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In recent years, there has been increased development of digital tools designed to improve teaching and learning in university mathematics. Such tools can now better accommodate student heterogeneity, different learning speeds, or individual feedback. However, embedding digital elements into coherent teaching approaches is challenging. In particular, digital tools are rarely developed and used in a multiuniversity system to actively involve students and faculties from different departments. We report on the ongoing LLV.HD project that addresses these challenges. Our main goal is to develop a coherent system of digital elements that facilitates the teaching and learning of mathematics at different universities and in different courses, and that meets the needs of the specific courses, faculty, and students at the different universities. We outline the main goals of the project, and the challenges in developing shared digital tools and establishing the aforesaid networks.

INTRODUCTION

An overarching goal for all levels of education in the digital age is to accelerate digital change in teaching and learning (e.g. European Commission, 2020). The Covid-19 crisis, in particular, emphasised the need to increase efforts to develop approaches for digital teaching and learning [START_REF] Carrillo | COVID-19 and teacher education: a literature review of online teaching and learning practices[END_REF][START_REF] Sánchez Ruiz | B-Learning and Technology: Enablers for University Education Resilience. An Experience Case under COVID-19 in Spain[END_REF]. Fostering participation, collaboration or communication are crucial demands for developing approaches of digital teaching and learning (e.g. European Commission, 2020), avoiding isolated application and instead establishing coherent teaching and learning concepts across universities [START_REF] Kmk | Strategie der Kultusministerkonferenz "Bildung in der digitalen Welt[END_REF]. These demands form the basis for the project LLV.HD (Lehr-Lern-Verbünde in mathematikhaltigen Studiengängenhochschul-übergreifend und digital, translated as "Teaching-learning alliances in mathematics-containing degree programmes -cross-university and digital"; www.unikassel.de/go/llv-hd). LLV.HD is a project within the Competence Centre for Higher Education Mathematics (khdm; www.khdm.de/en/).

The main goal for LLV.HD is to develop digital tools for teaching and learning mathematics that fit the specific demands of university teachers in different mathematical study programmes of at least two universities. The study programmes are BA mathematics, engineering, economics and mathematics teacher education. Developing digital tools, not only for one specific course but for at least two courses at different universities, is more complicated than one might think. Therefore, this project results in an extensive need for communication. For example, LLV.HD depends on the collaboration between mathematicians and mathematics educators, lecturers, developers and students, lecturers in different study programmes or lecturers and students of different universities. Collaborating with students and lecturers as well as integrating the needs of both stakeholders in the development of those tools calls for participation as one characteristic of digital teaching and learning.

In this paper, we refer to different challenges and questions that shape the process of collaboration, communication and participation in LLV.HD during the development of shared digital tools for teaching and learning mathematics at university level. Thus, in the following section, we highlight seven central questions. These questions should not be viewed as typical research questions but can rather be seen as central aspects that arose during the agile development of our project. In the following section, we highlight seven central aspects of our project by addressing these seven questions:

1. Which circumstances have to be considered when trying to develop digital materials that should be integrated into mathematics courses of different universities and different disciplines? 2. What may be an appropriate way to organise a project aiming to promote collaboration between lecturers, developers and students from different study programmes and universities? 3. How can the development of common digital elements for mathematics courses in different universities and study programmes be organised? 4. What are the requirements for LLV.HD concerning students' needs and lecturers' beliefs? 5. What are the pre-conditions for developing a common mathematical language and notation? 6. What are the challenges concerning the collaboration of lecturers and students? 7. How can we support practice courses based on students' needs?

CIRCUMSTANCES FOR THE DEVELOPMENT OF LLV.HD (ASPECT 1)

In Germany, about 40% of all students are enrolled in degree programmes that include some higher mathematics (Statistisches Bundesamt, 2016). This percentage does not include statistics courses. Related study programmes are, for example, the undergraduate degrees in mathematics, teacher education for mathematics teachers, computer sciences, engineering, economics or sciences. Traditionally, most mathematics courses follow a common structure consisting of a lecture of two or four hours a week, a practice course partly in small groups of students supervised by student assistants, and students' weekly assignments (Liebendörfer, 2018).

In Germany, the transition from school to university is often difficult, with similar issues to those exemplarily described by [START_REF] Gueudet | Investigating the secondary-tertiary transition[END_REF]. For example, students experience the organisation of learning in universities and particularly in mathematics courses as challenging (cf. also [START_REF] Fleischer | Vorhersage des Studienabbruchs in naturwissenschaftlichtechnischen Studiengängen[END_REF][START_REF] Guzmán | Difficulties in the passage from secondary to tertiary education[END_REF]. As a possible consequence, large-scale studies show that study programmes with a strong mathematical component have drop-out rates ranging from 40% to 50% (e.g. [START_REF] Heublein | Die Entwicklung der Studienabbruchquoten an den deutschen Hochschulen[END_REF]. The problem of high drop-out numbers in mathematical study programmes is also discussed internationally (e.g. [START_REF] Troelsen | Is Drop-out from University Dependent on National Culture and Policy? The Case of Denmark[END_REF][START_REF] Wolter | Drop-outs from Swiss Universities: an empirical analysis of data on all students between 1975 and 2008[END_REF].

Although there are a variety of reasons for students dropping out, research findings suggest that problems with performance and motivation in the first years of a study programme are particularly responsible (e.g. [START_REF] Fleischer | Vorhersage des Studienabbruchs in naturwissenschaftlichtechnischen Studiengängen[END_REF]. One possible reason for a lack of motivation could be that students experience a discrepancy between their own needs and the reality at universities or the standards of their university teachers (Geisler & Rolka, 2020;[START_REF] Eichler | Improving Prospective Teachers' Beliefs About a Double Discontinuity Between School Mathematics and University Mathematics[END_REF].

As a consequence of the situation in higher education mathematics, there is a strong focus on measures to improve students' motivation and achievement, particularly in the first years of a related study programme. The approach in the LLV.HD project is to develop digital tools or digital elements as a basis to potentially improve students' motivation, participation and achievement. By doing so, LLV.HD follows the recommendations of various research reports which reveal that digital tools seem to have the potential to support mathematics students' learning [START_REF] Kerres | Mediendidaktik: Konzeption und Entwicklung digitaler Lernangebote[END_REF]. For example, instructional videos have the potential to improve understanding and to facilitate learning of mathematics [START_REF] Bersch | Erklärvideos: Chancen und Risiken -Zwischen fachlicher Korrektheit und didaktischen Zielen[END_REF][START_REF] Kay | Exploring the use of video podcasts in education: A comprehensive review of the literature[END_REF]. Audience response systems foster participation and commitment of students in mathematics courses [START_REF] Schmidt | Teaching engineering dynamics by use of peer instruction supported by an audience response system[END_REF][START_REF] Kempen | Using peer instruction in an analysis course: a report from the field[END_REF], quizzes also support mathematical learning [START_REF] Martins | Weekly homework quizzes as formative assessment for Engineering students are a fair and effective strategy to increase learning[END_REF] and digital exercises such as STACK tasks facilitate self-regulated learning and can provide individual feedback as for a contribution to successful learning [START_REF] Sangwin | Computer aided assessment of mathematics[END_REF][START_REF] Speer | Developing Prospective Teachers' Beliefs about Digital Tools and Digital Feedback[END_REF].

Such digital tools seem to provide an appropriate basis to help students with their difficulties in mathematics courses in the transition from school to university. Nevertheless, despite the overwhelming number of digital elements available on internet, these tools are hardly used yet as part of regular teaching, and their implementation faces some challenges. For example, there is a huge number of slightly structured resources, such as instructional videos in Youtube channels, repositories with STACK tasks (e.g., https//db.ak-mathe-digital.de) and collections of audience response resources (Quibeldey-Cirkel, 2018). However, it is very time consuming to find a digital element in these resources that fit the demands of a specific mathematics course.

As a consequence, state institutions in Germany (particularly) try to establish repositories of structured materials for teaching and learning mathematics (e.g. https://www.vhb.org; https://www.dh.nrw/). Lecturers from different universities are asked to contribute with digital resources for these repositories. However, these resources are developed for specific teaching or learning trajectories in specific courses and thus, it might be difficult to integrate related materials into other courses.

As a consequence of these circumstances, the following main aims for the development of digital tools in our project LLV.HD state that the digital tools in LLV.HD have -to fit the aims of at least two mathematics courses at different universities, -to be meaningful for mathematics courses in different study programmes (for example, teacher education and economics) -to be integrated into the structure of a coherent teaching and learning environment -be at least partly based on students' needs.

ORGANISATION OF LLV.HD (ASPECTS 2 AND 3)

The project LLV.HD is located at the universities of Paderborn and Kassel and refers to four study programmes: undergraduate mathematics, engineering mathematics, economics and teacher education. In each of the four study programmes, teams of both universities including mathematicians and mathematics educators work together. Furthermore, different individuals at both universities manage specific tasks including the coordination, the development of STACK tasks and instructional videos, the setup of a digital drop-in centre, and the transfer, evaluation and media pedagogy.

Referring to organisation of the content, an early decision was made to concentrate on introductory analysis courses that are common for all study programmes. In the teacher education programme, both the introductory analysis course and a mathematics education course concerning teaching analysis in school are regarded.

The main structural element in LLV.HD is a digital network. A digital network in LLV.HD is shown in Fig. 1 and consists of two analysis courses at the two universities in the different study programmes including lectures, practice courses and students' homework. Each course has themes or topics that are specific to one university. Nevertheless, we expected that two parallel courses share common themes and subjects which could provide the basis for developing common digital elements (e.g. instructional videos, quizzes for the lectures or digital tasks for the practice courses). Discovering common themes or subjects forms the basis of the networking idea. Only if a theme or subject is taught at both universities is it qualified for developing corresponding and contentrelated digital elements. Student participation and commitment should be improved by digital drop-in centres that offer mentoring, provide support concerning learning strategies and organise students' feedback on digital tools or requirements for digital tools.

In advance, a preliminary image of a possible outcome of LLBV.HD after three years, consisting of a structure of digital elements, is shown in Fig. 2: There are different topics in an analysis lecture such as sequences, convergence etc. that might be common to different mathematics courses of different universities and study programmes. Within these topics, specific content might be common such as definitions, theorems, proofs, applications or examples. For common content, it is possible to develop common digital elements. However, we expected that there would be topics and content for which it is not possible to identify common digital elements. The elements could be appropriate in a specific manner for the different study programmes. Thus, lecturers or students of undergraduate mathematics may use mainly one certain element, while other lecturers or students may focus on other elements. However, some elements are not developed particularly for interdisciplinary use but are accessible for all study programmes. Ideally, a digital element is meaningful for lecturers and students of different universities and different study programmes. The initial ideas for LLV.HD are not final. The project follows an agile approach to development. That means that it is possible and desirable to adjust, reconsider or develop goals of the project within the process. In this agile development, a principle goal of LLV.HD is to integrate every group of individuals who participate in analysis courses such as students, student teachers (tutors), professors or lecturers (cf. Fig. 3). 

STUDENTS' NEEDS AND LECTURERS' BELIEFS (ASPECT 4)

To gain knowledge about students' needs and lecturers' beliefs as a fundamental aspect for developing common digital tools, data were collected in both universities and the different study programmes. In this paper, we refer to the data of four study programmes at the two universities. Data were collected in 2021 through an online survey, and resulted in answers provided by 168 students from analysis and engineering courses at both universities. Further data were collected by interviews with groups of students from student councils and lecturers. We here present some statements from six student interviews and eight lecture interviews. A detailed report on the results of this multi-perspective analysis of students' needs is in preparation and will be published separately.

First, the interviews with the students of the student councils confirmed published research findings (e.g., [START_REF] Gueudet | Investigating the secondary-tertiary transition[END_REF]. These students reported the excessive demands with which mathematics students are faced at the beginning of their study programmes. For example, one student mentioned:

Student:

"Just an incredible amount of material per week with incredibly difficult tasks."

As a main challenge, another student referred to the difficulties with the mathematical language.

Student: "All these new notations are overwhelming for Bachelor freshmen."

Finally, a third student referred to unfulfilled expectations (cf. [START_REF] Eichler | Improving Prospective Teachers' Beliefs About a Double Discontinuity Between School Mathematics and University Mathematics[END_REF][START_REF] Geisler | That Wasn't the Math I Wanted to do!"-Students' Beliefs During the Transition from School to University Mathematics[END_REF] caused by the gap between school mathematics and university mathematics:

Student: "There are different ideas about mathematics. This applies above all to students in the first semesters, because mathematics at university has a completely different approach from that of school lessons. Many students come with different expectations of studying and are then faced with a different reality."

A lecturer in the economics courses agreed, in some points, with the students' views.

For example, he/she stated that, particularly at the beginning of study programmes, the organisation of learning and the amount of new content is demanding:

Lecturer: "The content of the lecture has been overloaded up to now […] And that was, I think, too much for the students."

Another lecturer stated that students' challenges were caused by language difficulties, referring also to native speakers:

Lecturer: "Students can hardly speak German, cannot articulate themselves correctly, especially in writing. Students have a problem with language in general and with the language of mathematics."

In contrast to the students, a lecturer also referred to students' lack of knowledge when entering universities:

Lecturer: "Students do not know elementary arithmetic rules such as fractions, term transformations, bracketing, dissolving parentheses."

The latter belief of a lecturer refers to a controversial debate in Germany, where stakeholders of schools and universities discuss what can be learned in school, and what has to be learned in school, as prerequisite for a potentially successful study of mathematics.

The students of the student council further commented on possible effects of digital tools for facilitating mathematical learning for students in the first year of their studies. For example, one student mentioned:

Student: "I think that learning videos can help a lot; calculus, especially, is not only heard from pure mathematicians, but also from teacher trainees, computer science students, who perhaps find it more difficult to work on something like this with a script."

In this student's opinion, digital tools can particularly help students with difficulties.

In this regard, it is noteworthy that students in a student council (in Germany) often run their study programme successfully.

Another student mentioned that digital tools are not helpful per se, but must be integrated within an overarching and meaningful structure:

Student: "So I don't think that a pure 'Here you have 20 videos on every topic. If you have a question, you can take a look at it' is the best way to go, but rather to integrate them into the learning path or to consider where it might make sense to refer to a video and perhaps only make it available at certain points in time."

Again, the lecturers agreed to the considerations made by students with regard to the facilitating effect of digital tools. Thus, one lecturer agreed that digital tools such as videos can be of support especially for students with difficulties:

Lecturer: "One should first consider for whom one wants to offer digital support; probably best for underperformers who have difficulty passing the exam."

Another lecturer agreed that a digital element is not, in itself, helpful for a specific course with its specific purposes:

Lecturer: "An overview of definitions could help, but every lecturer defines something differently, so there are problems of transferability between semesters and universities."

Additionally, we gained knowledge about students' needs from a bigger sample of 169 students from analysis and engineering courses. These students, amongst others, were asked which digital tools they are actually using to receive support for mathematics courses. The majority of students referred exclusively to instructional videos. The most popular Youtube channels were "Mathe-Peter" (math-peter) or "Daniel Jung". Both channels are German-speaking and focus on several topics of school mathematics and introductory courses at universities. However, these kinds of instructional videos are criticised for some reasons. The videos, for example, provide mostly isolated explanations, they include some errors, and they often use only a vague mathematical language although language seems to be crucial for beginner mathematics students [START_REF] Bersch | Erklärvideos: Chancen und Risiken -Zwischen fachlicher Korrektheit und didaktischen Zielen[END_REF]. Also, these videos often refer to procedural aspects of mathematics and seldom explain connections of concepts as a basis of conceptual knowledge [START_REF] Bersch | Erklärvideos: Chancen und Risiken -Zwischen fachlicher Korrektheit und didaktischen Zielen[END_REF]. In the survey, students also mentioned that they desire videos addressing corresponding examples and counterexamples of terms, explanations of sentence formulations or strategies for mathematical problem solving, thus addressing conceptual knowledge.

DEVELOPING A COMMON MATHEMATICAL LANGUAGE (ASPECT 5)

Mathematical language is a crucial topic of teaching and learning mathematics at university level [START_REF] Berger | The functional use of a mathematical sign[END_REF][START_REF] Körtling | Students' development of mathematical language regarding definitions[END_REF][START_REF] Morgan | Word, Definitions and Concepts in Discourses of Mathematics, Teaching and Learning[END_REF]. Accordingly, mathematical language issues have been found to be a key aspect in lecturers' and students' beliefs. Moreover, language is also crucial for the development of digital networks in LLV.HD, because common digital elements must include a common language for different courses. Thus, the main question regards the pre-conditions for developing a common mathematical language and notation.

Before the project started, based on a search in different textbooks (e.g. Forster, 2016) and recommendations for the use of language (e.g. [START_REF] Alcock | How to study as a mathematics major[END_REF][START_REF] Gillman | Writing mathematics well: A manual for authors[END_REF][START_REF] Halmos | How to write mathematics?[END_REF], different uses of mathematical language and different notations were identified as a main obstacle for developing common digital elements. For example, Lew and Mejía-Ramos (2019) reported differences in language preferences of different mathematicians that potentially hinder the development of common digital tools.

As a first step in LLV.HD, we investigated differences in the notation or the use of mathematical language by analysing the lecture notes of analysis lecturers of the two universities and the four study programmes, since common notations are a prerequisite for common digital elements. As a first result and against our expectations, only slight differences in the use of mathematical language were found. Table 1 shows some examples concerning the topics sequences, convergence and differentiability. 
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Differences in the definition of sequences, for example, refer to the name of the object, i.e., function or mapping, the symbol for the function or mapping (𝜑, 𝑎, 𝑓) and the codomain (𝐴, 𝑋, ℝ). In the definition of convergence, we only found a difference concerning one symbol (𝑁 vs. 𝑛 " ). Differences in defining the derivative refer to the number of equivalent definitions. However, common definitions only differ in the use of specific names of variables.

To conclude, there are slight differences in naming variables or objects such as functions. Nevertheless, some slight differences in comprehension were identified: codomain, for example, is any metric space in one course and a specific metric space in another course. In one course, three equivalent definitions are introduced, in another course only one. Finally, in the economics course some mathematical objects are only used with a vague heuristic description instead of a rigorous definition. We believe that all these differences can be addressed well in common digital elements, for example, by giving additional information to raise awareness of a different variable use and naming according to different study programmes.

CHALLENGES FOR COLLABORATION: THE CASE OF INSTRUCTIONAL VIDEOS (ASPECT 6)

The development of instructional videos can reveal possible challenges in the collaboration of lecturers and students. We provide an example of such a challenge, regarding a video that focuses on linear approximation as the basis for defining differentiability. In this video -Figure 4 shows a screenshot of this video -two people, an expert and a novice, develop an understanding in a conversation. The video focuses partly on a visual illustration of ideas of a linear approximation and partly on a symbolic representation of this linear approximation. The whole video lasts about 3.5 minutes.

Figure 4: Screenshot of an instructional video addressing linear approximation as the basis for defining differentiability

During the video development, we made an observation that resulted in a new aspect of video development. The observation was that lecturers and students evaluated the same video differently using different perspectives: whereas the lecturers focused on the logic of a mathematical theme, the students focused on their learning in a sense of increased understanding that may extend beyond mathematical logic and include visualisations, for example. It emerged that mathematical rigour and the psychology of learning value some elements in precisely opposite ways. We may more generally experience this tension when reflecting on mathematics and mathematics education as scientific disciplines.

Another disagreement between lecturers' demands and students' needs regarded the length of the video and, subsequently, the number of topics discussed in the video. For lecturers, an instructional video such as the one illustrated in Fig. 4 provides too many topics. Lecturers claimed their explanations to be sufficient and therefore preferred illustrating their explanations. In contrast, students desired further explanations as an alternative and supplementary support to explanations from their own lecturers.

As a consequence, a new development in LLV.HD was to create a tool that allows lecturers to control the explanation used when introducing visualisations. We therefore use specific parts (for example, the animations) of a video and adapt these to a specific situation. Whereas the full video is provided for students, lecturers are able to use parts of the video and adapt these parts to their own requirements. The related tool is created using python code. Fig. 5 illustrates three steps of this tool:

-Step 1 refers to a part of the linear-approximation video illustrated in Fig. 4.

After showing the graph of the function with the tangent, in the video a zoom to the intersection point of the graph and the tangent is given (Fig. 5, left side). This animation is selected as an isolated digital element for the following steps. -Step 2 shows the python code (Fig. 5 

SUPPORT OF PRACTICE COURSES (ASPECT 7)

The final challenge we present from the development of digital elements in the project LLV.HD refers to STACK tasks. STACK represents one solution to the question of how practice courses could be supported to better address students' needs.

STACK is the abbreviation of "System for Teaching and Assessment using Computer algebra Kernel" and was developed by Chris Sangwin [START_REF] Sangwin | Computer aided assessment of mathematics[END_REF]. It uses the computer algebra system Maxima in the backend, which evaluates inputs algebraically.

We consider the following task: "Find the limit of the sequence 𝑎 ! = (0!*1)

1"! for 𝑛 → ∞". The answer can be entered into the white field below the sequence. Any input by a student needs to fit the form of a specific number representing the limit. Below this field, STACK interprets the input, in this case identifying the input as the fraction 2 3 . Below the interpretation, there are hints for a user, referring to possible inputs. STACK is especially noted for its ability to implement feedback. In this case, a simple and evaluative feedback, stating simply "correct answer", can be seen in the orange field [START_REF] Narciss | Designing and evaluating tutoring feedback strategies for digital learning[END_REF].

Evaluating an input algebraically means that every expression that equals 2 3 is interpreted as a correct solution of the tasks. Thus, it is possible to describe 2 3 via the limit for 𝑛 → ∞ of the arbitrary term

! " ! # + 4 /1
. STACK also allows a randomisation of task parameters [START_REF] Sangwin | Computer aided assessment of mathematics[END_REF]. In the case of the sequence in Fig. 6, the numbers in the term of the sequence were randomised. After restarting the task, a modified sequence appears, for example 𝑎 ! = (3!*0) 1"! . Not only the numbers, but also the exponents of the variables, can be randomised in this task. Thus, with randomisation, one task represents a class of similar tasks. Another very important feature of STACK is that if, for example, typical errors of students are known, STACK allows individualised feedback using potential response trees [START_REF] Sangwin | Computer aided assessment of mathematics[END_REF]. Moreover, STACK allows tasks with graphical elements and also graphical feedback. From research, it is known that users -for example, prospective teachers developing STACK tasks in a seminar -are enthusiastic when introduced to STACK tasks. The enthusiasm decreases only to some extent, and beliefs about STACK become more differentiated, when these prospective teachers use STACK tasks with school students [START_REF] Speer | Developing Prospective Teachers' Beliefs about Digital Tools and Digital Feedback[END_REF]. However, a goal of LLV.HD is to gain knowledge about students' evaluation of the use of STACK tasks in different study programs and different scenarios within an analysis course. A further ongoing goal is to include common STACK tasks in different mathematics courses and have the opportunity to analyse possible inputs, including errors of students in different universities and different study programs. For the students' acceptance of STACK tasks, we use the tool STACKrate [START_REF] Lache | How to STACKrate: The Development of an Intuitive Evaluation Tool[END_REF]. This allows you to simply evaluate a task with a Likert-like scale after finishing a task (see Fig. 7). In this case, the student is asked to rate the task concerning task difficulty, usability, processing and feedback, allocating from one to five stars. With STACKrate, it is possible to collect data about STACK tasks that allows users to match performance in a task and students' acceptance.

Although STACK tasks offer a lot of possibilities to enrich self-directed learning of students, STACK may result in some problems. For example, we observed that the majority of tasks are procedural tasks. Conceptual tasks are rare and the development of substantial feedback for conceptual tasks is a complex challenge. A further problem is that conceptual tasks must allow an algebraic expression as an input, or something that could be interpreted as an algebraic expression. A possible example for a conceptual task concerning sequences is given in Figure 8, where a sequence must be found that satisfies designated limits. It is also possible to pose more complex tasks referring to conceptual knowledge focusing, for example, on proofs using the input type "equivalence reasoning". However, in this case, potential response trees that allow individual feedback can display an increased complexity, resulting in correct feedback for every possible input. 

CONCLUDING REMARKS

The main aim of the project is to develop digital elements that satisfy the demands and needs of at least two analysis courses at two universities. Such an aim results in some challenges and open questions that were addressed in this paper.

Actually, it seems possible to detect themes in introductory mathematics courses of different universities and different study programmes that enable us to develop common digital elements. This finding is the basis for all the work done up to now and the work that should be accomplished in the near future. Moreover, differences in notation and approaches are, so far, smaller than expected. This is a crucial result, since we can therefore develop digital elements based on common notations used in different analysis courses, different universities and study programmes. If agreement on a common notation is not possible or slight differences about the notation emerge, remarks about notation differences are included in those digital elements either directly in the element itself or given as further information about it on the platform of our project. By doing so, the project aims to provide an interdisciplinary overview of notation use and facilitate students' ability to adapt to different notation systems.

There are, nevertheless, challenges for collaboration and communication between lecturers and students. For example, the perspectives of mathematics lecturers and mathematics students are fundamentally different. Concerning lecturers and students, LLV.HD observed opposing evaluations between rigorous mathematics and the psychology of learning mathematics, which proved similar to the differences between mathematics and mathematics education. As a consequence, digital elements that use the same notation for the same course must be different for lecturers and students.

Students do not favour digital elements per se, but favour digital elements that are connected to their mathematics courses. Thus, a half-structured matrix of digital elements that was planned in LLV.HD could fit the needs of the students at the universities that are engaged in LLV.HD. However, it is still an open question whether students embrace further digital elements such as podcasts or quizzes since, so far, we have collected feedback only on instructional videos. Furthermore, a lesson has been learned from the videos and STACK tasks: There is a need for digital elements that address conceptual knowledge instead of exclusively focusing on procedural knowledge.

Finally, following an agile project development shifted the goal of LLV.HD from producing a huge number of digital elements to developing elements that satisfy the demands and needs of lecturers and students from different universities and study programmes and, thus, could be integrated into digital networks as the central idea of LLV.HD. These digital elements do not replicate the concepts of analogue teaching, but require new conceptions raising, to some extent, fundamental questions of mathematics education.
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 1 Figure 1: Digital network in LLV.HD
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 2 Figure 2: Possible matrix of digital elements in LLV.HDThe main structural elements of LLV.HD are knots that are defined by a theme or topic, such as convergence. Besides the topics, these knots comprise three further levels or dimensions: (1) the study programme, (2) the kind of a digital element, such as instructional video or quizzes and (3) the content, such as definitions or examples.

Figure 3 :

 3 Figure 3: Students, tutors and lecturers as agents in the agile development in LLV.HD
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 5 Figure 5: Illustration of an animation tool for selected sequences of an instructional video
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 6 Figure 6: Screenshot of a STACK task
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 7 Figure 7: Screenshot of STACKrate as a brief evaluation at the end of a STACK task
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 8 Figure 8: Example of a task triggering conceptual knowledge
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 9 Figure 9: Complex task using the input type "equivalence reasoning"

  

Table 1 :

 1 Differences in mathematical notations at two universities

	Topic	Mathematics		Mathematics		Economics
		(University	of	(University	of	(University	of
		Kassel)		Paderborn)		Kassel)
	Sequences	…	function	… mapping 𝑎: 𝑁 →	… function 𝑓: 𝑁 →
		𝜑: 𝑁 → 𝐴	with	𝑋 with 𝑎 ! = 𝑎(𝑛)		𝑅 with 𝑎 ! = 𝑓(𝑛)
		𝑎 ! = 𝜑(𝑛)			
	Convergence	It exists 𝑁𝜖𝑁 …	It exists 𝑛 " 𝜖𝑁 …		It exists 𝑁𝜖𝑁 …
							(partly only as a
							heuristic)
	Differentiability m	exists	with		
		𝑔(𝑥) = 𝑔(𝑐) +		
		𝑚(𝑥 -𝑐) +			
		𝑟(𝑥) and