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Notes on the Structure of the Document

This cumulative dissertation is divided into two parts. The first part, Part A, comprises the
theoretical and practical foundation of the research project as well as the explanation of the
underlying research design. In addition, the individual research contributions are placed in an
overall context. Part A is a separate document with its own indexes and a reference list.

Part B contains the research contributions in the order in which they are presented in the main
paper. The formatting of the individual contributions is based on the specifications of the
respective publication organs. The references in Part B refer to the bibliography of the

respective article.
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1 Introduction

1.1 Motivation

Ever since digitization transforms society, universities evolve their teaching methods and the
skills they impart. Today, universities are enriching their courses with digital content, offering
hybrid teaching formats or online teaching (OT) (Veletsianos et al. 2021). The impacts of these
changes were further amplified in response to the Covid-19 pandemic (Adedoyin and Soykan
2020), resulting in a substantial increase in the number of students worldwide enrolled in online
courses by 2021, as universities swiftly transitioned to online teaching (Pokhrel and Chhetri
2021). Even after the pandemic subsides, many courses will continue in online or hybrid
formats (Veletsianos et al. 2021; Zhao and Watterston 2021). These formats offer a variety of
opportunities for students and lecturers to interact and collaborate in order to develop a wide
range of academic and transferable skills (Gamage et al. 2023). The task of memorizing
knowledge is of decreasing relevance, as knowledge is readily available today. Rather,
metacognitive skills are becoming increasingly important (Fadel et al. 2015; WEF 2020) and
thus have been incorporated as a vital component in the Organization for Economic
Cooperation and Development (OECD) Learning Framework 2030 (OECD 2019). According
to the World Economic Forum (WEF), the top skills employers “see as rising in prominence in
the lead up to 2025 include groups such as critical thinking and analysis as well as problem-
solving, and skills in self-management such as active learning [...]” (WEF 2020, p.

5). Therefore, WEF urges higher education institutions (HEIs) to equip students with the
necessary skills as a future workforce (WEF 2020), leading to new challenges for HEIs to
adapt teaching formats and curricula despite financial and organizational constraints.

In the context of this dissertation, therefore, two research areas will be addressed: Firstly, this
dissertation studies the Flipped Classroom (FC) approach, which is a hybrid teaching
methodology that emphasizes on the acquisition of skills such as problem-solving and group
work through the outsourcing of pure knowledge transfer and the focus on an interactive in-
class phase (Bergmann and Sams 2012; Bishop and Verleger 2013). Secondly, this dissertation
investigates Learning Analytics (LA), which involves the collection, evaluation, and processing
of learning data to provide valuable insights for both students and teachers' to support self-

reflection and independent learning (Long and Siemens 2011).

!'In this dissertation, the terms “teacher” and “instructor” are used interchangeably.
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FC is a teaching methodology that combines the advantages of face-to-face and online teaching.
Therefore, knowledge transfer, which used to take place in the form of in-person lectures, and
the application of knowledge through exercises that students usually worked on at home, are
being reversed (Bishop and Verleger 2013). The transfer of knowledge now occurs as a self-
learning (pre-class) phase asynchronously at home, usually with the help of instructional
videos, reading materials or online activities, and is preceded by an in-class phase (Lage et al.
2000; O’Flaherty and Phillips 2015). The in-class phase, which takes place synchronously and
on-site, is then used to jointly apply the previously learned knowledge in the context of, e.g.
group work, discussions, or application in software (Giannakos et al. 2014). Studies attribute
mostly positive effects to FC, e.g. with regard to an increase in interaction and learning success
(Bishop and Verleger 2013; Giannakos et al. 2014; Loviscach 2019; Sandhu et al. 2021). The
design of FC courses, on the other hand, is time-consuming and costly, with individual
instructors often being the ones to create them (Karabulut-Ilgu et al. 2018). There is only limited
research on systematic approaches for the development and integration of FCs into university
operations, with most studies focusing on case studies (Lundin et al. 2018; Song et al. 2017).
Another difficulty of FCs is that the preparatory work of students during the pre-class phase is
decisive for successful participation during the in-class phase (Lai and Hwang 2016). Students
are expected to study independently and motivate themselves. However, many students,
especially at the beginning of their studies, lack the skills for self-regulated learning (Kim et al.
2014; Lai and Hwang 2016). Teachers also face disadvantages during the pre-class phase that
are analogous to those of online-only courses. For example, they lack the ability to monitor
students’ performance, strengths, and weaknesses, and cannot rely on visual cues for feedback
(Joshi et al. 2022). Although the in-class phases can compensate for parts of these issues,
ineffective in-class sessions due to unprepared participants (Mason et al. 2013) or the relocation
of the sessions online due to the Covid-19 pandemic can further aggravate the problem.

To enhance students’ self-regulated learning skills and to motivate them to work independently
on the self-learning parts, LA can be used to provide continuous feedback, insights in one’s
performance, an overview of remaining content to be covered, and comparisons of the
individual with the rest of the group (Heikkinen et al. 2023; Long and Siemens 2011; Nguyen
et al. 2021). By using LA data, teachers can gain valuable insight into student performance,
enabling them to transparently track progress and identify difficult areas and at-risk students
early (Gasevi¢ et al. 2015). On the one hand, LA data can be used as a foundation for discussion
with students in the subsequent in-class phase, and on the other hand, teachers can provide

additional explanations or adapt the materials of the preparation phase. LA dashboards (LADs)
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are commonly used to present this data visually (Bodily et al. 2018). Studies show much
potentials in the field of LA (Daniel 2015; Jovanovi¢ et al. 2017), but its implementation is,
also in Germany, clearly behind (Nouri et al. 2019). Current research also lacks information
regarding the desires and concerns of students (Ifenthaler 2017), whose acceptance as primary

data providers and, in many cases, as the primary users of LA, is crucial (Ferguson 2012).

1.2 Aim

Consequently, this dissertation addresses the challenges that universities face in terms of
creating and implementing FC courses and their improvement with the help of LA. The overall
aim of this dissertation can be stated as: Providing solutions to systematically develop and
integrate Flipped Classrooms into higher education operations, and support students and
lecturers with the help of Learning Analytics. The dissertation includes 11 individual
contributions that address various aspects related to the development and integration of FCs
and the application of LA. The research is guided by two main research questions (RQ), which

are as follows:

RQ1: How can Flipped Classroom courses be systematically developed and integrated into

higher education operations?

The first research question focuses on the challenges of developing and implementing FC
courses, and a process model is proposed as a viable solution. To evaluate this model, it was
used to redesign and implement a “Business Intelligence” (BI) module in the study program
Business Informatics at the University of Osnabriick.? Furthermore, possibilities for the long-
term integration of FCs by including relevant stakeholders and employing change management
(CM) are presented. In this context, the previously designed process model was enriched with
CM tasks. Additionally, a more general and model-independent CM guideline for FC

integration at universities was created.

RQ2: How can the use of Learning Analytics contribute to the improvement of Flipped

Classroom courses?

The second research question aims to identify the challenges students and teachers face in FCs
and the opportunities for LA to improve these courses, including online-only formats. The focus

is primarily on the perspective of the students, with the development and evaluation of a

2 This dissertation studied empirical evidence along the course of the third-party funded project “FlipOS”, where
an existing BI module at the University of Osnabriick was transformed into an FC. The project allowed for the
application and evaluation of a process model as well as for student surveys and the prototypical development of
an LAD.
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prototypical LAD using the BI module as an example. Looking forward, the research also
considers the teachers’ views on LA, examining the opportunities and threats of LA as well as

an outlook on the design of LADs for teachers.

1.3 Structure

The remainder of this dissertation is structured as follows: Chapter 2 provides a brief
introduction to the fundamentals of the FC approach and LA. Chapter 3 highlights the research
design of this dissertation, beginning with an overview of the individual contributions.
Furthermore, it presents the research agenda, an overarching research framework, and a concise
illustration of the methods employed. The results of the contributions are summarized in
Chapter 4. They are not presented in chronological order; instead, the structure of the Chapter
is based on the two research questions. According to the character of the cumulative dissertation
and to avoid redundancies, there is no detailed description of the applied methods, theories, and
results of the contributions in Part A. The focus is placed on answering the main research
questions and their sub-questions. The key findings as well as the theoretical and practical
implications, limitations, and further research possibilities are outlined in Chapter 5. Chapter 6
serves as the conclusion of Part A. Detailed descriptions of the individual contributions can be

found in the full contributions in Part B of this dissertation.
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2 Theoretical Foundations

In the following Chapter, the basic principles of the FC approach are explained in Section 2.1,
which also provides an overview of two models, namely Technology Mediated Learning (TML)
and the phases of self-regulated learning (SRL). Subsequently, the relevant foundations of LA

are discussed in Section 2.2.

2.1 Flipped Classroom

The FC approach has gained popularity in schools and universities since it was first mentioned
in publications by (Baker 2000) and Lage et al. (2000). The approach can be associated with
the overarching concept of blended learning, which describes “the thoughtful integration of
classroom face-to-face learning experiences with online learning” (Garrison and Kanuka 2004,
p. 96). The FC approach aims to switch the traditional classroom-based knowledge delivery
with the application of knowledge, which typically takes place at home (Bishop and Verleger
2013). In literature and practice, other terms such as inverted classroom, reverse instruction, or
backward classroom are used to refer to the same teaching concept (Bishop and Verleger 2013;
Giannakos et al. 2014). In this dissertation, the term FC is used as a representative for all these
terms.

The FC concept consists of two alternating phases, referred to as the pre-class phase and the in-
class phase. During the pre-class phase, students independently acquire knowledge using
prepared materials such as instructional videos, screencasts, podcasts, or reading materials
(Bishop and Verleger 2013; DeLozier and Rhodes 2017). Additionally, self-assessment tests
can be provided to students to evaluate and reinforce their knowledge (Velegol et al. 2015). The
materials are commonly provided through a learning management systems (LMS) (O’Flaherty
and Phillips 2015). The in-class phase is designed to complement the pre-class phase and aims
to apply and deepen students’ acquired knowledge (Giannakos et al. 2014). This alignment can
be contextualized within Bloom’s (1956) taxonomy of learning objectives, which was further
developed by Anderson et al. (2001) and Krathwohl (2002). Typically, lower levels of the
learning taxonomy, such as remembering and understanding, are addressed in the pre-class
phase. During the in-class phase, various activating teaching methods are used to focus on
higher learning objectives, such as applying, analyzing, evaluating, and creating (Halili and
Zainuddin 2015; Lambach et al. 2017). At the beginning of the in-class phase, a brief review is
usually conducted, allowing students to ask questions and helping instructors ensure that
participants have a sufficient understanding of the course content (Zappe and Leicht).

Subsequently, various activating teaching methods can be employed. Examples include the
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think-pair-share method (Kothiyal et al. 2013), problem-based learning (Chis et al. 2018),
discussions, presentations, and quizzes (Bishop and Verleger 2013; Giannakos et al. 2014).
During the in-class phase, the role of teachers changes from lecturers to guides or coaches, who
support students in solving (application-related) problems (McLean and Attardi 2023).
Depending on the size of the groups, in-class phases can either take place in several parallel
small sessions, which can lead to a greater personnel load, or can be carried out using certain
participant-activating methods designed for large groups, in which case the range of possible
methods is limited (Lambach et al. 2017).

Several systematic literature reviews on the use and effects of the FCs in specific disciplines at
universities (Betihavas et al. 2016; Chen Hsieh et al. 2017; Karabulut-Ilgu et al. 2018; Tan et
al. 2017), as well as comprehensive reviews, already exist (Al-Samarraie et al. 2020; Bishop
and Verleger 2013; DeLozier and Rhodes 2017; O’Flaherty and Phillips 2015). These reviews
attribute predominantly positive effects to the FC approach. Many studies have found that
students’ performance, usually measured by exam scores or final grades, has improved
compared to traditional teaching methods (Evseeva and Solozhenko 2015; Giannakos et al.
2014; Kerr 2015; Koo et al. 2016; Rahman et al. 2014; Wong et al. 2014; Wright et al. 2017).
Furthermore, an increase in motivation (Chen Hsieh et al. 2017; Chien and Hsieh 2018; Evseeva
and Solozhenko 2015; Ritzhaupt and Sommer 2018; Wright et al. 2017) and higher engagement
of students (Esson 2016; McLaughlin et al. 2014; Mutch et al. 2017) have been observed. A
positive impact of the FC approach has also been noted in terms of problem-solving skills and
communication abilities (McCredden et al. 2017; Velegol et al. 2015), self-efficacy and self-
directed learning (Enfield 2013; Esson 2016; Hao and Lee 2016), and collaborative learning
among students (Mutch et al. 2017). In contrast, there are a few studies where the FC approach
showed no effects (Cab1 2018; Gillette et al. 2018; Zuber 2016). Research identifying the
adverse effects of the FC approach is rare, but some studies mention a negative impact on

performance (Missildine et al. 2013) and student satisfaction (Moffett and Mill 2014).

In the following, two models are presented, which are subsequently used in Section 3.3 to
develop the research framework of this dissertation. The first model is Bower’s (2019)
representation of the TML theory. TML describes the use of technology as a means to facilitate
and enhance learning (Gupta and Bostrom 2009). The FC approach is directly related to TML
in that it relies on technology as a central component for mediating knowledge during the pre-
class phase. Figure 1 illustrates significant aspects of TML according to Bower (2019). The

author combined various theories from literature, such as Engestrom’s (1987) activity theory
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and Bandura’s (1986, 1991) framework of social-cognitive theory and self-efficacy.
Technology is the key element and functions as a mediator between teachers and students to
achieve a desired (learning) outcome. To enhance learning, it is important to consider the
affordances of technology and to employ them effectively. Beliefs, knowledge, and practices
of teachers and students mutually influence each other and the broader environment in which
learning takes place. Teachers develop and implement course content, continuously adapting it
to student feedback, while students process the information and interact with the technology

(Bower 2019).

Broader Environment

Instructors Design and Implementation Information Processing Students
Beliefs | Technologies | Beliefs
Knowledge Knowledge
Practices Learner Feedback Interaction Practices

Affordances

Figure 1. TML Theory Adapted from Bower (2019)

The second model used as a foundation for the research framework is Zimmermann’s (2003)
presentation of the three phases of SRL. The SRL theory depicts how students actively
participate in learning processes, for example, by setting goals, monitoring their progress, and
adjusting their learning behaviors to achieve learning objectives (Bandura 1991; Zimmerman
1989). According to Yen et al. (2018), “SRL is one aspect of metacognition, whereby students
are aware of their cognitive processes and knowledge and monitor and regulate their learning”
(p. 580). Research shows that the use of SRL strategies such as time management, goal setting,
and self-monitoring are positively related to student learning outcomes in both traditional and
online courses (Broadbent and Poon 2015). Zimmerman and Campillo (2003) propose a
conceptualization of SRL consisting of three phases. While the phases can be seen as a cyclical
process, they do not necessarily repeat themselves in a rigid or sequential manner. The first
phase, known as the forethought phase, involves learners setting goals, developing strategies,
and activating prior knowledge. The second phase, called the performance phase, includes
learners’ participation in learning activities and the continuous monitoring of their progress.
Finally, the self-reflection phase follows, in which learners evaluate their understanding and
performance, identify areas for improvement, and adjust their learning behavior if necessary

(Zimmerman and Campillo 2003). Figure 2 shows an overview of the three phases. In a recent
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study by Oztiirk and Cakiroglu (2021), the authors linked the phases to the FC approach. The
pre-class phase was assigned to the forethought and the performance phase, while the in-class
phase was mainly assigned to the performance phase. The self-reflection phase could also be
partly assigned to the in-class phase if students receive feedback about their performance during
the in-class phase (Oztiirk and Cakiroglu 2021). Depending on the design of the FC, there may

be deviations in this regard.

Forethought Performance Self-Reflection
Phase Phase Phase
Analysis of Tasks Self-Control Self-Judgement
Self-Motivation Self-Observation Self-Reaction
t I

Figure 2. SRL Phases Adapted from Zimmerman and Campillo (2003)

2.2 Learning Analytics

LA is defined as “the measurement, collection, analysis, and reporting of data about learners
and their contexts, for purposes of understanding and optimizing learning and the environments
in which it occurs” (Long and Siemens 2011, p. 32). It has been influenced by developments in
the fields of Educational Data Mining and Academic Analytics. While LA shares common
ground with these disciplines, it is differentiated through its distinct focus. LA concentrates on
the domain of education and its primary objective is to enhance (online) teaching and learning
at course and departmental levels (Ferguson 2012; Long and Siemens 2011). Educational Data
Mining primarily addresses technical challenges concerning the extraction and analysis of
large-scale learning data (Baker and Inventado 2014; Ferguson 2012). Academic Analytics, in
contrast, take a broader perspective and consider political and economic challenges, to improve
learning at a national level (Ferguson 2012).

The database of LA often relies on LMS, although other systems, such as examination systems,
video conferencing platforms, library systems, or external data from social media can also be
utilized (Greller and Drachsler 2012; Ifenthaler and Schumacher 2016). The extracted student
data can be categorized into different types. In this dissertation, the categorization proposed by
Ifenthaler and Schumacher (2016) is employed, which includes socio-demographic data,
previous academic data, and learning activity data. Socio-demographic data contains
information about the students themselves, such as their age, place of residence, or gender.

Previous academic data refers to the student’s past academic performance, such as high school
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grade point average (GPA) or grades from previously taken courses. Learning activity data
contains information about the student’s performance and progress in the course under
investigation, which may involve interactions with the LMS or results from midterm and self-
assessments (Ifenthaler and Schumacher 2016; Nguyen et al. 2021). The data can be analyzed
using various data mining methods to provide descriptive insights into the current learning
status or predict performance (Nguyen et al. 2021), at both the course level and department
level (Long and Siemens 2011).

The analyses are predominantly delivered to users, commonly students and teachers, through
LADs, as these can be designed intuitively and interactively, making it easier for users to
understand the visualized data (Ifenthaler 2017; Klerkx et al. 2017; Yigitbasioglu and Velcu
2012). In a systematic review of LADs, Vieira et al. (2018) noticed that most dashboards were
used in a blended learning environment and typically included students’ interaction with a given
tool, their performance in the class, survey responses, and contributions to discussions as data
sources. The most common objectives of LADs were to promote reflection, improve
instructional materials, identify collaboration between students, and discover learning paths
(Vieira et al. 2018). Ferguson (2012) emphasized the importance of clarity in the design of
LADs to ensure that users without prior knowledge can understand and interpret the
information.

As mentioned before, LA offer various potentials for both students and teachers. With the help
of LA, teachers can, for example, gain insights into learning behaviors, the use of learning
materials, as well as the progress and challenges of students (Daniel 2015; Jovanovi¢ et al.
2017; Nguyen et al. 2021). Based on LA, teachers can adapt instructional materials or formats,
offer additional explanations or face-to-face sessions, or provide early and individualized
support to students who are at risk of failing the course (Gasevi¢ et al. 2015; Ifenthaler 2017).
Among other advantages, students benefit from LA by gaining an overview of their
performance and progress, also in comparison to fellow peers, and can adjust their learning
behaviors accordingly (Ellis 2013; Long and Siemens 2011). LA can therefore help students to
improve their SRL skills (Heikkinen et al. 2023), as self-reflection through self-monitoring and
self-observation is particularly important for SRL (Zimmerman and Campillo 2003).

The field of LA also poses several challenges that HEIs face when implementing LA systems
(LAS). Firstly, the development and deployment of LAS require significant time and financial
resources (Tsai et al. 2019). Secondly, there are multiple issues concerning data collection and
integration. Institutional data systems, such as LMS, student management systems, and

examination systems, are often not designed for data analysis purposes and lack interoperability
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(Daniel 2015; Klasen and Ifenthaler 2019; Nouri et al. 2019). Moreover, the shortage of
qualified IT personnel at HEIs hinders the development and implementation of LA.
Additionally, ethical concerns have been raised, particularly regarding potential violations of
student privacy (Ifenthaler and Schumacher 2016; Sclater 2017). Universities need to consider
a range of issues that include consent, data privacy and security, data retention duration, and
data accessibility (Daniel 2015; Ferguson 2012). Lastly, the long-term benefits of LA compared

to costs remain unclear (Tsai et al. 2019).
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3 Research Design

In the following Chapter, the individual contributions, the research agenda, and the methods
used are described. Section 3.1 provides a tabular overview of the contributions included in this
dissertation. The contributions are numbered according to topic with a #-identifier. Section 3.2
then outlines the research agenda and framework as follows: To approach the two research
questions presented in Chapter 1, a research agenda was developed that divides them into four
sub-questions. The individual contributions are assigned to the sub-questions. An overarching
framework based on models from relevant literature illustrates the thematic relationships.
Finally, Section 3.3 describes the methods utilized in this dissertation to address the research

questions.

3.1 Overview of Research Contributions

Table 1 shows an overview of the individual contributions included in this cumulative
dissertation. All 11 contributions were published in a double-blind peer review process at
internationally renowned conferences, or in the case of contribution 2, in a journal. To assess
the quality of the publications, the contributions are rated based on the two rankings relevant to
business informatics in Germany:
e VHB JOURQUAL3 (German Academic Association for Business Research (Verband
der Hochschullehrer fiir Betriebswirtschaftslehre ¢.V. (VHB) 2015))
e  WKWI Guidance List (Scientific Commission Information Systems (Wissenschaftliche
Kommission Wirtschaftsinformatik (WKWI) (Heinzl 2008))
These rankings are based on the assessment of experts and assign a score from A (highest score)
to D (lowest score) to selected conferences and journals. The rankings associated with the
individual contributions and an explanation of the co-author’s input to each contribution can be

found in Table 1.
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Table 1. Overview of Research Contributions

# Bibliographic Information Ranking
VHB  WKWI

1  Vogelsang, K., Droit, A., and Liere-Netheler, K. 2019. “Designing a  WI (conference)
Flipped Classroom Course — a Process Model,” in Proceedings of the
Internationale Tagung Wirtschaftsinformatik, pp. 345-359. *! C A

2 Vogelsang, K., Droit, A., and Liere-Netheler, K. 2019. “Designing a EMISAJ (journal)
Flipped Classroom Course — A Process Model,” Enterprise Modelling
and Information Systems Architectures (14:4), pp. 1-23. ** C

3 Blomer, L., Voigt, C., Droit, A., and Hoppe, U. 2020. “Agile I3E (conference)
Development of a Flipped Classroom Course,” in Responsible Design,

Implementation and Use of Information and Communication
Technology: 19th IFIP WG 6.11 Conference on e-Business, e-Services, C B
and e-Society, pp. 581-592. *3

4  Blomer, L., Droit, A., and Vogelsang, K. 2020. “May the Change Be I3E (conference)
with You: The Need for New Roles to Support Flipped Classroom
Development,” in Responsible Design, Implementation and Use of
Information and Communication Technology: 19th IFIP WG 6.11 C B
Conference on e-Business, e-Services, and e-Society, pp. 532-544. **

5  Blomer, L., Droit, A., and Hoppe, U. 2020. “Enabling Stakeholders to CSEDU
Change: Development of a Change Management Guideline for Flipped (conference)
Classroom Implementations,” in Proceedings of the 12th International
Conference on Computer Supported Education, pp. 227-237. *° - -

6  Kotter, J., Blomer, L., Voigt, C., Droit, A., and Hoppe, U. 2021. CCIS
“Through the Lens of Different Stakeholders: Development and (book series)
Application of a Change Management Guideline for Flipped Classroom
Implementations,” in Computer Supported Education. CSEDU 2020.

Communications in Computer and Information Science (Vol. 1473). - -
Cham: Springer, pp. 216-244, *°

7  Rodda, A. 2022. “Understanding Opportunities and Threats of Learning I3E (conference)
Analytics in Higher Education — A Students’ Perspective,” in
Proceedings of the 21st IFIP WG 6.11 Conference on e-Business, e-

Services and e-Society, pp. 111-122. C B

8 Droit, A., and Rieger, B. 2020. “Learning Analytics in the Flipped HICSS
Classroom — Learning Dashboards from the Students’ Perspective,” in  (conference)
Proceedings of the 53rd Hawaii International Conference on System
Sciences, pp. 100-107. *7 C B

9 Rodda, A. 2023 “Student-centered Design and Evaluation of a Learning ICDEc
Analytics Dashboard,” in Proceedings of the 8th (conference)
International Conference on Digital Economy, pp. 67-80. C )

10 Rodda, A. and Stahmann, P. 2023. “Towards a Student-Centered AMCIS
Learning Analytics Dashboard: Design, Development and Evaluation,”  (conference)
ir; Proceedings of the Americas’ Conference in Information Systems. D C
%

11 Rodda, A. 2023. “How can Learning Analytics Enhance Online [/CDEc
Teaching? A Teacher’s Perspective,” in Proceedings of the 8th (conference)
International Conference on Digital Economy, pp. 97-110. C
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Comments

*1 Mrs. Vogelsang had the idea for the contribution and took on the coordination. The literature
review, as well as the analysis and description of the three phases, were equally undertaken by all
authors. The author of this dissertation wrote the introduction, Mrs. Vogelsang the methodology,
and Mrs. Liere-Netheler the conclusion.

*2 This contribution is an extension of Contribution 1. Additionally, the presentation of the process
model was done using Business Process Model Notation, which was equally carried out by all
authors. Mrs. Vogelsang and Mrs. Liere-Netheler wrote an extended discussion and conclusion.
The author of this dissertation independently transformed a BI module into an FC using the model
and evaluated the approach.

*3 The author of this dissertation contributed to shaping the idea and shared her practical
experience in the iterative development of FCs with the other authors. The idea for the contribution
originated from Mrs. Blomer. Mrs. Blomer and Mrs. Voigt conducted the research, as well as the
development and application of the agile FC model. Prof. Dr. Uwe Hoppe accompanied and
critically reflected on the research process.

*4 The idea for the contribution came from Mrs. Blomer and Mrs. Vogelsang, and the author of
this dissertation assisted in shaping the idea. The introduction and methodology were written by
the co-authors. The author of this dissertation wrote the foundational part on FCs and conducted
the literature review together with the co-authors. The descriptions of the phases in Section 4, as
well as portions of the discussion and conclusion, were contributed by the author of this
dissertation.

*5 The idea for the contribution came from Mrs. Blomer. The alignment and research questions
were developed together with the author of this dissertation. Mrs. Blomer described the
methodology and conducted a significant part of the literature review, with this author’s assistance.
Subsequently, based on the research results, the author of this dissertation independently
developed the CM Guideline and wrote the corresponding section. Additionally, the author of this
dissertation, together with Mrs. Blomer, wrote the implications and limitations. The author of this
dissertation drafted the conclusion and introduction in consultation with Mrs. Blémer. Prof. Dr.
Uwe Hoppe accompanied and critically reflected on the research process.

*6 This contribution is an extension of Contribution 5 and the CM Guideline developed by the
author of this dissertation therein. Mr. Kotter evaluated and modified the guideline with the
support of Mrs. Voigt. Mrs. Blomer assisted the other co-authors with the methodology. Prof. Dr.
Hoppe accompanied and critically reflected on the research process.

*7 The contribution was developed and written by the author of this dissertation. Prof. Dr.-Ing
Bodo Rieger accompanied and critically reflected on the research process.

*8 The contribution was developed and written by the author of this dissertation. Mr. Stahmann
was involved in the statistical analysis of the questionnaire and critically reflected the research
process.

Legend
VHB = Journal Quality Index 3 (VHB 2015)
WKWI = Guidance List 2008 (Heinzl et al. 2008)
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3.2 Research Agenda and Framework

This dissertation is based on two research questions, which, due to their complexity, are divided
into four sub-questions (a-d) for a comprehensive exploration and analysis. Table 2 shows an
overview of the research questions and sub-questions as well as a mapping to the contributions
(#) presented in Section 3.1. The two question blocks (RQ1 and RQ?2) are structured along the
lines of the phases of the Design Science Research (DSR) process as proposed by Peffers
(2007), which are explained in more detail in Section 3.3. Thus, in sub-questions 1a and 2a, the
identification of problems concerning FCs (analogous to LA) and the motivation for the
research is addressed. Afterward, sub-questions 1b and 2b focus on the definition and objectives
of possible solutions, which are then demonstrated and evaluated in the context of sub-questions
lc and 2¢ based on the chosen BI module. Finally, sub-questions 1d and 2d present an outlook,
for the first research block with regard to the long-term integration of FC courses into university
operations, and the second research block concerning the views of teachers on LA in the context

of a change of perspective.

Table 2. Overview of Research Agenda and Corresponding Contributions

Research Plan #

How can hybrid teaching formats, using the example of the FC, be systematically developed,
integrated into higher education operations, and supported through the application of LA?

RQ1 How can FC courses be a  What challenges arise in the development and 1
systematically developed implementation of FC courses? 3
and integrated into higher 4
education operations? 5
b How can a process model for the systematic 1
development of FC courses be designed? 2
¢ How can the concrete implementation of an FC 2
course using a process model look like, using the 3
example of a Bl module?

d How can the long-term integration of FC courses in 4
higher education be supported using CM methods? 5
6
RQ2 How can the use of LA a What new challenges arise for students and teachers 7
contribute to the in FC courses? 11

) 0 '
improvement of FC courses? b How can LA support students in FC courses? 7
¢ How can a student-centered LAD look like, using 8
the example of a Bl module? 9

d How can LA support teachers in FC courses?

The research questions presented in Table 2, can be summarized in a research framework based

on the models of Bower (2019), and Zimmerman and Campillo (2003), as presented in Section
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2.1. Figure 3 illustrates the main component of this dissertation, namely the FC, consisting of a
pre-class phase and a subsequent in-class phase. The main stakeholders, instructors and
students, are located on either side of the model. An LAS is depicted at the bottom of the figure.
Arrows indicate the relationships between the elements. Dotted boxes represent the overarching
research questions and circles show the corresponding contributions.

Instructors design and implement FC courses (contributions 1-3). Based on feedback from
students, which they receive during the in-class activities or due to evaluations based on LA,
they adapt the courses, e.g. regarding the content or media used. On the student’s side, the three
phases of self-regulating learning according to Zimmerman and Campillo (2003) are presented.
In the forethought phase, students process the information from the pre-class phase by working
on the material independently. The subsequent performance phase takes place during the in-
class activities, in which learners actively participate and interact with their peers and teachers.
This is followed by a self-reflection phase, where students review their performance based on
experiences during in-class activities and the support of an LAD (contributions 8-10). The
possibilities that LA offers in general for supporting FCs are addressed for students in
contribution 7 and instructors in contribution 11. The analyses within the context of LA rely
on the data extracted from the university’s systems, such as LMS or examination systems. The
university environment is represented as a box above the core elements of the figure,
highlighting the framework conditions that enable the development and implementation of FCs

and their integration into university operations in the long term, with contributions 4-6

addressing CM topics.
RQ1 Higher Education Environfn\ent
General ® Long-term
Conditions Integration
Students
@ @ @ Fllpped Classroom Self- regulated Learning
Design and Implementation Information Processing Forethought Phase
Instructors > Pre-class Phase > '
L Participation and Interaction Performace Phase
R D ] In-class Phase . S R SRS 2
[/ Learner Self-Assessment | Self-Reflection Phase
: Feedback : Data Support @

Learning Analytics

(®m ® ® @

Figure 3. Research Framework
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33 Spectrum of Applied Methods

Information Systems (IS) is a comparably young and multidisciplinary field at the intersection
of computer science, management, engineering, and psychology (Recker 2021). The primary
objective of IS research is to comprehend and enhance how individuals generate value through
information (Nunamaker and Briggs 2011). IS is characterized as a sociotechnical field, as
researchers distinguish between technical components and tasks, such as systems or platforms,
and social components, such as individuals, groups, and organizations. The research examines
both components and their interactions (Recker 2021). In this dissertation, the focus is on
considering students, teachers, and universities, i.e., social components, along with the digital
parts of FC courses and LA systems as technical components. The development of the technical
components together with the interaction of students and teachers with them, as well as the
associated organizational framework, are examined within the contributions using a variety of
methods. In general, the discipline of IS can be divided into two epistemological paradigms
with their associated theories and methods: Constructivist research based on the design science
approach and behavioral research (Hevner et al. 2004; Osterle et al. 2011). The focus of the
constructivist approach is on the development and evaluation of new artifacts, such as
instantiations, constructs, models, and methods, to solve real problems (Hevner et al. 2004). In
contrast, the aim of behaviorist research is “to develop and justify theories (i.e., principles and
laws) that explain or predict organizational and human phenomena surrounding the analysis,
design, implementation, management, and use of information systems” (Hevner et al. 2004, p.
76) In the context of this dissertation, both paradigms are applied in combination: Constructivist
research is utilized to create a process model, an FC course, and an LAD. Behaviorist research
is applied to investigate, among other aspects, stakeholder views and requirements.

The overarching framework of this dissertation, however, is oriented toward the DSR process
according to Peffers et al. (2007). Peffers defines six steps to create and evaluate innovative
artifacts in IS research (cf. Figure 4). The first step is to identify and motivate the problem. To
achieve this, researchers should describe the state of the art and the importance of the problem.
Next, the objectives of the solution are identified. This includes defining requirements that an
artifact would be expected to have to solve the problem. In the third step, the artifact is designed
and developed, for instance, a construct, model, method, or instantiation (Hevner et al. 2004).
In the fourth and fifth steps, the artifact is demonstrated and evaluated. Often, there are multiple
evaluation cycles in DSR projects. Suitable evaluation methods for artifacts include surveys,
experiments, expert interviews, or focus groups (Sonnenberg and vom Brocke 2012). The sixth

step addresses the communication of results, for example through publications at conferences
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or in journals. Though the process is structured in a nominally sequential order, researchers
using DSR can begin at any of the first four steps and iterate the process backward as necessary

(Pefters et al. 2007).

Process Iteration

!

!

I

|

2 Identify Define Design & Demonstration Evaluation Communication
s Problem & Objectives of a Development

g Motivate Solution

%

$

g >

S

-9

Té Define problem What would a Artifact Find suitable Observe how Scholary/
‘g and show better artifact context efficient, professional
2 importance accomplish? effective publications

RN

Possible Research Entry Points

Figure 4. DSR Methodology Process Adapted from Peffers et al. (2007)

Depending on the research paradigm, there are several qualitative and quantitative methods that
IS researchers can draw on (Wilde and Hess 2007). Qualitative methods are particularly suited
for exploratory research by drawing new insights from the collection and analysis of non-
numerical data (Recker 2021; Schultze and Avital 2011). Quantitative methods, on the contrary,
are based on numerical data sets, such as the results of surveys, e.g. to uncover empirical
correlations with the help of statistical methods (Recker 2021). To answer the research
questions of this dissertation, different qualitative and quantitative research methods were
combined in a mixed-methods approach (Venkatesh et al. 2013). Table 3 presents a list of the
methods used, along with the corresponding contributions and references. It is worth noting
that all methods, except for surveys, fall under the term qualitative research, while surveys used
in this dissertation can be classified as quantitative research. Detailed information on the

methodological approach can be found within each contribution.
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Research Methods

Contributions
1 23 45 6 7 8 9 10 11

Table 3. Research Methods

References

Systematic Y N A (Schryen 2015; vom Brocke et al. 2009;
Literature Review Webster and Watson 2002)

Process Modelling |m|m ] (Briggs 2007; Fettke 2014)

Survey | (Recker 2021; Reips 2002)

Case Study - . (Bonoma 1985; Kaplan and Duchon

1988; Recker 2021)

Qualitative Content
Analysis

(Mayring 2014)

Prototyping

(Hevner et al. 2004)

Focus Group

(Stewart et al. 2007; Tremblay et al.
2010)

Expert Interviews

(Bell et al. 2022; Myers and Newman
2007)
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4 Summary of the Research Findings

4.1 Systematic Development and Integration of FCs at Universities

In this Section, the first research question regarding the systematic development and integration
of FCs at universities is discussed. Each of the four sub-questions, labeled RQ1a-d, is addressed
in its respective Subsection. In Subsection 4.1.1 current problems concerning the creation and
integration of FCs are identified. Subsequently, in Subsections 4.1.2 to 4.1.4 possible solutions

for the systematic development and long-term establishment of FCs at universities are explored.
4.1.1  Challenges in the Development and Implementation of FCs

This Subsection addresses the potential challenges that arise in the development and
implementation of FC courses (RQ1a), based on the research motivations of contributions 1,
3, 4 and 5. Even though the FC approach had gained popularity across various academic
disciplines at universities, with studies highlighting its positive impacts (Giannakos et al. 2014;
Loviscach 2019; Sandhu et al. 2021), many instructors struggle to effectively design and
implement FCs (Senali et al. 2022). Two main reasons for this were identified in contributions
1 and 5: (1) A lack of structured models that enable teachers to efficiently plan their FCs
considering the limited time and financial resources, and (2) the lack of stakeholder
involvement and change management at universities that can hinder the long-term integration
of FCs into their operations.

(1) Regarding the first challenge, FC research is dominated by case studies, while systematic
overarching approaches to FC development are rare (Song et al. 2017), resulting in a “siloed”
character of this research field (Lundin et al. 2018; O’Flaherty and Phillips 2015). Structured
procedural models that guide instructors step-by-step can play a significant role in the planning,
development, and implementation of FC courses. Well-developed planning in terms of content,
materials, media usage, as well as personnel, and technical resources is essential for the
successful creation of an FC (O’Flaherty and Phillips 2015). Especially at the beginning of the
FC development, a high effort for teachers arises (Giannakos et al. 2014; Mason et al. 2013).
In this regard, the biggest challenge teachers face is the lack of time (Lo and Hew 2017; Tucker
2012). For example, instructors often have to spend a great amount of time learning about
technology, such as how to record, edit, and upload videos or how to create and deliver online
self-study tests in an LMS (Lo and Hew 2017). In some cases, they receive no or only limited
(technological) support from their institutions. Technical and didactic training, as well as

consulting for teachers are urgently needed (McGrath et al. 2017). Teachers must also
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determine before an FC implementation whether additional funds are needed for new
technology or staff, which must then be covered by the departments themselves, the institution,
or third parties (Giannakos et al. 2014). In addition to the technical effort that is particularly
relevant to the pre-class phase of the FC, instructors must also engage in creating the associated
in-class content. A variety of possible activities is available, such as student presentations,
(group) discussions, problem-based learning, peer-learning, and pair-and-share methods
(Bishop and Verleger 2013; DeLozier and Rhodes 2017; O’Flaherty and Phillips 2015). The
selection and implementation of activating methods is a critical factor for the success of FCs
(DeLozier and Rhodes 2017) but can present new challenges for teachers who have had little
experience with active learning. Moreover, not all methods are suitable for the particular
content or group size (Lehmann et al. 2015). Teachers, therefore, have to invest a significant
amount of time in planning in-class activities (Giannakos et al. 2014). Since FCs are student-
centered, the teacher’s role changes to an observer, facilitator, and coach during the in-class
phase, roles that seem unusual for teachers at first (Bergmann and Sams 2012). Teachers are
also supposed to use the performance and feedback from the in-class phase to adapt the
subsequent pre-class and in-class phases accordingly, e.g. by introducing additional
explanations of topics that students found difficult. Thus, FC design will also take place during
the semester, despite an already high workload for teachers. At this point, agile methods for the
preparation of teaching can be useful. In the context of contribution 3, a systematic literature
search was conducted in six databases to identify articles on the topic of agile development of
FCs. This search led to a limited number of only five results, indicating a lack of research in
this specific area (Blomer et al. 2020c).

(2) Regarding the second challenge, the design and implementation of FCs involves not only
instructors but also other stakeholders, including students, university management, as well as
the IT and didactics departments. Research shows that all stakeholder groups can show
resistance to the implementation of FCs (Bishop and Verleger 2013). However, there is usually
no overarching CM in HEIs to engage stakeholders in the process from the beginning to
increase motivation, commitment, and satisfaction (Hutchings and Quinney 2015). More than
50% of organizational changes fail due to resistance from stakeholders (Bondarev et al. 2018).
Stakeholders may oppose change due to a lack of knowledge or understanding, uncertain
outcomes, fear of the unknown or innovation, and inadequate skills (Bondarev et al. 2018). A
literature review by Flavell et al. (2019) shows that academic staff in particular have difficulty
adopting new technologies. The low perceived value of technology (Debuse et al. 2008), fear

of failure, poor confidence (Dusick and Yildirim 2000), and a shortage of resources and support
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for new technologies (Adams Becker et al. 2017) are cited as problems. Adopting effective CM
in universities is crucial but challenging because universities are organizations composed
primarily of experts who work independently in teaching and research (Morisse 2016).
Although studies have established the importance of CM in HEIs (Bondarev et al. 2018), the
establishment of CM strategies and their integration into e-learning approaches, especially FCs,
is rare (Flavell et al. 2019). A systematic literature review conducted as part of contribution 4
found that in a large amount of existing FC research, CM approaches play an explicit role in
only a fraction of the articles (Blomer et al. 2020b).

In summary, to answer research question 1a, teachers face multiple challenges in designing and
implementing FCs. These include a lack of structured process models, a high workload, a lack
of time resources, and a shortage of technical and media didactic training. The design and
implementation of FCs involve not only teachers but also other stakeholders who may show
resistance due to lack of knowledge, understanding, uncertain outcomes, fear of innovation, and
insufficient skills. Therefore, contributions 1-6 of this cumulative dissertation address possible

solutions to these problems, which are presented in Subsections 4.1.2 to 4.1.4.
4.1.2  Design of a Process Model for the Systematic Development of FCs

This Subsection presents an answer to the question, of how a process model for the systematic
development of FC courses can be designed (RQ1b). This process model, as well as a checklist
for teachers, were created in contributions 1 and 2. The underlying idea was to link a standard
procedure in project management with findings from current FC research. The foundation is
laid by the four phases of project management: Initiation, planning, execution, and closing
(Rose 2013). The first phase, the project initiation, includes the evaluation of the idea and a risk
assessment, while the planning phase includes schedule, cost, and performance plans. The third
phase focuses on the implementation of the product or service. The fourth phase contains a
project evaluation and outcome assessment (Rose 2013). The use of project management
approaches in instructional design models is unusual. Several instructional design concepts
already exist, which include traditional instructional designs of various aspects such as
competencies, learning groups, and subjects (Esslinger-Hinz et al. 2013). However, they focus
primarily on pedagogical and instructional issues rather than procedural aspects (Wang 2014).
A process-oriented step-by-step guide is underrepresented in the field of FC research (Song et
al. 2017). To fill this gap, a project management guide was chosen, to which pedagogical
insights were added where appropriate and which is considered easy to understand and apply
due to the limited number of four phases. To develop the process model for creating an FC, a

systematic literature search was conducted to identify the required tasks and assign them to the
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corresponding project management phases. The search was conducted in six databases and
focused on identifying already existing reviews of FC research, as described in detail in
contribution 1. The resulting process steps were described in textual terms and defined by eight

milestones (M), as shown in Figure 5.

> Initiation Phase>>Planning Phase>>Execution Phase>> Closing Phase >
O O HOHO O

Decision/  Taxonomy/ Online Course Evaluation/
approval learning outcome:  content graduation assessment
Schedule In-class Lessons analysis
activities learned

Figure 5. Milestones of FC Development (Vogelsang et al. 2019a)

In contribution 2, the textual descriptions were further developed by using Business Process
Model and Notation (BPMN) models as reference models according to the framework of
inductive reference model design (Fettke 2014). The BPMN models allow a sequential view of
necessary activities and an assignment of tasks to stakeholders. In this context, the lanes of the
BPMN s include different stakeholder groups. The “teaching team” includes teachers, assistants,
and tutors. The “administration” lane contains supporting positions, such as the university
management and IT departments. The lane named “students” can refer to the participants of the
course as well as the student body in general or groups such as the student council. In the
following, a summary of activities for each phase, including the milestones, is provided. The
BPMN models can be found in the Appendix.

Initiation Phase: The objective of the initiation phase is to decide whether to use the FC
approach to redesign an existing or create a new course. At first, teachers should consider the
concept of FC, as well as its advantages and disadvantages. In doing so, personnel, material,
and financial resources should be considered. A stakeholder analysis can be conducted to
identify the stakeholders involved, as well as their benefits, challenges, and barriers (Rose
2013). Communication and involvement of the affected stakeholders, such as students and
administrative staff, are crucial (Enfield 2013). It is also important to ensure that the teaching
method is in line with regulations and the curriculum. Planning methods, such as bottom-up
estimates or expert judgments, can be used to estimate personnel and material resources (Rose
2013). This should also consider any pedagogical and technical training that may be required
for teachers or tutors. Support is provided at some universities by competence centers for

didactics or digital teaching. Ideally, a teaching team is formed that consists, for example, of
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professors, assistants, tutors, and information technology (IT) staff. At the end of the initiation
phase, the teaching team decides whether to implement the FC method based on benefits and
investments (M1). The outcome could be a redesign, a completely new course, or a rejection of
the FC approach (cf. Appendix 1).

Planning Phase: When implementing an FC, planning is crucial to ensure success (O’Flaherty
and Phillips 2015), especially since one of the main challenges for teachers is the lack of time
(Lo and Hew 2017; Tucker 2012). Planning an FC involves scheduling, content planning, and
adjustments to the curriculum, as well as ensuring compliance with university regulations, such
as those related to new forms of exams. To plan the content, the learning objectives of the
course should first be determined. Learning taxonomies (M2) are useful for structuring the
objectives (Hu et al. 2018) and reflect different levels of learning (Anderson et al. 2001). This
allows for a clear division of content into sections and serves to align pre-class and in-class
phases. Identifying the learning group is also crucial for planning content and methods,
considering different learning types, prior experiences, and, if necessary, different disciplines
(Bishop and Verleger 2013). Teachers usually use videos (self-produced or from other
providers) for the pre-class phase (Bishop and Verleger 2013; DeLozier and Rhodes 2017;
Velegol et al. 2015). Instructional videos are commonly accompanied by presentation slides
(O’Flaherty and Phillips 2015) and divided into multiple sequences which are ideally between
10 and 20 minutes in length (Velegol et al. 2015). Also, additions in the context of discussion
forums (Bhagat et al. 2016), quizzes on video content (Velegol et al. 2015), assignments, pre-
readings, and automatized tutoring systems can further enrich the pre-class phase (DeLozier
and Rhodes 2017; O’Flaherty and Phillips 2015). It is important to note that the preparation of
pre-class content for FCs takes more time than preparing traditional lectures (Vazquez and
Chiang 2015). In addition to planning the pre-class phase, methods for the in-class phase should
be selected to apply the knowledge. Often, the in-class activities are prepared in detail during
the current semester, so further guidance in this regard is provided in the execution phase.

The teaching team should also decide if LA will be used and whether the technical and human
resources are available to do so. The aim of LA should be determined first to identify the data
that needs to be collected (Jovanovic¢ et al. 2017). This also allows for the FC activities to be
created in a way that will generate the data needed in view of later evaluations. At the end of
the planning phase, activities like scheduling and the reservations of rooms are required (M3)
(cf. Appendix 2).

Execution Phase: The execution phase includes all actions taken during the semester to

facilitate learning and teaching. It primarily includes the supply of video tutorials (M4) and the
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delivery of in-class sessions (MJ5). To ensure success, rules and additional information about
the FC should be communicated to students in advance, for example, in a kick-off meeting
(Balan et al. 2015). To be effective, in-class activities such as discussions, quizzes, problem-
solving, and collaborative learning must be appropriate for the learning objectives and group
size (Bishop and Verleger 2013; McLean et al. 2016). Additionally, smartphone apps, pair-and-
share activities, and clicker assessments are used in class to provide immediate feedback, test
prior knowledge, identify knowledge gaps, and ensure continuous learning (O’Flaherty and
Phillips 2015). Midterm exams are also commonly used to check students’ progress during the
semester. The continuous monitoring and adjustment of the course based on the needs and
performance of both teachers and students are essential for effective instruction. Depending on
the learning objectives, different forms of assessments can be used to grade students in FCs,
such as oral or written exams, essays, projects, participation, and portfolios. The execution
phase finishes with the graduation of the course (M6) (cf. Appendix 3).

Closing Phase: The final phase aims to evaluate the course and gather perceptions about the
FC approach, content, and overall implementation. Despite the limited time frame, the teaching
team should take time to collect thoughts, and write down lessons learned (M7). Evaluating
student performance and perceptions is also important (Chen et al. 2017). Teachers can decide
on summative and/or formative kinds of evaluations. Most evaluations of FCs are based on self-
reported scales with quantitative and qualitative data (Velegol et al. 2015). However, there is
no standard tool for evaluating FCs. Evaluations can also be enriched by LA (Jovanovi¢ et al.
2017). The teaching team can use the final phase to revisit the content and continuously work
on renewing the materials and methods used. In particular, pre-recorded online material should
be critically revised (O’Flaherty and Phillips 2015). Results should be shared with the
administration and students. This phase concludes with assessments and evaluations of the
course (M8) (cf. Appendix 4).

In addition to the BPMN:Ss, a shorter, compact guideline for practitioners that includes the most
important activities of each phase was created. As teachers are usually the major drivers of FC
projects, the guideline focuses on the tasks of the teaching team and is presented in the form of
a checklist (cf. Figure 6). Checklists have the advantage of being easily understandable and
expandable and can be used in combination with the BPMNs (Baumann et al. 2017). The
purpose of the checklist is to provide a quick overview and it can be used as a starting point.
The order of the tasks within the phases is not set, which allows flexibility while still providing

orientation.
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<€i ti ati0n<

Planning

<310sing <<Executi0n <<

[ Define needs and goals

[J Estimate time, staff, and financial expenses

[ Identify stakeholders (lecturers, students, institution)

[1Weigh benefits and costs and make a decision whether FC is useful

[] Activate project team

[J Train teachers

[J Check if changes/plans are in accordance with university requirements
[] Identify group of learners (context, diversity)

[] Define learning outcomes and levels with the help of taxonomies
[] Inform students in advance

[ Prepare and produce material (choose media type)

[ Choose in-class activities and prepare material

[J Tune in-class and online courses

[] Prepare Learning Analytics

[ Check and provide resources (rooms, technical equipment, LMS)

O Provide online material

[J Continuous learning assessment

[ Proceed in-class activities

[J Monitor participants and learning success
[J Steer according to students‘ needs

[J Carry out exams
[J Conduct formative evaluation (attitudes, perceptions) of stakeholders
[J Conduct summative evaluation (learning success) of students

[J Lessons learned

Figure 6. FC Checklist for the Teaching Team (Vogelsang et al. 2019b)
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4.1.3 Implementation of a BI Module as an FC Using the Process Model

In the context of research question RQlc, this Subsection demonstrates a concrete
implementation of an FC using the developed process model in order to illustrate the
applicability and effectiveness of the model. To achieve this goal, an already existing Bl module
at the University of Osnabriick was chosen as the subject for the redesign into an FC course.
Contribution 2 provides insights on the initial situation, the design and implementation of the
FC using the process model as well as the lessons learned and student feedback.

Initial situation: The BI-module is an elective in the Bachelor’s degree program in Business
Administration (BA) and a compulsory course for IS students. Topics include data modeling,
data warehousing, analytics, and information design. Knowledge transfer took place in the
context of two 90-minute lectures per week. Students were also given weekly homework
assignments in which they were expected to apply their knowledge in current software. The
final grade was solely based on the result of the final exam. Student evaluations of the course
have been below the university-wide average for several years. Discussions with students
revealed that while the topics covered in the course were considered interesting and relevant,
they had different learning styles and prior knowledge due to different backgrounds. Students
found it difficult to concentrate during the long lectures and apply their knowledge outside of
class. Therefore, the course was well suited to be redesigned as an FC with the aims of
equalizing the differences in learning and knowledge, increasing interaction and interest in the
course, and improving soft skills such as teamwork and independent learning. It was also
intended to reduce the then comparatively high dropout and failure rates, as well as to increase
attendance and average grades, and to achieve better results in the final evaluation.

Design and implementation: The planning phase included identifying and surveying
stakeholders to uncover perceived benefits and barriers. The university management and IT
didactics supported the project from the beginning, for example with the possibility to apply
for funding and, in the case of IT didactics, with training and consultation hours. The idea was
then presented in a meeting of the student council. After positive feedback from students, the
required personnel and material resources were estimated: Six student tutors and a part-time
teaching assistant for one year in addition to the two existing full-time positions, as well as
funds for cameras, microphones, and software. Funds amounting to 40,000€ were acquired
thanks to successful applications for third-party funding. The teaching team consisted of a
professor, two assistants, and six student employees. A project plan was created to schedule the
FC within 7 months, mostly during the current semester, with only a one-month lead time. This

is due to both other faculty commitments and the curriculum requirement that the course must
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be offered during the winter semester. As a result, much of the planning and execution phases
occurred simultaneously, so that the course materials were each completed a week before the
implementation date. The teaching team took an agile approach, inspired by Scrum and similar
to the methods presented in contribution 3. After defining the learning objectives, the
associated pre-class phase was developed where students were provided with three to four 10-
minute videos in the LMS StudIP (Courseware module). Each video was presented on a
dedicated Courseware page that included learning objectives, content descriptions, summaries,
and self-assessment questions. In addition, students had the opportunity to work in groups of
three on weekly assignments, which were subsequently corrected and returned to the students
for feedback. Students received bonus points for completing the assignments. The weekly 90-
minute in-class phases were divided into six sessions with approximately 25 participants to
discuss the content of the pre-class phase in small groups, present results, and feedback on the
tasks, and apply the knowledge in software such as Informatica and Tableau. The final grade
was composed of an electronic midterm and final exam, while bonus points could further
improve the grade.

Lessons learned and evaluation: During and at the end of the semester, the teaching team met
regularly to reflect on the transition to the FC format. The process model proved valuable in the
discussions as it provided a visual overview of the process and allowed tasks to be assigned
according to the BPMNs. The model was adapted to the team’s needs and further specified, for
example, to ensure a more small-scale distribution of tasks within the team’s various roles.
Especially the resource planning in the initiation phase was important, as it allowed for the
estimation and acquisition of additional financial resources. The iterative process of
simultaneous planning and implementation allowed for continuous improvement of the content
and was considered a reasonable and inevitable deviation from the process model. The team
used the checklist only as a guide during the initial stages of project planning, to ensure
coverage of important tasks. In conclusion, while the process model and checklist are useful
tools, their generality necessitates adaptation and extension for specific use cases. The FC
transformation was rated as successful by the teaching team. It was noticeable that the
preparation of the in-class phase required significantly more time than anticipated since case
studies and exercises had to be adapted and redesigned, especially for application in software.
In addition, the interactivity of the in-class phase was initially unfamiliar to the students, and
participation was correspondingly low despite high attendance, which however changed after

three to four weeks.
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Student feedback was also positive. In a survey, 109 students evaluated the course, a majority
were satisfied with their decision to take the course, and 85% would recommend the FC format
to others. In fact, 80% would prefer FCs over traditional lectures or video-only recordings. With
190 students registered, 155 of whom successfully completed the course, the number of
participants in the course was more than three times as high as in previous years. The dropout
rate was reduced from about 40% to 23%, and the grade point average improved from 3.3 to

2.7, with 1.0 being the best possible grade and 5.0 being the worst possible grade.
4.1.4  Supporting the Long-Term Integration of FCs at Universities

As discussed in Subsection 4.1.1, the effective implementation of FCs requires the inclusion of
CM strategies (Hurtubise et al. 2015). This is because CM provides a structured approach to
transitioning from current practices to new ones, which ensures that all stakeholders are
involved and committed to the process (Kotter 1995). In the context of addressing research
question RQ1d, the objective of this Subsection is to highlight the potential ways to promote
the long-term integration of FCs through the application of CM. Even though the use of CM
strategies is being discussed in the course of digitization processes at universities, they are
rarely used in practice (Flavell et al. 2019; Hurtubise et al. 2015). Contributions 4, 5, and 6 of
this dissertation therefore specifically address this topic.

Contribution 4 examines existing CM models utilized in FC development. By conducting a
systematic literature search, eight research articles were identified that explicitly describe their
CM approach to developing and implementing FCs. The most frequently used CM model,
besides self-developed models, was the model according to Kotter (1995). It consists of the
following eight steps: 1) Establishing a sense of urgency, 2) forming a powerful guiding
coalition, 3) creating a vision, 4) communicating the vision, 5) empowering others to act on the
vision, 6) planning for and creating short-term wins, 7) consolidating improvements and
producing more change, and 8) institutionalizing new approaches. Kotter’s model is organized
sequentially, however, the author later revised his statements and emphasized that it would be
reasonable to deviate from the sequence and include agile elements (Kotter 2012). Due to its
popularity, frequent use, and clarity, the model from Kotter (1995) was used in contribution 4
to extend the process model introduced in Subsection 4.1.2. In this regard, the identified articles
from the literature search were examined for individual CM tasks, which were then assigned to
the phases of the process model and steps of the model of Kotter (1995) (Blomer et al. 2020b).
To provide an overview of the distribution of CM tasks across the phases of the process model

and Kotter’s (1995) CM steps, Table 4 shows the corresponding frequencies.
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Table 4. Overview of the Number of CM Tasks Adapted from Blomer et al. (2020b)

Change Management Modell Kotter (1995)
Step1 | Step2 | Step3 | Step4 | StepS5 | Step6 | Step7 | Step 8 >
3 Initiation 6 1 2 1 10
§ Planning 2 3 1 7 10 2 25
% Execution 0
5 Closing 3 6 11
= > 8 4 3 7 11 2 5 6 46

It can be deduced that of the 46 CM tasks identified, most are located in the planning phase of
the process model (n=25). In addition, 10 tasks are assigned to the initiation phase and 11 tasks
to the closing phase. This distribution shows that a considerable part of the tasks (n=35)
precedes the actual implementation of the FC course. It is noteworthy that no CM tasks from
literature could be assigned to the execution phase, which can be attributed to the focus on
providing and processing learning materials (Blomer et al. 2020b). When considering the
assignment of tasks according to Kotter’s (1995) model, it becomes apparent that the majority
of CM tasks are assigned to step 5 (empowering others to act on the vision) and step 1
(establishing a sense of urgency). It can be noted that all tasks that fall under the first six steps
are concentrated in the initiation and planning phase of the project, while the CM tasks that
belong to steps 7 and § are located in the closing phase. A detailed description of each of the
CM tasks and the respective sources can be found in contribution 4. To illustrate some
examples of CM tasks, three samples are provided in Table 5, which are labeled with the

assignment to the phases of the process model, Kotter’s (1995) CM steps, and the corresponding

references.
Table 5. Examples of CM Tasks Adapted from Blomer et al. (2020b)
CM Task Phase Step | References
Communicate recent problems in teaching openly and (Collyer and Campbell
include voices of industry leaders who demand new | Initiation | Step 1 | 2015; Quinn et al. 2012;
skills to demonstrate the need for didactical change. White et al. 2016)
Promote interdisciplinary networking inside and (Hutchings and Quinney

outside of the institution. Connect teachers in physical 2015; van Twembeke

or online spaces to share knowledge and best and Goeman 2018; White
practices. etal. 2016)
Communicate positive outcomes through different
channels, e.g., websites and e-mails, to all
stakeholders. Recruit students and teachers of Closing | Step 8
established FCs to promote success in workshops and
meetings.

Planning | Step 2

(Daniel et al. 2018;
Quinn et al. 2012)
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In contribution 4, it remains unclear which stakeholder is responsible for which task. As the
examples in Table 5 show, both teachers and the institutions or didactic competence centers
could be accountable. Considering this, it is proposed to establish new roles such as FC coaches
in HEIs to guide the CM process, taking into account the FC development phases, and to support
and accompany stakeholders during the change process (Blomer et al. 2020b).

Although the extension of the process model by CM tasks is convenient for the users of the
model, it was found during the identification and grouping of the tasks that a considerable
amount of 33 tasks could not be assigned to any phase of the process model. These tasks are
overarching and accompany the entire process. The restriction to the process model and Kotter’s
(1995) model appeared to be not optimal in this regard. Therefore, in contribution 5 a new and
more general CM guideline for FC development and implementation was developed, which is
independent of existing models. For this purpose, the literature search from contribution 4 was
adapted and the inclusion criteria were eased, meaning that it was sufficient if individual CM
tasks were explicitly described in the contributions. This search increased the number of articles
to be analyzed from 8 to 20. To ensure a clear assignment of responsibilities in the guideline,
an examination of the mentioned stakeholders was conducted first. Eight stakeholder groups
were frequently mentioned: The HEIs management, faculty chairs, teachers, curriculum
designer, FC project managers, FC project teams, IT staff, and students. To create the guideline,
relevant CM tasks from the individual articles were first identified, collected, and interpreted.
To this end, three researchers experienced in implementing FCs independently read the articles
with respect to CM tasks and synthesized their findings. A total of 132 tasks were identified
and clustered into 58 specific tasks based on their similar content. These tasks were then
assigned to 34 more general topics, which in turn were grouped into ten categories. The
guideline cannot be presented in a standardized sequence, but Figure 7 offers a possible
structuring of the categories. A distinction can be made between a sequential core process with

six upper categories (linked by arrows) and the four accompanying categories.
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Guiding the Change to FC

Leadership \
Gogls. and N RemoYal of b Collaboration |> F eefiback and
Vision Barriers Adjustments
Creation of a Team
Motivation of Stakeholders Culture and Climate Infrastructure and Technology

Communication

Figure 7. Overview of the CM Guideline (Blomer et al. 2020a)

For each category, contribution 5 contains a table with topics, associated tasks, responsible

stakeholders, and references. In addition, a textual description accompanies each category.

Table 6 in this dissertation presents a limited selection of categories that are particularly relevant

for the long-term promotion and integration of FC courses in universities and is based on the
research of Adekola et al. (2017), Berglund et al. (2017), Bondarev et al. (2018), Charbonneau-
Gowdy and Chavez (2018), Collyer and Campbell (2015), Daniel et al. (2018), Harris et al.
(2016), Hurtubise et al. (2015), Liebscher et al. (2015), Morisse (2016), Nordquist et al. (2016),
Pisoni et al. (2019), Schoop et al. (2016), van Twembeke and Goeman (2018), and White et al.

(2016). The exact assignment of tasks to individual articles can be found in contribution 5.

Table 6. Overview of Selected CM Tasks Adapted from Blomer et al. (2020a)

Category

Topic

Specific CM Task

Stakeholder

Leadership

Leadership style

Give the project team and teachers enough
autonomy, have faith in teachers, and use a
mixture of top-down and bottom-up
policies.

Acknowledge teachers’ fears and do not tell
them their ways are outdated.

Communicate clearly that excellent
education is one of the HEIs major goals,
not only research.

Removal of
barriers

Time &
effort

Release involved teachers in parts of their
duties during the implementation of an FC.

Financial
resources

Minimize impact on staff time by supplying
e-tutors or additional teaching assistants.

Provide money for new infrastructure and
technology, and ensure sustainable funding.
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Offer in-depth training for media
competence, technology usage, LMS, and

Zz?rfi};g copyright issues. Provide easily IT,H
understandable materials in the local
language.
Include students in decision-making
Student processes from the begi.nning, cregte
inclusion student-staff collaborations, and hire ‘ T
students for the development and planning
of FCs.
Student Offer classes for media skills, techniques to IT.T
support study efficiently, and time management. ’

Establish cross-university networks and
Collaboration Community name local coordinators who share T,H
experiences in regular meetings.

Create incentive systems that reward
Incentives engaged staff with scholarships, H
promotions, and awards.

Show teachers that their work is valued and H

Acknowledgement . .
communicate it openly.

Motivation

Survey students and find out about their T
fears and wishes.

Needs Survey the well-being and current workload
of staff as well as their digital literacy and H
their wishes for training.

Culture and - Work together on institutional success, HT
. Team spirit L ,
climate open communication, and trust.

Cooperate with facility management and
Infrastructure build flexible learning spaces for students,
& Infrastructure redesign laboratory space for group works HT
technology and discussions, and provide teachers with
shared workspaces.

Communicate with the students at the early
Enlightening beginning of FC projects, explaining the T
benefits, expectations, and responsibilities.
Support internal systems for
Communication | Linkage communication and create communities of H
practice.

Promote achievements in a staff meeting, H

bl ! )
Visibility via e-mails and newsletters.

Legend: (H) HEI management including faculty chairs and project managers, (T) Teaching team,
(IT) IT and didactics support

Contribution 6 expands the research on the presented guideline. Stakeholders were
interviewed regarding redundancy, ambiguity, and self-explainability of the tasks. As a result,
the guideline was reduced to eight categories and 30 tasks, as “collaboration” and “culture and
climate” were integrated into other categories. Additionally, a survey with 119 participants
from the University of Osnabriick was conducted to understand the stakeholders’

responsibilities from their perspective. One of the findings of the survey is that the HEI

44



management plays a critical role in the successful implementation and integration of innovative
teaching methods, such as FCs. However, this responsibility is not reflected in the collaboration
currently taking place between other stakeholders and the HEI management. Participants
considered the HEI management to be primarily responsible for the tasks assigned to the
categories of leadership, motivation, goals, collaboration, and culture (Koétter et al. 2021). The
HEI management can influence FC development, teacher motivation, and satisfaction by
establishing framework conditions, such as a university-wide e-learning strategy, adequate
funds for technology and training, and incentives (Berglund et al. 2017; Liebscher et al. 2015;
van Twembeke and Goeman 2018). Specific CM tasks include, for example, effective
communication with teachers (White et al. 2016), showing trust in teachers and their work
(Hutchings and Quinney 2015), and providing financial resources for additional staff (van
Twembeke and Goeman 2018) or partially releasing teachers from other tasks during the FC
development (Berglund et al. 2017). It is also important that teachers’ efforts and successes are
seen, appreciated, and, where appropriate, rewarded by university management (Adekola et al.
2017). Yet, it becomes evident from the results of the survey that the cooperation between the
HEI management and other stakeholders, such as students, the teaching team, as well as I'T and
didactics support, is rated as low or non-existent. The survey also illustrates that especially
teachers and students would like to work more closely with the HEI management, whereas IT
and didactics support does not regard this as essential. The results of contribution 6 can serve
as a basis for discussion to improve cooperation among stakeholders. It is important to cultivate
a culture of mutual trust and appreciation among stakeholders to develop innovative teaching
and integrate it into university operations in the long run (Blomer et al. 2020a; Kotter et al.

2021).
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4.2 Usage of LA to Continuously Support FCs

This Section provides the results related to the second research question, which addresses how
LA can help improve FC courses. Analogous to Section 4.1, this Section is divided into four
Subsections, each addressing a sub-question (RQ2a-d). Subsection 4.2.1 introduces the
challenges that students and instructors face in FCs. Subsequently, in Subsection 4.2.2,
students’ views on how LA could support them in FCs are explored. Subsection 4.2.3 then
explains the actual implementation of LA through the development of a prototypical dashboard
for students of the Bl module. Subsection 4.2.4 provides an outlook on the teachers’ perspective

on LA.
4.2.1 Challenges of FCs for Students and Teachers

The objective of this Subsection is to illustrate the challenges encountered by students and
teachers in FCs (RQ2a). This Subsection builds on the motivations and findings of
contributions 7 and 11. Due to the circumstance that this research was conducted during the
Covid-19 pandemic, the challenges refer to online-only instruction as well, since the in-class
phase of FCs from 2020 to 2022 also had to take place online. The Subsection begins by
highlighting the problems experienced from the students’ perspective (1), followed by an
exploration of the challenges faced by instructors (2).

(1) The success of an FC depends significantly on students independently engaging with the
given materials during the pre-class phase (Rubio-Fernandez et al. 2019). If this preparation
does not occur, students cannot effectively participate in active learning activities during the in-
class phase, causing the FC approach to lose its benefits and become inefficient (Pardo et al.
2019; Rubio-Fernandez et al. 2019). FC participants are expected to have a high degree of
autonomy, self-management skills, and independent learning, which are often lacking,
especially at the beginning of their studies (Lai and Hwang 2016). Additionally, independent
preparation and more frequent assignments and tests require students to spend more time
studying during the semester in comparison to traditional courses (Chen et al. 2016; Tanner and
Scott 2015). Another problem is that students do not have the opportunity to ask questions
directly during the pre-class phase, for example when watching instructional videos, which can
lead to frustration (Bergmann and Sams 2012). In addition, the variety of different materials
(videos, readings, assignments) can overwhelm students (Ferguson 2012; Pardo et al. 2019).
During the pre-class phase, students may also feel isolated and lose their connection to the

group (Ferguson 2012).
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There are also challenges during the in-class phase. It can generally take some time for students
to get used to the new teaching format and to feel comfortable actively participating in the in-
class phase (Gilboy et al. 2015). In addition, there are students who “hide” during group work
and discussions and do not actively participate (Rubio-Fernandez et al. 2019). This problem is
especially prevalent in larger groups (Clark et al. 2016). Due to the Covid-19 pandemic, the in-
class phase had to take place online. This can lead to an increased sense of isolation, which
could negatively impact the effectiveness of teaching (Joshi et al. 2022).

(2) Instructors also face challenges in FC courses. They rely on students to engage with the
materials provided to them. However, instructors do not receive feedback from students during
the pre-class phase due to the separation of time and space (Clark et al. 2016). Visual cues such
as nodding and yawning, which instructors receive during traditional lectures, are important
signals of how students are coping with the course material (Dringus and Ellis 2005). Feedback
is received by instructors only during the in-class phase through students’ questions or their
performance. In contribution 11, semi-structured interviews were conducted with 18 teachers
from three universities, which were subsequently analyzed using a qualitative content analysis
according to Mayring (2014). Participants were for instance asked about the disadvantages of
hybrid and online teaching. Table 7 shows a summary of the categories derived from the
individual responses. Among these, all interviewees criticized the low level of social interaction
with students, which also resulted in poorer relationships. Furthermore, the participants
observed an increasingly passive behavior of students, to the extent that teachers sometimes
held monologues in videoconferences, as students did not actively participate and neither
reacted to nor asked questions. According to the interviewees, this led on the one hand to a lack
of feedback on how students were coping with the materials and content, and on the other hand
to increasing frustration on the part of teachers. Some participants expressed concern about a
possible decline in teaching quality resulting from the increasing formalization of lectures or
the reuse of outdated instructional videos. Other commonly named disadvantages relate to the

high effort teachers face in OT and possible technical issues (Rodda 2023a).

Table 7. Disadvantages of OT from Teachers’ Perspective Adapted from Rodda (2023a)

Category Examples

Social Interaction Weaker relationship, little interaction, lack of feedback,
loss of visual cues

Student behavior Passive behavior, procrastination

Quality of teaching Formalization of teaching, reuse of outdated materials

Effort High expenditure of time, technical training

Technical problems Software and hardware problems
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4.2.2  Usage of LA to Support Students

To address the challenges of FCs and further enhance the benefits, the use of LA is a possible
solution. This Subsection addresses the students’ perspective, specifically on how LA can
support them in FCs (RQ2b). To this end, the results of contribution 7 are presented.

In contribution 7, a literature analysis as well as a written qualitative survey were conducted
among 136 students of the BI module already taking place as an FC at that time. Participants
had prior knowledge of data analysis and reporting but had no practical experience with LA.
The purpose of the survey was to identify the opportunities and threats of LA from the
perspective of students, to find out about their willingness to use LA, and whether the
opportunities or threats outweigh each other. The results were synthesized using the qualitative
content analysis according to Mayring (2014) and divided into categories and subcategories.
The results are described in detail in contribution 7. Table 8 shows an overview of the
categories, subcategories, and frequency of mentions for LA opportunities as perceived by

participants. The three most frequently mentioned subcategories are highlighted in gray.

Table 8. Opportunities of LA from Students’ Perspective Adapted from Rodda (2022)

Category Subcategory Frequency
1. University-wide course offers 1.1 New or adapted courses 7%
1.2 Automated recommender system for courses 5%
2. Adaption of teaching in courses |2.1 Adaption of teaching method 4%
2.2 Adaption of the scope of coursework 6%
2.3 Adaption of content and materials 36%
2.4 Additional explanations for complex topics 45%
3. Improvement of individual 3.1 Adaption of learning behavior 20%
learning behavior 3.2 Overview of learning progress 29%
3.3 Continuous automated feedback 5%
3.4 Overview of weaknesses and mistakes 18%
3.5 Better self-reflection 15%
3.6 Comparison to peers 33%
3.7 Early detection of shortcomings 10%
3.8 More targeted exam preparation 12%
3.9 Better time management 24%
4. Transparency 4.1 Overview of current and past grades; GPA 13%
4.2 Comprehensibility of final course grades 26%
5. Communication with instructors | 5.1 Tailored, efficient help for individual students 8%
5.2 Interventions for at-risk students 7%
5.3 Anonymous feedback through LA data 4%

Students saw the greatest potential in additional explanations for complex topics, the adaption
of content and materials, and the possibility to compare themselves to peers. Regarding current

research, many of the benefits noted by students are also investigated in literature, such as the
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positive effects of comparisons with fellow students, which can strengthen the sense of
belonging to a group and promote motivation (Sclater 2017). Yet, some subcategories are not
addressed in current research to the extent described by students. These include more focused
exam preparation, better time management, and transparency of final grades (Rodda 2022).

To understand how LA can support students, it is also important to consider the risks that
students see in LA. Table 9 outlines the categories, subcategories, and frequencies of LA threats

mentioned by students, with the three most frequently named subcategories highlighted in gray.

Table 9. Threats of LA from Students’ Perspective (Rodda 2022)

Category Subcategory Frequency
1. Ethical concerns | 1.1 Insufficient or poor data protection 43%
1.2 Violation of privacy 26%
1.3 Continual monitoring 16%
1.4 Reduction of students to metrics 4%
2. Inadequate LA | 2.1 Technical difficulties 4%
systems 2.2 Collection of inadequate data 10%
2.3 Collected data only refers to activity, not 8%
knowledge
2.4 Disregard of offline learning 3%
2.5 Manipulation of the system by students 9%
3. Negative effects | 3.1 Increased pressure on students 26%
on student 3.2 Demotivation of students 15%
behavior 3.3 Misinterpretation of data by students 15%
3.4 Focus solely on data or learning objective 5%
4. Usage of LA by |4.1 Lack of digital competencies and 6%
instructors knowledge
4.2 Invalid interpretations and predictions 32%
4.3 Discrimination of groups of learners 15%
4.4 Discrimination of individual students 9%
4.5 Less time for good quality teaching 10%
4.6 Focus solely on course metrics 5%
4.7 Less student-teacher-communication 8%
4.8 Misuse of data 13%

From these results, it can be concluded that students place particular value on the protection of
their data, their privacy, and on accurate data and predictions. It is also important to consider
the risk that individual students may feel increased pressure to perform as a result of LA. In
addition, concerns are raised about the potential for misinterpretation or discrimination against
individual students. Many of the threats identified by students are similar to those discussed in
the literature. In particular, ethical issues have been studied widely, and data protection and
privacy guidelines already exist (Johnson 2014; Pardo and Siemens 2014; Swenson 2014).
Some of the risks mentioned by students receive comparatively little or no attention in the

literature. This applies, for example, to the concern that teachers will have less time for their
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actual teaching tasks because of the time they invest in LA, or that data could be misused to
retrieve content in exams that students have worked on poorly.

The findings of contribution 7 also reveal that students see great potential in the use of LA.
This is further illustrated by the fact that 89% of students indicated that LA opportunities
outweighed the threats. Only 5% saw greater threats than opportunities, while 6% considered
the ratio balanced (Rodda 2022). The positive attitude of students, who together with teachers
are the most important stakeholders, ensures a solid foundation for the successful
implementation and application of LA (Ifenthaler and Schumacher 2016; Siemens 2012). To
provide prepared LA data to students, dashboards are most commonly used since they can be
designed to be intuitive and interactive (Bodily et al. 2018; Nguyen et al. 2021). Therefore, the

following Subsection discusses the development of an LAD for participants of the BI module.
4.2.3  Prototypical Implementation of an LAD

In this Subsection, the question of how a student-centered LAD can be designed (RQ2c) will
be answered. For this purpose, a prototypical dashboard for the BI module at the University of
Osnabriick was developed. This Subsection builds on contributions 8-10, which can be
represented using the DSR process model introduced in Section 3.3 (cf. Figure 8) (Peffers et al.
2007). The combination of the demonstration and evaluation phases was conducted because the
demonstration took place before each evaluation in the form of pre-tests to showcase the
exemplary application of the artifact. Contribution 8 describes the process of the requirement
elicitation to design an LAD for students of the BI module. Contributions 9 and 10 then

explore the iterative development and evaluation of the prototype.
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Figure 8. DSR Process for the LAD Development
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The requirements regarding an LAD for the BI module were gathered with the help of a
comprehensive mixed-methods study with 139 students. The study included two parts: An
online survey and a task in which participants were required to create their own LAD using
Tableau and a synthetic dataset. The participants were students of the Bl module already taking
place as an FC. Therefore, all participants had prior knowledge of data modeling, data analysis,
and reporting. The analysis of the dashboards created by the participants and the responses to
the questionnaire focused on three key aspects: The functional scope, the informational scope,
and the visual presentation. The results are presented in detail in contribution 8. Figure 9 shows

a summary of relevant requirements, sorted by the three key aspects.

1)

Functional scope Informational scope Visual representation
+ Overview of indivdidual performance and * Name * Clear and modern
progress « GPA design
» Comparisons to peers * Credit points * Drill-down and
+ Analyses based on topics *  Number of semester mouseover effects for
* Summary of common errors + Self-assessment and additional
 Predicition of chances of success and final grade exercise scores information
 Possibility for self-input * Midterm and final » Usage of bar charts,
+ Overview of the final grade composition exam scores line graphs and tables
 Alerts, notifications and countdown for * Bonus points «  White, black and blue
deadlines + LMS logins and colors. Usage of other
+ Embedding into LMS, links to course material process time colors to display
* Recommendations for other courses * Video usage performance (green,
+ Daily updates of data + Attendance yellow, red)

Figure 9. Overview of LAD Requirements (Rodda and Stahmann 2023)

Concerning the range of functions, the most frequently mentioned requirement was a clear
presentation of individual performance and progress in the course, with the possibility of
comparing oneself with fellow students. Participants expressed a desire for LA to analyze their
data with respect to the course topics, such as data marts or information design, allowing them
to track their progress and performance in the different subject areas. The prediction of the final
grade or the probability of passing the course, as well as a self-entry data function enabling the
collection of “offline learning behavior”, were also important to the participants. Concerning
the informational scope, the focus was clearly on learning activity data, in contrast, socio-
demographic attributes were rather rejected. According to participants, data such as the results
of self-assessment tests, homework assignments, and midterm exams should be primarily used
for LA. On the contrary, data on nationality, place of residence, income, and activities on social
media were rejected. A list of the acceptance and rejection rates for individual attributes can be
found in contribution 8. With regard to the visual presentation, participants emphasized

simplicity and clarity. Tables and classic visualization types such as bar charts were preferred.
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Colors were mainly used to represent different levels of performance, often using a traffic light
color scheme (Droit and Rieger 2020). The results of the study align well with findings from
research on the state of the art of LADs (Matcha et al. 2020; Vieira et al. 2018) and research on
the development of LADS (Bodily et al. 2018; Klerkx et al. 2017; Schumacher and Ifenthaler
2018; Ulfa et al. 2019). Since the requirements elicitation was specifically about the LAD for
the BI module, module-specific components, such as the display of bonus points, were
important to participants.

In contribution 9, the requirements were used as a foundation to develop and evaluate three
prototypical LADs. For this purpose, data from 155 students from the LMS StudIP as well as
the examination system of the University of Osnabriick were used as a data basis. The data
model created consisted of 12 tables with a total number of 56.155 data entries. The integration
of the data proved to be challenging, as the LMS had been designed for administrative purposes,
and much of the data was either not collected or did not exist in a form suitable for further
processing. As a result, it was not possible to meet all student requirements. For example,
evaluations based on topics of the course could not be conducted. In addition, common errors
and recommendations for other courses could not be provided using this database. Historical
data would have been required for a more accurate prediction of the final grade. The three LAD
versions created differ slightly in terms of design and features. Figure 10 shows the layout of
dashboard version 1, implemented with Tableau, which includes interactive features such as
drill-down and mouseover effects. This figure serves as an illustrative representation of all three

versions. Detailed descriptions of the design and features can be found in contribution 9.

Hello Max! Course: MSS1 — Business Intelligence My Performance
Exercises (5/10) Overview of Midterm Exam Grades
0 My Own Grade: 3,3
Self Assessments (5/12) Bonus Points Bonus Points in Total: 4/5
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The final exam preparation will take

s~ - Exercise 3

- Exercise 4 place on February 4th in the
60 Exercise 5 BigBlueButton meeting room.
40
@ Videos Watched: 4 days left turn in exercise six!
N - 7/18 32 days left until the final exam!

Figure 10. Prototype of the LAD Version 1 (Rodda 2023b)
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The evaluation of all three dashboard versions was conducted using a questionnaire that was
completed by 114 participants after testing the dashboard. The questionnaire contained 4 parts,
(1) questions about the System Usability Score (SUS) (Brooke 1996), (2) the Short Visual
Aesthetics of Website Inventory (VisAWi-S) (Moshagen and Thielsch 2013), (3) items related
to individual functions and elements, and (4) open-ended questions. There were few significant
differences between the individual LAD versions that affected individual elements. Version 1
performed most successfully in all parts and therefore serves as the basis for further
development. The SUS score, which can range from 0 (worst score) to 100 (best score), scored
above 80, which can be considered good (Bangor et al. 2008). The value of the VisAWi-S with
3.7 is in an acceptable range but can be improved (scale from 0 worst score to 5 best score).
Particularly important were the answers to the open questions, which revealed that students still
missed numerous functions that could not be implemented due to the limited database. They
also expressed a desire for a more modern design and improved navigation with multiple
subpages (Rodda 2023b).

For this reason, an artificial database was created as part of contribution 10, which could be
used to implement all of the students’ requirements. To create a modern design with multiple
pages featuring intuitive navigation, mockups were developed and afterward evaluated by a
focus group of 12 students. Since these designs and functions could no longer be implemented
in the software previously used, the LAD was created in Power BI. Figures 11 to 13 show

screenshots of selected pages of the dashboard.
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Figure 11. Home Screen (Rodda and Stahmann 2023)
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Course: Business Intelligence
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Figure 13. Overview of Progress for the Topic Data Mart (Rodda and Stahmann 2023)

This prototype was also evaluated with a questionnaire. For better comparability, SUS and
VisAWi-S were surveyed again. Furthermore, participants were able to express their opinion
on the range of functions and design in open questions. They were also asked if they would use
the LAD for their studies. In the last part of the questionnaire, the Task Technology Fit (TTF)
according to Goodhue (1998) was assessed. The TTF is used to evaluate whether a

technological tool is suitable for the task a user is to perform. In this case, the aim was to
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examine whether the dashboard could support users in the context of the SRL. For this purpose,
a crucial aspect of SRL, the ability to monitor and assess one’s performance and progress, was
selected (Zimmerman and Campillo 2003). Participants in the study were asked to answer the
standardized TTF questionnaire to indicate the extent to which the LAD supports them in this
task. The questionnaire consists of 12 constructs which are rated on a scale from 1 (do not agree
at all) to 7 (fully agree). To evaluate the TTF, a null hypothesis (Ho) was formulated, which
stated that the use of the LAD would hinder or not impact the participants’ ability to
independently monitor and assess their academic progress and performance.

In total, 73 valid questionnaires were evaluated. The SUS score demonstrated good usability,
surpassing the score of 80 (Bangor et al. 2008). The VisAWi-S score improved slightly to 3.9.
It should be noted that feedback from the open questions had become significantly more
positive and the number of missing functions had decreased. When asked about additional
features desired in the dashboard, 22 of the participants responded. The most common request,
which was mentioned by 6 participants, was for specific recommendations for exam
preparation. It was also suggested to replace the dashboard help page with dynamic help on
each page and video tutorials. Comments regarding the design of the LAD included
recommendations to adjust the font color and size for dark mode, to add more colors to the
dashboard, and to offer a customizable home screen. In addition, 91% of the participants stated
that they would use the LAD in their studies.

Regarding the TTF, a one-tailed t-test was conducted for each construct to test the null
hypothesis “E[x] < 4”, meaning that the expected value E[x] is less than or equal to 4 (neutral
stance). Table 10 provides an overview of the constructs, the associated means (), standard
deviations (¢7), as well as t- and p-values. The results reveal a good fit between technology and
task. The median scores for all 12 constructs range from 5 to 6. The constructs accessibility and
presentation of data were particularly well-rated. The null hypothesis could be rejected for all
constructs individually and for the overall TTF at a significance level of 0=0.99. Hence, it can
be concluded that the LAD is suitable to support users in self-monitoring and self-assessment

(Rodda and Stahmann 2023).
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Table 10. Summary of TTF Results (Rodda and Stahmann 2023)

Key Data H, Hypothesis

Construct Items x (] t-value p-value
The Right Level of Detail 2 5.4726 1.1338 15.6940 0.0000
Accuracy 2 5.4932 1.1033 16.3531 0.0000
Compatibility 3 5.2009 1.4161 12.5499 0.0000
Locatability 2 5.6438 1.0221 19.4331 0.0000
Accessibility 2 6.0685 0.7671 32.5838 0.0000
Meaning 1 5.6164 1.0492 13.1631 0.0000
Assistance 2 5.2808 1.1249 13.7577 0.0000
ggifw‘;erse of Hardware and | , 5.9452 1.1251 20.8898 | 0.0000
System Reliability 2 5.6918 1.2009 17.02144 | 0.0000
Currency 2 5.5685 1.2143 15.6072 0.0000
Presentation 2 6.0616 0.9557 26.0649 0.0000
Lack of Confusion 2 5.0479 1.5101 8.3850 0.0000

TTF 24 5.5736 1.2064 54.5972 0.0000

4.2.4  Usage of LA to Support Teachers

The prior Subsections addressed student requirements and the creation of a student-centered
LAD. To provide an outlook on future research and to include the perspective of instructors,
contribution 11 explores the opportunities and risks of LA as well as the requirements from
the teachers’ perspective. For this purpose, 18 teachers were interviewed. The approach has
already been described in Subsection 4.2.1. In the present Subsection, the results relating to the
teachers’ attitudes towards LA and potential requirements for LA are presented.

The opportunities mentioned by participants can be grouped into five categories with several
subcategories, which are explained in detail in contribution 11. Table 11 presents an overview
of the categories, subcategories, and corresponding frequencies, with the three most commonly
mentioned topics highlighted in gray. Teachers perceive LA as an opportunity to enhance their
understanding and oversight of students’ learning behaviors and use of instructional content.
LA enables teachers to identify problem areas early on, customize instruction, and provide
individualized support. By adjusting content, improving comprehension, and adapting the pace
of learning, instructors can optimize their teaching practices. Furthermore, participants
mentioned that LA could enhance students’ learning behaviors, motivation, and self-
assessment. The automation of feedback and recommendations offers an opportunity to reduce

the workload of teachers and enable continuous improvement of teaching (Rodda 2023a).
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Table 11. Opportunities of LA from Teachers’ Perspective Adapted from Rodda (2023a)

Category Subcategory Frequency
1. Overview of 1.1 Overview of progress 50%
student activities 1.2 Insights into learning behaviors 17%
1.3 Transparency 11%
1.4 Connection 22%
2. Detection of 2.1 Early identification of problems or poorly addressed content 61%
problem areas and | 2.2 Patterns for success or failure 17%
patterns 2.3 Comparisons over time 22%
3. Quality of teaching | 3.1 Adaption of content to optimize courses 78%
3.2 Feedback 28%
3.3 Continuous re-evaluation of changes 33%
4. Student learning 4.1 Increased motivation and satisfaction 44%
4.2 Less procrastination 11%
5. Automated 5.1 Automated recommendation for actions 11%
feedback 5.2 Data-driven decision support 11%

Alongside LA’s opportunities, participants were also asked about potential threats (cf. Table

12). The most frequently cited threat was inadequate data protection. However, most

participants stated that this was a responsibility of the institution if LA tools were made

available to instructors and that they were less affected by it. There are also concerns about

incorrect interpretation of data, for example, due to lack of knowledge or misleading

information. Participants also expressed concerns about the high investments of resources and

time needed for the analysis of data. LA results could also affect teachers’ behavior towards

students or lead to disadvantages for students who show little engagement. Some participants

mentioned that they could be demotivated if they saw, based on the LA data, that carefully

prepared content was hardly used by students. Additionally, LA could negatively impact

students, if they feel constantly monitored or pressured to perform better.

Table 12. Threats of LA from Teachers’ Perspective Adapted from Rodda (2023a)

Category Subcategory Frequency
1. Data protection 1.1 Data protection 83%
1.2 Invasion of students’ privacy 22%
2. Focus on data 2.1 Unreliable or meaningless data 22%
2.2 Excessive weighing of key figures 28%
2.3 Misinterpretations 56%
3. Impact on teachers |3.1 High investment of effort and resources 50%
3.2 Overwhelming amount of data 11%
3.3 Lack of technical expertise 11%
3.4 Demotivation 11%
4. Discrimination 4.1 Different behavior towards students 50%
against students 4.2 Self-fulfilling prophecies or discrimination 17%
5. Impact on students |5.1 Constant feeling of being monitored, pressure 33%
5.2 Frustration 22%
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In all interviews, participants demonstrated a positive attitude toward LA. They expressed the
desire to use LA, provided that the data are made available in an appropriate form. The preferred
form of presentation is a clear and customizable dashboard that includes various filtering and
aggregation functions. These functions would allow the data to be presented over time, for
example, on a weekly or semester-by-semester basis. The dashboard should be integrated with
the LMS and updated daily. Real-time data or access to raw data, on the other hand, was
requested by only a small number of interviewees. In terms of data to be collected, for example,
information on content usage, such as video usages and self-study test completion, as well as
time spent in the LMS and students’ prior knowledge were mentioned. Regarding evaluations,
participants desired, for example, an overview of common errors and correlations between final
grades and other data, such as the completion of assignments or prior knowledge (Rodda
2023a). Due to the small sample size, the participants’ different experiences with LA, and the
open-ended questions, the results only provide a first indication to conduct a more detailed
analysis of the requirements together with the requirements already identified in the literature

(Dourado et al. 2021) to develop an LAD for instructors.

58



5 Discussion

In the course of the discussion, implications for research (Section 5.1) and practice (Section
5.2) are provided. Subsequently, in Section 5.3, the limitations of the results and an outlook on

future research are presented.
5.1 Implications for Research

This dissertation contains contributions that address various aspects of FC development and
integration, as well as the application of LA. Within the contributions, research gaps were
identified and findings were discussed. The results of the contributions provide implications for
research, which are presented in this Section in accordance with the two research questions.
The first research question considers the development and integration of FC courses. Based on
the literature review in contributions 1 and 2, it was shown that many case studies are available
in FC research, but few overarching models for course development exist (Song et al. 2017).
The developed process model leverages available FC research in the context of inductive
modeling to provide a reference model for the future creation of FCs (Vogelsang et al. 2019b).
Thus, it facilitates the generalization of knowledge previously limited to isolated case studies
and presents it in a novel format that can serve as a foundation for future research efforts. In
addition, this dissertation provides a multi-perspective view of FC research by addressing
different stakeholders and their roles and collaboration in contributions 4-6. The extension of
the process model by Kotter’s (1995) renowned CM model presents an opportunity to bridge
the gap between two loosely interconnected research domains (Flavell et al. 2019). By creating
an overarching, model-independent CM guideline in contribution 5, pre-existing knowledge
from case studies was also generalized and presented in a new context (Blomer et al. 2020b).
The second research question explores how LA can support students and teachers in FCs.
Contributions 7-11 provide a deeper understanding of teachers’ and students’ views on LA, as
their perspectives have received little attention in the literature to date (Howell et al. 2018;
Ifenthaler 2017). It was found that both groups recognize the potential of using LA and support
its use. A comparison of the results of the surveys from contributions 7 and 11 shows that
opportunities and risks are alike from the perspective of both students and teachers (cf. Tables
8, 9 and Tables 11, 12). The high level of identified potential, as well as the similar views of
the stakeholders, provide a solid foundation for successful LA implementations (Ifenthaler and
Schumacher 2016). It should be noted, however, that the number of participants in the surveys

varies widely, with 136 students compared to 18 faculty respondents. Students and teachers
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consider LA opportunities to include an overview of progress and performance, feedback, early
identification of problem areas, adaptation of instructional materials, improved time
management, and less procrastination. Risks identified relate to data protection, privacy, an
excessive focus on data, misinterpretation, and potential discrimination (Rodda 2022, 2023a).
There is already extensive research on ethical concerns such as student privacy and data
protection, which has led to the creation of related guidelines (Johnson 2014; Pardo and
Siemens 2014). Other topics such as the potential for better time management and more targeted
exam preparation, as well as the threat of intentional misuse of LA data, are still rarely
addressed in current literature (Rodda 2022). To demonstrate the design and usefulness of an
LAD, the DSR methodology was used in contributions 9 and 10 to develop a prototypical
LAD for the BI module. The iterative development and evaluation process of the LAD
contributes to the generation of design knowledge in this research field (Rodda 2023b; Rodda
and Stahmann 2023).

5.2 Implications for Practice

This dissertation focuses on design-oriented aspects and was written with a practical orientation
due to the continuous reference to the Bl module. As a result, implications with high practical
relevance emerge from the results.

The lack of structured approaches to developing FCs is problematic, as the development of FCs
is time-consuming and complex (Giannakos et al. 2014). The process model developed in
contributions 1 and 2 provides valuable support for teachers who are interested in creating an
FC. The project management-oriented perspective of the model as well as its clear structure of
only four phases make it easily understandable (Vogelsang et al. 2019b). Teachers can gain an
overview of the processes and required tasks. The representation as a BPMN model illustrates
the interactions and tasks of other stakeholders and provides an overview of parallel work steps.
Another quick and easily understandable overview is provided by the checklist that focuses
only on significant tasks for teachers and is easily extensible. By transforming the BI module
into an FC, it was shown that the process model provides useful support, especially at the
beginning of the transformation (Vogelsang et al. 2019b). Teachers are thereby also made aware
of responsibilities that are normally not part of their core tasks, such as stakeholder analyses or
a cost-benefit consideration before they ultimately decide to use the FC approach. Furthermore,
agile approaches, as briefly described in contributions 2 and 3, can support instructors in
creating FC courses despite limited time resources during the semester (Blomer et al. 2020c;

Vogelsang et al. 2019b). For the long-term integration of the FCs, the underlying conditions at
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universities were addressed in contributions 4-6. As more than 50% of organizational changes
fail (Bondarev et al. 2018) and due to the specifics of the organizational structure of HEIs
(Morisse 2016) the application of CM should take place at universities. For this purpose, in
contributions 5 and 6, a CM Guideline was developed, which offers numerous concrete
examples from case studies that provide stakeholders with specific steps to take when it comes
to CM. It can also serve as a foundation for conversations among stakeholders to create
adequate conditions for FC courses at HEIs (Blomer et al. 2020a; Kotter et al. 2021).

In the context of the investigations on the second research question, high potentials in the
application of LA were identified, based on surveys with students and teachers (Rodda 2022,
2023a). However, these potentials remain mostly unused by universities (Nouri et al. 2019).
The results of the surveys from contributions 7, 8, and 11 provide valuable views and
requirements from students and teachers. These can serve as a platform for discussion among
stakeholders and as an initial starting point for the development of LAS and dashboards. In this
dissertation, the focus was placed on the iterative development of an LAD with a strong focus
on the needs of the respective stakeholders. This included gathering requirements from students
and involving them throughout the design process (contributions 8-10). Early stakeholder
involvement in the development of LADs can increase user motivation and engagement, as well
as improve satisfaction (Hutchings and Quinney 2015). Faculty and IT staff can be guided by
this approach or use the prototypical LAD as an inspiration for custom designs. The results
from contribution 10 also indicate that LADs have the potential to assist students in self-
regulated learning. LADs can support students’ independent preparation during the pre-class
phase and thus provide the prerequisites for active participation during the in-class phase
(Rodda and Stahmann 2023). Teachers benefit from LA by identifying problems with pre-class
phase materials early on and assessing student performance levels. This allows them to target

students’ needs and adapt their teaching materials accordingly (Rodda 2023a).

5.3 Limitations and Future Research

All contributions to this cumulative dissertation have been published in double-blind reviewed
conferences or journals, ensuring sufficient quality, rigor, and relevance. The research in all
contributions is based on accepted research methods and approaches, which were presented in
Section 3.3. While certain limitations should be considered when interpreting the results, they
also provide opportunities for further research in the field of FC and LA.

To begin with, the limited selection of methods used can be critically assessed. Due to the

Covid-19 pandemic and the associated suspension of the in-class phase (Crawford et al. 2020),
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the BI module implemented as an FC could only be evaluated in this format during one
semester. In addition, due to the hygiene regulations during the Covid-19 pandemic (Aalst et
al. 2020), the prototypical LAD could not be assessed in the context of a lab experiment, instead,
the evaluation had to be conducted as an online study. Besides the methods already used, a
quantitative evaluation of the process model or validation using expert interviews could
contribute to further development. Moreover, longitudinal studies, to assess student satisfaction
and performance in FCs would be desirable. To further improve the process model, an agile
variant of the process model presented in Subsection 4.1.2 could be created. Concerning the
use of LA, the implementation of the prototypical LAD and a longitudinal study to evaluate its
usefulness would be beneficial. Randomized control trials could be conducted to investigate the
impact of LADs on performance and self-regulated learning in courses. Based on instructor
perspectives, a teacher-focused LAD could also be developed and evaluated.

Furthermore, there are limitations to the particular methods used. The systematic literature
reviews in contributions 1-6 are based on the approaches of Webster and Watson (2002) and
vom Brocke et al. (2009). However, only a limited number of databases were searched with
specific search strings. Therefore, the possibility of subjective bias in the selection and coding
of literature can exist. To address this, an inter-coder agreement between at least two researchers
was used to validate literature selection and coding (Landis and Koch 1977). There are also
limitations in the use of qualitative content analysis in contributions 7, 8, and 11, as well as in
the analysis of the focus group evaluation (contribution 10) and the open-ended questions in
the surveys (contributions 9 and 10). Again, to reduce subjective bias, coding, and scoring
were conducted by at least two independent researchers. Nevertheless, interpretation errors and
biases may occur (LeBreton and Senter 2008). Furthermore, the number of participants limits
the generalizability of the results (Trochim and Donnelly 2008). It should also be noted that the
participants were primarily students and instructors in the fields of IS and business
administration, who may be more inclined towards technology and open to innovation
compared to individuals from other disciplines. The majority of participants were from the
University of Osnabriick, which again limits the generalizability of the results (Shipman 2014).
The focus on the BI module allowed for a practical approach while demonstrating the relevance
of the research, but also limits the transferability of the results. Replicative studies based on
other databases may therefore reveal different results.

Both the FC approach and the use of LA offer potentials that go beyond the university context.
Therefore, the results of this work can be adapted accordingly and used in schools as well as

companies to improve student learning and employee training.
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6 Conclusion

This dissertation aimed to investigate the systematic development and long-term integration of
FCs at universities and to demonstrate how LA can contribute to support FC courses. To this
end, 11 contributions were written and published, addressing different aspects of the topics.
To begin with, the development and integration of FC courses (RQ1) were addressed. As a
foundation, a process model was developed based on substantial literature. This process model
considers the development of FCs from the perspective of project management, addressing a
research gap caused by the limited availability of systematic models for FC creation. Based on
the process model, a BI module was successfully implemented as an FC course. The
implementation demonstrated the usefulness of the process model, and student evaluations as
well as comparisons with metrics from previous years showed positive effects of the FC
transformation on student satisfaction and performance. To facilitate the long-term integration
of FCs at universities and to address the tasks and needs of individual stakeholders, a CM
approach at universities was proposed. This was addressed on the one hand by extending the
process model to include CM tasks and on the other hand by developing a model-independent
CM guideline.

Given that FC courses require a high degree of student autonomy and that the preparation of
the pre-class phase is crucial for the success of FCs, this dissertation addressed how LA can
support the participants in FC courses (RQ2). The focus was placed primarily on the perspective
of students, whose views and requirements were ascertained through surveys. Subsequently, a
prototypical LAD was developed and designed for the previously implemented BI module. The
final evaluation showed a positive assessment in terms of usability and design as well as the
ability of the LAD to support study participants in self-monitoring and self-assessment, which
are important self-regulated learning skills. Finally, to provide an outlook on the perspective of
teachers, the results of a study regarding their views on opportunities and risks as well as
possible requirements for LA were discussed.

Due to its design-oriented focus, this dissertation offers not only implications for research but
also tangible recommendations for practitioners. The findings from the contributions
demonstrate that incorporating LA can be beneficial for both students and instructors in FCs
and can have a positive effect on self-regulatory learning. Moreover, this dissertation provides
a valuable foundation for further research in the field of FCs and LA, holding the potential to

sustainably enhance learning in HEIs.
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Appendix

Appendix 1: Initiation Phase of FC Development (Vogelsang et al. 2019b, p.7)
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Appendix 2: Planning Phase of FC Development (Vogelsang et al. 2019b, p. 8)
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Appendix 3: Execution Phase of FC Development (Vogelsang et al. 2019b, p. 10)
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Appendix 4: Closing Phase of FC Development (Vogelsang et al. 2019b, p. 12)
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analyzed reviews on flipped classroom research and used these to inductively
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Digital course designs such as the Flipped Classroom (FC) are increasingly
enriching university education. However, before implementing such an FC,
teachers face the challenge of creating content in the form of materials and
activities and finding a suitable development method. This is very time-con-
suming, which is why circumstances such as lack of time and personnel can
make implementation difficult. In other areas, agile approaches have already
proven to be effective in enabling flexible and efficient development. We use
this opportunity to overcome different barriers in the context of FC develop-
ment by creating an agile model for FC development. To achieve this, we
first examined the previous research on agile development approaches con-
cerning the implementation of an FC by a systematic literature review, con-
cluding that no appropriate model exists yet. Building upon this, we designed
an AgileFC Development Model, which can be used by teachers to create
their FC. This model is very generally designed so that it can be easily
adopted. On the other hand, it can be adjusted to a particular situation without
effort. We also illustrate the application of the model using a small case study
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The usage of digital media to provide learning content is becoming increas-
ingly popular. One form of e-learning is the Flipped Classroom (FC). FC
courses, however, are still heavily dependent on the commitment of individ-
ual teachers. Repeatable descriptions of approaches or institutionalized sup-
port are rare. The high amount of work involved discourages many teachers
from using FCs. Strategic course development should therefore be conducted
collaboratively by several stakeholders. Change management approaches of-
fer a solution to deal with the integration of strategies for change and consider
all stakeholder groups. This paper aims to combine an FC process model and
a change management approach to include all stakeholders. Based on a liter-
ature review, we develop an integrative approach and summarize the neces-
sary aspects of change. Our results show that for the successful integration
and development of FC courses, we need new roles that support the process
and assure the stakeholder’s acceptance.
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The successful introduction of the popular blended learning method Flipped
Classroom (FC) is a major challenge because many stakeholders are affected.
However, the transformation is dependent on the commitment of engaged
individuals, who rarely have access to institutionalized support. Repeatable
descriptions of strategic approaches and recommendations for how to man-
age a successful change in Higher Education Institutions are rare. This paper
aims to synthesize research findings concerning Change Management (CM)
approaches in a flipped learning context. Based on a systematic literature re-
view, we develop a Guideline with specific recommendations for successful
CM to develop and implement FC courses.
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Computer and Information Science (Vol. 1473), Lane, H.C., Zvacek, S.,
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Teaching is becoming increasingly digital: At higher education institutions,
more and more face-to-face courses are being replaced by digital teaching
formats. At least since the outbreak of the corona pandemic, the introduction
of digital teaching methods has been pushed forward under high pressure.
This change has an effect on numerous stakeholders. However, there are still
only a few recommendations or strategic approaches that show the stakehold-
ers what tasks they and others should take. There is a lack of a general guide-
line on which all parties involved can orient themselves in order to introduce
digital teaching jointly and efficiently. Based on a literature review, this pa-
per presents such a Change Management Guideline identifying stakeholders,
tasks and responsibilities. For such a digital change, cooperation between
different stakeholders is indispensable. However, the distribution of tasks
and cooperation in practice could deviate from theory and, furthermore, be
experienced differently by those involved. The aim of this work is to use the
guideline in order to identify the tasks and responsibilities through the lens
of different stakeholders at a German university. In addition, the cooperation
should be investigated through the different perspectives. For this purpose,
stakeholders were surveyed in order to identify their point of view. Finally,
recommendations for optimizing cooperation and thus a successful transition
to digital teaching formats will be presented.
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The Covid-19 pandemic has further fueled an increase of e-learning in higher
education. The widespread use of online learning generates vast amounts of
academic data. This data can be collected and analyzed with the help of
Learning Analytics to improve teaching and learning. Although students are
essential stakeholders of Learning Analytics, their views are underrepre-
sented in current research. Therefore, this paper aims to give an overview of
opportunities and threats regarding the use of Learning Analytics from stu-
dents’ perspective. For this purpose, a qualitative study with 136 students
was conducted, and the answers were coded and classified by multiple re-
searchers. The results show a generally positive attitude toward Learning An-
alytics. Noticeable in comparison with existing research were small-scaled
answers of participants that focus primarily on the course level and students’
everyday lives. The identified opportunities and risks provide a good foun-
dation for further research.
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Blended learning courses offer the opportunity to collect large amounts of
learning data that can help students to improve their performance. The
presentation of learning data often takes place in the form of Learning Ana-
lytics dashboards, which are already in use at some universities. Students,
who are the primary data providers and at the same time the main users,
should be involved in the process of developing Learning Analytics dash-
boards from the beginning. Since there are only a few guidelines for design-
ing these dashboards in literature, we conducted a study with 139 business
and information systems students who, in addition to answering a question-
naire, also designed their dashboards with the help of a case study. The dash-
board analysis provides detailed insights into the design of the functional and
information scope, as well as the presentation of the data for Learning Ana-
Iytics dashboards.
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The digitization of teaching at universities has increased significantly in re-
cent years, with online and hybrid courses becoming more popular. These
formats allow students a high degree of autonomy, but also require them to
work independently and organize themselves. However, students often lack
these skills. Learning analytics (LA) evaluations, provided as dashboards,
can help students to continuously monitor their learning progress and com-
pare themselves to their peers. Nevertheless, the student perspective has of-
ten been underrepresented in LA research. There is also a lack of standard-
ized knowledge and processes for implementing LA and making LA infor-
mation available to end users. This paper aims to develop and evaluate a LA
dashboard for a university course based on the requirements of the students,
using data from a university’s learning management and examination system.
Three dashboard versions are designed and evaluated quantitatively and
qualitatively in a study with 114 participants. The results will be discussed,
along with limitations and potential future research directions.
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This paper explores the development of a student-centered Learning
Analytics Dashboard (LAD) to promote self-regulated learning. With
increasing digitization, online teaching has become an important feature in
higher education. However, online learning leads to new challenges for
students such as isolation or high self-management requirements. LADs can
support students by providing data and analytics on their learning behavior
and progress. Yet, there is limited research on the design of LADs, especially
with respect to student needs. In this paper, we use design science research
methodology to design, develop and evaluate a LAD in two iterations. We
assess the usability, visual aesthetics, and Task Technology Fit of the
dashboard against the background of self-regulated learning theory. The
results show that our LAD is capable of supporting students in the tasks of
self-evaluation and self-assessment.
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This paper examines the perspectives of teachers on the use of Learning
Analytics (LA) to enhance online teaching in higher education institutions
during the post-Covid era. The increasing shift towards online teaching as a
result of the pandemic has presented a number of challenges for teachers. As
online teaching is likely to remain a part of the higher education landscape,
it is important to understand teachers’ views on the topic. This study explores
how LA could support teachers in their online teaching. For this purpose, we
conducted 18 interviews with instructors from German and Dutch
universities about the changes that online teaching has led to, opportunities
and threats of LA, the information teachers require about their students, and
the ability of LA to enhance the advantages of online teaching and mitigate
its disadvantages. Our results show that teachers’ opinions of LA are
generally positive and that they would use LA if it were available in form of
an intuitive and interactive dashboard. LA also offers the possibility to
alleviate many of the problems in online teaching identified by the
instructors.
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