term studies are called for in mathematics teacher education to investigate participants who have completed more than one LS cycle, emphasizing that teaching develops through incremental improvements over time [START_REF] Stigler | The teaching gap. Best ideas from the world's teachers for improving education in the classroom[END_REF]. We observe that many studies focus on potential effects of a LS intervention on student teachers' understanding of the mathematical content. More studies are called for to investigate effects of LS implementations on classroom instruction.

Table 1 . Results from CLASS analysis of Emotional Support.
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Table 2 . Results from CLASS analysis of Classroom Organization.
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	management	MID	MID
	Productivity	MID	MID
	Negative climate	LOW	LOW

Table 3 . Results from CLASS analysis of Instructional Support.
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Proceedings of CERME10

The CLASS domains are written with capital letters in both words (e.g., Emotional Support), whereas the CLASS dimensions are written with one capital letter (e.g., Positive climate).Thematic Working Group 18Proceedings of CERME10