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This paper presents a first step in a larger study in the context of professional learning communities following a five-day professional development course in stochastics at upper secondary level. Its focus is the analysis of one teacher's attitude towards learning and teaching mathematics in connection with his first teaching sequence on inference statistics after taking part in a professional learning community. The aim is to explore his views in reference to learning as transmission of knowledge actuated by the instructor or as a constructive activity by the learner. This is realized on the basis of the account the teacher gives on his teaching, on his observations in class, and on his reasons for the decisions involved. Additionally, a Q-sorting with statements for transmissive and constructivist views on learning was employed. Together, our investigations of the data reveal a nuanced picture of the teacher's attitudes and notions, of the diverse learning support he offered, and of perspectives of his further professional development.

Introduction

In the course of their active careers, teachers need to regularly adapt their work due to shifts such as changes in curriculum guidelines, an altered structure of their classes, or technological development. In Germany, various innovations constitute challenges, e.g. competence-orientation, digitalization, and inclusive settings. The increased emphasis on statistics and probability theory is particularly relevant for teachers at upper secondary level. It has created a high demand for mathematics teacher professional development (PD), and a majority of teachers report that they would like to have more PD than they receive (OECD, 2009, Figure 3.5). However, after decades of neglecting stochastics, "the more challenging a reform is to teachers' existing beliefs and practices, […] the more it may need […] ongoing professional development to achieve depth" (Coburn, 2003, p. 9). Theoretically corroborated PD courses, designed e.g. by researchers and teacher educators in the German Center for Mathematics Teacher Education (Deutsches Zentrum für Lehrerbildung Mathematik, DZLM) aim to fulfil the demand for sustainable PD that impacts not only at the surface but effects a real change towards learning based on understanding. Professional learning communities (PLCs) which allow teachers to reflect and discuss their teaching stand the chance to contribute substantially to this goal. Nevertheless, mid-or long-term professional growth fostered by the activities connected with a PD course remains under-researched.

In order to describe individual PD appropriately, it is advisable to first classify the underlying attitudes towards the learning and teaching of mathematics (as in [START_REF] Grigutsch | Einstellungen gegenüber Mathematik bei Mathematiklehrern[END_REF] because "the affective cannot be separated from the cognitive" (Brown & Coles, 2011, p. 864): "A teacher's belief about how students engage in mathematical activity and learn are critical factors in the ability and tendency to design and carry out inquiry-based instruction" (Lloyd, 2002, p. 150). To be particular, mathematics educators and academic researchers tend to take the view that mathematical knowledge needs to be (re)constructed by the learner in order to be understood properly, and teachers often feel constrained by the necessity to also adequately prepare their students for tests and examinations presumed to stress routines and algorithmseven if the majority of teachers report constructivist views on learning (OECD, 2009, Figure 4.2). Thus, there is the possibility, if and when these two positions clash, that the potential benefit of a PD course suffers. Thus it is a meaningful first step in the evaluation of the impact of a PD course and the PLCs that emerged in its wake to a) investigate the attitude towards the learning and teaching of mathematics held by the participants of the course. Later steps include exploring b) what the participating teachers relate and reflect about their lessons, c) what tasks and tests they use, d) the correlations between their attitudes, their reflections, and their tasks, and finally e) theorizing about possible reasons for the connections.

Theoretical background

There are numerous epistemological theories on the evolvement of mathematical knowledge (e.g. APOS by Dubinsky, cf. [START_REF] Arnon | APOS Theory: A framework for research and curriculum development in mathematics education[END_REF]Abstraction in Context, cf. Dreyfus, 2012; or the theory on advanced mathematical thinking found in [START_REF] Tall | Advanced mathematical thinking[END_REF], and many share the basic belief that learners need to actively (re)construct mathematical knowledge in order to comprehend it. The corresponding view on how mathematics should be taught is described as relativistic, meaning an instructional style "based on […] student understanding" (Wilson & Cooney, 2002, p. 132). These attitudes can be summarized under the label constructivism, viewing mathematics as a process, seeing learning as an independent and discursive activity pursued by the learner, and trusting in students' eagerness and ability to learn.

However, particularly concerning beliefs on how mathematics should be taught, another, transmissive (or dualistic, according to [START_REF] Wilson | Mathematics teacher change and development[END_REF], view gains importance: of mathematics as a toolbox containing recipes and algorithms that solve tasks, of definite solutions, of learning by following examples and instructions.

There is consensus that epistemological beliefs on how mathematical knowledge is constructed and beliefs on how mathematics should be taught are not perfectly congruent: Studies [START_REF] Chan | Relational analysis of personal epistemology and conceptions about teaching and learning[END_REF] found correlations, though mostly both traits are found in individuals. Moreover, it remains an open question if transmissive and constructionist views are the extremes of one dimension or two separate dimensions (Voss, Kleickmann, Kunter, & Hachfeldt, 2011). It is to be expected that an individual teacher may exhibit attitudes for both transmissive and constructivist positions, e.g. that he or she may seem convinced that acquiring knowledge is an active process demanding discussion and exchange of ideas, but at the same time prefer teaching methods that rely on guided step-bystep instructions or an instructor demonstrating the only correct way to solve a task very early on. This ostensible contradiction may allow deeper understanding of teacher practices in combination with their convictions and therefore an important gain of insight for research in mathematics teacher PD.

What is more, studies have identified mathematics as the subject that is most often taught in a prestructured way (OECD, 2009, Figure 4.5), so this may be particularly true for the subject we are interested in. Previous research has shown that, not only for mathematics, "short-term professional development initiatives often remain at the surface and do not effect the desired change" [START_REF] Roesken | Beliefs and beyond: Affect and the teaching and learning of mathematics[END_REF], which is ascribed to the fact that the underlying beliefs are not easily changed and the beliefs on how mathematical knowledge is built sustainably influence the way teachers teach mathematics. PLCs present a chance to address these beliefs and allow access to participant teachers' views and maybe even classrooms.

The relevance of teachers' transmissive or constructionist views towards teaching and learning is most often seen in connection with students' progression and performance in tests. This is not our main focus here; we intend to understand teachers' attitudes towards learning and teaching first, with a later perspective on exploring their individual PD. Our research questions for this paper are:

(RQ1) What attitude towards learning and teaching mathematics does a teacher show in connection with having taught stochastics after partaking in professional development on this topic? (RQ2) In how far can this attitude be categorized as transmissive or as constructivist?

Circumstances of the study

The data collected for this study must be seen in connection with an approved five-day PD course on stochastics at upper secondary level conceptualized by DZLM mathematics educators and researchers [START_REF] Oesterhaus | Designing and implementing an alternative teaching concept within a continuous professional development course for German secondary teachers[END_REF]. The course stretched out over several months and covered a broad range of stochastic content, strictly following the principle of promoting understanding. Some participants of this course came forward to partake in subsequent work in a professional learning community (PLC) with other teachers from their respective schools. For this, selected contents of the PD course were presented, discussed, and adapted. This allowed a unique insight into teaching practice in connection with a radically constructivist PD approach. Changes in the curriculum had involved teaching in-depth stochastics, which traditionally is often avoided.

Consequently, the PD course was well-frequented, and participants were motivated.

Methodology

Interviews with individual teachers were conducted after he or she had taught a sequence on stochastics, usually covering probability, tree diagrams, conditional probability, binomial distributions, and in advanced courses also hypothesis testing. The interviews were conceptualized to serve the overall research purposes and thus followed a guideline touching on the teaching sequence (underpinned by the course register, worksheets etc.) with specifics about didactic decisions, students' reactions, PLC meetings and the individual's benefit for professional growth connected to them, and cooperation among teachers. For the research focus presented here, interviewees' utterances were examined for passages revealing indications for the respective teacher's attitude towards learning and teaching, and wherever possible, these passages were categorized as referring to a transmissive or a constructivist view. In the examples given below, Vic 1 recounts a classroom situation typical of a constructivist teaching attitude, and Joe reports that his students opposed his approach to establish understanding and demanded a more transmissive method.

Vic: I ventured to say, frequently: I'm lost here, I have to think about this again. Or: You are right, as far as I can see at the moment. And the next time, I could say: I thought about this, and it occurred to me that … (Vic_1, 01:05:25)

Joe: Subsequently, they [the students] reproached me: Why did we start with a task that is not one-to-one relevant for the exams? (Joe_1, 00:02:55)

In this case study, we concentrate on Vic, who is an experienced teacher with hardly any history of teaching stochastics himself, but who addressed teaching this content in an advanced course. Figure 1: Q-method score sheet by Vic, statements (abbreviated here) placed in given fields, from "1: less important" to "7: superimportant"

The Q-method [START_REF] Fluckinger | Positive reactions to a Q sort for personality assessment[END_REF]) is a popular tool for assessing personality. Subjects (in our case, teachers participating in a PLC at their school, after one of them had attended the five-day PD course) are asked not to rate statements (like in Likert-scale surveys) but to rank them by placing them on a score sheet of a given shape (see Figure 1, where statements are condensed to keywords). This way, the common case is avoided that the vast majority of statements are rated as equally "very important". In a Q-survey the number of fields on the "important" right side of the score sheet is limited. The Q-sorting can take place with statements printed on cards to be physically placed on the score sheet, or with digital alternatives (e.g. FlashQ by Christian Hackert, http://www.hackert.biz/flashq) that can be sent via e-mail; we use both. The 16 statements used for our investigation of attitude towards the learning of mathematics, the socalled Q-sample, are taken from Jaschke (2017). Eight statements each represent the transmissive or the constructivist view. For example, Learners are to develop routines by drill and repeated practice (bottom statement in column 3 in Figure 1) stands for a transmissive perception of learning, and Learners are to work on mathematical problems in an autonomous and self-regulated way (top statement in column 6 in Figure 1) describes a constructivist notion. The completed score sheet allows the calculation of an index: Transmissive statements are equipped with a negative algebraic sign to their respective position; constructivist statements retain their respective position with a positive algebraic sign; the index is calculated by adding up all values (Figure 2 shows an example). In our survey, this results in index values between -20 (clearly transmissive) and +20 (clearly constructivist).

+ + + - - + + + + - - - - + - - -1 -4 +3 +8 +5 +0 -7

Results

Vic's utterances in the interview reveal his differentiated perspective on the learning and teaching of mathematics, containing elements both of transmissive and of constructivist attitude.

Interview utterances categorized as transmissive

Vic reports that at the beginning of the teaching unit, he opted for a guided approach ("I set that [the null hypothesis in the introductory example], […] and then I defined the errors of the first and second kind", Vic_1, 00:19:58) with clear-cut step-by-step tasks for the students ("Then I kept to the worksheets from [name of publisher]: […] very well preprocessed, for filling in, for working with", Vic_1, 00:21:33). He continues to secure the essence of the lessons and calculations by scanning and printing important summaries from his preferred publisher's material in color on his home printer (Vic_1, 00:21:55), thus choosing scripted synopses over students' individual résumés.

Interview utterances categorized as constructivist

On the other hand, Vic sees the narrow solutions provided for the marking of central exams critically (Vic_1, 00:31:59). He relates that his students "had to try out [their approaches at calculating the probability of an error]" (Vic_1, 00:20:36), which is typical of a constructivist view. He very much appreciates the fact that his students liked to take part in discussions, and acknowledges that both himself and the students profited from these interactions (Vic_1, 00:58:25).

Vic appreciates the creative strategies some of his students use (e.g. when attempting to solve a third degree polynomial equation by trying systematically, Vic_1, 00:35:56), although he is aware that in exams, such strategies can result in an inconvenient loss of credits (Vic_1, 00:36:31). His concerns about his students' performance also become clear when he talks about the case of a student who did not abide to "what is to be done at school, [he] always reinvented the wheel" (Vic_1, 00:38:48) and thus was graded lower than his presumed potentialuntil in the final exams, when he came out with full credits. This experience boils down to the fact that a constructivist approach to learning bears the danger of demerits. Still, Vic likes to offer a choice (Vic_1, 00:28:04) of different topics or complexities. He also appreciates it when understanding is promoted (like in double tree diagrams, where a higher base rate results in a higher number of false-positive diagnoses, Vic_1, 00:25:59, 00:26:14, or in a responsive spreadsheet that enables the observation that with a higher sample size, the standard deviation of a random variable decreases, but the mean stays the same, Vic_1, 00:53:37).

Interview utterances referring to affective aspects

Vic also keeps an eye on students' motivation ("And they found that interesting, I think", when referring to the latter of the above examples, Vic_1, 00:53:55), particularly as he has learned that many students in this course possess a pronounced dislike against probability and stochastics ("the term stochastics brought horror to some students'about a third of the course -faces at first", Vic_1, 00:56:12). He does not lose hope of imparting some of the fascination he feels to his students and underpins this with anecdotic evidence of a student who was rather successful, in spite of her initial strict dislike (Vic_1, 00:57:25). He is particularly aware of offering alternative procedures to weaker students (e.g. using absolute numbers when calculating conditional probabilities, Vic_1, 00:26:35) and values their potential ("when I was able to reconstruct it, I gave full credits", Vic_1, 00:26:51). Vic mentions more than one incident of perceiving distinct learning difficulties, e.g. when he recounts that some students were at a loss when having to transfer routines to new contexts (Vic_1, 00:33:33).

Vic's vision of ideal teaching

As a prospect, when considering how to teach the content next time, Vic's ideal of constructivist instruction based on solid content knowledge becomes clear; he phrases his goals as "feeling more at home" (Vic_1, 00:47:00) in inference statistics, as "enhancing my collection of tasks" (Vic_1, 00:47:59). His vision of the teaching he would like to conduct in the future encompasses extended phases of reflection (Vic_1, 00:50:00), which he substantiates with the observation that what students find out themselves stays in their minds, even if it is wrong (Vic_1, 00:50:00), thus displaying his awareness of the pitfalls of self-guided learning and his own responsibility for his students' learning goals and their examination performance.

The Q-sorting Vic's Q-sorting produces the Q-index +4, a moderately constructivist view. We found that particularly his positioning of the transmissive statements are worthwhile interpreting. One of the transmissive statements considered most important reveals Vic's concern with his students' learning outcome: Learners are to master mathematical terms and procedures reliably and accurately (column 6). The other one describes what you could call a general goal for mathematics lessons: Learners are to think strictly logically and precisely (column 7). The transmissive statements rated least important by Vic also tell a story (see columns 1 and 2 in Figure 1): They refer to rote-learning without considering if the content is understood. The overall picture presented by this Q-sorting can be summarized as rejecting mindless routines, emphasizing autonomous exploring, but simultaneously keeping an eye on learning goals.

Discussion

Vic's data indicates his constructivist belief of sustainable learning as an active process that needs time to explore, to discuss, and to reflect in order to be effective, based on his personal experience. Nevertheless, his responsibility to promote all students' learning success makes him avoid very open approaches to new content that might throw some students off track, and he makes sure that learning outcomes are clearly communicated and accessible for everyone. This illustrates one of [START_REF] Clarke | Ten key principles from research for the professional development of mathematics teachers[END_REF] important principles of PD, that "changes in teachers' beliefs about teaching and learning are derived largely from classroom practice" (p. 38). Vic's teaching decisions are also influenced by the specific students in his course. There are some students keen to debate and discuss, some rattled by the prospect of having to come to grips with the unpopular content, and others with limited mathematical abilities. As a consequence, Vic does not follow only one approach in his teaching, but switches between more guided and more open activities. The reasons he gives do not stem from general scientific results but from current observations of this specific group of learners and previous experiences that form his treasure trove and enable him to draw on his collection of reactions, explanations, examples, and tasks that can support a variety of learners to overcome their unique learning obstacles. His aim of augmenting this trove with more tasks in order to further improve his teaching metaphorically sums up this perspective. Vic's attitude towards the learning and teaching of mathematics cannot be seen as one place on a line with the poles transmissive and constructivist view, although the Q-index +4 gives an orientation and acts as a first classification. Vic's reports on his teaching as flexible with respect to individual learners and variable teaching aims (such as introducing a topic, or corroborating a procedure in preparation of a centralized exam). When analyzing his teaching decisions in more detail, e.g. his choice of task or method later in our ensuing studies, we need to consider these variables, too.

Further research perspectives

As indicated above, this paper presents a first step in a larger study aimed at investigating the impact of a PD course and its subsequent PLCs on the professional growth of the members of these PLCs. The next steps could be as follows:

 Broaden the investigation of attitude towards the learning and teaching of mathematics to more members of the PLCs.  Analyze PLC members' reflections in interviews in terms of evidence for professional growth.  Explore PLC members' tasks and tests used when teaching selected content.  Look for correlations between teachers' attitudes, evidence for professional growth, and their tasks and test, and search for qualitative and theoretical corroboration that (some of) these correlations are causal.

In discussions at CERME, other lines of research were suggested for consideration, such as taking a closer look at the interactions among the PLC, or concentrating on affective aspects, e.g. specificities of the content, or teachers' expectations of what they should be able to achieve.

Altogether, these lines of research raise the hope of generating interesting results.
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 2 Figure 2: Calculation of Q-index -1-4+3+8+5+0-7=+4, transmissive statements with negative, constructivist statements with positive algebraic sign, absolute values by position

All names given are aliases. Teachers' statements were translated from German by the author.