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The secondary-tertiary transition still poses a lot of problems for students in mathematical courses. To gain insights what causes these problems, we used the methodological approach of ambulatory assessment and asked students (N=6) to report on their mathematical learning on a weekly basis and draw on the theoretical approach of self-regulated learning. The aim of our study is to better understand the learning behaviour of students along the semester. Our results show that students use a lot of non-course-related resources, such as Internet resources. Additionally, rehearsal strategies seem to be the dominant method to process the course contents.

INTRODUCTION

The transition from high-school mathematics to university mathematics still proves to be challenging for many students. We see this in high drop-out rates (up to 41%) in STEM-subjects in Germany, especially in study programs with high proportions of mathematics [START_REF] Heublein | Die Entwicklung der Studienabbruchquoten an den deutschen Hochschulen[END_REF]. Furthermore, in a national study from the U.S., almost half of the freshman students reported that they had a hard time understanding and solving complex mathematical problems [START_REF] Noel-Levitz | 2015 National Freshman Attitudes Report[END_REF].

One explanation for this could be that due to the different teaching structure at university more self-regulated learning is required in learning mathematics than it was at school. In contrast to mathematics learning at school, university mathematics requires students to work on topics more self-responsively in order to prepare well for exams or finish homework successfully [START_REF] Göller | Selbstreguliertes Lernen im Mathematikstudium[END_REF]. Additionally, there is also a lot more freedom for students, as most lectures, tutorials, etc. are voluntary. Students decide which parts they attend and how much time they allow for them in their own learning.

University students have to organize their learning by setting goals, using learning strategies and evaluating the learning process. Especially, situations where complex tasks have to be mastered on their own are seen as demanding in terms of selfregulation [START_REF] Dresel | Competencies for successful self-regulated learning in higher education: structural model and indications drawn from expert interviews[END_REF]. This is particularly evident in mathematics courses at the university, since more than half of the scheduled study time is allocated to selfstudy [START_REF] Liebendörfer | The role of learning strategies for performance in mathematics courses for engineers[END_REF]. In consequence, self-regulated learning becomes even more important for mathematics students' learning.

SELF-REGULATED LEARNING

The theoretical foundation of this study is the model of self-regulated learning which has already been conceptualized by several authors with different foci. However, most self-regulated learning models have one commonality: they are conceptualized as cyclic processes that encompass three phases: 1. Pre-Action phase, 2. Action phase, 3. Post-action Phase [START_REF] Zimmermann | Where metacognition and motivation intersect[END_REF].

In the pre-action phase (forethought phase in [START_REF] Zimmermann | Where metacognition and motivation intersect[END_REF] the learner analyses situational and task demands, sets goals and plans how to reach those goals. It also contains motivational beliefs, which for example have influence on the activation on learning strategies. The action phase (performance phase, ibid.) is divided into two processes, self-control and self-observation. Self-control ensures that the learning strategies used are in line with the previously set goals, which also benefits motivation and goal-oriented use of (cognitive) resources. Self-observation is used to metacognitively monitor learning strategies, perceive emotional reactions and maintain motivation as well as positive emotions. The post-action phase (self-reflection phase, ibid.) can again be divided into two processes, self-judgement and self-reaction. The learner uses self-judgement to evaluate their performance by comparing the achieved performance with the previously set goals. Reasons and causes are sought which can be attributed to one`s own performance. Self-reaction refers to the affective evaluation of learning success and conclusions for one`s own learning, for example adapting learning strategies in the following learning cycle.

The focus of these process models is the coordination, control and regulation of cognitive, meta-cognitive and motivational processes in the consecutive phases of learning [START_REF] Dresel | Competencies for successful self-regulated learning in higher education: structural model and indications drawn from expert interviews[END_REF]. These process models of self-regulated learning are complemented by the component models (e.g. [START_REF] Noel | Self-regulated learning in College students: Knowledge, strategies, and motivation: Student motivation, cognition, and learning: Essays in honor of Wilbert J[END_REF], which identify the types of strategies that are involved in self-regulated learningthey include cognitive strategies that regulate the process of knowledge acquisition, metacognitive strategies that control and monitor cognitive strategies and the resource management strategies, which are understood as self-management activities to organise learning actions. They are divided into internal (e.g. time investment, effort) and external (e.g. peer learning, literature) strategies. The components are understood as the learner´s characteristics for learning, regardless of the phases of the learning process they can occur in [START_REF] Wirth | Self-regulated learning as a competence[END_REF].

It has been shown that self-regulated learning and their underlying components are a prerequisite for successful studying in higher education (e.g. meta-analysis by [START_REF] Robbins | Do psychosocial and study skill factors predict college outcomes? A metaanalysis[END_REF]. For example, looking at cognitive strategies, we know that deep processing strategies (e.g. elaboration) are more useful than surface strategies for learning and have positive correlations to grades per average [START_REF] Karagiannopoulou | Associations between defense styles, approaches to learning, and achievement among university students[END_REF].

Specificities of mathematical self-regulated learning

University mathematics has some specificities which differentiate them from other subjects. That is for example conceptual understanding in form of the multifaceted role of proof [START_REF] Weber | Proof as a cluster concept[END_REF], the role of procedural knowledge, e.g. in performing calculations [START_REF] Bergsten | Conceptual and procedural approaches to mathematics in the engineering curriculum -Comparing views of junior and senior engineering students in two countries[END_REF] and requires a high level of time commitment. These specifics also have an influence on self-regulated learning.

In German mathematics courses it is quite common that students have to complete weekly homework assignments in addition to taking part in lectures, working on exercises for and in tutorials. The successful completion of these homework assignments is usually required for taking the final course exam. Therefore, students have to deal with the current mathematical content every week in order to complete the assignments successfully [START_REF] Göller | Selbstreguliertes Lernen im Mathematikstudium[END_REF]. Furthermore, weekly assignments are a good way to monitor learning and also provide a regular opportunity to review your own learning. Afterwards, the learning process can be evaluated and adjusted for the next week, if necessary. According to the self-regulated learning theory of Zimmerman & Moylan (2009), every week in itself can be a self-regulated learning cycle.

There also has been some research on self-regulated learning and their underlying components in undergraduate mathematics, but it mainly focuses on the relationship to performance in exams (e.g. [START_REF] Liebendörfer | The role of learning strategies for performance in mathematics courses for engineers[END_REF][START_REF] Johns | Self-regulation in first-semester Calculus[END_REF]. Johns (2020) observed differences in self-regulation strategies between under and over achievers as well as low and high achievers in a calculus course. From this, he concluded that selfregulation strategies do play a role in students´ performance in the exam. [START_REF] Liebendörfer | The role of learning strategies for performance in mathematics courses for engineers[END_REF] also support that some strategies, for example practicing certain types of tasks, help performance in exams in mathematics course for engineers. They concluded that cognitive strategies within mathematics need to be assessed subject-specifically, since (among other specificities) in mathematics with regard e.g. to rehearsal, some strategies seem to have positive (practicing) as well as negative (repeating) links to learning. In addition, external resources are also an important factor for learning mathematics, as the majority of students have a study group or study partner for learning undergraduate mathematics [START_REF] Alcock | Study habits and attainment in undergraduate mathematics: A social network analysis[END_REF].

Weekly learning of mathematics is an important element for deepening and applying the learning content. Due to the importance of homework assignments and exercises as well as the high proportion of self-allocated study time (e.g. working on these weekly tasks), it is particularly interesting to better understand which actions students take for their everyday learning. This information would help lecturers at university to understand what students typically do in their learning and e.g. might redirect students from using weaker to more useful strategies to achieve the intended learning goals. Due to the high self-study time in mathematics courses, strategies from the action phase are rather important. We believe that strategies in the action phase are important factors for students' learning, however in this paper we are focussing on cognitive and external resource management strategies. Referring to cognitive strategies, it is interesting to see how students integrate and process the contents from the course and referring external resource management strategies as well as to see what materials and other help students seek for during their learning.

RESEARCH QUESTIONS

For the purpose of this paper, we are focussing on external resource management and cognitive strategies (elaboration and rehearsal) in the action phase of self-regulated learning. This leads us to the following research questions: RQ1 Which external resources reported by students in the action phase can be reconstructed in their learning for a mathematics course for engineers? RQ2 Which elaboration and rehearsal strategies reported by students in the action phase can be reconstructed in their learning for a mathematics course for engineers?

METHOD

In order to answer the research questions, students' self-regulated learning was assessed through self-reports. In general, self-report instruments are very well-suited for assessing learner's intended cognitive, meta-cognitive, motivational as well as resource management strategy use. In addition, self-report instruments are an appropriate tool for higher education [START_REF] Roth | Assessing self-regulated learning in higher education: a systematic literature review of self-report instruments[END_REF].

Ambulatory Assessment

To be more specific, we used the method of ambulatory assessment, whereby this type of methodological approach is also known under different names, for example experience sampling or diary methods [START_REF] Conner | Ambulatory assessment: Methods for studying everyday life[END_REF].

At their core, these methods allow researchers to study individuals (1) in their natural settings, (2) in real time (or close to real-time), and (3) on repeated occasions (Conner & Mehl, 2015, p. 5f).

This approach is suitable for the above research questions since they focus on a better understanding of the individual student's self-regulated learning (1) in a natural setting (learning mathematics in a first semester course), (2) in real-time (in this study: close to real-time) and (3) on repeated occasions (weekly insights). [START_REF] Boekaerts | Self-regulation in the classroom: A perspective on assessment and intervention[END_REF] also concluded that these types of methodological approaches lead students to be more open than in other forms of assessment for self-regulated learning.

The mathematics for engineers I (Mathematik für Maschinenbau I) course, in which we conducted our study, already provides a weekly structure with lectures, exercises and tutorials, all of which were carried out in face-to-face teaching. In addition, there are weekly homework assignments that students can complete on their own to gain some extra points for the exam. The focus of the lecture was providing the theoretical mathematical background, while the homework assignments and exercises were mainly application-oriented. We also know that mathematics majors base their learning around weekly homework assignments [START_REF] Göller | Selbstreguliertes Lernen im Mathematikstudium[END_REF]. Although homework assignments do not have the same importance in mathematics for engineers as in mathematic major modules, we still believe that weekly insights are important and also reflect the natural situation of the learning. Students were asked to submit the weekly report after they submitted the homework assignment.

The structure of our self-report is reminiscent of a learning diary. We chose a more structured approach, because studies using structured diaries indicate a higher validity for documenting students' self-regulated learning [START_REF] Roth | Assessing self-regulated learning in higher education: a systematic literature review of self-report instruments[END_REF]. The typical structure of the self-report instrument consists of five parts:

-Part 1 and Part 5 deal with students' goals, first from a retrospective perspective ("looking back at last week") and last from a prospective perspective ("looking forward to next week") -Part 2 focuses on what happened during the preceding week, for example, which teaching opportunities students took advantage of and how exactly they went about doing mathematics -Part 3 addresses different aspects of self-regulated learning (e.g. motivation, independent study time, self-efficacy, satisfaction), which should be answered on a scale from 1-10 accompanied by a short explanation of their classification -In part 4, we asked students about their emotions and feelings in the preceding week in specific learning situations

We analysed all five parts, and in terms of external resource management and cognitive strategies we were able to reconstruct the most strategies from the second part, although the other parts also provided useful information.

We started to hand out the self-reports regarding self-regulated learning to students (N=6; 2 females, 4 males) in the 4 th -6 th week of the semester and it ended just one week before the exam. In total, we received 56 self-reports divided between 9-11 self-reports from each participant.

Audio diary

Students were asked to submit their self-reports as an audio file. Those so-called audio diaries create richer and more natural reporting compared to written submissions [START_REF] Williamson | Evaluating the audiodiary method in qualitative research[END_REF]. One disadvantage compared to interviews is that you cannot follow up on students´ statements directly. With the weekly insights we were able to change small details of our structure for each participant so that possible follow-up questions could be asked, though only one week later.

Overall, the audio files were between 1:41 minutes and 13:27 minutes long with an average of 5:50 minutes. Participation in the study was remunerated with 30 euro.

Coding the data

The self-reports were transcribed shortly after they were sent to us. For the purpose of categorization, we used a hierarchical model with three levels. The top two levels were developed deductively from self-regulated learning theory. The top level consists of cognitive learning strategies, and resource management strategies [START_REF] Noel | Self-regulated learning in College students: Knowledge, strategies, and motivation: Student motivation, cognition, and learning: Essays in honor of Wilbert J[END_REF]. On the second level these two categories were subdivided, again based on the literature. Within cognitive strategies and resource management strategies, we used the subdivisions from the LimSt (Questionnaire on learning strategies in mathematical studies) questionnaire [START_REF] Liebendörfer | The role of learning strategies for performance in mathematics courses for engineers[END_REF]: Cognitive strategies differentiate between rehearsal and elaboration strategies while resource management strategies differentiate internal and external resources. Further subcategories on the third level were created inductively from the data material.

Inter-rater agreement was ensured by training both coders with data coding. To estimate the inter-rater agreement, a random sample of 10% of the self-reports was coded twice with maxQDA. MaxQDA`s analysis tool allowed us to check both coders work for consistency. For that purpose, we used the function ´code overlaps on segments´ with an overlap interval of 95%, resulting in a Cohen´s kappa of .59. After reviewing, we realised that we often assigned the same codes, but the overlap interval of specific coding segments was often smaller than 95%. We then looked at these inconsistencies and revised them, finally achieving a Cohen`s kappa of .91.

RESULTS

With our procedure of coding the data, we found that students reported various strategies of their weekly self-regulated learning in their action phase. This is why we focus on that phase in particular in the following.

External resource management strategies

Regarding external resource management strategies (RQ1), we differentiated between course-related, non-course-related, working on homework assignments and exercises, and no (additional) external resources (see Table 1). Although students reported, with the exception of one, that they worked on almost every homework assignment and exercise, they reported making very little use of the course-related materials (e.g. lecture script/notes, tutors, professor), but instead using a lot of non-course-related resources, especially YouTube videos Jonas: There are often tutorials by Daniel Jung [German YouTuber] on YouTube, for example, where he better explains how it works, and usually in a much shorter time and much better than the professor ever could. So, I found that incredibly good.

and the Google search function to help them solve those problems.

Milena: I did a Google search and typed in radius of convergence example problems and Cauchy sequence. I wanted to look at example problems and see if they were similar to the homework in order to solve them in the same way or to understand how it works. And yes, the Cauchy sequence, I looked at things on Google.

Non-course-related resources were not only reported to be used for working on exercises or homework assignments, but were also very popular for better understanding the topics presented in the lectures.

Luca:

As far as theory is concerned, I am most likely to go to YouTube for it, because just reading mathematical theorems is rather difficult for me if it is a topic I am not yet familiar with.

Another aspect reported at higher priority was learning with classmates, as this was mentioned in almost half (25 of 56) of the self-reports. In most cases (19 of 25), classmates are then called-in when one got stuck with working on tasks oneself or needs an advice.

In a few cases, students reported that no (additional) external resources were used while working on exercises or homework assignments to create an exam-like situation.

Tom: For the homework assignments, I tried to solve them without looking at the script and doing as little research as possible on the internet so that it was a bit more like exam preparation […], because you can not look at the script in the exam.

External resource management strategies Frequency of code

Non-course related 126 (in 45 self-reports)

Course-related 12 (in 11 self-reports)

Homework assignments and/or exercises 65 (in 39 self-reports)

No (additional) resources 3 (in 3 self-reports) 

Elaboration and rehearsal strategies

With regard to elaboration and rehearsal strategies (RQ2), we could identify only a few reports of elaboration strategies, while the focus was on rehearsal (see Table 2).

Except for one student, everyone reported having used elaboration strategies (18 of 56) every so often. And if so, they were mainly used when they were related to the completion of homework or exercises and rarely to understand mathematical concepts.

For rehearsal strategies we identified different patterns throughout the semester. Firstly, rehearsal was the main strategy for students to process the content presented in the course. We identified in 39 of the 56 weekly self-reports some kind of rehearsal strategy. Secondly, students focussed on rehearsing the contents of the course differently. In this context, students reported three different main patterns:

1. Focus on the content which was presented in the lecture 2. Focus on repeating and practicing the tasks from the homework assignments or exercises 3. Weekly focus on repeating either the lecture notes or the exercises and homework assignments However, when students reported about repeating or reworking, they often did not go into detail about how exactly they were doing that. Regarding the exercises and homework assignments, students reported that they mostly just solved the tasks once again or compared their own work with the sample solution which the course provided.

Luca: And now I am always solving exercises and homework assignments once again, so I do not have to think, so to speak, and I immediately recognise patterns and my hand just sort of writes away.

Although students rarely reported using the script as a resource, they still described detailed strategies, for example memorization, reading lecture notes (multiple times) and writing down the lecture again.

Cognitive strategies Frequency of code

Elaboration strategies 39 (in 18 self-reports)

Rehearsal strategies 93 (in 39 self-reports) 

DISCUSSION

This paper aims at giving a deeper insight into the strategies that students report making use of in their action phase of self-regulated learning.

The results indicate that the students in this study prefer to use non-course-related resources which seems counter-intuitive, since the course usually provides lots of material for working on exercises and homework assignments and later on for preparing for exams. Instead, we have seen that non-course-related resources were rather popular and were frequently addressed when referring to homework assignments, exercises, to understand certain topics or to rework contents from the lecture. Although the study was conducted during the return to face-to-face teaching, this could possibly be due to the previous online semesters, which naturally promoted digital learning. In a similar study, [START_REF] Kempen | University students' fully digital study of mathematics: an identification of student-groups via their resources usage and a characterization by personal and affective characteristics[END_REF] observed during a digital semester that Linear Algebra students rated the usefulness of traditional resources, such as tutorials, lecture and lecture notes slightly higher than digital resources, such as videos or webpages from the Internet. We did not assess students' ratings on the usefulness of resources in our study, but the reported frequencies show a tendency towards non-course related resources in our context. The high use of noncourse-related resources raises the question of why students use them more often than the course-related resources. Videos in particular seem to play a big role in this, possibly because students can work through the videos at their own liking and speed. Thus, the use of self-produced videos adapted to one´s own course could offer further potential for teaching mathematics. Additionally, it might be important to reflect with students about the use of external digital resources, such as critical thinking and questioning the resources as well as compare them with the course-related material.

The results also show that students hardly report any use of elaboration strategies during the semester to process the content of the course and prefer to use rehearsal strategies. Here, one would expect that especially during the semester, elaboration strategies would predominate in order to understand the new content. Due to our more general and not specific content-related questioning of the strategies, it could also be that students had difficulties reporting elaboration, which was also noticed in the study by [START_REF] Göller | Selbstreguliertes Lernen im Mathematikstudium[END_REF]. It may be that students do use elaboration strategies while learning mathematics, but they may lack the skills to express them in the self-reports. However, this claim needs further investigation. Otherwise, mathematics courses for engineers are often focused more deeply on applying and executing mathematical methods.

Rehearsal strategies like practicing and repeating exercises or homework assignments exactly do this, consolidate such mathematical methods which also might prepare students better for the exams [START_REF] Liebendörfer | The role of learning strategies for performance in mathematics courses for engineers[END_REF].

In future research, it might be useful to take a closer look, which is directly involved in the learning processes of students, e.g. when repeating or working on the homework assignments and exercises or the lecture. This way, more information can be gained on students self-regulated learning of mathematics.

Table 1 : Frequency of codes for external resource management strategies

 1 

  So, for example, when it comes to convergence, you try the different methods and think about it, go through the different criteria in your head and see if you can find any similarities to previously solved tasks or examples in the lecture. And then, if you find something, you try it and then it often works.

Tom:

Table 2 : Frequency of codes for cognitive strategies
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