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Many university freshmen have difficulties in first year mathematics courses due to inappropriate study skills and learning strategies. In large mathematics service courses the effect of poor study skills is even worse because individual support is hardly possible. Past research shows that it is not sufficient to introduce new study skills because students often do not use these; they need first to be supported when working with them. In this paper we describe one possible support with a coaching program for a tool that aims to assist students in learning mathematical concepts. We describe the aims, the design, and the implementation of the coaching program supporting the students' work with the tool provided, as well as some evaluation results concerning reported students' benefit from the program, their attitudes towards the tool, and the frequency of use of the tool at the end of the coaching.

Introduction and embedding of the research

Many students have problems in their first year mathematics courses at university due to insufficient study skills [START_REF] Anthony | Factors influencing first-year students' success in mathematics[END_REF]. Empirical evidence suggests that promoting study skills in tertiary mathematics courses might lower students' difficulties in learning university mathematics (see, e.g., [START_REF] Cornick | Integrating study skills and problem solving into remedial mathematics[END_REF][START_REF] Mireles | Incorporating study strategies in developmental mathematics/college algebra[END_REF]. Teaching study skills is in particular successful if respective programs are integrated into the regular course [START_REF] Hattie | Effects of learning skills interventions on student learning: A meta-analysis[END_REF]. Hence, the second author, a mathematician, developed a methodological support program named CAT (Checklist, Ampel [=Traffic Lights], Toolbox) and, in 2010, integrated it into his course 'Mathematics for economics students' at the University of Paderborn. This program consists of several tools addressing different study skills (for details see [START_REF] Feudel | Teaching study skills in mathematics service courses-how to cope with students' refusal?[END_REF].

Past research, however, also showed that many students fail to use study skills and learning strategies taught to them or just do not use them at all [START_REF] Anthony | When mathematics students fail to use appropriate learning strategies[END_REF][START_REF] Dembo | Students' resistance to change in learning strategies courses[END_REF]. In a joint previous research project at the Centre for Higher Mathematics Education in Germany, the authors of this paper identified five additional reasons for such failure: 1) perceived time and effort required to use the methods provided, 2) difficulties in working with them, 3) perceived unhelpfulness of the methods, 4) perceived lack of benefit from them, 4) insufficient understanding of them, 5) using personal methods, and 6) no need (see [START_REF] Feudel | Teaching study skills in mathematics service courses-how to cope with students' refusal?[END_REF] for more details).

To address these problems, the authors developed a coaching program for one of the tools of the CAT program, the 'Concept Base' that aims to help students learn mathematical concepts. This tool was chosen because the authors conjectured that a suitable coaching program could address the two main reasons for not using it: 'perceived time and effort compared to the benefit' and 'difficulties when working with the methods'. These two reasons are also described (not verbatim but in terms of the content) as important reasons for not using study skills taught or optional resources provided in literature [START_REF] Dembo | Students' resistance to change in learning strategies courses[END_REF][START_REF] Guthrie | Towards greater learner control: Web supported project-based learning[END_REF]. The ideas behind the coaching program to address these reasons for the non-use of the Concept Base can be also probably transferred to other study skills or optional resources provided in mathematics courses.

Short description of the Concept Base tool

The tool was conceived as a study skill that should help students learn mathematical concepts. The 'Concept Base' is a system of various categories that students should attend to in order to make sense of a mathematical concept. These categories include: the definition of the concept, examples, non-examples, visualizations, statements involving the concept and applications. The category system was developed by the lecturer H. Dietz of the course based on his teaching experience. But these categories are also labeled as crucial in didactic literature for gaining understanding of mathematical concepts [START_REF] Tall | Concept image and concept definition in mathematics with particular reference to limits and continuity[END_REF][START_REF] Vollrath | Methodik des Begriffslehrens im Mathematikunterricht[END_REF].

The lecturer H. Dietz advises the students to attend to the Concept Base categories for each mathematical concept taught in the course. He also points out that the knowledge of the categories is also required in the exam. Further, he recommends the students to write them down for important concepts, for example for the ones covered in more than one lecture. These written Concept Bases may also serve as summaries when preparing for the exam later in the semester. The students can download an empty template from the course homepage as support (Figure 1). A written 'Concept Base' as a summary of aspects of a mathematical concept is also closely related to the idea of a 'concept map' by [START_REF] Novak | The theory underlying concept maps and how to construct and use them[END_REF] that organizes knowledge related to mathematical concepts. However, the latter focuses more on linking different concepts while the 'Concept Base' focuses on categories crucial for gaining an understanding of a single concept (for acquiring an adequate concept image in the sense of [START_REF] Tall | Concept image and concept definition in mathematics with particular reference to limits and continuity[END_REF].

Framing of the coaching program to support the use of the Concept Base

As pointed out in the introduction, the majority of the students did not use the tool 'Concept Base' after its introduction in the course in 2010, although the lecturer advised them to do so. To address two of the reasons identified in prior work on reasons for not using the Concept Base [START_REF] Feudel | Teaching study skills in mathematics service courses-how to cope with students' refusal?[END_REF], specifically 'perceived time and effort required for the creation of the Concept Base compared to its benefit' and 'difficulties when trying to create Concept Bases', the authors designed a coaching program addressing these problems in the winter semester of the academic year 2016-2017. Its goal was to help students overcome difficulties with the tool 'Concept Base' and see its benefit, so they might use it on their own. The design of the coaching program was based on the 'Decoding the disciplines'-model by [START_REF] Middendorf | Decoding the disciplines: A model for helping students learn disciplinary ways of thinking[END_REF]. The model consists of seven steps that are important for a successful implementation of subject-specific study skills and working techniques into a university course. It was developed by faculty members of different disciplines at Indiana University at Bloomington on the basis of similar problems they had experienced when trying to implement study skills and learning strategies in university courses. The seven steps are: 1) Identification of students' difficulties 2) Identification of strategies that experts of the subject (here: the lecturer as a mathematician) would use to overcome these difficulties 3) Demonstration of the strategies in the course 4) Exercise of the demonstrated strategies with the students including feedback 5) Motivation of the students to continuously use the strategies provided 6) Evaluation of the effectiveness of the strategies provided 7) Sharing of the knowledge acquired In our case the recognition of the students' difficulties by the lecturer, the development of the Concept Base and is implementation into the mathematics course were exactly steps 1-3.

Steps 4)-6) were realized in a systematic manner with the coaching program that was developed, implemented, and evaluated. Although students had practiced creating Concept Bases in the course tutorials that accompanied the lecture before 2016, the frequency and the intensity of its use varied across the tutorials because there was no mandatory guideline.

Design and implementation of the coaching program

The program consisted of two parts: I. one workshop to practice the creation of Concept Bases (Step 4 of the 'Decoding the Disciplines'-model), and II. submitting four written Concept Bases for further practice including feedback (still Step 4) and for motivating further regular use of the Concept Base (Step 5 of the model). The workshop was carried out after the Concept Base was introduced in the lecture in December 2016 by the first author and another tutor of the course who was familiar with the Concept Base. The second phase, the submission of the Concept Bases, took place afterwards during the second half of December 2016 and during January 2017, and was also conducted by the first author.

Participants of the coaching: Due to capacity restrictions only 50 participants could take part in the program (workshop + submission phase, 48 finished both). They volunteered to take part by writing an email to the first author (a randomized design was not possible due to ethical reasons, but the participants did not receive a reward). Hence, when evaluating the coaching, one has to take into account that these students were willing to work and to invest time for their study program. Afterwards, pictures of the Concept Bases that had been created in the workshop, were taken and sent to the participants via email as stimuli for creating their own Concept Bases.

These activities were meant to address three problems found out in previous research causing the non-use of the Concept Base. First, the reason 'difficulties with creating a Concept Base' was directly addressed by helping the students during the workshop. Second, the reason 'perceived lack of benefit' was addressed by communicating one main benefit of the Concept Base explicitly right at the beginning: the possibility to use it as summary when preparing for the exam. And third, the reason 'use of own methods' was addressed. It had been found out that students felt constrained by the template in Figure 1. Hence, the adaptability of the 'Concept Base' according to the students' own preferences was underlined by (1) emphasizing that the important aspect of a Concept Base is the categories and not how they are arranged on the paper, (2) by motivating the students to extend their Concept Bases by further categories if needed (e.g., by a personal concept definition, [START_REF] Tall | Concept image and concept definition in mathematics with particular reference to limits and continuity[END_REF], and (3) by providing lots of different examples of Concept Bases in the workshop.

Part II: Submission of four written Concept Bases with feedback:

The aim of this phase was to continuously support the students when creating Concept Bases to further reduce the difficulties with the tool. In addition, the authors wanted for the students to get more experience creating Concept Bases and become more time efficient, which could address the reason 'time effort' for not using the Concept Base. This phase was implemented as follows. The students were asked to create a Concept Base for four concepts: 1) monotonicity, 2) derivative, 3) convexity, and 4) Cartesian product of sets. The first three concepts were simultaneously taught in the lecture. The Cartesian product had already been taught at the beginning of the semester. This concept was chosen to motivate the students to also create Concept Bases for the concepts taught before the introduction of the tool in the course.

The first author provided feedback to the students on each of the four Concept Bases. The feedback had one quantitative and one qualitative component. The quantitative component was a list of aspects of the concept the authors expected the students to know. If an aspect on the list was found in the student's Concept Base it was marked with a check. Otherwise it was marked with a cross. In this way students could get an idea of the scope of the concept. In the qualitative feedback the students were given methodological hints for future Concept Bases, for example to structure the Concept Base on the basis of its categories. Mathematical mistakes in the students' Concept Bases were marked as well. The feedback gave the students ideas about what to include concretely in Concept Bases, and to help them become more efficient in their creation.

Evaluation of the Concept Base coaching

For the 6 th step of the 'Decoding the disciplines' framework we carried out an evaluation. In order to find out ( 1) to what extent the Concept Base coaching was helpful to the students, ( 2) to what extent they saw the benefit of the Concept Base before and after the coaching, and (3) whether the students used the Concept Base on their own in the following semester, several data was collected:

1. Data from a questionnaire administered to the coaching participants in January 2017 (N = 48) 2. The results of the final exams (in February 2017) of all students from the course (N = 821) 3. Data from one follow-up question administered in the next semester in June 2017 (N = 357) 1) Questionnaire for the coaching participants: The questionnaire comprised of two blocks of questions. I. To find out if the coaching program and its components (workshop, submission of four Concept Bases) was helpful to the students the questionnaire contained 10 Items with statements about the perceived helpfulness of the coaching program. An example is 'The Concept Base coaching helped me to get a better understanding of the concepts, to which a Concept Base had to be submitted.' The answers format was a 1-6 Likert-scale (1='Do not at all agree' to 6='Totally agree'). The items can form a scale 'perceived helpfulness of the coaching program' ( . Furthermore, the survey contained two items asking if the time for the participation was well invested. II. To find out if the students saw a benefit of the Concept Base before and after the coaching the questionnaire contained a question asking about the perceived benefit of the Concept Base before and after the coaching program. The students could choose from several options that had been identified in previous research [START_REF] Feudel | Teaching study skills in mathematics service courses-how to cope with students' refusal?[END_REF]. Sample options were 'better understanding of the concepts' or 'summaries for the preparation of the exam'. Multiple answers were possible.

2) Consideration of the results of the final exam:

To get an idea if the coaching might have had a positive effect on the students' performance, we also looked at the exam results. To mediate the effect that the participants were probably more motivated, we generated two special groups for the comparison of the exam results by asking all students of the course the following two questions 1 : 'Would you participate in the coaching program if it was offered next semester again?' 'How often do you use the Concept Base?' (answer format was a 1-6 Likert-scale from 1='never' to 6='every week')

We suspected that students who would agree on the first question and did not take part in the coaching were probably as motivated as the current coaching participants. With the second question we wanted to find out if the coaching really made a difference (and not just the use of the tool alone). Finally, all students were asked for their final grades in mathematics at school to find out if better results might only be due to better initial mathematical qualification.

3) Follow-up question in the next semester: In the following semester all students in the subsequent lecture "Mathematics for economics students II" were again asked the question 'How often do you use the Concept Base?', in order to find out if the participants of the coaching continued using the Concept Base on their own.

Some results of the evaluation

Results concerning the perceived helpfulness of the coaching program by the participants: Many participants found the coaching program helpful. The parameters of the 10-item scale 'perceived helpfulness' mentioned above ranging from 1='not at all helpful' to 6='very helpful' are: , ,

. The distribution of the answers to one sample item is shown in Table 1.

The Concept Base coaching helped me to get a better understanding of the concepts, to which a Concept Base had to be submitted. Moreover, the two items concerning the time effort indicate that, on average, the participants believed that the time spent for the coaching was well invested ( , , ), although there was more variation than in the scale 'perceived helpfulness'.

Results concerning the perceived benefit of the Concept Base by the coaching participants:

The coaching participants saw a greater benefit of the tool Concept Base after the coaching than before, in particular the benefit of the deep processing of mathematical concepts during the time consuming process of their creation (due to limited space details cannot be presented here).

Results concerning the success in the exam:

The pass rate in the exam of the whole mathematics course (N = 815) was 57%, which mirrors the pass rates in former years. The pass rate among the coaching participants (N = 48) was significantly higher than of the rest: 81% versus 55% (p < 0.01). These differences are not necessarily due to better initial mathematical qualification of the coaching participants because the final grades in mathematics at school did not differ significantly.

The comparison with the two comparison groups can be seen in Table 2. The differences between the coaching participants and the comparison groups are again significant (p < 0.01). Assuming that students who did not take part in the coaching program but wanted to take part in the next semester (Comparison Group 1) are as similarly motivated as the current coaching participants, Table 2 suggests that the better performance of the current participants was not only due to higher motivation. The comparison with the students of the Comparison Group 2 (students who answered the question 'How often do you use the Concept Base' with 5 or 6 on a 6-point Likert-scale, but did not take part in the coaching), suggests that the coaching program and not just the tool 'Concept Base' were important.

Results concerning the continuous use of the Concept Base:

The last important result is that most of the coaching participants continued using the Concept Base in the next semester (see Table 3). Hence, the coaching had a sustainable effect on the students' study behavior. Unfortunately, due to schedule difficulties, only 14 coaching participants took part in the mathematics course in the following semester. Hence, the result only yields a tendency; because the result is only based on one item, the interpretation also needs to be made cautiously.

Figure 1 :

 1 Figure 1: Template of a Concept Base (scaled down from one page)

  Detailed description of the two parts of the coaching program: Part I -the workshop: The workshop had several aims: 1) Clarifying the benefit of the Concept Base to the students 2) Providing different suggestions how Concept Bases can be created 3) Helping students to overcome first difficulties when creating Concept Bases It consisted of four phases: 1. Explanation of the benefit of Concept Bases by the leaders of the workshop 2. Creation of a Concept Base for the concept 'preference relation' on a poster in groups of 4-5 students (supported by the leaders of the workshop if questions occurred) 3. Comparison of the different Concept Bases in a poster session with discussion 4. Revision of the Concept Bases based on the discussions in Phase 3

Table 1 : Sample item concerning the perceived helpfulness of the Concept Base coaching

 1 

	1	2	3	4	5	6			
	-	-	4%	11%	40%	45%	5.26	5	0.820

Table 2 : Pass rates in the final exam of the participants and the two comparison groups

 2 

Table 3 : Comparison of the use frequency of the Concept Base of the coaching participants (N = 14) with the others (N = 343) in the following semester. Answers ranged from 1='never' to 6='every week'

 3 

These questions were administered in January

and were part of a larger survey about the tool 'Concept Base' not described in detail here because the focus of the paper is on the coaching.

Summary and Discussion

The major finding of the research presented here is that the coaching program aiming to support the students in working with the Concept Base was helpful and important so that the students could become familiar with it, see its benefit (even despite the necessary time effort), and become more successful in the course. It furthermore indicates that, as a consequence, they tended to continue to use the tool on their own in the next semester (with the caveat of the small sample size of coaching participants taking part in the subsequent course).

Besides the problem of the small sample size of coaching participants in the next semester two other limitations of the research need to be mentioned that may be a starting point for future research:

1) The data cannot show in which way coaching program and the tool Concept Base itself helped the students to perform better in the exam exactly. It would be important to find out if the Concept Base really helped students to acquire a solid understanding of mathematical concepts. 2) Even if we tried to mediate the effect of motivation by choosing two comparison groups, of which we expected that they were also willing to invest time for their studies, we should keep in mind that our coaching participants might nevertheless have been a group with special attributes. The results in the case of less motivated students may be different. Hence, scaling up this experiment on the whole course might be another important point for further research.

A last issue concerns the tool 'Concept Base'. Although literature like [START_REF] Vollrath | Methodik des Begriffslehrens im Mathematikunterricht[END_REF] suggests that the categories of the Concept Base are crucial for understanding a mathematical concept, we did not investigate empirically how mathematicians in general concern themselves with these categories when trying to make sense of new mathematical concepts, which would be interesting for future research as well.