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ngineering education has traditionally centered on
the transmission of theoretical knowledge and ab-
stract modelling, because implementing real systems in
teaching is technically demanding and resource inten-
sive. Digital formats now allow theoretical content to
be acquired asynchronously and independently of loca-
tion, which frees on-campus time for other purposes.
Building on this, we present a hybrid teaching concept
that moves the acquisition of theory into digital self-
study and reserves on-campus sessions for application,
problem-solving and discussion.

The approach promotes competence-oriented and in-
dividualized learning with a modular design that enables
transfer to other teaching contexts. Theoretical content
is decomposed into modular Studybites consisting of
multimedia learning resources and self-assessment ac-
tivities, each covering one coherent chain of reasoning.
The lecturer supplies the content and records the mate-
rial, while the student team manages production. Learn-
ing materials are didactically designed and comple-
mented by learning portfolios to support reflection and
continuous learning processes. The On-Campus Ses-
sions are planned to directly build upon the preceding
self-study phases and to focus on application, problem-
solving, and discussion. The concept was piloted within
an existing course. However, such a concept is only vi-
able if it demonstrably supports student learning with-
out increasing workload for lecturers. The pilot phase
was therefore accompanied by continuous observation
and feedback loops from students and lecturers to evalu-
ate feasibility, acceptance and transferability from both
perspectives.

The pilot showed high acceptance and a closer con-
nection between theory and practice, which motivated
transfer to four further logistics courses. The lecturers
approved the student-proposed decomposition largely
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unchanged. Building the first iteration was expensive;
running the second was not. When the pilot course was
taught again one year later, the digital material was
reused unchanged and preparation effort fell well below
that of the format it replaced. Initial observations also
suggest that the reuse of digital materials may reduce
lecturer preparation time, creating capacity for deeper
student support and pedagogical innovation. The results
indicate that hybrid teaching formats in logistics educa-
tion benefit strongly from an iterative, student-centered
development process. In particular, the early and contin-
uous involvement of students, the professionalization of
digital content production, and the clear didactic struc-
turing of self-learning and on-campus phases proved to
be decisive success factors. For practice, this suggests
that hybrid formats should be designed flexibly, evalu-
ated continuously, and supported by adequate digital in-
frastructure and organizational resources.

[Keywords: hybrid teaching, logistics education, student co-
creation, studybites, competence-oriented learning |

1 Introduction

Higher education has undergone significant transformation
in recent years, driven by ongoing digitalization, changing
learner expectations, and evolving requirements of the la-
bor market [1]. Universities are increasingly challenged to
adapt their teaching approaches to ensure that students re-
ceive an education that meets contemporary labor market
requirements.

Within engineering education, teaching is still fre-
quently characterized by the delivery of theoretical content
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through traditional lecture-based formats [2]. While these
approaches remain important for conveying fundamental
concepts, they often lack opportunities for students to apply
their knowledge in authentic or practice-oriented settings.
This may lead to gaps between theoretical understanding
and practical application [2]. Growing demand for engineers
with the ability to transfer theoretical knowledge to com-
plex, interdisciplinary problems from the beginning of their
career onwards amplifies this problem.

At the same time, the COVID-19 pandemic accelerated
the digital transformation of higher education. Hybrid and
blended learning formats have become increasingly com-
mon and offer new opportunities to combine the advan-
tages of digital self-study with interactive and application-
oriented face-to-face learning activities [3].

To address this challenge, the IFL developed and eval-
uated a Stiftung Innovation in der Hochschullehre (STIL)-
funded hybrid teaching concept designed to improve student
learning outcomes while keeping the recurring workload for
lecturers at a level comparable to conventional teaching for-
mats.

The remainder of this paper is structured as follows. Sec-
tion 2 provides the theoretical background and introduces
the key concepts relevant to this study. Section 3 describes
the project context, identifies the initial challenges, and out-
lines the project objectives. Section 4 presents the develop-
ment of the hybrid teaching concept at the IFL. Section 5
presents the evaluation approach and the resulting findings.
These results are discussed in Section 6. Finally, Section
7 concludes the paper and outlines opportunities for future
development and transfer of the teaching concept.

2 Theoretical Background on Hybrid Teaching

Digitalization allows for new teaching and learning formats.
Hybrid and digitally supported teaching has become in-
creasingly popular. Formats such as recorded lectures and
lectures held via videocall established during the pandemic,
blended learning concepts have become an integral part of
many university curricula, and the application of flipped-
classroom models continues to gain traction. However, these
concepts lack a uniform definition throughout the literature.
Therefore, the following section derives the terminology re-
lated to blended, hybrid, and competency-based learning in
order to provide a theoretical foundation for the remainder
of this work. Furthermore, the application of the flipped-
classroom concept in engineering disciplines is discussed.
Finally, learning portfolios and their influence on student
participation in higher education are addressed.
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2.1 Hybrid and Blended Learning

Despite the fact that the terms hybrid learning and blended
learning are often used interchangeably, the literature does
not provide a universally accepted distinction between
them. Blended learning is commonly understood as the inte-
gration of face-to-face and online learning experiences and
has become an umbrella term encompassing various peda-
gogical and technological approaches [4]]. To date, no uni-
versally accepted definition of blended learning exists. Con-
sequently, the concept is interpreted differently in both re-
search and educational practice.

While Graham [5] defines blended learning as the com-
bination of face-to-face instruction and computer-mediated
instruction, emphasizing the integration of different for-
mats, Garrison and Kanuka [6] focus on blended learning as
the thoughtful integration of face-to-face and online learn-
ing experiences. Their definition places a stronger focus on
the learning process itself and highlights the importance of
deliberately designing the interaction between both learning
environments.

Several models for implementing blended learning have
been proposed in the literature. Staker and Horn [7] distin-
guish between six implementation models that differ mainly
in the role assigned to digital learning activities. In some
models, online components serve primarily as a supplement
to traditional classroom teaching, whereas in others they
represent an equally important part of the learning process
or even constitute the dominant mode of instruction, with
face-to-face sessions being used only when necessary.

Taken together, these definitions and implementation
models illustrate that hybrid and blended learning are not
single instructional formats but rather umbrella concepts
encompassing a wide range of combinations of digital
and face-to-face learning activities. Despite these differ-
ences, all approaches share the objective of combining the
strengths of both learning environments in a structured man-
ner.

2.2 Flipped Classroom in Engineering Education

The flipped classroom is a specific form of blended learning
in which theoretical content is delivered through digital ma-
terials, while face-to-face sessions are reserved for interac-
tion, discussion, and application. This structure lets students
engage with material at their own pace, freeing classroom
time for collaborative problem-solving and the exchange of
ideas with peers and instructors. It also allows students to
adapt learning activities to their individual learning needs
and prior knowledge.

Research suggests that students participate more ac-

tively in flipped settings, particularly when required to en-
gage independently with complex problems rather than re-
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ceive theoretical explanations. The approach may also sup-
port the development of professional and problem-solving
skills through more active participation in the learning pro-
cess. Howeyver, it also increases the workload students face
outside the classroom, and its effectiveness depends heav-
ily on their willingness to complete preparatory work. If
students do not prepare, they struggle to participate mean-
ingfully during on-campus activities. Self-regulated learn-
ing skills are therefore a precondition for the model to suc-
ceed, although these skills can themselves develop through
continued exposure to it [2].

The approach is particularly well suited to engineering
education because it supports project-based learning [8]. As
engineering education and professional practice both rely
heavily on project work, shifting content delivery to the
preparation phase frees classroom time for collaborative,
practice-oriented tasks that build teamwork, metacogni-
tive skills [9], communication, and applied problem-solving
[10].

Beyond pedagogical benefits, fl ipped le arning offers
practical advantages for institutions. It can be implemented
with relatively inexpensive technology, helping instructors
manage large content volumes despite limited contact hours
and reducing dependence on traditional classroom space
[11,012)]13].

2.3 Competence-Oriented Learning

Ongoing shifts in the labor market, driven by trends such
as Industry 4.0, have changed the competencies expected
of university graduates [1]. Higher education institutions
are therefore challenged to move beyond the transmission
of disciplinary knowledge and to support competencies that
enable graduates to navigate complex professional environ-
ments.

Competence is commonly understood as the ability
to apply knowledge, skills, and experience effectively
in professional and educational contexts. It encompasses
not only subject-specific e xpertise b ut a Iso t he capacity
for autonomous action, critical reflection, and responsible
decision-making, particularly the ability to transfer theoret-
ical knowledge into practical application [1].

This represents a shift from learning about a subject to-
ward learning through doing. Students need opportunities to
actively apply theoretical concepts and develop competen-
cies through practical experience, fostering deeper under-
standing and transferable skills [1]. Specialized disciplinary
knowledge remains a baseline requirement for engineering
graduates, but on its own it no longer ensures competitive-
ness in a dynamic labor market. Competence-oriented ap-
proaches therefore combine technical expertise with practi-
cal, social, and cognitive competencies to prepare students
for professional practice[1].
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2.4 Learning Portfolios and Student Participation

In higher education, learning portfolios are used to doc-
ument the learning process itself, including drafts, reflec-
tions, and evidence of gradual development, rather than only
presenting finished work or assessing performance [14]].
Their central element is reflection: portfolios give students
the opportunity to critically examine their learning expe-
rience, monitor progress, and develop self-regulation and
metacognitive awareness [14]. Documenting this process
can also make otherwise difficult-to-measure competencies,
such as critical thinking and self-reflection, visible to in-
structors [14]].

However, the effectiveness of learning portfolios de-
pends heavily on their implementation. Meaningful reflec-
tion requires more than describing completed tasks; stu-
dents must be encouraged to analyze experiences and con-
nect them to prior knowledge. This only happens reliably
when the purpose of the portfolio and the expectations for
reflection are communicated transparently and reinforced
through structured prompts [[14} [15]]. Studies confirm this
pattern. Gerdtsson [[16] found that engineering students’ re-
flective ability improved measurably over a semester when
portfolio work was guided by structured reflection prompts
and continuous feedback, while Nicholson [17] found that
portfolio-based assessment increased active student partici-
pation and collaborative engagement more broadly.

3 Project Context and Initial Challenges

Teaching at the IFL was, for most courses, organized around
the conventional combination of lecture and exercise ses-
sions, complemented by externally taught lectures in the
same format. The course Materialfluss in Produktion und
Logistik (MFL-B), which served as the pilot environment
for HYLEING, was typical of this pattern. It covers the fun-
damentals of material handling, logistics systems and au-
tomation technologies, and the volume of theoretical con-
tent to be delivered within the semester left little room for
discussion or application. Tutorials concentrated on stan-
dardized exercises, students were largely in a receiving role,
and preparation for the examination rather than for engi-
neering practice organized the way they worked. As a result,
students had only limited opportunities to apply theoretical
concepts to authentic engineering problems or experience
their own effectiveness as engineers. The courses referenced
throughout this paper and their relationship to the HYLE-
ING project are summarized in Figure[l]

The portfolio was not uniformly conventional. Three
courses had already been redesigned along more inter-
active lines, independently of one another. The discon-
tinued predecessor course Materialfluss in Logistiksyste-
men (MFL) [18] had already been redesigned along more
interactive lines. It combined constructive alignment, an
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Figure 1: Courses included in or related to the HYLEING project, showing programme level, language, and implementation

status.

inverted-classroom structure and competence-oriented as-
sessment through open-ended case studies and oral collo-
quia. The concept was well founded and initially well re-
ceived, but enrolment fell from around thirty students per
year to only three by 2024. Interviews with lecturers and
students from the final iteration indicated that the workload
associated with the format was the primary reason for this
decline. The high workload also made the course increas-
ingly costly to maintain from the lecturers’ perspective. Fol-
lowing faculty regulations, MFL [18] was subsequently re-
placed by the two 5-credit courses Materialfluss in Produk-
tion und Logistik (MFL-B) and Dimensionierung von Ma-
terialflusssystemen i n P roduktion u nd L ogistik (MFL-A),
which together cover the content of the original 9-credit
course. HYLEING was initiated during this transition and
used MFL-B as its pilot environment. As a result, the pilot
course was not an unrelated teaching context but the direct
successor of the course whose challenges motivated the de-
velopment of the project. Logistics and Supply Chain Man-
agement (LogSCM) uses a structurally comparable split be-
tween asynchronous self-study and interactive on-campus
sessions, calibrated more moderately, and has maintained
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high participation over several years. The flipped-classroom
logic was therefore viable at the institute, provided the de-
mands on students remained proportionate. Seamless En-
gineering pairs a lecture block and a mid-semester writ-
ten examination with a semester-long workshop in which
student groups design and implement the software for a
model warehouse [19]. Feedback has been positive across
four years, and instructors report stronger problem-solving
among participants who later joined the institute, but prepa-
ration and supervision effort are correspondingly high.

Each of these was developed on its own. There was no
shared didactic framework, no transferable production pro-
cess, and no route by which what worked in one course
could reach another; equally, what failed in one fed back
into no common design logic. The observation is not only
ours: the published account of MFL [18] closes by noting
that competence-oriented teaching rarely succeeds as an iso-
lated initiative and encourages colleagues to redesign along
similar lines [[18]. The institute had the individual experi-
ence and lacked the means to consolidate it.
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HYLEING was initiated on that basis within the
Freiraum programme of the Stiftung Innovation in der
Hochschullehre, with the aim of consolidating these sepa-
rate experiences into a modular teaching concept transfer-
able across IFL courses.

4 Development of the Hybrid Teaching Concept

To address the challenges identified in Section 3, the HYLE-
ING project followed a structured, iterative development
process organized around four closely connected work ar-
eas: requirements analysis, development of digital self-
learning materials, development of application-oriented on-
campus modules, and student involvement and co-creation.
Figure [2]illustrates their relationship; the following sections
describe each in turn.

4.1 Requirements Analysis

The requirements analysis combined interviews with lectur-
ers, staff, and students with a systematic assessment of ex-
isting infrastructure. Three findings shaped the subsequent
development:

¢ Limited on-campus time for interaction. Lec-
turers recognized the value of application-oriented
teaching, but the volume of content to be covered left
little room for discussion or practice during class.

* Underused digital infrastructure. ILIAS was al-
ready established at the institute but served mainly
as a repository for slides and documents, with no
standardized process for producing structured digi-
tal learning materials.

* Research-grade hardware unsuited for teaching.
The IFL’s laboratory equipment, robotics, and au-
tomation systems offered strong technical depth but
lacked the safe, accessible interfaces and appropri-
ate complexity needed for introductory educational
use.

Students additionally expressed a desire for greater flex-
ibility and stronger connections between theoretical con-
cepts and real-world engineering problems. Building on the
experience with MFL-B (Section 3), the analysis also trans-
lated into a set of hard constraints for the new concept: it had
to be at most equal in workload for lecturers and research as-
sistants, more digestible for students than the previous for-
mat, structurally modular and reusable across courses and
centrally maintainable.

Based on these findings, a c ourse c oncept comprising
a digital self-learning phase and structured on-campus ses-
sions was designed.
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4.2 Digital Self-Learning Modules

The development of digital self-learning materials repre-
sented one of the central pillars of the HYLEING con-
cept. At the core of the digital learning environment is the
Studybite: an atomic, self-contained learning unit represent-
ing one coherent chain of thought, roughly equivalent to a
five to seven minute lecture segment. It is delivered as a
multimedia container that combines, at minimum, three el-
ements: an explanatory video, a written description in the
style of a book chapter, and a self-assessment question.
The self-assessment is not only intended to track learning
progress but also prompts active engagement with the mate-
rial and allows students to check, before the corresponding
on-campus session, whether they understood the topic.

Optional materials, such as journal articles, websites,
podcasts, or images, can be attached below a visual separa-
tor that distinguishes curated further reading from the core
content, allowing students to explore a topic in depth with-
out fear of missing examination-relevant material.

Studybites resulted from decomposing existing lecture
content into smaller, self-contained units that students could
complete independently. The Studybites thereby provide the
theoretical basis for their corresponding on-campus ses-
sions, decoupling knowledge acquisition from class time
and freeing that time for application. Rather than replac-
ing lectures with recordings, the intention was to create
structured learning units that enable students to indepen-
dently acquire the theoretical foundations required for later
application-oriented activities.

Producing these units required identifying topics that
could stand on their own pedagogically while still support-
ing the overall learning objectives of the course. This turned
out to be a genuine instructional-design challenge, since ex-
isting ninety-minute lecture sessions were not built with this
granularity in mind.

The Studybites are deployed via the learning platform
ILIAS, which was identified as the most suitable plat-
form due to its widespread use in universities, its ability to
combine multimedia resources, self-assessment tools, and
course administration, as well as its integration into KIT’s
digital identity management. While ILIAS offered the re-
quired tools in theory, their use was uncommon, and there-
fore training resources for lecturers and student assistants
needed to be provided.

To ensure active engagement with the content, the
Studybites were further supplemented with quizzes and ex-
ercises. In addition, learning portfolios were introduced to
document learning progress, encourage reflection, and col-
lect feedback regarding the digital learning experience. The
portfolios later also served as part of the proof-of-concept
evaluation of the overall teaching concept.
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Figure 2: Conceptual framework and development process of the HYLEING hybrid teaching concept (own illustration).

Production follows a fixed workflow with two approval
gates. Students propose the decomposition of a lecture into
Studybites based on existing material. The lecturer reviews
and approves the proposed split, usually without change
and only occasionally requesting a rearrangement. The lec-
turer supplies the content and records the video material.
The student team then prepares the approved material for
recording, schedules and conducts the recordings, edits the
videos, writes the accompanying texts and self-assessment
questions, and presents the finished unit to the lecturer. After
a revision round, the material is stored and deployed on IL-
IAS. The lecturer therefore controls the decomposition and
the final unit, while coordination between the two approval
gates is student-led. Common standards for video structure,
visual design, and ILIAS integration ensure consistent out-
put across courses and contributors.

4.3 On-Campus Modules

While the Studybites provided the theoretical foundation,
the on-campus modules were built on the premise that engi-
neering competencies cannot be developed through knowl-
edge acquisition alone. Students needed opportunities to en-
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gage with real-world problems, test ideas, make decisions,
and experience the consequences of those decisions in real-
istic engineering contexts instead of merely repeating theo-
retical content in class.

As the requirements analysis had already shown, the
IFL’s existing experimental setups, robotics platforms, and
automation equipment were built for research rather than
teaching and lacked the safe, intuitive interfaces needed for
independent student use.

Selected systems were therefore adapted and simplified
for educational use, prioritizing modular demonstrators and
experimental setups that could serve multiple courses. Tech-
nical interfaces and user-friendly controls allowed students
to operate them independently without extensive prior train-
ing, while the underlying engineering problems were sim-
plified sufficiently for teaching without sacrificing practical
relevance.

One direct outcome was a modular building-block sys-

tem for small-scale automation and material handling,
including prototype table modules and conveyor-related
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demonstrators, designed and tested together with students.
Because components could be reused, exchanged, and ex-
tended, the system remained usable beyond a single course.

Beyond the demonstrators, on-campus activities in-
cluded case studies, group-based design tasks, and project
assignments deliberately structured around realistic engi-
neering challenges. Rather than reproducing instructor-
demonstrated procedures, students reviewed situations,
evaluated competing solutions, and justified their decisions
collaboratively. This shift from knowledge reproduction to-
ward active problem-solving represented one of the core dif-
ferences between the hybrid concept and traditional lecture-
based teaching.

Implementation varied by course. In MFL-B, students
worked with demonstrators, practical exercises, and excur-
sions. In LogSCM, existing case-based learning approaches
were expanded into the hybrid framework. In Grundla-
gen der technischen Logistik (Technical Logistics), students
spent a semester collaboratively designing a complete dis-
tribution center, including the selection and dimensioning of
its components.

A key lesson was that successful on-campus sessions de-
pended less on detailed instructional scripts and more on
active facilitation. Instructors took on the role of coaches
by guiding discussions, asking questions, and supporting
groups through problem-solving.

Through the combination of adapted demonstrators,
modular experimental setups, project-based activities, and
collaborative problem-solving tasks, the on-campus mod-
ules formed the practical counterpart to the digital self-
learning materials. Together, both components aimed to
strengthen the connection between theory and practice and
to enable students to experience engineering work as an ac-
tive and application-oriented process rather than a purely
theoretical discipline.

4.4 Student Involvement and Co-Creation

A defining characteristic of the HYLEING project was the
active involvement of students throughout the entire devel-
opment process. Rather than treating students solely as re-
cipients of the finished concept, the project adopted a co-
creation approach from the outset, embedded already in the
original project proposal.

Student feedback shaped the concept at every stage.
During the requirements analysis, students helped identify
learning challenges and use cases that grounded the con-
cept in real learning needs. Once materials existed, continu-
ous feedback loops allowed both the digital and on-campus
components to be iteratively improved.
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Turnover in the student team made onboarding a re-
curring challenge. A collection of how-to guides covering
Studybite production, video editing, ILIAS administration,
and on-campus activity design enabled new team mem-
bers to take over the workflow described in Section 4.2
quickly, ensuring sustainability independent of individual
team members.

Student participation was not one-directional. Through
their work on the project, student assistants gained practical
experience in project management, teamwork, media pro-
duction, and instructional design. The assistant work itself
therefore provided exposure to processes not typically part
of an engineering curriculum and offered a form of compe-
tence development extending beyond the learning outcomes
the courses themselves were designed to achieve.

2]
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Figure 3: Learning process of the HYLEING concept,
consisting of digital self-study through Studybites,
portfolio-based reflection, and application-oriented
on-campus learning activities (own illustration).
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5 Evaluation and Results

Following its development, the HYLEING concept was im-
plemented as a pilot and accompanied by continuous eval-
uation to assess both its feasibility and its perceived benefit
for students and lecturers. This evaluation served two pur-
poses: to examine whether the combination of digital self-
study, application-oriented on-campus learning, and student
co-creation addressed the challenges identified in Section 3,
and to identify improvements during implementation itself.

This chapter proceeds in three parts. Section 5.1 de-
scribes the pilot implementation; Section 5.2 outlines the
evaluation approach and data sources; Section 5.3 presents
the main results and observations.

5.1 Pilot Implementation

The hybrid teaching concept was first implemented as a pi-
lot in MFL-B. The course was selected for its combination
of mathematically demanding theoretical content and prac-
tical engineering application, making it well suited to test-
ing the concept’s feasibility. The pilot served as the first
large-scale application of the HYLEING approach and as
the proof of concept for its later transfer to other courses at
the IFL.

Students first engaged with the relevant S tudybites via
ILIAS (Section 4.2) before applying this knowledge in on-
campus sessions structured around discussion, group work,
and practical application (Section 4.3). The overall learning
sequence is illustrated in Figure

On-campus activities also included site visits to indus-
trial facilities and practical work with a model warehouse.

In several course modules, case studies contributed to
the final g rade, w ith s uccessful p articipation e arning ex-
amination bonuses. Oral examinations further assessed stu-
dents’ ability to explain and justify their solutions.

5.2 Evaluation Approach

The evaluation of the HYLEING concept followed an
exploratory, predominantly qualitative approach. As the
project’s primary objective was the development, imple-
mentation, and iterative refinement of a hybrid teaching con-
cept, the evaluation focused on understanding how students
and lecturers experienced the new learning environment and
on assessing its feasibility, acceptance, and perceived edu-
cational value.

Three sources of information were used throughout the
project: observations of on-campus sessions, learning port-
folios, and continuous feedback from students and lecturers.

Members of the project team accompanied on-campus
sessions throughout the pilot, documenting student partic-
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ipation, interaction patterns, and challenges encountered
during practical exercises. Particular attention was given to
whether students could transfer knowledge from the digital
self-study phase into practical problem-solving and to how
lecturers adapted to their new role as facilitators. Observa-
tions were discussed regularly within the project team and
used to inform ongoing iterations of the concept.

Learning portfolios served as a second evaluation instru-
ment. Entries were reviewed for recurring themes, strengths,
and areas for improvement in both the digital and on-
campus components.

Informal and formal feedback from students and lec-
turers supplemented these sources. Feedback was collected
during course sessions, through direct discussion, and dur-
ing regular project meetings, covering experiences with the
Studybites, the ILIAS environment, and the on-campus ac-
tivities.

The collected data were reviewed for recurring pat-
terns and themes rather than through statistical measures,
an approach suited to a development-oriented project aimed
at understanding implementation processes and deriving
lessons for future iterations. The following section presents
the findings.

5.3 Results
5.3.1 Acceptance and Student Workload

Students and lecturers received the concept positively. Stu-
dents valued working through the theoretical content asyn-
chronously, at their own pace, and revisiting difficult top-
ics before the corresponding on-campus session. Portfolio
entries document a range of self-study strategies, including
notes, summaries, flashcards, and repeated viewing of in-
dividual Studybites. Lecturers observed higher engagement
in the redesigned on-campus sessions than in the lecture
format they replaced. Portfolio reflections further suggest
that students perceived the combination of self-study and
application-oriented learning as motivating and engaging.

Two reservations recurred. Some students initially strug-
gled with the responsibility of preparing content indepen-
dently, reflecting the shift away from a teacher-centered set-
ting. Others perceived the course as more demanding than a
conventional lecture, since continuous work on Studybites,
portfolios, and session preparation distributes effort across
the semester. The same students reported a correspondingly
lower need for intensive revision before the examination.
Given that workload was what eroded the earlier redesign
of Materialfluss in Logistiksystemen [18] (Section 3), the
redistribution rather than increase of student effort is a rele-
vant outcome for the concept’s sustainability.
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5.3.2 Theory-Practice Connection and Participation

Students applied content acquired through the Studybites in
practical exercises, case studies, demonstrator-based activi-
ties, and project work. Portfolio reflections indicate that this
produced a more integrated view of logistics systems over
the semester. Rather than treating material handling, ware-
housing, queueing, and process optimization as separate
topics, students described the dependencies between layout
decisions, storage strategies, waiting times, and overall sys-
tem performance. Several reported that they had learned to
interrogate formulas, simulation outputs, and planning re-
sults instead of accepting them, with comparisons between
analytical calculation and simulation making sampling ef-
fects and model limitations tangible. Demonstrators and
simulations were named repeatedly as the most valuable el-
ements. Students stated that observing queue formation and
stochastic system behavior taught them more than the cor-
responding explanation alone.

On-campus sessions were characterized by discussion
and collaborative problem-solving rather than by worked
examples. Students reported that comparing alternative so-
lutions exposed them to approaches they had not considered
and that they gained confidence in u sing domain-specific
terminology.

In Logistics and Supply Chain Management, students
who worked consistently with the Studybites tended to per-
form better in the subsequent examination than those who
used them only selectively. No statistical analysis was car-
ried out, so this remains an observation rather than a mea-
sured effect, but it is consistent with the portfolio and ses-
sion findings above.

5.3.3 Transfer and Lecturer Workload

Following the pilot, the concept was transferred to Logis-
tics and Supply Chain Management and Grundlagen der
technischen Logistik, then to MFL-A, and is currently be-
ing prepared for Production and Operations Management.
These courses differ in size, level, and existing format.
Transfer required adapting individual Studybites and on-
campus activities rather than redesigning the underlying
structure. The split between asynchronous acquisition and
application-oriented contact time was retained in each case.

Producing the first iteration was expensive. Decompos-
ing the lecture into Studybites, recording and editing the
material, and building the ILIAS structure required sub-
stantial time from lecturers, student assistants, and techni-
cal staff, exceeding the effort of running the course in its
previous form. This cost, however, falls almost entirely on
the digital component and occurs only once. When MFL-
B was taught again in the summer term 2026, the Study-
bites were reused unchanged, and lecturer involvement was
largely limited to conducting the on-campus sessions.
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The on-campus sessions themselves proved inexpensive
to prepare. Many require little more than a dataset, a demon-
strator, and a task list. The remainder of the session is
shaped by the interaction between lecturer and students,
which makes each run a distinct event rather than a rep-
etition of the previous one. Preparation effort is therefore
structurally low, while the sessions demand more contact-
time engagement from lecturers than a conventional lecture.
The overall shift is thus one of effort from preparation to-
wards teaching, but the recurring preparation load in the
second iteration fell below that of the original lecture-and-
tutorial format.

This supports the workload constraint formulated in
Section 4.1, though the evidence remains limited. Only
MFL-B has been taught twice under the concept, while the
remaining courses have completed a single iteration each.
The indication that the initial investment amortizes from the
second iteration onward is nonetheless a promising one.

6 Discussion

The pilot indicates that the concept worked, but not why.
Two questions therefore remain: what the operative mech-
anism was, and under what conditions the format can be
sustained. Both can be examined against earlier course re-
designs at the same institute, two of which have been docu-
mented in detail.

6.1 Coupling, not Digitisation

The effects reported in Section 5.3 cannot be attributed to
the availability of digital learning material as such. The
Studybites replaced the lecture as a delivery channel, but the
observed changes occurred in the on-campus sessions. What
made them possible was the coupling of the two phases.
The Studybite establishes a defined level of preparation that
the session can presuppose; the session gives the self-study
phase a purpose beyond examination preparation. Neither
component produces this alone. Recording the existing lec-
tures would have digitized delivery without altering what
happens when students and lecturers occupy a room to-
gether.

This is the flipped-classroom argument [2] rather than a
new one, but the project qualifies it in two respects. The first
concerns granularity. The institute’s earlier redesign of Ma-
terialfluss in Logistiksystemen [18]] already used self-study
with lecture videos, control questions and exercise sets, or-
ganized as a one-week learning phase preceding each of five
thematic blocks [[19]]. A learning phase of that size can be re-
quired but not precisely presupposed: a session can assume
that students worked through the block, not which chain of
reasoning they followed. The Studybite as an atomic unit
allows a session to be built on specific prior knowledge. De-
composing existing ninety-minute lectures to this granular-
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ity proved to be the substantive instructional-design work of
the project and is not a by-product of recording.

The second concerns the role of the lecturer. Sessions
built on prior preparation cannot be scripted in advance, be-
cause what happens in them depends on what the partici-
pants bring. Portfolio reflections further suggest that simu-
lations and demonstrators helped students develop intuition
for complex engineering concepts before engaging with for-
mulas and calculations. Lecturers accordingly moved from
delivering content to facilitating: posing questions, steering
discussion, and supporting groups through problems whose
solution they had not fixed beforehand. This is a demanding
shift, and it is the condition under which the coupling pro-
duces anything. Where a session merely repeats the Study-
bite content, the format reduces to a lecture with additional
preparatory work.

The portfolios qualify the project’s own expectations.
The literature treats them as instruments of reflection and
self-regulated learning [19], and they were introduced on
that basis. In practice, students documented what they had
done considerably more readily than they reflected on it,
and reflection a ppeared w here e xplicit p rompts a sked for
it rather than as a consequence of writing. Portfolio work
is therefore better understood as a competence to be taught
than as a container to be provided. The same pattern held
for the concept as a whole: courses in which the rationale
behind Studybites, portfolios, and session design was made
explicit showed higher acceptance than those in which the
format was simply introduced. A redistribution of respon-
sibility for knowledge acquisition must therefore be negoti-
ated rather than announced.

One tension remains unresolved. Competence-oriented
teaching implies competence-oriented assessment; where
examinations continue to reward reproduction, students are
asked to work in one mode and assessed in another. This
is not a peculiarity of the present project. A retrospective
study of application-oriented courses at the same institute
found that freedom in the input phase requires correspond-
ing structure in assessment and documented students post-
poning engagement with self-study material until an assess-
ment made it necessary [19]. The HYLEING courses ad-
dress this partially through case studies contributing to the
grade and oral examinations in which students justify their
solutions, but not consistently across the portfolio. Con-
structive alignment is therefore a design requirement of the
concept rather than an optional refinement and remains the
aspect in which implementation is least complete.

6.2 Sustainability as a Design Criterion

The MFL [18] redesign combined constructive alignment,
an inverted-classroom structure, and competence-oriented
assessment through open-ended case studies and oral col-
loquia [18]. Judged against its own learning objectives, it
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succeeded: across the two evaluated cohorts, a clear major-
ity of students rated five of the six defined competencies as
achieved. The same evaluation records that every respon-
dent described the workload during the lecture period as
markedly above that of comparable courses and that only
about half considered the learning gain sufficient to justify
that workload [19]]. The concept was published in 2022 with
that reservation explicitly stated. By 2024, enrolment had
fallen from roughly thirty students per year to three. Enrol-
ment in technical subjects has been declining more broadly
[19]], but interviews with the lecturers and students of the
final iteration attribute this decline primarily to workload,
confirming the signal present in the published evaluation
data before the course became unviable.

The trade-off recurs across the portfolio. Seamless En-
gineering has sustained positive student feedback over four
years, with instructors reporting stronger problem-solving
among participants who later joined the institute, at a prepa-
ration and supervision effort the authors describe as high
[19]. Across the institute’s application-oriented courses,
workload is identified as the greatest single challenge for
students and instructors alike [19]. Logistics and Supply
Chain Management, structurally comparable to the inverted-
classroom split but more moderately calibrated, has main-
tained participation over several years.

Read together, these cases indicate that pedagogical
quality does not predict survival. A format that cannot be
repeated at acceptable cost by lecturers who also carry re-
search obligations will not be repeated. An unrepeated for-
mat teaches no one. Workload therefore belongs among the
design criteria rather than the implementation notes, which
is why Section 4.1 formulates it as a hard constraint.

Three mechanisms carried that constraint. Production
was divided so that lecturers supplied subject expertise and
reviewed output while a trained interdisciplinary student
team handled preparation, media production, and platform
integration. The finding that this division does not compro-
mise quality is what makes the volume of material feasi-
ble at all. Documented workflows for Studybite production,
editing, ILIAS administration, and session design allowed
recurring turnover within the student team to be absorbed,
locating the process in the institute rather than in individu-
als. The low recurring preparation cost of the sessions fol-
lows directly from their design. A dataset or a demonstrator
and a task list are frequently sufficient because the substance
of the session is generated within the interaction itself.

The most consequential part of that division is who per-
forms the decomposition. Identifying where one coherent
chain of thought ends and the next begins is the substantive
instructional-design step, and in this project it was drafted
by students and ratified by the lecturer, who rarely revised
it. This suggests that the task is performed well by people
who have recently been the audience for the lecture in ques-
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tion, a perspective that the subject expert, who understands
the material as an integrated whole, does not possess. It is
also a stronger form of student participation than consulta-
tion or feedback: students carry out a design task, and the
expert approves the result rather than the reverse.

6.3 Limitations

The evidence is qualitative throughout and supports state-
ments about implementation and experience rather than
causal effects on learning outcomes. The examination-
performance pattern in Logistics and Supply Chain Man-
agement is an observation rather than a measurement.

Only MFL-B has been taught twice under the concept;
the transferred courses have each completed a single iter-
ation. The claim that production effort amortizes from the
second run therefore rests on one repetition and should be
interpreted as an indication rather than a confirmed finding.

All courses belong to one institute, one faculty, and one
institutional context, and several transfers are still ongoing.
Scalability to larger cohorts, other engineering disciplines,
and other institutions therefore remains untested.

7 Conclusion and Outlook

This paper described the development, pilot implementa-
tion, and evaluation of HYLEING, a hybrid teaching con-
cept for technical logistics developed at the IFL, in which
theoretical content is acquired through atomic digital self-
learning units and on-campus time is reserved for applica-
tion, discussion, and problem-solving.

Three results are worth carrying forward. First, the effect
of the concept comes from the coupling of its two phases
rather than from digital delivery. Because a Studybite is
small enough to be presupposed precisely, an on-campus
session can be built on defined prior knowledge instead of
on attendance.

Second, the decomposition of a lecture into such units,
the substantive instructional-design step, was drafted by stu-
dents and approved by lecturers largely unchanged. This
suggests that recent members of the audience are well
placed to perform this task. More broadly, the project
demonstrates that students can contribute not only as learn-
ers but also as active partners in the design and continuous
improvement of teaching concepts.

Third, the concept is expensive to build and inexpensive
to run. Preparation effort in the repeated iteration of the pilot
course fell well below that of the format it replaced because
the digital material is reused unchanged and the on-campus
sessions require little more than a dataset, a demonstrator,
and a task list.
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The third point is the condition on which the others de-
pend. Earlier course redesigns at the institute showed that a
didactically sound format can still fail if it cannot be re-
peated at acceptable cost. Treating workload as a design
constraint rather than an implementation concern is there-
fore not a concession but a requirement.

Three questions remain open. The workload evidence
rests on a single repetition in a single course, and the trans-
fers currently under way will provide the first broader test.
The evaluation is qualitative throughout, and quantitative
work is needed to establish whether the observed changes
in how students engage with the material correspond to
measurable differences in what they learn. Assessment also
remains only partly aligned with the competence-oriented
aims of the concept. This is the most immediate area for
further development and the aspect that earlier work at the
institute has already identified as decisive.

Page 11



REFERENCES

(1]

(2]

(3]

(4]

(5]

(6]

(71

(8]

(9]

[10]

[11]

S. Brauer, “Towards competence-oriented higher
education: a systematic literature review of the
different perspectives on successful exit profiles,”
Education + Training, vol. 63, no. 9, pp. 1376-1390,
2021. [Online]. Available: https://doi.org/10.1108/ET-
07-2020-0216

A. Karabulut-Tligu, N. Jaramillo Cherrez, and C. T.
Jahren, “A systematic review of research on the
flipped learning method in engineering education,”
British Journal of Educational Technology, vol. 49,
no. 3, pp. 398-411, 2018. [Online]. Available:
https://doi.org/10.1111/bjet.12548

R. Sala et al., “Blended learning in the engineering
field: A systematic literature review,” Computer
Applications in Engineering Education, vol. 32, 2024,
[Online]. Available: https://doi.org/10.1002/cae.22712

S. Hrastinski, “What do we mean by blended
learning?” TechTrends, vol. 63, no. 5, pp. 564-569,
2019. [Online]. Available: https://doi.org/10.1007/
s11528-019-00375-5

C. R. Graham, “Blended learning systems,” in The
Handbook of Blended Learning, 2006, pp. 3-21.

D. R. Garrison and H. Kanuka, “Blended learning:
Uncovering its transformative potential in higher
education,” The Internet and Higher Education,
vol. 7, no. 2, pp. 95-105, 2004. [Online]. Available:
https://doi.org/10.1016/j.iheduc.2004.02.001

H. Staker and M. B. Horn, “Classifying
k-12 blended learning,” 2012. [Online]. Avail-
able: https://www.christenseninstitute.org/wp-
content/uploads/2013/04/Classifying-K-12-blended-
learning.pdf

P. W. Cheng, P. W. Liu, C. C. Huang, and W. J. Shyr,
“The effects of the flipped classroom on technical high
school students with low self-esteem,” International
Journal of Engineering Education, vol. 35, no. 5, pp.
1518-1525, 2019.

E. A. Van Vliet, J. C. Winnips, and N. Brouwer,
“Flipped-class pedagogy enhances student metacog-
nition and collaborative-learning strategies in higher
education but effect does not persist,” CBE Life
Sciences Education, vol. 14, no. 3, 2015. [Online].
Available: https://doi.org/10.1187/cbe.14-09-0141

K. H. Chun and Y. H. Lee, “Improvement of debate
competence: An outcome of an introductory course
for medical humanities,” Korean Journal of Medical
Education, vol. 28, no. 1, 2016. [Online]. Available:
https://doi.org/10.3946/kjme.2016.13

M. A. Al Mamun, M. Boyle, and M. A. Kalam Azad,
“Review of flipped learning in engineering education:
Scientific mapping and research horizon,” Education

© 2026 Logistics Journal: Proceedings — ISSN 2192-9084

Article is protected by German copyright law

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

DOI: 10.2195/lf_Proc_ruehmann_en_202610_01

and Information Technologies, vol. 27, pp. 1261-
1286, 2022. [Online]. Available: https://doi.org/10.
1007/s10639-021-10630-z

D. M. Battaglia and T. Kaya, “How flipping your
first-year digital circuits course positively affects stu-
dent perceptions and learning,” International Journal
of Engineering Education, vol. 31, no. 4, pp. 1126—
1138, 2015.

S. R. H. Hoole, S. Sivasuthan, V. U. Karthik,
and P. R. P. Hoole, “Flip-teaching engineering
optimization, electromagnetic product design, and
nondestructive evaluation in a semester’s course,”
Computer Applications in Engineering Education,
vol. 23, no. 3, pp. 374-382, 2015. [Online]. Available:
https://doi.org/10.1002/cae.21607

D. Scullyy, M. O’Leary, and M. Brown, The
Learning Portfolio in Higher Education: A Game
of Snakes and Ladders. Dublin, Ireland: Dublin
City University, Centre for Assessment Research,
Policy & Practice in Education (CARPE) and
National Institute for Digital Learning (NIDL), 2018.
[Online]. Available: https://www.researchgate.net/
publication/323390957 _The_Learning_Portfolio_in_

Higher_Education_A_Game_of_Snakes_and_Ladders

H. Yang and R. Wong, “An in-depth literature review
of e-portfolio implementation in higher education:
Steps, barriers, and strategies,” Issues and Trends in
Learning Technologies, vol. 12, no. 1, 2024. [Online].
Available: https://doi.org/10.2458/itlt.5809

A. S. Gerdtsson, “Learning portfolios as a tool for pro-
moting reflection in engineering education,” in Pro-
ceedings of the 13:e Pedagogiska Inspirationskonfer-
ens, Lund University, Faculty of Engineering (LTH),
2025.

D. T. Nicholson, “Enhancing student engagement
through online portfolio assessment,” Practitioner Re-
search in Higher Education Journal, vol. 11, no. 1, pp.
15-31, 2018.

U. Mohring, C. Jacobi, and K. Furmans, “Kom-
petenzorientiertes lehren und priifen in den inge-
nieurwissenschaften: Lehrkonzept der veranstaltung
materialfluss in logistiksystemen,” Zeitschrift fuer
Hochschulentwicklung, vol. 17, no. 1, 2022. [Online].
Available: https://doi.org/10.3217/zthe-17-01/04

C. Enke, M. Ruedt, L. Ohnemus, P. Schumacher,
H. Pang, and K. Furmans, “Application-oriented learn-
ing in engineering: A retrospective study on teaching
cyber-physical intralogistics systems,” in Logistics
Journal: Proceedings, 2025. [Online]. Available:
https://doi.org/10.2195/1j_proc_enke_en_202510_01

Page 12


https://doi.org/10.1108/ET-07-2020-0216
https://doi.org/10.1108/ET-07-2020-0216
https://doi.org/10.1111/bjet.12548
https://doi.org/10.1002/cae.22712
https://doi.org/10.1007/s11528-019-00375-5
https://doi.org/10.1007/s11528-019-00375-5
https://doi.org/10.1016/j.iheduc.2004.02.001
https://www.christenseninstitute.org/wp-content/uploads/2013/04/Classifying-K-12-blended-learning.pdf
https://www.christenseninstitute.org/wp-content/uploads/2013/04/Classifying-K-12-blended-learning.pdf
https://www.christenseninstitute.org/wp-content/uploads/2013/04/Classifying-K-12-blended-learning.pdf
https://doi.org/10.1187/cbe.14-09-0141
https://doi.org/10.3946/kjme.2016.13
https://doi.org/10.1007/s10639-021-10630-z
https://doi.org/10.1007/s10639-021-10630-z
https://doi.org/10.1002/cae.21607
https://www.researchgate.net/publication/323390957_The_Learning_Portfolio_in_Higher_Education_A_Game_of_Snakes_and_Ladders
https://www.researchgate.net/publication/323390957_The_Learning_Portfolio_in_Higher_Education_A_Game_of_Snakes_and_Ladders
https://www.researchgate.net/publication/323390957_The_Learning_Portfolio_in_Higher_Education_A_Game_of_Snakes_and_Ladders
https://doi.org/10.2458/itlt.5809
https://doi.org/10.3217/zfhe-17-01/04
https://doi.org/10.2195/lj_proc_enke_en_202510_01

Hannah Riihmann, ML.A., Teaching Assistant at the Insti-
tute for Material Handling and Logistics (IFL), Karlsruhe
Institute of Technology (KIT).

Hannah Riihmann was born in 1998 in Hannover. Be-
tween 2020 and 2022, she studied Education at KIT and
now heads the student production team, bringing the per-
spective that made the redesign work and made teaching it
enjoyable again.

Etienne Hoffmann, M.Sc., Research Associate at the In-
stitute for Material Handling and Logistics (IFL), Karlsruhe
Institute of Technology (KIT).

Etienne Hoffmann was born in 1995 in Homburg (Saar).
Between 2014 and 2022 he studied Mechanical Engineer-
ing at KIT, has been with the IFL since then and leads the
HYLEING project, motivated by the conviction that enjoy-
ing teaching and having time to prepare it should not be
mutually exclusive.

Prof. Dr.-Ing. Kai Furmans, Head of the Institute for Ma-
terial Handling and Logistics (IFL), Karlsruhe Institute of
Technology (KIT).

Kai Furmans was born in 1960 and studied Industrial
Engineering in Karlsruhe, followed by a doctoral degree and
habilitation. After nine years in industry, he has led the in-
stitute since 2005, guided by the advice his predecessor Di-
eter Arnold gave him on taking office: to give people free-
dom. Applied to teaching, this turns out to mean handing
the lecture over to the students and being curious about what
comes back.

Address: Institute for Material Handling and Logistics
(IFL), Karlsruhe Institute of Technology (KIT), Karlsruhe,
Germany.

© 2026 Logistics Journal: Proceedings — ISSN 2192-9084

Article is protected by German copyright law

DOI: 10.2195/lf_Proc_ruehmann_en_202610_01

Page 13



	Introduction
	Theoretical Background on Hybrid Teaching
	Hybrid and Blended Learning
	Flipped Classroom in Engineering Education
	Competence-Oriented Learning
	Learning Portfolios and Student Participation

	Project Context and Initial Challenges
	Development of the Hybrid Teaching Concept
	Requirements Analysis
	Digital Self-Learning Modules
	On-Campus Modules
	Student Involvement and Co-Creation

	Evaluation and Results
	Pilot Implementation
	Evaluation Approach
	Results
	Acceptance and Student Workload
	Theory-Practice Connection and Participation
	Transfer and Lecturer Workload


	Discussion
	Coupling, not Digitisation
	Sustainability as a Design Criterion
	Limitations

	Conclusion and Outlook



