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The program Math.Researchers ("Mathe.Forscher") funded by the German foundation "Stiftung Rechnen" has the

Theoretical framework

The program Math.Researchers ("Mathe.Forscher") funded in 2010 by the German foundation "Stiftung Rechnen" has the goal to implement discovery, inquiry-and project-based learning in mathematic school lessons. One motivation is that inquiry-based learning may increase the students' mathematical achievement [START_REF] Hattie | Visible Learning into Action. International Case Studies of Impact[END_REF]. Bruner considers the benefit of learning through discoveries that one makes for oneself in the 60's [START_REF] Bruner | The Act of Discovery[END_REF]. His discussed main benefits are similar to Winter's arguments consisting the thesis that active discoveries by students themselves are the more effective way of especially learning mathematics (Winter, 1989, p. 1-3). The students are meant to explore and discover mathematics in their every-day-life with the help of their teachers. The program Math.Researchers supports the teachers in several sessions, with training, booklets and material for best-practice-activities. In addition a team of scientific assistants and process assistants support the program members. One example for a Math.Researcher activity is "Mathematics at the Zoo" [START_REF] Ludwig | Entdeckendes, forschendes und projektartiges Lernen. Best-Practice-Beispiel aus dem Programm Mathe[END_REF]. The pupils have to leave their classroom and visit the zoo to develop their own research questions there. The teacher supports the students' ideas with mathematical knowhow. Back at school they work on their research questions and present their results. A reflection on the presented solutions completes this Math.Researcher activity.Although the teachers were supported in the terms of the program they were insecure whether their lessons were Math.Researchers-lessons. To improve transparency in this respect five special normative programdimensions were developed by experts of the program in 2014 that can be used as a kind of checklist.

Math.Researcher-dimensions

Derived from the program goals, the following five Math.Researcher-dimensions were determined in 2014: using the Math.Researcher-principles (MRP), opening the classroom (OC), working with researchers' questions (RQ), acting as a learning guide (LG), and visualizing mathematics (VM).

Each dimension consists of three main elements (Table 1). The more elements considered, the more Math.Researcher-like is the planned unit. The table can be used as a checklist so that the teachers are able to find out whether their planned lessons are conforming to the program. An ideal Math.Researcher-activity contains a minimum one element of each dimension.

Dimension

Main Elements Considering the above-mentioned Math.Researcher activity's example "Mathematics at the Zoo" elements of all dimensions can be found here. The activity is project-based (MRP) and includes outdoor lessons at the zoo (OC). The pupils develop their own mathematical questions in an environment they usually do not connect to an educational context (RQ). The teacher enables student activities and supports them in mathematizing their ideas (LG). The phase of presentation and reflection at the end of this project represents the fifth dimension (VM).

To establish the dimensions a special PD course was conducted (figure 1). At a kick-off-meeting in December 2014 with all participating teachers the dimensions were introduced. The following months the teachers were meant to implement the dimensions in their teaching to get more familiar with them. So called process-assistance visited the teachers at school, watched the lessons, gave feedback. At the Math.Researchers' camp in May 2015 concrete activities were planned. 17 teachers met with program's scientific and process assistance to develop units focusing the dimensions. These units were conducted in May, June and July 2015. Every unit should be documented by a uniform document tool provided on the internet platform. The assistants analyzed these documentations and gave individual feedback. While carrying out the Math.Researcher program with a special focus on the dimensions it was not sure whether and how the terms and ideas of the program were implemented in mathematical school lessons after May 2015. The dimensions can be seen as a kind of program characteristics. So a natural research question came up: Did the development and application of these dimensions succeed sustainable? That means on the one side that they are helpful for the teachers to plan their Math.Researcher lessons, and on the other side that the included main elements are recognizable by the students in the way the teachers planned it. Furthermore, we wanted to know if there is any effect on the view on mathematics of the teachers and also the students. By taking part in the program the students are meant to explore and discover mathematics in their every-day-life. Does this goal reach the students, or is the main opinion after they have taken part in the program that mathematics is still a school topic where you have to learn formulas and not necessary for every-day-life?

Presenting the design principles of in-service education by the German Centre for Mathematics Teacher Education (DZLM) [START_REF] Barzel | Die DZLM-Gestaltungsprinzipien für Fortbildungen[END_REF] reviewed the current state of research on inservice education with a special focus on mathematics. The effectiveness of in-service education is possible on different levels: Among other things there can be an impact on the acceptance of the training, an impact on the professional competencies and an impact on the classroom teaching (Barzel & Selter, 2015, p. 266). To improve transparency in the respect which impact can be found with the Math.Researcher-program an evaluation was planned with a focus on the following research questions:

-Are the dimensions well established, do the teachers identify with them and integrate belonging elements in their classroom teaching? Therefore the dimensions were related to the mathematical beliefs. The mathematical world view of teachers [START_REF] Törner | Views of German Mathematics Teachers on Mathematics[END_REF] can be described by a belief system including four main aspects: the aspect of formalism (F), the schematic aspect (S), aspect of process (P) and the aspect of application (A). The aspect of formalism and the schematic aspect can be interpreted as a static view on mathematics education: mathematics as a system. The dynamic process character allows understanding facts, recognizing connections and building knowledge: mathematics is an activity. This belief system is also part of the competencies framework for in-service education of the DZLM (Barzel & Selter, 2015,p. 263).

The pilot study

A pilot study was conducted from May to July 2015 in the region Rhein-Neckar to find out whether the dimensions are well established and if any correlation between the students' or the teachers' view on mathematics and the positive identification with the dimensions are detectable. The program started in this region in 2012 in ten secondary schools. All respondentsstudents and teachersof the pilot study have taken part in at least one Math.Researcher-activity within the last two years and especially in the PD course focusing the dimensions listed above.

Methods

The questionnaire contained belief-questions (taken from surveys by Grigutsch/Raatz/Törner, 1998), questions belonging to the program and its dimensions and some general questions (mostly developed by ourselves and taken from an earlier Math.Researcher evaluation in the region Nord conducted by the TU Berlin, [START_REF] Lubke | Programmevaluation Mathe.Forscher[END_REF]. The teachers (n=20) answered an onlinequestionnaire containing 139 questions. The students (n=168) answered a paper print-version with 79 questions. The items were scaled with 1="totally don't agree" to 5= "totally agree". The higher the scale of questions belonging to the dimensions the higher is the identification with the program. All questions were formulated to be understandable for students not familiar with the dimensions. For example the students were asked whether they liked talking about their own mathematical ideas, which can be related to the dimension visualizing and presenting mathematics (VM). Or if they sometimes do outdoor mathematics, which is related to the dimension opening the classroom (OC). Compared to that the teachers were asked whether their students' have to present own results at the end of a project (VM). Or if they sometimes do outdoor mathematics with their students (OC). The items were related to the dimensions by an experts' rating.

Additionally, some teachers (n=14, 8 congruent with the respondents of the questionnaire) and some of the students (n=31, all of them also filled a questionnaire) were interviewed. The interviews only contained questions about the program. For example both groups were asked to characterize Math.Researcher lessons by identifying features or describing which special Math.Researcheractivity they did.

Results

The analysis of the data (factor analysis and experts' rating) showed that the identification of the separate Math.Researcher dimensions was not possible. So in the following results the dimensions are considered in total, the belief aspects are separate. The five resulting factors formalism (F), scheme (S), process (P), application (A) and Math.Researcher-Dimension (Dim) can be seen as reliable (Cronbachs Alpha ,728 to ,800, The exact scales can be seen in Table 2.The aspect of formalism (F) is rated not as positive as these, but considerably better than the scheme aspect (S). Scheme (S) is rated worse. (P) and (Dim) show a significant correlation of r= .59 so 35 % of the processes variance can be explained by the dimensions.

The other beliefs cannot be explained significantly by the dimensions. Comparing the standard deviations of the beliefs and the dimensions in total shows that the teachers have rated the single items reasonably homogeneously (Table 2). The scheme aspect rated average worse is perceived the most ambivalent. Comparing the teachers' results with the students' a decline in the values of the scheme aspect is not recognizable (Figure 3). The five means do not differ that noticeably. Comparing the standard deviations (Table 4) shows that the students' answers differ a lot. The process aspect has the highest standard deviation of nearly 1. The process aspect has the highest standard deviation of nearly 1.The students´ values are much more ambivalent than the values of the teacher´s evaluation. The students were also asked whether they would recommend the Math.Researcher program. It is noticeable that the students who would recommend the program to friends and other students (values of 4 and 5) show a significantly higher identification with the Math.Researcher dimensions. The correlation of students' (P) and (Dim) is low but highly significant (r= .43).

In order to answer the question whether the dimensions are well established (1) the dimensions have also been considered separately. The analysis revealed that the dimension "working with researchers questions" (RQ) could not be identified separately. Items of this dimension (RQ) were assigned to the dimension "using the Math.Researcher principles" (MRP) or the dimension "acting as a learning guide" (LG). That's why in the following (RQ) is not included. The dimensions "using the Math.Researcher principles" (MRP) and "visualizing mathematics" (VM) were high and homogeneously rated (Table 5). The identification with the dimension "opening the classroom" (OC) is the lowest. This assumption gets strengthened by the students' data. In interviews they were asked to characterize Math.Researcher lessons by conspicuous features. Compared to the teachers who are familiar with the dimensions, the students have not been educated in the Math.Researcher dimensions. Features belonging to the dimension (OC) with its main elements "interdisciplinary instruction", "inviting experts" and "outdoor lessons" were only rated by 10 % of the interviewed students. Features belonging to the dimensions (MRP), (LG) or (VM) were more often mentioned noteworthy.

Discussion

In summarizing these results we can say that the dimensions are well established (1). During the interviews the teachers often answered that the Math.Researcher program became more structured and concrete since the dimensions were introduced. They reported that the dimensions made them more certain about their planned lessons.

We can also say that a dynamic view on mathematics is more predominant if the participants identify with the Math.Researcher program (2).

However, the pilot study gives no data about a sustainable impact of the Math.Researcher program. So the researched questions of the evaluation of the pilot study were reused and extended into a main study. The main study still wants to investigate whether the dimensions are well established (1) and which view on mathematics is connected to the participants' identification with the Math.Researcher program (2). Additionally, the main study wants to find out whether taking part in the program influences the students' or the teachers' view on mathematics (3). This third question is similar to previous research questions, for example of Cooper and Touitou [START_REF] Cooper | Teachers' Beliefs about Knowledge For Teaching -An Indirect Approach[END_REF]. They wanted to find out, which beliefs can be found and how these identified beliefs change during a oneyear PD course. 4). The experimental group (EG) fills in a questionnaire in all of the three periods. In addition, teachers and students of the experimental group get interviewed in the second and third survey period. The control group (CG) gets the same questionnaire as the experimental group in all the three survey periods, but the control group will not be interviewed. If the control group and the experimental group show the same results at all of the three times of measurement, it is not possible to attribute any influence on the view on mathematics to the Math.Researcher program.

The questionnaires of the pilot study were shortened with the help of factor analysis and expert ratings. Items that were rated clearly by the experts, items with loadings exceeding ,39 and some items of special interest stayed in the questionnaires. For example, the students' questionnaire had 79 content-related questions in the pilot study. Their questionnaire in the main study only has 29 contentrelated questions.

The next step is the second survey period in October 2016. First comparisons to the results of the first survey period and further details of the pilot study will be presented at CERME 10 in Dublin.
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 1 Figure 1: Timeline of treatments

  (1) -Which view on mathematics has been built up by the participants identifying with the Math.Researcher program? (2)

Figure 2

 2 Figure2shows the means of the four belief-aspects and the mean of the Math.Researcher-dimensions of all teachers in total. Comparing them, application (A), process (P) and the Math.Researcher-Dimensions (Dim) are rated similarly positive.
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 2 Figure 2: Means of the teachers' belief aspects and the M.R-dimensions in total (1= do not agree at all, 5= totally agree)
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 3 Figure 3: Means of the students' belief aspects and the M.R-dimensions in total (1= do not agree at all, 5= totally agree)
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 4 Figure 4: Three survey periods The program-region Heilbronn-Franken joined in the Math.Researchers program in December 2015 and started activities in February and March 2016. Three survey periods from 02/2016 to 06/2017 are planned: one before, one during and one after taking part in the program (figure4). The experimental group (EG) fills in a questionnaire in all of the three periods. In addition, teachers and students of the experimental group get interviewed in the second and third survey period. The control group (CG) gets the same questionnaire as the experimental group in all the three survey periods, but the control group will not be interviewed. If the control group and the experimental group show the same results at all of the three times of measurement, it is not possible to attribute any influence on the view on mathematics to the Math.Researcher program.

Table 1 : The five dimensions and its main elements

 1 

	Using the Math.	Inquiry-based	discovery learning	project-based
	Researcher	learning		learning
	Principles (MRP)			
	Opening the	interdisciplinary	inviting experts	outdoor lessons
	Classroom (OC)	instruction		
	Working with	including the	exercising asking	allowing multiple
	Researcher's	students living	questions with the	approaches
	Questions (RQ)	environment	students	
	Acting as a Learning	enable active	constructive	working out
	Guide (LG)	students role	handling with	milestones together
			students ideas	
	Visualizing and	documentation of	using mathematical	talking about ideas
	presenting	mathematics	language	
	Mathematics (VM)			

Table 2

 2 ).

		F	S	P	A	Dim
	Number of Items	11	8	10	7	25
	Cronbachs α	,728	,764	,798	,800	,769

Table 2 : Number of items and Cronbachs Alpha of each main factor
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Table 3 : Mean and standard deviation of the teachers' belief aspects and the M.R-dimensions in total (1= do not agree at all, 5= totally agree)

 3 

Table 4 : Mean and standard deviation of the students' belief aspects and the M.R-dimensions in total (1= do not agree at all, 5= totally agree)
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Table 5 : Mean and standard deviation of the teachers' M.R dimensions separated (1= do not agree at all, 5= totally agree)
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goal to implement discovery, inquiry-and project-based learning in mathematic school lessons.