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. In particular, we investigate the potential of this course design to contribute to the motivation of the students and to their ability to engage in concept construction. These qualitative preliminary results will be used in further research to quantitatively assess the effect of these courses as well.

Introduction

A recurring problem in undergraduate mathematical education is students' difficulty in coping with the transition from school mathematics to the higher paced, more demanding and more formal mathematics at university level. This can be seen in the high dropout rates of math students in the first semesters and the poor exam results. In particular, some students require more time to learn than the time span determined by the lecture course, and find it hard to catch up with their peers for the next course. The previous approach of the mathematics faculty at the University of Bremen had been to install weekly extra tutorials for the courses in Linear Algebra and Analysis, parallel to the corresponding lecture courses. Even though these were conducted by senior student tutors, they yielded poor results. Few students attended, and there was no perceived positive effect on motivation or performance with regard to concept building. Limited time during the semester was stated as the main obstacle to continuous attendance.

In response to this, a new approach consisting of summer courses in Linear Algebra and Analysis was developed and implemented by the authors. These were voluntary courses that took place within two weeks between the first and second semester, after the students had not only had the weekly feedback from their homework groups, but also some individual feedback on their progress by the end-of-semester test. In addition to the goal of enabling the students who had failed (or scored low in) the first test to pass the retake, the courses were intended to foster the students' motivation and help them create appropriate concept images [START_REF] Tall | Concept image and concept definition in mathematics with particular reference to limits and continuity[END_REF] of the core concepts of each course. This is assumed to be of vital importance, in order for them to be able to profitably take part in the follow-up courses in the second semester. From the experience gathered in the first implementation of these courses, we intend to give a preliminary evaluation with respect to these two factors. This will be used to make some adaptions to the following implementations, which will then be evaluated more thoroughly.

Thematic Working Group 14

Proceedings of CERME10

In this paper, we will focus on the description and evaluation of the Linear Algebra additional course given by the first author. The analysis course was designed analogously by the second author and the results were similar. In figure 1 the structure of the whole Linear Algebra module in Bremen is displayed. The lectures extend over 14 weeks with 4 hours of lecture, 2 hours of exercise in groups and 2 hours of plenary exercises each week. The test at the end of the first semester takes place about a week after the lectures end and does not contribute to the final grade. The students nevertheless have to achieve a certain number of points in order to complete the module. The pass rate is set at a low level compared to the final exam, so the students know what to expect on the final, but are not impeded by having to retake the test, unless their score is very low.

Theoretical background

In their extensive study on teaching Linear Algebra in the first university semester, [START_REF] Dorier | The Obstacle of Formalism in Linear Algebra[END_REF] identified and described a main obstacle for students to learn the subject, which they called the obstacle of formalism. This obstacle is found to be a conglomerate of formal reasoning, abstraction and extracting ideas from concepts, due to the vast abstractions, simplifications, and unifications in the subject's history.

We tried to give students additional support to master this difficulty by a course design based on the Abstraction in Context framework, AiC, [START_REF] Dreyfus | Introduction to Abstraction in Context[END_REF]. This framework merges the idea of the vertical mathematization process by Freudenthal with Davydov's method of ascent to the concrete (ibd., p.87), in order to explain how abstraction processes can occur. Abstraction is assumed to happen in a "three-stage process: the need for a new construct, the emergence of the new construct, and the consolidation of that construct". The corresponding (observable) epistemic actions are recognizing (R) the relevance of certain known constructs in a given situation, building with (B) these constructs to achieve (local) solutions and constructing (C), i.e., integrating the previously known constructs into a new whole. This model is referred to as the RBC-model.

Since performance at challenging and creative tasks is dependent on intrinsic motivation, we make use of the self-determination theory of motivation (SDT), which postulates the existence of three basic psychological needs [START_REF] Deci | The 'What' and 'Why' of Goal Pursuits: Human Needs and the Self-Determination of Behavior[END_REF]. When these needs for autonomy, competence and sense of relatedness are fulfilled at a satisfactory level, intrinsic motivation is likely to occur. Low achieving students, in particular, may benefit from an environment that fosters positive experiences with regard to these needs in relation to mathematics [START_REF] Um | Motivation, autonomy support, and mathematics performance: A structural equation analysis[END_REF][START_REF] Rakoczy | Motivationsunterstützung im Mathematikunterricht Unterricht aus der Perspektive von Lernenden und Beobachtern[END_REF]. Hence, both in the course design and during the course hours themselves, special attention was paid to these factors of SDT.

As in the methodology of design research according to [START_REF] Gravemeijer | Design research from a learning design perspective[END_REF], we plan to develop the design of the additional courses in experiment-reflection-cycles. Gravemeijer and Cobb identify three main stages: (1) preparing for the concrete design experiment, (2) experimenting in the classroom (in this case the actual implementation of the course), and (3) analyzing the experiment retrospectively. At this point of our research, we consider ourselves to have obtained enough information from the initial design and implementation, as to be able to proceed to the first genuine design cycle within this framework.

Research questions

The main research questions we want to deal with are the following:

1.) How does the participation in the course change the perceived fulfillment of the basic psychological needs and, thus, intrinsic motivation? 2.) What is the effect on the epistemic actions with regard to the relevant concepts for the participants in the following course?

In addition, a minor question can be seen to be "Is there a beneficial short term effect on the retake test?", as this is the main motivation for the students to take part and also an institutional concern. We are, however, more interested in the long term effects.

Description of the course design and design principles with examples

The Linear Algebra course consisted of five days of activity spread out over two weeks (alternating with the corresponding Analysis course). Each day was divided into a morning and an afternoon session of three and two hours, respectively, with a lunch break in between. The sessions themselves were each devoted to a central topic of the Linear Algebra lecture, e.g., bases, linear maps or different interpretations of matrices, and were split into smaller working units of varying types and content, which were occasionally adjusted spontaneously according to the students' needs.

The instructional design of the course was based on the observation that low achieving students often do not have the mathematical resources to occupy themselves for a long time span with a given (in general more complex and open) task, but need to be guided to acquire these resources. Thus, the course proceeded from very short and clearly defined tasks of varying nature (but with immediate feedback) to longer and more open and self-determined ones. For example, the first task of the whole course consisted of a lecturer-guided group discussion of very small exercises concerning relevant geometric objects (lines, planes), while the very last task was a guided session, in which students were asked to create individual exercises to given topics by themselves and then solve each other's exercises, including negotiations on the wording of the task and different approaches and solutions. In this way, the possibility of increasing the levels of fulfillment of the basic psychological needs was provided.

With respect to the subject specific aims, on the one hand the focus was on developing the core ideas of Linear Algebra and important techniques (Gauss' algorithm, proofs relating to algebraic structures, etc.). On the other hand, great emphasis was placed on the creation and discussion of a zoo of examples and counter-examples to the relevant notions, as this is known to be very effective in the initial understanding of new concepts (see [START_REF] Dahlberg | Facilitating learning events through example generation[END_REF].

We illustrate how the AiC framework was used in the task design by the example of the concept of "linear independence" of vectors, which was comprehensively dealt with in the afternoon session of the first day and then later referred to throughout the whole course.

To aid the construction of viable concept images of "linear independence", the students were given geometric situations, where this concept is relevant, e.g. describing a plane in a three-dimensional space as the span of two vectors and characterizing the pairs of vectors where this description fails. Thus, the students had to recognize (R) that this particular knowledge of a linear relation between vectors is relevant to particular geometric problems (note that at this point the students were already aware of the existence of the definition of linear independence). Afterwards, the students were given tasks, where linear independence appeared in different situations and in relation to other concepts (such as basis, coordinate system, etc.) as to integrate the concept into their mathematical views and work out means to examine and apply the concept locally (B). Finally, by discussions among the students and with the whole class, the students were encouraged to express and evaluate different views on linear independence, which we hope has helped the students in building an (at least preliminary) concept image of "linear independence" (C).

Since the students had already encountered the definitions during the lecture and found themselves naturally confronted with extracting meaning from them, we did not incorporate a component of guided reinvention in the sense of Freudenthal into the course. Students were not encouraged to create models of the key concepts themselves as proposed in RME [START_REF] Gravemeijer | How Emergent Models May Foster the Constitution of Formal Mathematics[END_REF], but instead the "models-of" were already given (e.g. in the form of the definition of linear independence) and had to be realized as "models-for" in corresponding applications.

Field notes including students' actions and reactions during the course were collected by the first author.

Implementation and observations using AiC and SDT

We will illustrate the implementation of the course and relate it to the relevant theory by the help of two examples. In the first sessions of the course, the students were given explicit exercises of varying type and difficulty involving some recognizing of, but mainly building with, concepts. As a first example, we will therefore report on one specific exercise at this stage of the course. The exercise shown in figure 2 was given to students on the second day, after the concept of basis had been established and been related to the concepts of generating system and linear independence. It was part of a set of exercises, on which the students worked in small groups of two or three or individually according to their own choice. The students took to the exercises well, and most of them found access to part (a) quickly (possibly after short exchanges with other groups or with the lecturer). Part (b) was claimed to be impossible by some students, but this was resolved mainly among the students themselves without much intervention of the lecturer. The remaining parts were difficult. Part (c) was attacked by an attempt to prove that the vectors are linearly independent, and linear independence was claimed persistently. For time reasons, part (d) and (e) were only dealt with by some students, who all implicitly assumed K to be the real numbers, V to be the real plane and whose arguments were of a geometric nature. It is noteworthy, that the students refrained from trying to manipulate the expressions according to some formal rules they had not understood, but rather tried to give meaning to the statements, albeit not always succeeding. Similar effects could be observed throughout the course.

With regard to the epistemic actions in AiC, in this exercise the students were mainly building with the concept of basis, while recognition of the relevance and the role of linear independence was required. The students' reaction (i.e. the persistent claim of linear independence) to part (c) indicates that the concept of linear independence had not yet been consolidated, although it had been extensively covered before. The geometric approach to the tasks, however, seems to show that the students already had acquired a basic concept image and tried to use this, as opposed to merely manipulating the concept definition. There was no particular observation concerning the motivation for this exercise.

The second example to illustrate the implementation is taken from the last day of the course, where the students were given the task of creating exercises themselves. Each student was given an index card, which was labeled with one of the concepts that had been dealt within the course. He or she was then asked to make up an exercise together with a solution involving the corresponding topic and write up the exercise on the index card. Students who had quickly completed this task were given additional index cards, until everyone had made up at least one exercise. The cards were then redistributed randomly, and the students were asked to solve the exercise given to them. Once finished, they were told to check their solution with the creator and if both agreed, they repeated the process with another exercise.

There were very different approaches to this task by the students. Some students chose to model their exercises on the ones they had been given during the course with only slight changes (different numbers, different number of variables/equations, etc.), while others tried to produce an original task by combining things they knew. Both approaches were encouraged by the lecturer. During the creation of the exercises, the most striking observation was that the students suddenly felt the need for certain insights, which had been difficult to stir beforehand. E.g., one student wanted to create a linear system of equations, where a row of zeros would appear at some point in the process of Gaussian elimination, and was confronted with the need for a practical criterion to achieve this. Even though this issue had been dealt with during the course, she seemed to recognize the relevance of linear independence of the rows only at this point, when it was explicitly needed by her. Additionally, the participants were aware of the need to communicate their mathematical problem well enough for someone else to make sense of it and there seemed to be a genuine effort to achieve this. In the following session of solving each other's exercises, a dynamic of interaction was observed, where the randomly allocated pairs of creator and solver got together to sit down and negotiate the wording of the exercises and the validity of different approaches (in particular, students who had not closely worked together before). There was very little intervention from the lecturer.

Concerning the epistemic actions in AiC, there was much activity of recognizing and building with concepts. Moreover, the proposition that there has to be a need for a concept for an abstraction process to occur was confirmed in some cases, e.g., in the case of the student described above. We do not know, however, at this stage, whether this led to the construction and consolidation of the relevant concepts, which we consider to be a long term process and not measurable in this short time span. With respect to self-determination theory, after a short period of orientation a high level of motivation was observed during this task. The students seemed to feel a strong sense of autonomy, as they were given the freedom to create a problem of their choice with only the general topic prescribed. During the period of solving, many students displayed a boost in perceived competence, particularly when they were in the creator-role, and experienced their exercise and their comments on it to be of value for someone else. Furthermore, the students appeared to build new, largely positive, relationships with each other via the random and varying allocations of creatorsolver pairs. This interaction seemed to be of natural importance to the students (the extensive meetings of these pairs were their spontaneous creation and had not been suggested by the lecturer). Hence, the conditions for intrinsic motivation according to SDT were largely fulfilled, which might help to explain the unusually high motivation. We believe, however, that this exercise would not have worked out well if the participants had not been prepared for it in advance by the preceding days of the course.

Results

One of the institutional measures to evaluate the success of the course was the pass rate of the test and retake test, which was compared to the one of the previous year (as the style of the lecture and of the exams were largely the same, this comparison seems justified). In 2015, the pass rate for the regular test was about 65%, while the retake test was passed by 50% of the participants. In comparison, the regular test in 2016 was passed by 78% and the retake by 95%. Although there are of course various factors, which play a role in these results, an effect of the additional course seems likely.

In addition, the course was hoped to have a positive lasting effect both on the motivation as well as on the ability of the students to achieve concept construction by themselves with the means of the relevant epistemic actions. This has not been quantitatively assessed yet and will be the subject of further research. However, there are many indications that such an effect might indeed be observed.

During the sessions of the course, the students appeared to be (at least extrinsically) motivated and confident of benefiting from the course. Confidence and perceived competence seemed to increase, as the students advanced from the passivity of merely carrying out tasks imposed onto them by the instructor to more self-determined action. This seemed to be accompanied by a shift from mere extrinsic motivation (to pass the retake) to at least some intrinsic motivation, e.g. some students were observed to carry on discussing tasks during the break. The actual mathematical competence was seen to increase accordingly, as students gathered experience and perceived deeper mathematical insights, which they worked to develop. By the analysis of the two examples above, it Thematic Working Group 14 Proceedings of CERME10 can be inferred that in the framework of AiC and of SDT there have indeed been positive effects on motivation and the ability to perform epistemic actions with regard to the relevant concepts.

These positive effects reached far into the next semester. Most participants felt that they had acquired a basic knowledge and techniques, which were necessary for the following courses, and were repeatedly observed by the authors to use methods they had picked up on in the additional course during the exercise classes of the following course. In almost all cases this was bolstered by the fact that the retake had been passed. Many students expressed their conviction of having profited to a great extent from the additional courses, both immediately after the course and about half way into the next semester.

Conclusion and perspectives

Compared to the previous approaches of the faculty of mathematics and to other approaches described in the literature (e.g. remedial courses as discussed by Di Pietro (2014), which were shown to be largely ineffective) to help the students in the transition from school to university mathematics, the additional courses described here seemed to be more effective with regard to the research questions posed above. Various factors are assumed to be of importance for this.

As this was a voluntary course aimed at students having failed the end-of-term test, it was made clear beforehand that it should be seen as a chance to acquire skills not yet developed rather than an obligatory task (as in Di Pietro, 2014). The course was announced at the beginning of the semester, giving the students the opportunity to take it into account in their planning. In general, the allocated time was met with approval, both because it meant no conflict with the workload during the semester and because the end-of-semester test provided some feedback for the students whether attendance was advisable (due to other time restrictions regarding school and computer practica for the students, however, the course should not exceed two weeks). In addition, the common goal to prepare for the next semester and pass the retake seemed to ensure a sense of belonging to a peer group with a common aim. Hence, the general framework of the course proved to be more feasible than the previous ones, and will be kept for the time being.

The design of the course with sessions devoted to central topics, which were each split into smaller units of varying tasks, were also perceived to have a positive impact with regard to the above questions. In particular, the general progress from rigidly set tasks to more self-determined ones seemed to be appropriate in this setting. The exercises themselves were developed using the AiC framework, and their construction will be refined, based on the observation of how the different tasks affect the perceived concept building in the students. For example, in the exercise given in figure 2, part (c) has already been modified to ask for linear independence of the differences of the given vectors as opposed to their sums. This allows for the generalization of ideas from lower dimensions to higher ones, giving the students the possibility to use previously built knowledge more directly. Moreover, part (d) was simplified to ask only for real vector spaces, as the additional difficulty of an arbitrary field seemed to be ignored or actually hindered the building with in the previous course. This will be reflected on further, using the gathered experience, and systematically revised for the next implementations. After this first preparatory cycle, we hope to be able to contribute to the research regarding the mediation of students' problems in the first year of university by carefully designing and evaluating the next cycle of the described additional courses.
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 1 Figure 1: Structure of the Linear Algebra module
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 2 Figure 2: A problem from the course in linear algebra
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We are going to evaluate the two main questions in the next cycle as follows. To assess the effect with regard to SDT, we propose to use a pre-post-test according to the items presented in Rakoczy (2006) with the pre-test set at the end of the lectures of the first semester and the post-test in the middle of the second semester. We want to check for correlations of these results with the performance in the end-of-first-term test. With regard to concept building, we are going to evaluate some abilities concerning the relevant epistemic actions at the end of the additional course itself with a free form questionnaire, supplemented by two or three interviews with students to reach theoretical saturation and to clarify the data.