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About the Journal

Due to the sudden and huge restrictions in
face-to-face teaching brought about by the
Corona pandemic starting with the summer
term 2020, an unprecedented change and
renewal of teaching formats has occurred.
Even though these changes were forced by
the restrictions due to the pandemic, the
experiences and concepts that were
developed are of enormous value for a
renewal of teaching towards modern,
digitally supported forms of teaching and
learning and towards more competence-
oriented learning. At the beginning of the
winter term 2020/21, a conference entitled
"Lessons Learned - Spin Offs of a Digital
Semester" was held at the Faculty of
Mechanical Engineering at the Dresden
University of Technology to support this
renewal through the exchange of
experiences. A conference series has
emerged from this first conference and at the
same time the journal "Lessons Learned" was
launched. The aim of this journal is to discuss
new forms of teaching and learning not only
in the mathematical and natural sciences and
technical sciences, but far beyond in all
subject disciplines and thus to create a
platform where teachers can inform
themselves about new concepts and adapt
them for their own teaching.

The journal is deliberately published in two
languages, both to make the experience
gained accessible to an international
audience and to ensure that the linked
examples are accompanied by a text in the
language of instruction in which they were
produced. This means no additional work for
the authors, as articles can be submitted in
either German or English. Once an article has
been accepted, the journal translates it into
the other language, so that the authors only
have to proofread the translated article.
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Editorial

With Volume 5, Issue 2, Lessons Learned presents the first thematic special issue in the history
of the journal. This issue is dedicated to the completion of the virTUos project at TU Dresden
and brings together the insights, experiences, and reflections developed throughout the project
within a shared publication framework.

Over the course of its duration, the virTUos project has exemplified a practice-oriented yet aca-
demically grounded engagement with digital and hybrid teaching and learning formats. The con-
tributions developed within the project range from conceptual considerations and methodologi-
cal approaches to concrete experiences in implementation and evaluation. The aim of this special
issue is not only to document these results, but also to make them accessible to a broader schol-
arly discourse.

With this volume, Lessons Learned deliberately enters new territory. As the first special issue of
the journal, Volume 5, Issue 2 marks an important step in its ongoing development. Thematic is-
sues make it possible to examine related questions in greater depth and to bring together di-
verse perspectives within a clearly defined thematic framework. At the same time, the journal's
core principles—openness, reflection, and a strong connection to practice—remain unchanged.

We would like to thank all authors whose contributions make this special issue possible, as well
as all members of the virTUos project for their commitment and their willingness to systemati-
cally reflect on and share their experiences. With this volume, Lessons Learned aims to make a
lasting contribution to the discussion on innovative teaching and learning formats while also giv-
ing visibility to the conclusion of a distinctive and impactful project.

The substantive foreword to this special issue can be found in the first article by Henriette Greu-
lich and Alexander Lasch, From Testing to Prospectives - virTUos at TU Dresden.

Stefan Odenbach
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A special edition on the
virTUos project at TU
Dresden—this covers the
entire range of subjects
from the humanities to
medicine to engineering
and encompasses digital,
hybrid, and face-to-face
aspects in equal meas-
ure. At the same time, it
shows how well different
subject cultures can
learn from each other in
teaching.
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R.C. Schuppe, A. Lasch
Digital Herrnhut: From virtual excursions to complex
blended learning setups
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From testing to prospects - virTUos at TU Dresden

H. Greulich™, A. Lasch?

! Project Manager virTUos, Director of the Center for Interdisciplinary Learning and Teaching (ZiLL)
2 Project Manager virTUos, Chair of German Linguistics and Language History, Institute for German Studies and Media Cultures,
Faculty of Language, Literature, and Cultural Studies, TU Dresden

Abstract

This anthology marks the conclusion of the virTUos project - virtual teaching and learning at TU
Dresden in an open source context, which was funded between 2021 and 2025 by the Founda-
tion for Innovation in Higher Education as part of the "Strengthening University Teaching
through Digitalization" funding line. The volume brings together key developments and findings
from the subprojects, traces their diverse disciplinary perspectives, and shows how new ideas
and solutions took shape in collaborative work with our partners. As a supplement to the already
published Open Educational Resources (OER), the documented Open Educational Practices
(OEP), and the virTUos Prospectives white paper, it offers a coherent framework and an over-
arching conceptual classification.

Der vorliegende Sammelband markiert den Abschluss des Projektes virTUos - virtuelles Lehren
und Lernen an der TU Dresden im Open Source-Kontext, das zwischen 2021 und 2025 im Rah-
men der Férderlinie ,Hochschullehre durch Digitalisierung starken” durch die Stiftung Innova-
tion in der Hochschullehre geférdert wurde. Der Band fuhrt zentrale Entwicklungen und Er-
kenntnisse aus den Teilprojekten zusammen, zeichnet deren fachlich vielfaltige Perspektiven
nach und zeigt, wie sich im kollaborativen Arbeiten mit unseren Partner:innen neue Ideen und
Loésungen formten. Als Erganzung zu den bereits publizierten Open Educational Resources
(OER), den dokumentierten Open Educational Practices (OEP) sowie dem Whitepaper der vir-
TUos-Prospektiven bietet er einen zusammenhangenden Rahmen und eine Ubergreifende kon-
zeptionelle Einordnung.

*Corresponding author: henriette.greulich@tu-dresden.de This article was originally submitted in German.
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1. Project developments

The higher education landscape is facing fun-
damental challenges that go far beyond the
need for pure digitalization. There is still a
need to promote a resilient and flexible univer-
sity culture that not only follows and keeps
pace with global and national developments,
but also offers opportunities for active partici-
pation. The virTUos project was designed to ad-
dress the question of how collaborative, inter-
disciplinary, and transdisciplinary teaching and
learning in project structures can contribute to
this under the conditions of the digital trans-
formation of the educational landscape.

One of the success factors of virTUos was the
broad-based interdisciplinary collaboration or-
ganized within the structure. Nine individual
projects were located in four different faculties
(Linguistics, Literature, and Cultural Studies;
Carl Gustav Carus Faculty of Medicine; Me-
chanical Engineering; Economics) and the Cen-
ter for Interdisciplinary Learning and Teaching
(ZiLL) and were supported by the practice and
transfer partners, Dresden International Uni-
versity (DIU) and the Saxon State Library -
Dresden State and University Library (SLUB).
This division was strategically motivated: it en-
sured that the didactic and technological con-
cepts developed were tested under a maxi-
mum variety of requirements. This is because
the challenges in the Medical Faculty, for ex-
ample in establishing clinical simulations and
examination courses, are fundamentally dif-
ferent from the requirements of the humani-
ties for virtual excursions or media compe-
tence development. At the same time, virTUos
tested a new approach to collaboration be-
tween central and decentralized structures at
TU Dresden, which generated far-reaching
added value through close cooperation be-
tween departments, the ZiLL, and external
partner institutions - which was shared with
the public: While the Hybrid Labs (2022 and
2023) were more project-oriented workshops
open to a topic-specific audience, the confer-
ences "Spaces & Learning Worlds - Perspec-
tives on the Design of University Teaching"
(DIU, November 2023) and "OER Dissemina-
tion - Symposium of the virTUos Project"
(SLUB, November 2024) conferences ad-
dressed a national and international audience.
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Each subproject pursued specific goals and ad-
dressed different needs: DigitalHerrnhut and
ExDiMed were based at the Faculty of Lan-
guage, Literature, and Cultural Studies (SLK).
DigitalHerrnhut focused on the use of virtual
excursions as learning venues for international
teaching and learning collaborations. The
added value of these excursions lies in partic-
ular in overcoming barriers, giving students ac-
cess to special historical or cultural contexts
that are physically difficult to access. ExDiMed
(Experimental Space for Digital Media Compe-
tence) was dedicated to teaching basic media
skills to humanities scholars and, in particular,
to the question of how they can be introduced
to programming more easily and in a self-
learning module. The trial was conducted over
several semesters with great success, includ-
ing in the master's program "Digital Humani-
ties." At the Carl Gustav Carus Medical Faculty,
the TelePresence and HybParc subprojects fo-
cused on different problem areas:
TelePresence aimed to provide training oppor-
tunities even when physical presence is impos-
sible, limited, or inefficient in everyday clinical
practice, in order to maintain high training
standards through flexible digital support. Hy-
bParc (hybrid interactive self-learning, training,
and examination courses) aimed to modernize
assessment and training tools in order to offer
students flexible, individual learning paths and
thus be able to tailor learning content and
training intensity more closely to their individ-
ual needs. PraktikaHybrid at the Faculty of Me-
chanical Engineering, very similar in its basic
approach to the TelePresence subproject,
dealt with hybrid co-presence in real experi-
mental settings and the question of how the
relevance of physical experiences can be con-
veyed in digitally supported internship envi-
ronments. The Faculty of Economics was home
to the subproject

DikoLint (digital, collaborative learning in inter-
national teaching) project, which further devel-
oped the concept of virtual collaborative learn-
ing (VCL) and thus collaborative learning under
digital conditions in international contexts, co-
operating closely with DigitalHerrnhut. Two
developments at the Center for Interdiscipli-
nary Learning and Teaching (ZiLL), Tutoring Hy-
brid and sTUDents, formed the framework.
With these two projects, ZiLL took on a central
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role in scaling the didactic solutions developed
from the individual projects. Tutoring Hybrid
focused on the professionalization and stand-
ardization of hybrid support structures and
student teaching contexts by developing, test-
ing, and implementing programs for tutors.
sTUDents (student-oriented digital learning
and teaching) ensured that all developments in
virTUos were actively shaped by students ac-
cording to the principle of "students as part-
ners" and that digital skills were addressed
across disciplines. This approach, which makes
students partners in development, testing, and
evaluation, showed that working on an equal
footing guarantees acceptance, practical rele-
vance, and target group relevance of the devel-
oped offerings. The successful implementation
of digital solutions in such divergent subject
cultures, with the involvement of university di-
dactics, revealed the strengths and weak-
nesses of specific solutions in stress tests - and
is thus one of the central findings of virTUos:
We must open up spaces for experimentation
in the academic context and work together on
a progressive culture of error.

2. Prospects

These experiences have led to the develop-
ment of prospects for digital teaching at TU
Dresden. Originally referred to as the HYBRID
strategy, we now see it as a comprehensive ori-
entation for a university that wants to develop
into a flexible, didactically sound, and inclusive
learning and living space. The prospects iden-
tify various fields of action: orchestrated net-
working, cultural and social change, work-life-
learn balance, society and community, didac-
tics, campus life, study organization, and
teaching room equipment. The key messages,
which are also addressed in the sub-project re-
ports, are summarized here for better under-
standing.

Universities are flexible learning spaces.
Therefore, blended learning formats should be
used widely as a combination of face-to-face
and digital formats. The expansion of asyn-
chronous teaching and learning offerings cre-
ates temporal and spatial flexibility, which on
the one hand promotes the compatibility of
studies and other commitments, and on the

Lessons Learned | Volume 5 (2025) | Issue 2

other hand creates the conditions for, for ex-
ample, a consistent and more interactive pro-
ject orientation in face-to-face courses. To en-
sure learning success, didactically sound ap-
proaches are pursued and further training is
offered for teachers. Against the backdrop of
the opportunities that have opened up over
the past two years through generative Al
(GenKl), adaptive learning systems for person-
alized learning paths, flexible teaching design,
and automated feedback should also be con-
sidered in the future. Universities also pro-
mote lifelong learning through barrier-free ac-
cess to continuing education opportunities
and their recognition.

The organization of studies is geared towards
individual flexibility. This includes the simplifi-
cation and digitization of administrative pro-
cesses (process, course, and exam manage-
ment) in central systems. Greater modulariza-
tion is supported by flexible "container" and
project modules to promote interdisciplinary
and practical teaching. In addition, barrier-free
borrowing of teaching materials is guaranteed.
The aim of these measures is to enable stu-
dents to complete their studies within the
standard period of study despite impairments,
especially in cases of particular hardship.

Equal opportunities and inclusion are key prin-
ciples for universities. Communication is open,
respectful, inclusive, accessible, and gender-
neutral. An onboarding semester for all stu-
dents is recommended, which includes con-
tent on good scientific practice and conflict res-
olution. To anchor diversity issues, the repre-
sentatives for inclusion, equality, and students
with disabilities are mandatorily involved in
teaching development.

The university is a networked education and
research space where the goal is collaboration
in "communities of practice." Regular ex-
change with external partner institutions (busi-
ness, politics, society, schools) will be estab-
lished to better coordinate knowledge trans-
fer. Campus life is designed to be sustainable,
inclusive, and lively—green, car-free in core ar-
eas, with weather-protected outdoor work-
spaces and bicycle-friendly infrastructure.
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3. Thanks

The success of virTUos is inextricably linked to
the extraordinary commitment of numerous
stakeholders. In addition to the university
management of TU Dresden and the teams at
our partner institutions DIU and SLUB, we
would like to express our special thanks to the
members of the Advisory Board Prof. Dr. Bern-
hard Marschall, Dr. Julia Meyer, Prof. Dr. An-
dreas Schadschneider, Prof. Dr. Friedemann
Vogel, and Prof. Dr. Bianca Watzka for their ad-
vice and supportive ideas, as well as the sub-
project leaders in Dresden, Prof. Dr. Simon
Meier-Vieracker, Prof. Dr. Stefan Odenbach,
Prof. Dr. Ingo Réder, and Prof. Dr. Eric Schoop
for their willingness to engage in cross-discipli-
nary, constructive, and unconventional collab-
oration.

Together with the research assistants involved
in the projects, we are delighted with the excel-
lent and sustainable results, which, thanks to
their continuous and valuable project work,
are reflected not only in their theses, but also
in an impressive portfolio of teaching and
learning ideas, formats, and materials that will
continue to exist beyond the end of the pro-
ject: Mattis Altmann, Eva Bibrack, Dr. Yannick
Frommherz, Christina Hirsch, Martin Hirsch,
Hanna Hoffmann, Dr. Anne Jantos, Lydia Kilz,
Peter Klausing, Maike Krohn, Katja Krumm, Dr.
Lisa-Marie Langesee, Melanie Ludwig, Florian
Mauersberger, Hanna Moéllhoff, Josefin Muller,
Claudia Perge, Kerstin Petr, Michelle Pippig, Dr.
Doreen Pretze, Anne Rdhle, Beatrice Schlegel,
Sebastian Schmidt, Robert C. Schuppe, Jette
Schwick, Pauline Thamm, Nelli Ukhova, Caro-
line Wermann, and Marie-Christin Willemer.

They were actively supported by our student
assistants Stefanie Backasch, Victor Berger,
Gustavo Enrique Barrios Berlioz, Charlotte
Daub, Mayalena Echevin,  Alexander
Grohmann, Sabrina Héansel, Nick Heidmann,
Victoria Helbig, Laura Hilse, Nora Hofmann,
Svenja Houser, Paul Florian Kipke, Luisa Klatte,
Levin Leidholdt, Eliah Lohr, Jonas Mailach,
Anne Josephine Matz, Johann Michels, Gregor
Mitzka, Clara Muller, Flora Anne Henriette
Neils, Tom Quast, Johannes Reimer, Thomas
Tobija Richter, Jérdis R6dmer, Ruslan Sadretdi-
nov, Josefine Salomo, Paula Sambale, Marleen
Schindler, Tom-Maurice Schreiber, Anne
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Seipel, Celina Stransky, Sonja Werner, Alexan-
der Wessels, and Marlene Wolf, without whom
many project and networking ideas would not
have been realized.

This also applies in particular to our coordina-
tors Sarah Elser and Dr. Ekkehard W. Haring,
and thus to all non-academic staff in central
and decentralized administration who knew
how to implement our project and many un-
conventional ideas and requirements.

To all of you: you were, are, and remain virtuo-
sos. Thank you.
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3 Dresden University of Technology, Carl Gustav Carus Faculty of Medicine, Institute for Medical Informatics and Biometry (IMB),
Dresden, Germany
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Abstract

Telepresence robots (TPR) allow students to participate actively in medical education despite
physical absence. Compared to purely online teaching, they enhance social presence by enabling
controlled mobility and interaction in discussions and group work.

Within the virTUos project, TPR were used at the Medical Interprofessional Training Center
(MITZ) of the Dresden Faculty of Medicine in seminars and compulsory courses. Students valued
the independent control and direct interaction with teachers and peers. However, technical
issues such as unstable Wi-Fi, limited fields of view, and audio-video delays occurred.

As a complementary solution, a pan-tilt-zoom (PTZ) camera system was developed. Although not
mobile, it proved to be more stable and cost-effective.

Overall, telepresence systems support equal opportunities and are particularly suitable for
practice-oriented learning. Their effective use depends on reliable infrastructure, clear guidance,
and active support from teachers and students. TPR therefore represent an inclusive tool with
potential beyond medical education.

Teleprasenzroboter (TPR) ermoglichen Studierenden eine aktive Teilnahme an der
medizinischen Lehre trotz physischer Abwesenheit. Im Vergleich zur reinen Online-Lehre
erhohen sie die soziale Prasenz durch steuerbare Mobilitat und Interaktion in Diskussionen und
Gruppenarbeiten.

Im Projekt virTUos wurden TPR am Medizinischen Interprofessionellen Trainingszentrum (MITZ)
der Medizinischen Fakultat Dresden in Seminaren und Pflichtveranstaltungen eingesetzt.
Geschatzt wurden die selbststandige Steuerung sowie der direkte Kontakt zu Lehrenden und
Mitstudierenden. Gleichzeitig traten technische Probleme wie instabile WLAN-Verbindungen,
eingeschrankte Sichtfelder und Ton-Bild-Verzégerungen auf.

Ergédnzend wurde ein Pan-Tilt-Zoom-(PTZ)-Kamerasystem entwickelt, das zwar nicht mobil, aber
stabiler und kostengtinstiger ist.

Insgesamt fordern Teleprasenzsysteme die Chancengleichheit und eignen sich besonders fur
praxisnahe Lehrformate. Voraussetzung sind eine zuverldssige Infrastruktur, klare
Einweisungen und die aktive Unterstutzung durch Lehrende und Studierende. TPR sind damit
auch Uber die medizinische Ausbildung hinaus ein inklusives Instrument.

*Corresponding author: marie-christin.willemer@tu-dresden.de This article was originally submitted in German.
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1. Background

Attending classes is a central part of
studying—both  for acquiring specialist
knowledge and for building social contacts.
However, students cannot always be physically
present for various reasons, e.g., acute or
chronic illness, maternity leave, childcare, or
limited mobility. Longer or repeated absences
can delay the course of study. Universities are
therefore faced with the challenge of
integrating learners into everyday student life
despite physical distance and enabling social
and academic participation. Purely digital
distance learning only partially meets these
requirements: although it provides access to
content, it reduces social presence and can
thus weaken learning outcomes and the
mental well-being of students. This problem
became particularly apparent during the
coronavirus pandemic: almost 80% of students
said they missed personal interaction with
fellow students, and 63% reported a lack of
contact with teachers [1]. Restrictions on
everyday university life not only affected
academic aspects, but also social identity,
mental health, and quality of life [2].

Ffé

k

Fig. 1: Telepresence robot (TPR) at the Medical
Interprofessional Training Center (MITZ).

This is where telepresence robots (TPR) come
in. They represent a promising technological
advancement  over  traditional video
conferencing  systems: mobile  devices
equipped with a webcam, microphone,
speaker, and screen that can be controlled
remotely by another person. This allows
students to not only follow the content despite
their physical absence, but also to actively and
interactively participate in class [3]. Unlike

5-2/2-2

conventional systems, TPR enable a higher
level of social presence: thanks to their
mobility and visibility, the remote operators
are more closely involved in the teaching
situation and can participate in the action
independently, albeit to a limited extent. This
creates a more intense feeling of "being there"
and participation, which is particularly relevant
for longer periods of absence. A key advantage
is self-control: students can navigate the robot
themselves in the room and decide where to
focus their attention. This promotes autonomy
and interaction beyond the mere reception of
content. Particularly valuable is the ability to
move around in discussion groups, make eye
contact, and participate in informal exchanges
with fellow students—aspects that traditional
video conferencing can hardly replicate.

Research confirms the potential of this
technology. University staff and students rate
its use as overwhelmingly positive, especially
in terms of inclusion, interactivity, and social
presence [3, 4]. Positive experiences with TPR
can also be observed in other areas of
education: for example, children with cancer
were able to continue attending classes during
their treatment and avoid social isolation with
the help of these devices [5]. Chronically ill,
homebound children in the US were also able
to actively participate in school life in this way
[6].

These examples illustrate that TPR can make a
valuable contribution when participation is not
possible. Against this background, the Medical
Interprofessional Training Center (MITZ) of the
Carl Gustav Carus Faculty of Medicine (MFD)
investigated the extent to which this
technology can also be used in university
teaching—especially in medical education—as
part of the virTUos project at the Carus
Teaching Center (Carl).

2. Project development

Relevance of the manufacturer for the selection of
the TPR

Trust in the technical solution played a central
role in the selection of the robot model used.
A paper by "Hu" and colleagues emphasizes
that this is a basic prerequisite for the
acceptance of TPR in university teaching [7]. It
is particularly relevant because sensitive data

Lessons Learned | Volume 5 (2025) | Issue 2
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such as audio and video transmissions are
processed during use. Compliance with data
protection regulations was therefore a
mandatory criterion for our institution.
Specifically, this meant that server service
providers had to be subject to the GDPR or,
alternatively, end-to-end encryption of all
transmitted data had to be guaranteed. Only
providers who could ensure these framework
conditions technically and organizationally
were considered for use.

Model selection and technical specifications

We decided to use the UBBO Expert from AXYN
Robotique because it meets data protection
and security requirements and also impresses
with its technical features.

The UBBO Expert as a TPR (approx. 1.60 m
high, 21 kg weight) is equipped with:

* 13.3-inch HD touchscreen
+ Movable camera with large pan/tilt range
* LED panel for nonverbal signals

+ Stereo speakers and microphone for
bidirectional interaction

+ Three wheels (two motorized), cornering
and turning on the spot

+ Browser-based control (PC, tablet, smart-
phone), no additional software required

+ Speed: up to 1 m/s, battery life approx. 8
hours

+ Step and collision sensors

* 4G-enabled for independent operation of
Wi-Fi

Close contact with the manufacturer proved to
be crucial for successful deployment. Technical
problems could be quickly resolved on site and
questions answered directly. This not only
increased availability in teaching operations,
but also strengthened confidence in the data
security and reliability of the solution.

Fig. 2: Screen view of a participant

Lessons Learned | Volume 5 (2025) | Issue 2

Integration into various learning scenarios

UBBO Expert was first used in peer teaching
formats in rotation training at MITZ, including
practical and communication stations. The
training comprised full-day sessions in several
rooms and on several floors, allowing students
to experience different learning environments.
In small groups of about six people, the robot
was used specifically for students who were
unable to  participate  physically or
organizationally - for example, due to mobility
restrictions, illness, pregnancy, or childcare.

| 7w
W 1 ol
N N ‘("

Fig. 3: TPR in the practical teaching unit on
transfusion at MITZ.

ﬁé

In addition, TPR was tested in seminars,
internships, and compulsory courses in human
medicine, including anatomy, physiology,
virology, nuclear medicine, radiation therapy,
and communication seminars. In these
settings, the robot enabled the remote-
controlling students to actively participate in
discussions, group work, and practical
exercises, to work on learning content, and to
ask direct questions. This also facilitated
spontaneous conversation between students
in small groups.

Particular challenges arose with larger groups,
room changes, and floor transitions, as the
robot has a limited field of vision. There were
also difficulties in  overcoming small
thresholds. Technical problems such as
audio/video latency, Wi-Fi disconnections, and
limited zoom and camera resolution were
observed, but these were partially offset by
targeted support, alternative streaming
solutions (e.g., Zoom), and the use of mobile
data connections.

5-2/2-3
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Fig. 4: TPR in the virology lab practical.

Briefing participants, attendees, and lecturers

using TPR
To ensure the smooth use of TPR, participants
received specific instruction in advance. Basic
information was provided by email and
included:

* Quick start guide for dialing in and
operating TPR

+ Technical requirements

+ Tips for effective communication via TPR

+ Schedule information

« Alternative communication channel in case
of TPR failure (e.g., the TU-hosted chat
platform Matrix Elements)

A brief introductory meeting was held before
the start of the course. Technical functions
were tested, volume was adjusted, and
participants were familiarized with the driving
dynamics of the TPR.

Attendees and instructors were also informed
about the use of the TPR. Special attention was
paid to changing rooms and floors, as this
often causes problems: the robot's limited
field of vision makes orientation difficult, and
the connection can be interrupted when
changing Wi-Fi access points or using the
elevator. Those present were trained to
actively support the TPR, e.g., by avoiding
collisions or facilitating elevator use. At the
same time, communication, helpfulness, and
inclusion were discussed. The tutors received
additional tips on integrating the TPR into
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lessons, particularly on task distribution and
active involvement in discussions.

Intensive support and observation protocols

During the pilot phase, individual support for
each participant was necessary due to a lack of
reliable data on technical reliability. Systematic
observation protocols were kept during this
phase. Important findings included the
following:

+ The LED display of the TPR was rarely used.

+ The TPR shows difficulties in overcoming
thresholds.

* The limited response time due to latency
restricts interaction in teaching scenarios
with fast question/answer rhythms.

+ Students position the TPR specifically to
keep tutors and relevant points of interest
optimally visible.

+ Frequent queries about transmission

quality were observed.

PTZ system as a supplement

Based on these observations, an alternative
system was developed that is based on a PTZ
(pan-tilt-zoom) camera. In combination with a
Windows laptop, the "Zoom" video
conferencing software, a compact conference
audio system, and two power banks, the
system functions as a mobile video
conferencing setup. Mounted on a rollable
table, the system remains flexible in terms of
location, while the autonomous driving
function is omitted in favor of technical
stability. The remote-controlled axis alignment
can be used by participants via the "Zoom"
feature "far-end Camera Control."

Fig. 5: Setting up a PTZ system on a mobile table.

|
4 |
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The PTZ system uses inexpensive standard
components that can be flexibly exchanged or
expanded. It can be easily adapted to different
teaching and room configurations. The
manufacturer-independent design in terms of
hardware and software facilitates further
development and avoids dependencies on
individual suppliers.

3. Evaluation results

Evaluation of TPR use

The use of TPR was evaluated in all
participating groups - students, lecturers, and
participants in external events. Participation
was rated positively by the majority: around
79% of participants rated the opportunity as
"good" to "very good." The main reasons for
use were illness, quarantine/isolation, physical
distance, or childcare responsibilities. The TPR
was found to be intuitive to use; short test runs
or briefings in advance were rated as helpful.

Fig. 6: LEGO® ramp for overcoming thresholds.

Technical problems occurred in about one-
third of cases, in particular  Wi-Fi
disconnections, sound problems
(reverberation, echo, motor noise), image
quality issues, and control delays. These could
usually be resolved by restarting the system or
with support from teachers/technical staff.
Those present reported that communication
worked well for the most part, especially in
small groups or quiet conversation situations.
Challenges arose when several people spoke
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at the same time. Barriers such as small
thresholds or steps were overcome by
specially made LEGO® ramps, which were
individually adjusted to the height of the
respective steps.

The use of TPR enabled students to actively
participate in discussions, group work, and
exercises, work on learning content, and ask
direct questions despite their physical
absence. Suggestions for improvement related
to sound/video quality, (optical) camera zoom,
more stable Wi-Fi connections, more sensitive
controls, and short test runs before the event.

Advantages and disadvantages of the systems
used

As part of the evaluation, the characteristics of
the TPR/PTZ systems were compared. This
revealed different strengths and weaknesses
that should be taken into account when
choosing the appropriate system for teaching
courses. Table 1 in the appendix provides a
compact overview of the most important
advantages and disadvantages of both
systems.

Handouts for TPR/PTZ in OER

During the pilot phase, instructions for using
the systems were created. These include step-
by-step instructions for preparing, setting up,

operating, and maintaining the systems,
including information on technical
configuration and the wuse of mobile

connections. The materials are designed to be
practical in order to support teachers and
students in their use. All instructions are
available on the OER platform Twillo and can
be freely accessed, downloaded, and adapted
for your own teaching.

Fig. 7: QR code for the Twillo telepresence
collection.
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Exchange with the Veterinary Medicine
Department in Leipzig

As part of the dissemination process, an
interdisciplinary exchange took place with the
Faculty of Veterinary Medicine at the University
of Leipzig.

Fig. 8: TPR in veterinary medicine in Leipzig.

TPR was used in the slaughterhouse, sausage
factory, and seminar rooms. Students rated
their participation via TPR as predominantly
positive; image and sound quality were rated
as good, and communication was largely
equivalent to  face-to-face  situations.
Limitations arose in particular with navigation
and dealing with hygiene requirements.

Conference contributions

The  experiences  were  systematically
documented, published, and disseminated via
specialist networks. The publication "Practical
teaching goes digital - are we all on board?"
[10] shows that telepresence not only enables
digital teaching formats, but also specifically
promotes equal opportunities and
participation. The results were presented in
several lectures, poster contributions, and on
e-teaching.org, which enabled interdisciplinary
exchange and practical implementation in
various departments.

The results were also presented in several
national and international lectures. These
include "Lessons Learned 2021" [11], the 2022
annual conference of the Society for Medical
Education (GMA) [12], and the 2024 Human
and Computer Conference under the title
"Telepresence in Medical Education - From the
Path of Participation for the Disadvantaged to
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the Benefit for All." A poster presentation at
the 64th Working Conference of the DVG's
"Food Safety and Consumer Protection"
working group in 2024 dealt with the use of
TPR specifically in the veterinary context and
highlighted its practical implementation and
evaluation.

In addition, the findings were published on the
e-teaching.org platform under the title "Hybrid
Teaching Concepts with Telepresence Robots"
[13]. As part of the "Digital Inclusion Network
Meeting," an interdisciplinary exchange took
place in which the participation of different
departments in teaching through telepresence
systems was discussed. This variety of formats
not only promoted scientific discussion, but
also strengthened the direct practical
relevance: teachers gained insights into
possible applications, technical requirements,
and didactic integration, while students
benefited from improved access to teaching.

4. Discussion

The evaluation of the use of TPR in medical
teaching shows a mixed picture: on the one
hand, experience confirms the great potential
of the technology, but on the other hand,
significant  technical and organizational
challenges are becoming apparent.

Limitations of the evaluation

Our evaluation is not without limitations: the
sample was limited, participation was
voluntary, and the feedback may have been
influenced by positive expectations of the
innovative technology. In addition, long-term
effects and the sustainability of the use were
only indirectly recorded.

Proven and less proven aspects of the TPR system

The use of the TPR system showed both clear
advantages and some challenges. Particularly
positive is the participant satisfaction: students
who used the TPR rated their experiences as
100% positive, and 57.1% also found its use to
be a relief. Despite physical separation, a sense
of involvement was also successfully
conveyed, as users reported being actively
involved in the proceedings. Another success
factor was didactic integration: targeted
training and embedding of the technology in
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the teaching processes proved to be crucial for
learning success.

Some technical and organizational aspects
were less convincing. Over 75% of TPR users
and 83% of those physically present reported
technical problems, such as poor sound
quality, connection interruptions, or operating
difficulties. In addition, acceptance among
those present was rather reserved. They found
the technology disruptive. Finally, the PTZ
system proved to be a very good alternative to
a mobile TPR despite its limited mobility,
thanks to its excellent image and sound
quality, especially for teaching situations
where mobility is less crucial.

Comparison with the literature

Our observations are largely consistent with
the existing literature. As Ahumada-Newhart
and Olson (2019) [6] report, they also
encountered technical problems, including
unstable  Wi-Fi connections, connection
interruptions, and difficulties with navigation,
control, and interaction. Participants and
teachers sometimes had to intervene to
provide support.

In addition, our evaluation results confirm the
statements of Trittin & Blumenthal (2024) [8]:
TPR increase social presence, enable the
participation of students with limited mobility,
and promote interaction compared to video
conferencing, but still lag behind face-to-face
teaching. Stable technology, the active
involvement of remote participants, and
didactic measures such as clear objectives and
hybrid group work are crucial for successful
implementation.

The training and preparation of teachers and
students proves to be a critical interface
between potential and practical
implementation. Leoste et al. (2022) [9] show
that although TPR is predominantly rated
positively in terms of social presence,
inclusion, and interactivity, there are also
hurdles such as high costs, technical problems,
and lack of experience. Targeted training,
investment in infrastructure, and further
research are necessary to fully exploit the
potential of TPR in a higher education context.
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5. Conclusion

The use of TPR enables students to actively
experience medical education despite their
physical absence. This principle of hybrid
participation can be transferred to many other
degree programs, especially those that focus
on practical exercises or group work. Another
key aspect is the do-it-yourself approach with
freely selectable software: the use and further
development of freely accessible systems,
such as the PTZ system via Zoom, allows even
smaller institutions to introduce hybrid
teaching formats without the need for high
investments in proprietary systems. Finally,
the project demonstrates clear transferability
to other subjects: initial experiences with
telepresence  systems  in mechanical
engineering show that the concept is relevant
far beyond medicine and can be adapted for
laboratories, practical training, or practical
exams, for example.

It should be particularly emphasized that the
willingness of lecturers and students to
participate already plays a significant role in
the success of such projects and is of great
importance for the successful implementation
of hybrid teaching formats. Overall, experience
shows that telepresence systems are a
sustainable, inclusive, and practical tool that
can increase equal opportunities in medical
education and effectively support innovative
teaching formats.

Technology alone does not create
participation - didactic concepts, technical
support, and the conscious use of hybrid
attendance are crucial.
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Table 1 Comparison of the TPR and PTZ systems based on various criteria

Criteria

Telepresence Robot (TPR)
(Modell: Ubbo von Axyn Robotique)

PTZ-System

Mobility

Interaction
Operation
Technical Stability

Audio /Video Quality

Flexibility /Customization

Support Effort
Data Protection
Costs

Practical Exercises

Special Features
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Autonomous; students can move independently in the
room; limited navigation when obstacles are present

High level of interaction and informal exchange
Intuitive, often “one-click”; short introduction required
Dependent on WiFi; audio/video latency possible

Good; insufficient for highly detailed visualization

No custom modifications possible due to closed system

High (training, technical support)
European servers, compliant
Higher; specialized system

Limited comparability to in-person presence

All-in-one software incl. control; limited multi-user
support

No autonomous movement; mobile only via a rolling cart

Limited interaction; high degree of informal exchange
Setup required; active configuration necessary
Technically stable; fewer connectivity issues

Very good; very well suited for detailed visualization

Modular, manufacturer-independent, easily expandable
Lower
Local control, compliant

More affordable; standard hardware usable

Not mobile; therefore, limited direct participation in
exercises

Remotely controllable camera (“far-end control”);
individually replaceable components
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Abstract

The aim of the DigitalHerrnhut project was to digitally index and didactically prepare the exten-
sive, interdisciplinary knowledge archives of the Moravian Church within the framework of digi-
tally supported university teaching. The core activities included the creation of virtual excursions,
on the basis of which four immersive self-learning modules were developed as Open Educational
Resources (OER) and combined with subject-related case studies in blended learning seminars
to promote practical and collaborative skills. In addition, ImagoFolio was developed in the con-
text of the project, a cost-effective, mobile digitization setup that has been successfully used in
teaching and in international collaborations, for example in South Africa, to digitize tens of thou-
sands of manuscripts. The text sources thus made available formed the basis for seminars in
the Master's program in Digital Humanities, in which students acquired digital skills in areas
such as XML annotation, metadata linking, and (semi-)automatic transcription using eScripto-
rium, and linked their results to the virtual excursions.

Ziel des Projektes DigitalHerrnhut war die digitale ErschlieBung und didaktische Aufbereitung
der umfangreichen, interdisziplinar relevanten Wissensarchive der Herrnhuter Briidergemeine
im Rah-men einer digital gestutzten Hochschullehre. Zu den Kernaktivitaten gehorte die Erstel-
lung von virtuellen Exkursionen, auf deren Basis vierimmersive Selbstlernmodule als Open Edu-
cational Re-sources (OER) entwickelt und in Blended Learning-Seminaren mit fachbezogenen
Fallstudien kom-biniert wurden, um praktische und kollaborative Kompetenzen zu fordern. Dar-
Uber hinaus wurde im Projektkontext ImagoFolio entwickelt, ein kostenglinstiges, mobiles Digi-
talisierungs-Setup, das erfolgreich in der Lehre und in internationalen Kooperationen, beispiels-
weise in Sudafrika, zur Digi-talisierung zehntausender Handschriften eingesetzt. Die so erschlos-
senen Textquellen bildeten die Grundlage flir Seminare im Masterstudiengang Digital Humani-
ties, in denen Studierende digitale Kompetenzen in Bereichen wie XML-Annotation, Metadaten-
verknlipfung und (semi-)automatischer Transkription mittels eScriptorium erwarben und ihre
Ergebnisse mit den virtuellen Exkursionen verbanden.

*Corresponding author: alexander.lasch@tu-dresden.de This article was originally submitted in German.
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1. A project report

The COVID-19 pandemic has posed enormous
challenges for higher education worldwide and
at the same time acted as an unprecedented
catalyst for digital transformation. The sudden
restrictions on face-to-face teaching led to un-
precedented changes and innovations in
teaching formats. These forced changes have
yielded valuable experiences and concepts for
modernizing teaching. At the same time, how-
ever, there is still a need to standardize and
evaluate the formats that have emerged, as
they were implemented as spontaneous inno-
vations rather than as part of a larger teaching
concept.

As part of the "Collaboration & Internationali-
zation" field of work, the DigitalHerrnhut sub-
project focused on the digital development
and didactic preparation of the extensive
knowledge archives of the Moravian Church.
This project report summarizes the findings
and experiences gained in the project and
places them in the context of the consortium.
First, the initial situation and the preliminary
work on which the project was based are dis-
cussed. This is followed by a summary of the
project activities, before the findings from the
evaluation of the teaching formats developed
are discussed. A brief conclusion, including an
outlook on the continuation and consolidation
of various project results, concludes the article.

2. Initial situation

The Moravian Church is a Pietist religious com-
munity that was founded in the early 18th cen-
tury and spread worldwide within a few dec-
ades. As such, it represents (1) a unique sub-
ject of research for a wide range of disciplines
- from theology, history, and art history to lin-
guistics [a] and geography and botany [b], to
name but a few. On the other hand, it (2) opens
up a field of work that spans generations and
institutions.

Founded in the 1720s in Berthelsdorf, eastern
Saxony, by Nikolaus Ludwig, Imperial Count of
Zinzendorf, the community was characterized
by the international mobility of its members
and close networking among European schol-
ars and patrons.[1][2] As early as the 1730s, it
began its worldwide missionary work, which
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brought it into contact with numerous cultural
circles that were often little known in Europe.

BURINAME

.............

Fig. 1: The Herrnhut Mission in Suriname (from
1735) from the Mission Atlas of the Moravian
Church (1860).

The Moravian Church's extensive publishing
activities contributed significantly to European
perceptions of the world and created central
archives of European knowledge. These in-
cluded handwritten and later printed periodi-
cals, letters, and extensive descriptions of mis-
sionary activities and areas such as Greenland,
North America, South America (see Fig. 1), and
South Africa.[3] These writings, supplemented
by works on missionary theology, created an
incomparable textual cosmos that describes
the activities of a globally networked commu-
nity over 300 years and brought knowledge
about other cultures and continents to Europe.
Many of these textual records have not yet
been made accessible; many others have been
'forgotten'.[4]

The digital cataloguing of these sources is
therefore important, as it makes a forgotten
part of cultural history visible and accessible.
At the same time, this thematic context offers
great potential for (research-oriented) univer-
sity teaching. For example, working on unex-
plored topics can be a valuable experience of
self-efficacy . This subject also offers various
opportunities for interdisciplinary collabora-
tion and the testing of digital methods. This po-
tential should be tapped for academic teaching
with DigitalHerrnhut.

Digital skills have become essential in today's
university and working world in the wake of
digital transformations. Accordingly, modern
university teaching should offer added value in
this area as well, in addition to imparting con-
tent and skills for reflection and critical en-
gagement with a subject. At the same time, the
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coronavirus pandemic has made it clear how
diverse the possibilities are for supplementing
face-to-face teaching with digital and hybrid
teaching methods. Significant added value can
be achieved in terms of accessibility, flexibility,
and learner motivation.

Virtuelle Exkursion
Moravian Knowledge Network-Hub
Kleinwelka Deutschland

Fig. 2: Networking of digitally developed sources at
the relevant location in virtual excursions (illustra-
tion: Alexander Lasch CC BY 4.0 Int.).

So-called virtual excursions served as the start-
ing point for the development of innovative
teaching modules in DigitalHerrnhut. These
are virtual models of historical buildings that
are enriched with multimedia content and can
thus be made useful for teaching. At the start
of the project, the Kleinwelka nurses' home
was the first building from the context of the
Moravian Church to be developed as a virtual
excursion (see Fig. 2 with internet reference
[c]). The experience gained from this pilot pro-
ject revealed great potential for university
teaching and other educational contexts.[5]
This potential was to be utilized, tested, and
evaluated in DigitalHerrnhut.

3. Project activities

An important part of the project activities was
data indexing and, more specifically, the devel-
opment of a workflow for indexing handwrit-
ten texts from the 18th and 19th centuries. The
digitization setup developed was intended to
(1) deliver high-quality (i.e., long-term archival)
results, (2) be easy to use with a low barrier to
entry, (3) be inexpensive and portable, and (4)
be suitable for use in teaching contexts.

In order to meet these criteria, ImagoFolio was
developed,[6] improved, and put into practice
during the project period.To make it easier for
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users to get started, instructional videos were
created in German and English, among others,
with our dissemination partner, the Saxon
State Library - Dresden State and University Li-
brary (SLUB Dresden), which now offers the
rental of the setup as a service based on our
experience.

i g 3
Fig. 3: Presentation of the ImagoFolio primary digit-
ization setup and training at the Genadendal Mu-
seum, South Africa (photo: Jérdis Rémer CC BY 4.0
Int.).

ImagoFolio was successfully used both in pro-
ject-related teaching and in a collaboration
with two archives in South Africa (see Fig. 3). As
an external transfer of project results, student
employees of the Genadendal Museum and
the Moravian Theological Centre Cape Town
were trained in the use of ImagoFolio as part
of international, hybrid workshops . Within a
few months, the students trained in this way
were able to digitize over 50,000 pages of his-
torical manuscripts.

The text sources developed in the context of
the Moravian Knowledge Network project hub
are put to practical use through their integra-
tion into university teaching. They formed the
basis for various seminars that, in addition to
primary digitization, focused in particular on
the preparation and evaluation of data on the
subject and were integrated into the master's
program in Digital Humanities. The seminar
From Manuscript to Edition, for example, fo-
cused on the annotation of digitized texts in
XML format. The standardized linking of
metadata in WikiData and FactGrid also plays
a decisive role in this context and was pro-
moted in collaborative teaching projects.

In the context of events such as the seminar on
the indexing of pre-modern manuscripts, stu-
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dents worked in particular on the (semi-)auto-
matic transcription of manuscripts using the
open-source software eScriptorium. Due to its
free accessibility, ease of use in a browser, and
the possibility of collaborative work, this soft-
ware proved to be particularly suitable not
only for academic teaching, but also for inte-
gration into non-university contexts such as
schools and citizen science education in face-
to-face and hybrid environments (see Fig. 4).

Fig. 4: Working with the eScriptorium Desk in a hy-
brid workshop between Genadendal and TU Dres-
den and SLUB Dresden in March 2025 (photos: Ju-
dith Balie CC BY 4.0 Int.).

Overall, collaborative work on data indexing in
the context of academic teaching has proven
to be extremely useful. In this way, students
were not only able to acquire various digital
skills that may also be beneficial for their fu-
ture careers. Working together on research
topics that were perceived as relevant - in
South Africa, for example, the 100-year history
of the Genadendal community can only be ac-
cessed through German-language manu-
scripts - and on material that had not yet been
accessed was repeatedly highlighted as partic-
ularly motivating. In addition, it became appar-
ent that a collaborative and low-threshold
workflow accessible to a larger group (ideally
browser-based) is essential given the amount
of data available.

During the course of the project, not only were
a total of ten new virtual excursions in the USA
and South Africa recorded, but four self- swere
also developed based on these, which use
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gamification elements to convey various topics
in language history in an immersive way. On
the one hand, these modules can be com-
pleted as a stand-alone self- course. They are
available for free use via Wikiversity (see Fig. 5
with internet reference [f]). On the other hand,
they form the basis for a blended learning
seminar, which, in addition to the content fo-
cus of the self-study modules, is specifically de-
signed to promote digital and collaborative
skills.

Kurs:Sprachgeschichte(n} des Deutschen. Eine modulare Einfiihrung auf Basis
Herrnhuter Missionsnarrative im Kontext postkolonialer linguistischer Studien
P —

£¥ Besbachion (D) Vershomigeschichte # Bsareiten i e
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= Inhatwvereeichnis
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Fig. 5: Self-learning courses based on virtual excur-
sions in Wikiversity.

virkuslle Exku %
Geschichte.der Herrnhuter Mis
NazarethfPA

Fig. 6: Virtual excursions at Whitefield House Naza-
reth, PA USA (Image: Alexander Lasch CC BY 4.0
Int.).

The self-study modules make use of virtual en-
vironments by storing content in thematically
appropriate locations. The module Introduc-
tion to the Moravian Church, for example, is
based on the digital twin of a museum in Naz-
areth, Pennsylvania. The various museum
rooms each represent a thematic section in
the self-study module. An exhibition room fur-

nished like a prayer hall contains information
on the theological foundations of the Moravian
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Fig. 7: Self-learning module on German cursive script at the Genadendal Museum, South Africa (illustration: Alex-

ander Lasch CC BY 4.0 Int,).

Church and their linguistic implementation; a
room with historical musical instruments is
used as a place to explore the interplay of lan-
guage and music in the Moravian context. This
thematic division by room connects content
with visual anchors. Furthermore, this ap-
proach allows learners to move freely through
the building and thus work on topics according
to their own interests and in their own chosen
order - or simply wonder why Herrnhut stars
hang in the museum shop of Whitefield House
Nazareth, Pennsylvania (cf. Fig. 6 with internet
reference [f]).

The self-learning module on German cursive
script in particular also makes use of gamifica-
tion elements (cf. Fig. 7 with internet reference
[f]). The aim of this module is to teach readers
how to read the handwriting that was common
in German-speaking countries until the begin-
ning of the 20th century.

In addition to introductory audiovisual materi-
als, the self-study module includes exercises of
varying degrees of difficulty. Correct answers
to more difficult questions unlock access to
further exercises. To do this, the link to an-
other virtual room where these are stored is
hidden behind a password. The password cor-
responds to a solution word that must be iden-
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tified from a historical manuscript. This manu-
script originates from the location of the corre-
sponding building, which is unlocked by a cor-
rect solution. In this way, the connection be-
tween the topic and the location is established.

In the blended learning seminar mentioned
above, the self-study modules are used for in-
put phases between face-to-face sessions. The
design of this teaching format was based on
findings from the DikoLint project with regard
to the format of Virtual Collaborative Learning
(VCL) (see the article in this volume). For exam-
ple, the approach of subject-related case stud-
ies, which are worked on in student working
groups, and the distribution of clear roles such
as group leader or secretary were adopted
from VCL. Development and analysis projects
dealing with the documents digitized in the
project context were selected as case studies.
Targeted work in groups on a text indexing
project brings a number of didactic benefits:

e The practical and methodological skills
taught in the self-study modules, such as
reading Kurrent script or corpus linguistic
analysis of digital text collections, can be
tested, deepened, and consolidated in a
practical way.
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e Working with sources that have not yet
been scientifically explored is a highly moti-
vating factor.

e The development of collaborative skills in
the areas of organization, task distribution,
and project planning through self-directed
and research-oriented work promotes criti-
cal thinking and practice in problem-solving
strategies.

At the end of the project, the project groups
develop a creative, digitally supported presen-
tation. This not only gives students the oppor-
tunity to understand the projects of the other
groups. The development of digital presenta-
tion formats also represents another field in
which students can develop and further de-
velop their skills. These may include, for exam-
ple, programming skills, the use of digital
presentation tools, or the recording and edit-
ing of audiovisual media. Examples include the
"Digital Herrnhut Cemetery"[10] and the visu-
alization of Christian Ignatius Latrobe's jour-
ney to and through South Africa in 1815 and
1816. [111[12]

The work of the project groups is continuously
supervised by tutors. Based on the role of e-
tutors in the VCL, they form the interface be-
tween students and the teacher. They accom-
pany the group process and are integrated into
the communication channels used by the
groups for coordination. In this way, they are
readily available for questions, help the
teacher track the progress of the groups, and
can alert the teacher to any difficulties within
the groups. In practical testing, the tutors
proved to be helpful support for the project
groups, keeping the barriers to asking for help
low, as students often find it easier to turn to
other students with problems in project work
than to the teacher.

A central aspect of the project work was the
dissemination of the results. Throughout the
entire project period, work progress and re-
sults were disseminated in a variety of ways to
a wider audience beyond the university via .
The teaching materials developed are available
for reuse as open educational resources via
Wikiversity and Twillo. In addition to the virtual
excursions and self-learning modules de-
scribed in detail in the previous section, these
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also include lectures, instructional videos, and
the source code for an exercise page for read-
ing Kurrentschrift.

The activities of DigitalHerrnhut were also doc-
umented in the blog of the Moravian
Knowledge Network project hub, to which Dig-
italHerrnhut belongs.[a] In addition to continu-
ous updates, this blog also provides overviews
of lectures, publications, and workshops re-
lated to the project.

In addition to the digital provision of resources,
there was also a strong focus on disseminating
project results in a variety of face-to-face
events. As already mentioned, the ImagoFolio
digitization setup was shared with project part-
ners in South Africa. In addition to academic
teaching, the self-learning module German
Kurrentschrift was also tested at the St. Afra
Landesgymnasium Sankt Afra in Meissen in a
group of upper school students.

Fig. 8: DigitalHerrnhut presents project results as
part of the SLUB Dresden's Citizens' Academy
(photo: Alexander Lasch CC BY 4.0 Int).

Research results as well as developed teaching
concepts and modules were also disseminated
in various formats in the field of science com-
munication. Particularly noteworthy here are
regular lectures as part of the Dresden Senior
Citizens' Academy of Science and Art in the
Open Science Lab of the SLUB Dresden (see
Fig. 8) and the collaboration with citizen scien-
tists. DigitalHerrnhut was also significantly in-
volved in organizing the TU Dresden Campus
Classics Rally 2025.[14] This annual event com-
bines a classic car rally with a destination
where input on a different topic each year is
provided. Together with the Schwesternhdu-
ser Kleinwelka e.V., DigitalHerrnhut 2025 orga-
nized such a program in the historic Kleinwelka
nurses' home. What was particularly appealing
was that this allowed the digitally enriched vir-
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tual excursion of this very Schwesternhaus to
be linked to the real building, thus enabling a
special form of hybrid knowledge transfer to
be tested (see Fig. 9).

Fig. 9: Presentation of the project as part of TUD
Campus Classics 2025 (photo: Jérdis Rémer CC BY
4.0 Int.).

4. Project activities

When new approaches are taken with teaching
concepts, a detailed evaluation is essential to
check which innovations actually promote and
facilitate learning processes and at which
points the developed concepts need to be re-
fined. In addition, as mentioned at the outset,
one of the initial questions for the project was
which digital teaching concepts developed dur-
ing the coronavirus pandemic offer added
value as a supplement to face-to-face teaching
and where they need to be revised for this pur-
pose. Evaluation was therefore particularly im-
portant for the project in two respects. In the
DigitalHerrnhut subproject, an evaluation was
carried out primarily in two contexts: (1) The
participants in the blended learning seminar
developed in the project in a university context
were surveyed on various aspects of the event
using an anonymous questionnaire. (2) As part
of the testing of the self-learning module
Deutsche Kurrentschrift in schools, the experi-
ences of the participants were also evaluated
using a questionnaire. A detailed evaluation of
this test run is available in the form of a the-
sis.[13] The key findings of these evaluation
processes are described in separate sections
below.

In the course of testing the blended learning
seminar developed in the summer semester
2024 and winter semester 2024/25, the extent
to which the goals pursued in the design phase
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could be achieved in practical application was
examined. The seminar participants com-
pleted a questionnaire that included both pre-
defined questions with answer options on a
Likert scale and free text fields.

Wie gut hat das Format aus digitaler und Lehre in Prasenz fir dich funktioniert?

286%

o
5 25 s 45 55

Fig. 10: Results of the question on the quality of the
blended learning approach in the seminar (1=very
poor; 5=very good).

The overall finding of the evaluation is that the
blended learning approach described, which
combines elements of face-to-face teaching,
self-directed learning, and group collabora-
tion, has proven to be practical and beneficial
for academic teaching. More than three-quar-
ters of the 14 participants who completed the
questionnaire chose one of the two highest
categories on a five-point scale when asked
how well this 'format combining digital and
face-to-face teaching' had worked for them
(see Fig. 10). Various free-text responses also
made it clear that the intended motivational ef-
fect had been achieved. Both the immersive
learning environment and the collaboration in
project groups, in which each member is re-
sponsible for their own sub-area, were high-
lighted.

Reading German cursive script is an applica-
tion skill that was to be taught using one of the
self-learning modules developed. In order to
test the effectiveness of this module, the sem-
inar participants were asked in the evaluation
to assess their competence in this area at the
beginning and after completion of the semi-
nar. On a five-point scale, where 1 represents
the lowest and 5 the highest possible compe-
tence, the average competence at the begin-
ning of the seminar was 1.5. After completing
the seminar, participants rated their skills in
reading Kurrent at an average of 3.9. The self-
learning module's approach, based on immer-
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sion, practical exercises, and gamification, has
thus proven to be a useful tool for teaching
practical skills in an academic context.

Criticism was expressed during the evaluation
regarding the clarity of the self-learning mod-
ules. Although the virtual environments were
perceived as stimulating and motivating, some
students found it difficult to orient themselves
in the unfamiliar environment and quickly gain
an overview of the topics presented. When im-
plementing novel digital teaching formats, a
balance must always be found between inno-
vation and accessibility, or this must be en-
sured in face-to-face formats. While innovation
often has a motivating effect and the disad-
vantages of established teaching formats can
be addressed, a certain amount of additional
effort is usually required to familiarize oneself
with a new format. In this case, the self-study
modules were supplemented by additional in-
troductory videos that provided an overview of
the virtual excursions and the content they
contained, and the self-study phases were
structured by face-to-face sessions, which then
also had a special relevance: Even though the
students appreciated the opportunity for self-
directed learning , they also clearly expressed
their preference for a significant proportion of
(social) face-to-face learning - whether in the
regular seminar context or in project group
work meetings. Most participants saw self-
study modules as a useful addition to the es-
tablished curriculum, but preferred to work
through only a limited portion of the content
on their own and to combine these learning
phases with learning in direct exchange with
teachers and/or other students.

Overall, the evaluation results of the two test
runs of the blended learning seminar con-
firmed that this is a useful concept that ex-
pands and complements the possibilities of
traditional academic teaching. In addition to
motivational factors, it offers the advantage
that learners can study at their own pace and
set individual priorities. However, it also be-
came clear that digital self-study units should
be introduced sufficiently and ideally com-
bined with phases of direct exchange. While
courses had to be developed that take place
entirely online during the coronavirus pan-
demic, the targeted, selective use of digital
tools appears to be much more promising in
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the long term. Blended learning represents
such a combination of digital and face-to-face
learning and has proven to be a promising con-
cept in project work that significantly enriches
university teaching.

Inputmodul Selbstlernmodu

am Bsp.: (akademischer) Vortrag am Bsp.: e am Bsp.: Bearbeitung von

Wer kann Kurrent? Wie Wissen mit Erlernen der Kurrentschrift eigenen Forschungsfragen

alten Schriften untergeht - und was im Selbstlernmodul mit im Profundum

wir dagegen tun kénnen Feedback Aus Herrnhut in die Welt

Fig. 11: Implementation of Renzulli's enrichment
phase model in the process of self-directed learn-
ing, incorporating the self-learning mode Deutsche
Kurrentschrift (German cursive script) (illustration:
Friederike Lasch CC BY 4.0 Int.).

In a group of twelve eighth and ninth grade
students, the self-learning module Deutsche
Kurrentschrift developed in DigitalHerrnhut
was tested and evaluated for use in schools. As
part of a thesis on "Promoting self-directed
learning through the digital self-learning mod-
ule 'German Kurrentschrift' in talent-promot-
ing teaching" (cf. Fig. 11 and [13]), an evalua-
tion of its implementation in school teaching
was carried out using a detailed questionnaire.
This focused on the practical application of the
tool, the quality of the content taught, and pos-
sible areas of application for future learning
structures.

A key finding was the high level of motivation
among young people working with the self-
learning module. Eight out of nine learners
said they would like to explore such digital
learning environments more often. The virtual
excursion in which the module is embedded
was highlighted as a stimulating learning envi-
ronment. Learning Kurrent script as a concrete
skill also seemed to offer a greater incentive
than purely content-based engagement. This
motivating effect was also evident in the fact
that individual students proactively inquired
about additional practice material. The evalua-
tion also showed that the contextualization of
(linguistic) historical topics was successful and
aroused lasting interest. Even after completing
the self-study module, the students continued
to show great interest in delving deeper into
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the Moravian Church and its topics. In addi-
tion, the evaluation also revealed that the usa-
bility of the self-study module was rated highly
and that the learners had virtually no prob-
lems finding their way around the virtual envi-
ronment on their own. Only the use of the self-
learning module on smartphones was de-
scribed as somewhat problematic - an exam-
ple of the importance of not losing sight of the
learners' hardware requirements in addition
to adequate digital teaching materials. With re-
gard to the acquisition of skills, efficient learn-
ing of Kurrent script was observed. All students
reported that they had significantly improved
their ability to read German Kurrent.

Despite the positive results, areas with poten-
tial for improvement were also identified.
Some students found the clarity of the materi-
als in the self-study modules, especially in the
introductory videos, to be too dense and
sometimes overwhelming. While it can be said
that, on the whole, the self-study module de-
veloped for academic teaching could also be
used profitably in schools, it is clear that this
sometimes requires additional support for
young people in order to avoid overwhelming
them. In this context, open educational re-
sources, which are not only available for reuse
but also for editing, offer a decisive advantage.
These enable the transfer of teaching materi-
als designed for a specific context by allowing
them to be adapted to a different field of ap-
plication.

In summary, the results of the evaluation show
that digital self-learning modules, such as the
one tested for German cursive writing, are
promising tools for promoting talent in a
school context. They not only promote the ac-
quisition of skills and motivation, but also open
up new avenues for individualized, project-ori-
ented, and practical learning, from which stu-
dents with a particular talent or commitment
to a specific subject can benefit in particular.
On the one hand, this provided additional op-
portunities to test and evaluate the teaching
materials that had been developed. On the
other hand, their use in schools represents a
valuable opportunity to disseminate academic
content in a broader social context.

However, the two brief surveys presented here
indicate, at best, a trend that will need to be
supplemented in the future by qualitative eval-
uations (e.g.,, guided interviews or focus
groups in combination with reliable tests of
learning progress).
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5. Work in the virTUos project network

The exchange with the other subprojectsin vir-

TUos not only had a stimulating effect on the

design of DigitalHerrnhut's project activities,

but also promoted the adaptation of various
concepts and teaching approaches in other vir-

TUos projects. For example, virtual excursions

were integrated into the TUTORING hybrid and

Praktika Hybrid projects as supplements (see

the articles in this volume). Such synergy ef-

fects illustrate the added value offered by in-
terdisciplinary collaborative projects such as
virTUos. In addition to networking, the ex-
change across disciplinary boundaries also
promotes innovation and the transfer of
teaching concepts and methods. With regard
to overarching issues that are also relevant to

DigitalHerrnhut, the following aspects were

identified in collaboration with other subpro-

jects:

e Good cooperation requires a shared inter-
est in a subject and/or the use of specific
tools that are examined for their potential
in different teaching environments.

e Workshop-style exchange formats are es-
sential, as they allow for open discussion of
the potential and limitations of learning en-
vironments after testing.

e The heterogeneity of the institutions in-
volved, organizational processes, technical
objectives, university teaching require-
ments, and the resulting materials and tool
environments can quickly lead to confusion
at each of the levels mentioned. Solidly fi-
nanced coordination with strategic objec-
tives is helpful, but success also requires
the commitment of all those responsible
and involved.

¢ Not being able to work together in person
during the first phase of the project was a
challenge to which even DigitalHerrnhut did
not always have adequate answers. Alt-
hough collaborative work using digital tools
worked well in principle, the lack of physical
co-presence was a considerable disad-
vantage for motivation to work together.
The central question that arose for Digi-
talHerrnhut was: How do we make co-pres-
ence valuable?

e Many limitations (i.e., structural, mostly in-
stitutional obstacles of a legal or curricular
nature) cannot be overcome by technical in-
novation, motivating classroom design, or
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resorting to internationalization. For this
reason, the project and consortium identi-
fied long-term change processes[h] that
lead to innovation in higher education
teaching as part of lifelong learning.

6. Conclusion and outlook

As this brief report on the project activities in
DigitalHerrnhut clearly shows, the choice of
appropriate collaboration and dissemination
platforms is ultimately crucial for communica-
tion, connectivity, and the reusability of project
results. In addition to the virtual excursions,
the blog environment hypotheses was of partic-
ular importance to us, as it not only enabled
ongoing documentation throughout the pro-
ject, but also developed into a publication
venue with scientific standards during the pro-
ject period. Itis ideally suited for broad dissem-
ination for research and teaching.

The largely positive experiences gained during
the project clearly demonstrate the added
value offered by hybrid teaching on the one
hand and interdisciplinary collaborative pro-
jects on the other. Interdisciplinary, interna-
tionally networked work is not only in keeping
with the times in a dynamically changing, glob-
alized society—as the project work in virTUos
once again showed, it also results in a wide
range of synergies and inspiration for the re-
spective subprojects. Furthermore, experi-
ences in such contexts represent an important
learning environment that promotes a variety
of skills from which students benefit in their
professional and personal development.

The concepts and materials developed in Digi-
talHerrnhut will be reused and further devel-
oped within the Moravian Knowledge Network
project hub. These have already been firmly
established in the Master's program in Digital
Humanities at TU Dresden, and the teaching
and digitization cooperation with South Africa
will continue beyond the end of the project.
This makes it possible to consolidate project
results and continue to use the teaching con-
cepts and materials developed, making them
accessible to broader target groups.
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Creative freedom for students as a driver of
innovative university teaching - A reflection
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Abstract

The sTUDents subproject within the framework of virTUos tested two formats that involve stu-
dents as active co-creators: the digital skills license and the creative digital workshop. In line with
the students-as-partners approach, they promote digital and personal skills through self-deter-
mined, collaborative, and reflective learning. The results show that creative freedom strengthens
motivation and self-efficacy, while clear structures ensure participation. This creates a model for
sustainable, student-centered teaching.

Das Teilprojekt sTUDents im Rahmen von virTUos erprobte mit dem Fiihrerschein fiir Digitalkom-
petenzen und der Kreativen Digitalwerkstatt zwei Formate, die Studierende als aktive Mitgestal-
tende einbinden. Im Sinne des Students-as-Partners-Ansatzes férdern sie digitale wie personale
Kompetenzen durch selbstbestimmtes, kollaboratives und reflexives Lernen. Die Ergebnisse zei-
gen: Gestaltungsspielrdume starken Motivation und Selbstwirksamkeit, wahrend klare Struktu-
ren Partizipation absichern. Damit entsteht ein Modell fur zukunftsfahige, studierenden-
zentrierte Lehre.

*Corresponding author: lydia.kilz@tu-dresden.de This article was originally submitted in German.
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1. Preliminary remark

Higher education teaching is undergoing
change. Increasing digitalization and the rapid
development of artificial intelligence not only
pose technological challenges, but also funda-
mentally change how teaching is organized,
content is conveyed, and learning processes
are designed, thus placing new demands on
higher education [1]. At the same time, the ex-
pectations and roles of students themselves
are changing. The traditional division of roles,
with teachers as knowledge mediators and
students as passive recipients, is increasingly
being questioned [2]. Instead, concepts such
as "students as partners" are coming to the
fore, which take students seriously as equal
partners and actively involve them in the de-
sign of teaching formats, curricula, and learn-
ing processes [3]. The focus is less on formal
participation and more on a cultural shift to-
wards shared responsibility, mutual trust, and
co-creative collaboration [4]. This opens up
deeper learning processes, increased motiva-
tion, and strengthened self-efficacy. As part of
the virTUos project funded by the Foundation
for Innovation in Higher Education (StIL), the
sTUDents subproject created an experimental
space to bring these ideas to life. Two formats
were designed so that students are not only
participants but also co-creators of their learn-
ing processes. They implement their own top-
ics, choose methods, try out digital forms of ex-
pression, and develop individual and collabo-
rative artifacts. The goal was to design learning
spaces that enable resonance, promote digital
skills in an authentic way, and strengthen con-
fidence in one's own creative abilities.

Based on these two formats and against the
backdrop of digital transformation, which re-
quires new skills, roles, and a changed under-
standing of learning, this article reflects on the
conditions under which student co-creation in
teaching can succeed.

2. sTUDents in virTUos

The sTUDents subproject is part of the cross-
disciplinary project virTUos (virtual teaching
and learning at TU Dresden in an open-source
context), which is funded by StIL [5]. The aim of
the overall project is not only to implement in-
novative teaching and learning concepts on a
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selective basis, but to integrate them strategi-
cally into curricula, examination regulations,
and university teaching practices. Students are
active partners and co-creators in the concrete
development of formats. This opening up of
university development processes to the stu-
dent perspective is in line with the fundamen-
tal conviction of virTUos. In this context, the
sTUDents subproject positions itself with a
special focus on student-centeredness and the
promotion of digital skills [6]. The aim is to
work with students to develop teaching for-
mats in which they not only receive content,
but can also actively shape their learning pro-
cesses. In line with the students-as-partners
approach and in close cooperation with stu-
dent employees, innovative teaching formats
were designed, tested, evaluated, and further
developed [6]. Student feedback is incorpo-
rated into the design of the formats on an on-
going basis, rather than just at the end. Two
formats exemplify the student co-design pro-
cessin sTUDents:

1. The Digital Competence License [7] is a certif-
icate course that supports students in sys-
tematically developing their digital skills.

2. The Creative Digital Workshop is a semester-
long course in which students translate
their own topics and interests into creative
digital formats.

The following describes how participatory
learning spaces were designed using the two
formats and how these contributed to
strengthening students' digital self-compe-
tence, collaborative skills, and confidence in
their own creative abilities.

3. Examples of successful student par-
ticipation based on the digital skills li-
cense and the creative digital work-
shop

The digital skills license was designed as a certif-
icate course in the sTUDents subproject to
strengthen students' digital competence. It is
based on the European reference framework
DigComp 2.2 [8] and pursues a deliberately
student-centered approach. A detailed de-
scription of the didactic concept and evalua-
tion has already been published elsewhere [7];
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the course will therefore be considered from a
higher-level perspective below in order to later
highlight the influence of student co-design
and participation within the framework of vir-
TUos.

The course did not focus purely on teaching
digital tools, but rather on actively, self-di-
rected, and collaborative engagement with
digital challenges in studies, everyday life, and
work. It was based on a realistic case study in
which students in interdisciplinary groups took
on the role of experts advising a fictional uni-
versity on the digital transformation process
[71. The course consisted of six tasks that built
on each other. Beginning with the joint struc-
turing of the group work, the students worked
step by step on various aspects of digital trans-
formation and developed digital solutions
within the case study, for example in the form
of texts, podcasts, infographics, or videos [7].
The course was didactically anchored in the
concept of virtual collaborative learning, which
combines problem-based learning with digital,
interdisciplinary  group  work [9;10;11].
Throughout the course, students reflected on
their group processes, used synchronous and
asynchronous collaboration tools (e.g., MS
Teams), and documented their learning pro-
gress on a shared platform [7]. The accompa-
nying evaluation, consisting of self-assess-
ments and focus group interviews, showed
that participants not only expanded their digi-
tal skills but also developed key interdiscipli-
nary skills [7].
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Fig. 1: Increase in self-assessed skills [7]

Figure 1 illustrates the self-assessments of the
course participants' skills before (red), during
(yellow), and after (green) course participation
and shows a significant increase in self-as-
sessed skills at the end of the course [7]. Col-
laborative skills, communication skills, self-or-
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ganization, and critical thinking were pro-
moted in the virtual group work, as was sensi-
tivity to cultural differences and diversity of
perspectives. From a meta-perspective, these
results illustrate above all the impact of stu-
dent participation. The active involvement of
students in learning and problem-solving pro-
cesses not only promoted competence gains,
but also a changed understanding of roles [7].
The course thus demonstrates how digital
teaching within the framework of virTUos
could be transformed not only technologically,
but above all didactically.

The Creative Digital Workshop offered students
the opportunity to work on their own topics
and interests in creative digital projects. The
format followed a student-centered, compe-
tence-oriented approach that combined ele-
ments of project- and problem-based learning
with collaborative work phases, reflective
loops, and continuous feedback. The focus was
not only on the result in the form of a digital
artifact, but above all on the path to achieving
it through a self-determined, collaborative
learning process in which the participants de-
veloped content, formats, and working meth-
ods largely independently and in a self- .
Teachers took on the role of learning facilita-
tors, structuring the process through clear
tasks and transparent objectives and providing
support through methodological input and in-
dividual, formative feedback without dominat-
ing the learning process. Examples of the arti-
facts created by the student groups included a
self-produced short film that addressed socie-
ty's obsession with self-optimization and re-
flected on its psychological consequences, a
travel blog that linked personal experiences
with analytical perspectives on mobility, cul-
ture, and belonging, an Instagram project that
used interactive film quizzes to encourage ac-
tive engagement with film culture, and a pod-
cast that critically examined the phenomenon
of media addiction.

An adapted content analysis of the students'
reflections showed how effectively this learn-
ing architecture impacted the development of
key academic and digital skills. Students re-
ported a significant increase in self-organiza-
tion, creativity, and technical implementation
skills, as well as a deeper understanding of
content and design contexts. The opportunity
to make independent decisions, for example
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about content, tools, and the distribution of
roles within the team, was consistently experi-
enced as motivating and empowering. Stu-
dents particularly emphasized that the open-
ness of the format allowed them to try things
out, take on new perspectives, and identify
with their own learning product. This creative
freedom not only led to high intrinsic motiva-
tion, but also to an emotional attachment to
their own project. The students saw their prod-
ucts not merely as coursework, but as an ex-
pression of their own engagement with a topic
that was meaningful to them. Reflection
quotes showed that pride, responsibility, and
the desire for quality were central experiences
in the course of the project, regardless of as-
sessment or grading. Digital self-efficacy was
also strengthened. The students gained confi-
dence in familiarizing themselves with new
tools, preparing digital content in a way that
was appropriate for the target audience, and
overcoming challenges together, even if not
everything worked right away. Difficulties were
recognized and accepted as learning mo-
ments, which not only strengthened their abil-
ity to deal with digital uncertainties, but also
promoted their ability to reflect on the learning
process as a whole. Last but not least, the feed-
back showed that structuring elements such as
clear tasks, small groups, continuous feed-
back, and transparent communication contrib-
uted significantly to ensuring that openness
did not turn into excessive demands. Overall,
the Creative Digital Workshop illustrated how
participatory teaching can succeed in digital
contexts, namely through genuine opportuni-
ties for co-creation, guided autonomy, and a
didactic design that focused on relationships,
responsibility, and expressiveness.

4. Lessons learned: A reflection

For us, the sTUDents subproject within the
framework of virTUos was more than just a
test of new teaching formats; it was a practical
laboratory for exploring what university teach-
ing can look like when students are not just
participants but active co-creators. The experi-
ences gained from the Digital Competence
Driving License and Creative Digital Workshop
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formats have yielded key insights that go be-
yond the respective courses and which we un-
derstand as lessons learned for participatory,
future-oriented university teaching.

1. Creative freedom is the key to genuine par-
ticipation

When students are given the opportunity to
choose content, methods, media, and forms of
expression themselves, they not only develop
creativity, but also a sense of responsibility and
commitment. Both formats showed that when
students were able to decide what they
wanted to learn and how, they identified more
strongly with the learning process and re-
garded the resulting product as "their own.",
the opportunity to help shape learning paths
was described by many as empowering, moti-
vating, and meaningful. Creative freedom acti-
vates a sense of responsibility, which is a key
factor for sustainable learning. However, these
processes only succeed if they are not isolated
but conceived as a didactic principle and con-
tinuously supported.

2. The Students-as-Partners approach
changes not only the role of students, but
also the role of teachers

Participatory teaching requires a fundamental
change in perspective. Those who view stu-
dents as partners shift the focus from impart-
ing knowledge to joint creation. This also
means that teachers must take a step back, re-
linquish control, and assume a moderating,
supportive role. This change in role is challeng-
ing and requires trust, flexibility, and a willing-
ness to question one's own routines. At the
same time, it opens up new forms of didactic
relationships. Teaching becomes a dialogue, a
co-construction in which students are taken
seriously as experts in their own perspectives.
The Digital Competence Driving License in par-
ticular showed how productively student co-
development influenced the course.

3. Participation and openness need structures

Open learning formats can quickly become
overwhelming if guidance and support are
lacking. What is intended as freedom can cre-
ate uncertainty if students do not know what
to hold on to. In both formats, we have learned
that freedom only becomes effective when it is
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framed by clarity. Clear tasks, regular feed-
back, transparent expectations, and tangible
examples help to make constructive use of the
open space. This structure is not a contradic-
tion to participation, but rather its prerequi-
site. Participatory formats need didactic design
that leaves room for maneuver but also pro-
vides support.

4. Digital and personal skills grow together

In dealing with digital tools, formats, and me-
dia design, the students developed not only
technical skills but also interdisciplinary com-
petencies such as communication, teamwork,
time management, reflection, and critical
thinking. It became particularly clear how
closely digital self-efficacy is linked to the expe-
rience of meaning, autonomy, and social sup-
port. Difficulties were not experienced as fail-
ure, but as part of an active, self-directed learn-
ing process, which strengthened resilience and
confidence in one's own ability to learn.

5. Reflection is the key to conscious learning

A central component of both formats was the
accompanying reflection on content, collabo-
ration, decisions, conflicts, and learning paths.
These reflection phases turned the experience
into learning. The students not only dealt with
the "what" but also with the "how" and "why"
of their project, thereby developing metacog-
nitive skills that extend far beyond the con-
crete artifact. Reflection not only strengthens
learning in the moment, but also the applica-
bility of what has been learned to future con-
texts, as well as in studies, work, and the digital
space.

5. Conclusion

Our experience shows that when we enable
students to truly participate in the design pro-
cess, the result is not only better teaching, but
also relevant, resonant, effective education.
Formats such as those tested in the sTUDents
subproject require courage, didactic open-
ness, and structural support. But they are
worthwhile because they show what is possi-
ble when students are not thought of as recip-
ients but as partners and are taken seriously.
It was only through the resources and freedom
provided by virTUos that it became possible to
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really test these spaces, reflect on them, and
develop them further together with students.
This enabled us not only to design innovative
learning formats, but also to make a concrete
contribution to strengthening student-cen-
tered teaching at TU Dresden. The question is
therefore no longer whether participation is
possible, but how we can make it possible. And
whether we are prepared to rethink university
teaching in such a way that student participa-
tion is no longer considered an exception, but
a fundamental principle of sustainable educa-
tion.
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Abstract

The HybParc project develops digitally supported, practice-oriented teaching formats for medi-
cal education. Its aim is to provide flexible, safe, and repeatable training environments that
foster clinical skills. Key didactic principles include blended learning, self-directed learn-ing,
and immediate feedback. Implemented self-learning units include a sensor-based 12-channel
ECG, Basic Life Support with CorPatch®, and surgical suturing with Al-supported analysis. In
addition, virtual reality (VR) scenarios allow complex procedures to be practiced safely. Auto-
mated feedback summaries support reflection and self-regulated learning. Eval-uations show
high acceptance, particularly for sensor-based feedback and VR. Learners value immediate
feedback and independent practice. Limitations include technical instability, lack of haptic
feedback, and high demands on didactic integration. Published as Open Education-al Re-
sources (OER), the materials are sustainably reusable.

Das Projekt HybParc entwickelt digital gestutzte, praxisnahe Lehrformate fur die medizini-sche
Ausbildung. Ziel sind flexible, sichere und wiederholbare Trainingsumgebungen zur Férderung
klinischer Kompetenzen. Didaktische Schwerpunkte liegen auf Blended Learning, selbstge-
steuertem Lernen und unmittelbarem Feedback. Umgesetzt wurden Selbstlernein-heiten wie
ein sensorbasiertes 12-Kanal-EKG, Basic Life Support mit CorPatch® sowie chirur-gische Naht-
techniken mit Kl-gestutzter Analyse. Erganzend ermdglichen Virtual-Reality-(VR)-Szenarien das
risikofreie Training komplexer Tatigkeiten. Automatisierte Feedbackzusam-menfassungen un-
terstitzen Reflexion und Selbststeuerung. Evaluationen zeigen eine hohe Akzeptanz, insbe-
sondere fir sensorbasiertes Feedback und VR. Geschatzt werden unmittel-bare Rickmeldun-
gen und eigenstandiges Uben. Einschrankungen bestehen durch techni-sche Instabilitat, feh-
lendes haptisches Feedback und hohen didaktischen Integrationsauf-wand. Als Open Educati-
onal Resources (OER) veréffentlicht, sind die Materialien nachhaltig nutzbar.

*Corresponding author: marie-christin.willemer@tu-dresden.de This article was originally submitted in German.
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1. Background

Heterogeneous student groups, which are
particularly common in medical studies, re-
quire learning formats that take into account
different levels of prior knowledge, learning
styles, and learning requirements, and offer
all students equal opportunities for compe-
tence development. Digital and hybrid for-
mats create a flexible, personalized, and stu-
dent-centered learning environment that en-
ables independent knowledge acquisition and
consolidation [1]. Self-directed learning de-
scribes an intentional learning process in
which learners take responsibility for setting
goals, planning, implementing, and evaluating
their learning [2]. The integration of self-study
phases and attendance training, as well as the
use of digital tools for reflection and feed-
back, promotes needs-based learning and
strengthens personal responsibility. In addi-
tion, digital learning opportunities contribute
significantly to the development of digital
skills, which are now considered a mandatory
learning objective and a central prerequisite
for future professional practice [3].

Self-directed learning is increasingly coming
into focus and is understood as a complex
cycle that encompasses psychological charac-
teristics (e.g., self-efficacy, motivation), per-
sonal decisions (e.g., effort, learning strate-
gies), assessments (e.g., self-assessment, at-
tributions), and actions (e.g., goal setting, ad-
justments). Educational psychology recom-
mendations emphasize the need for the sys-
tematic integration of such learning processes
into curricula, accompanied by continuous
support and feedback [4].

The German Council of Science and Humani-
ties also highlights the central role of guided
self-study as a sustainable teaching and learn-
ing format. This is closely linked to self-
directed learning, which is described as a pro-
cess in which learners take the initiative to
identify their learning needs, formulate goals,
tap into resources, select strategies, and eval-
uate their results [5]. Digital media offer a
wide range of methodological options to sup-
port these steps. It is crucial that elements
that enable and promote self-direction are
specifically incorporated into the design of
self-directed teaching units [2].
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Feedback is a key element in this process: it
enables continuous reflection on learning
progress, the identification of learning gaps,
and targeted improvements, which signifi-
cantly increases the quality of the learning
process. John Hattie emphasizes that learning
is particularly effective when learners are
supported in becoming "their own teachers" -
by acting more independently, reflecting, find-
ing their own learning paths, and critically
evaluating their results [6].

In the context of the Medical Interprofessional
Training Center (MITZ), self-directed learning
has so far been implemented through self-
monitoring, checklists, peer feedback, and
self-assessment of practical skills [7]. Recent
studies show that hybrid self-learning training
courses with digital feedback systems can
provide targeted support to students in their
individual learning processes [8]. Building on
this, further training courses are being devel-
oped that integrate digital feedback systems
even more intensively to ensure continuous
individual support.

Digital technologies such as video recordings,
sensors, and automated analysis methods
open up additional opportunities to evaluate
practical skills in a standardized and objective
manner. Virtual reality (VR) can also create
immersive learning environments for rare or
sensitive scenarios and train both operational
skills and non-technical skills such as commu-
nication and clinical decision-making [9, 10].
Automated and integrated feedback—
whether through software, peer reflection, or
self-reflection—provides targeted support for
learning processes and makes progress
transparent.

On this basis, the article outlines the ap-
proaches developed in the project for design-
ing hybrid, interactive self-learning, training,
and examination courses in a medical con-
text. The focus was on the HybParc internship
and assessment format, which aimed to teach
clinical practical skills more efficiently. Video
recordings, sensors, and (partially ) automat-
ed analyses of action sequences were used
for this purpose. Conversational agents pro-
vided automated feedback, while VR offered
immersive learning environments as a com-
plementary tool. HybParc was tested at the
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Carus Teaching Center (Carl) in collaboration
with the MITZ of the Carl Gustav Carus Faculty
of Medicine (MFD) in order to integrate hy-
brid, interactive courses into practical studies
and training and to enrich medical education
and related disciplines in the long term.

2. Project development

As part of the overall project, various innova-
tive teaching and learning methods were de-
veloped, tested, and partially evaluated. The
aim was to provide medical students with
practical, safe, and repeatable learning envi-
ronments that promoted both practical skills
and communication skills. The approaches
ranged from sensor-based self-learning units
and VR scenarios to automated feedback sys-
tems for communication-related exercises. All
subprojects followed a didactic guiding prin-
ciple that combined blended learning, self-
directed learning, and immediate feedback to
sustainably strengthen learners' practical
skills.

Self-learning unit: Applying a 12-channel-ECG

One focus of the project was the development
of a self-learning unit for applying a 12-
channel electrocardiogram (ECG) with a sen-
sor-based feedback system. The aim was to
provide learners with a teaching-independent
learning opportunity that combined theoreti-
cal basics with practical application and sup-
ported self-directed learning through imme-
diate feedback [11].

The unit followed a blended learning ap-
proach: in the online phase via Moodle, par-
ticipants were familiarized with the theoretical
basics, worked on orientation tasks, and
watched an instructional video demonstrating
the correct electrode placement. In the at-
tendance phase at MITZ, students practiced
electrode placement on a simulation dummy
and received feedback through the sensor-
based feedback system. Structured checklists
for peer feedback were also used, creating a
flexible and practical learning format that
combined digital innovation with classic
teaching methods.

The technical setup included a training dum-
my with adhesive electrodes, a PC with a
monitor, and two RGBD cameras that cap-
tured both the thorax area and the extremi-
ties. The cameras delivered image data to
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specially developed software that recorded
the positions of the electrodes, compared
them with target positions, and visualized the
results on a user interface. Incorrect place-
ments were displayed immediately, including
brief notes on correct positioning, so that
learners could directly recognize, reflect on,
and correct their mistakes.

Fig. 1: Setup for applying a 12-channel ECG

Development took place iteratively in two
rounds: First, an Artificial intelligence (Al)-
based approach (YOLO) was implemented
that recognized electrodes using annotated
image data and compared them with target
positions [12]. Despite multi-stage training,
this approach was not sufficiently reliable,
especially when it came to position and identi-
ty recognition of the electrodes. In addition, it
was not always clear to users whether an
electrode was incorrectly positioned or simply
not recognized.

x Das sieht noch nicht ganz richtig aus. Versuch es nochmal.

Elektrodenstatus
N2

V3

2V4 (5. ICR links Medioclavicularlinie)

V5

xV6 (mittlere Axillarlinie auf Héhe von V4)

vRot

v Gelb

xSchwarz (Rechtes Bein )

xGrin (Linkes Bein)
Elektroden funden werden. Uberprife dann,
0b Marker ve zeigen.

Tipps Neuer Versuch

Fig. 2: Feedback on the placement of the 12-
channel ECG on the user interface.

Based on these experiences, a marker-based
algorithmic method was developed. Aruco
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markers on the manikin and electrodes ena-
bled robust and precise detection. High-
resolution cameras improved image quality,
allowing the marker size to be reduced. A
revised user interface visualized the results in
a more transparent and understandable way,
and an assistant checked the camera position
at startup to avoid incorrect measurements.
The "ArucoRoi" configuration tool allowed
target ranges to be flexibly adjusted, which
facilitated transfer to other setups.

This iterative development process resulted in
a practical, robust, and transparent feedback
system that combined theory, practical appli-
cation, and immediate feedback, supporting
learners in their professional competence.

Self-learning unit Basic Life Support

Another aspect of the project was the devel-
opment of a self-learning unit on Basic Life
Support (BLS). Unlike the ECG project, this
unit made use of an existing device, the
CorPatch®. This system enabled real-time
analysis of resuscitation performance and
provided audiovisual feedback, for example
on the compression frequency and pressure
depth of chest compressions, as well as a
detailed evaluation after completion of the
exercise.

Fig. 3: CorPatch® system on the Basic Life Support
dummy

The didactic structure was based on a blend-
ed learning approach: after an online phase in
which theoretical basics were taught, partici-
pants practiced resuscitation skills inde-
pendently in the attendance phase. The
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CorPatch® served as a central feedback tool,
allowing learners to independently check and
improve their performance.

Self-learning unit on surgical suturing techniques

Another aspect is the development of a self-
learning unit on surgical suturing techniques
in a blended learning format. At the end of
the project, the technical setup was still in the
development phase: an overhead GoPro
camera continuously recorded the work area
and transmitted the image data to specially
developed software. The students practiced
on a suture pad (vinyl/EVA) with a prepared
incision using standardized suture material.

J

Fig. 4: Setup for surgical suturing techniques.

The software evaluated the suturing perfor-
mance using Al based on image sequences
that analyzed the entire suture as a video
[13]. The result was reported back directly via
the user interface in three assessment levels
("good," "average," "poor"). The interface also
showed the current recording status and a
countdown for the processing time, which
reduced the mental load and increased clari-
ty. In the future, this could lead to the crea-
tion of another self-learning unit that could be
embedded in the overall didactic pattern of
the project and use digital feedback systems
for standardized, independent training.

VR post-mortem examination

In addition to sensor-based self-learning
units, VR-based approaches were also devel-
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oped. The aim was to depict complex clinical
scenarios in a practical manner and offer stu-
dents a safe, repeatable learning environ-
ment.

Fig. 5: Processing the VR post-mortem examination
scenario with VR glasses

Medical post-mortem examination required a
combination of medical, legal, and organiza-
tional knowledge [14]. Since all medical per-
sonnel must master this skill and realistic
simulations are very resource-intensive, VR
training was transferred from the Dorothea
Erxleben Learning Center in Halle to Dresden
[15]. Halle provided the technical infrastruc-
ture, while the Dresden Faculty of Medicine
took care of the didactic design, adaptation,
and implementation.

The VR training followed the principle of the
flipped classroom: students prepared online
and then went through the scenario in small
groups with tutors at the MITZ. They encoun-
tered a virtual deceased person, examined
postmortem changes, integrated the apart-
ment and personal belongings into the case
study, determined the time of death, filled out
the death certificate, and received individual
feedback. The scenario was optimized during
the project period: simplified user guidance,
integration of input masks, two new cases,
and a controller tutorial. In the future, the VR
cases could also be offered as self-learning
units.

The effectiveness of VR training was examined
in a randomized teaching-learning study [16].
Students from the 5th semester onwards
were first tested and then assigned to either
the intervention group (VR) or the control
group (simulation dummy), which used the
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previously established teaching methods [17].
The aim of the study was to evaluate the in-
crease in knowledge and the effectiveness of
the teaching methods used. Recruitment ran
until the winter semester 2025/26; the results
were then to be published.

VR operating theatre scenario

To expand the digital teaching offerings, a VR
scenario based on 360° images was devel-
oped at MITZ [18] that depicts the operating
theatre. The aim was to give students a prac-
tical introduction to the procedures and roles
in the surgical team before teaching them
complex surgical techniques. Students had
repeatedly expressed the need for practice-
oriented training in a safe environment.

Fig. 6: Excerpt from the VR application in the oper-
ating theatre scenario

In the VR operating theatre scenario, learners
were able to explore the basics of the operat-
ing theatre on their own: roles in the team,
the layout of the operating theatre, and key
hygiene measures such as hand disinfection.
The training was supported by short videos
and explanatory texts demonstrating the cor-
rect procedure for hand hygiene [19]. In this
way, the scenario taught the basic procedures
in the operating theatre without delving into
complex surgical techniques. Learners were
able to familiarize themselves with the spatial
and organizational structure of the operating
theatre as often as they liked and understand
the interaction between the roles [18]. The
application could be used independently and
did not require direct instruction from tutors.
It could therefore be used as a self-learning
unit to support attendance teaching.

The scenario was developed in Unity and
could be played on Meta Quest VR hardware.
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It was based on our own videos, photos, and
360° images produced with the Insta360 X3.
In a requirements analysis, Unity was selected
over 3DVista and PaneoVR based on its range
of functions, documentation, development
time, VR compatibility, and Open Educational
Resource (OER) capability.

The didactic design took several key design
decisions into account:

* 360° photographs enabled an immersive
experience while also being efficient to
implement and easily transferable to other
scenarios [20, 21].

+ Navigation via predefined views reduced
motion sickness and increased user-
friendliness [22].

+ Physical presence at the location (only
head and eye movement) facilitated partic-
ipation even for people with limited mobili-
ty and reduced the risk of accidents.

+ Screen-space panels ensured constant
readability of information, regardless of
the direction of gaze.

+ Haptic and auditory feedback in button
interactions enhanced the perception of
virtual interfaces [23].

The scenario began with an introduction to
controller operation. Then, , the students
went through the induction process, interact-
ed with informative hotspots, and then en-
tered the virtual operating theatre. There,
they were able to explore aspects such as the
roles in the operating theatre, the correct way
to dress, and the various devices in the oper-
ating theatre at their own pace. The task took
about 30 minutes, making the scenario well
suited as a stand-alone self-learning unit.

Automated feedback summaries

Another subproject was in the testing phase
at the end of the project and was dedicated to
the automated support of feedback rounds
after curricular learning units with communi-
cative learning objectives - for example, con-
ducting conversations in a medical context
with simulation persons. The aim was to au-
tomatically transcribe the feedback session
and provide participants individually in the
form of summaries. After evaluating existing
tools in terms of usability, speech recognition
accuracy, speaker tagging, Al compatibility,
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and data protection, a suitable system was
selected. In a simulated feedback session with
eight people, requirements for piloting and
potential evaluation metrics were tested.

3. Evaluation results and outcome

At the end of the project, no direct evaluation
results were available for some subprojects
within HybParc, as these were currently in a
development and testing phase. The evalua-
tion items varied depending on the subpro-
ject, but always included key aspects such as
didactic design, acceptance, technical imple-
mentation, usability, and the subjectively per-
ceived learning effect.

Self-learning unit: Applying a 12-channel-ECG

Within the framework of the project, all fully
developed self-learning units and VR scenari-
os were successfully piloted and evaluated.
The self-learning unit on applying a 12-
channel ECG was initially tested in the sum-
mer semester of 2023 with twelve partici-
pants, consisting of medical students and
trainees studying to become medical assis-
tants. The evaluation showed a high level of
acceptance of the concept, while technical
weaknesses, particularly in the stability of
electrode detection and color recognition,
made error-free feedback difficult. The theo-
retical preparation was rated with an average
of 1.5 (s=0.7), the content implementation
with 1.6 (s=0.5), the technical implementation
with 1.9 (s=0.5), and the overall grade was 1.3
(s=0.5).

The unit was offered again in the summer
semester of 2024 and in the period from April
to July 2025. The revised prototype showed
progress but was not stable in all cases. Sup-
plementary feedback methods such as struc-
tured checklists and peer feedback ensured
that, despite technical limitations, a didactical-
ly effective learning effect was achieved. The
evaluation of 16 participants resulted in an
overall grade of 1.9 (s=0.9). After the unit, all
participants felt able to write a 12-channel
ECG independently, and 81% would recom-
mend the unit to others. Suggestions for im-
provement included pathological ECG and
extended detection limits.

Self-learning unit Basic Life Support

The self-learning unit on BLS was piloted in
February and March 2025 with eleven partici-
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pants. The CorPatch® system was used,
which provided real-time feedback on fre-
quency and pressure depth during chest
compressions and then provided a detailed
evaluation. All participants got along well with
the system, rated the instructions as helpful,
and appreciated the real-time feedback as
valuable support for improving their tech-
nique.

The implementation showed that the model
developed for self-learning units could be
flexibly applied to different content: While the
ECG project involved a technically complex in-
house development project, with BLS an exist-
ing system can be meaningfully embedded in
a didactic structure.

VR post-mortem examination

The VR post-mortem examination was tested
at MITZ with 73 students, 63 of whom com-
pleted a full evaluation (15). 93.1% of students
reported that their confidence in performing
medical post-mortem examinations had in-
creased, and 96.8% felt more confident in
completing death certificates. At the same
time, 91.6% emphasized that VR training
could not replace the necessary tactile feed-
back of real corpses. The scenario was ex-
panded to include a self-directed learning unit
that allows students to perform the individual
steps independently, determine their own
learning pace, and repeat content as often as
they like. In the comparative study on VR
post-mortem examination, which has been
running since 2023 and examines the learning
effect of the VR method compared to the es-
tablished simulation dummy, interim results
showed an increase in knowledge in both
teaching formats. The advantages of the VR
method lay in its interactive design and realis-
tic perception, while limitations arose from a
lack of haptic feedback and occasional tech-
nical operating problems. Self-assessments of
practical skills showed that after the course,
students were significantly more confident in
the practical performance of post-mortem
examinations and in filling out death certifi-
cates. Recruitment ran until the winter semes-
ter 25/26 and was not yet complete at the
time of writing. Subsequently, statements
could be made about its effectiveness com-
pared to the traditional method.
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VR operating theatre scenario

The VR-OP scenario was piloted as part of the
P} warm-up course with twelve students in
their 10th-11th semester, of whom eleven
provided complete feedback. The overall im-
pression was consistently positive: seven stu-
dents rated the scenario as "very good" and
four as "good." The usefulness and ac-
ceptance of VR in their studies was rated as
very high by the majority, and the participants
reported that it was a lot of fun. Side effects
occurred only in isolated cases. The feedback
particularly highlighted the realistic represen-
tation of the operating theatre and the atten-
tion to detail. The technical design allowed for
easy transfer to other departments, and the
scenario could be used for both medical stu-
dents and trainees to become surgical and
anesthesia technicians. All materials, includ-
ing how-to instructions, are available as OER
on Twillo.

Handouts and OER

As part of the project development, instruc-
tions for using the systems were created for
students and teachers. These include step-by-
step instructions for preparing, setting up,
operating, and maintaining the systems, in-
cluding information on technical configura-
tion and the use of mobile connections. The
materials are designed to be practical in order
to support teachers and students in using
them independently. All instructions are
available on the OER platform Twillo and can
be freely accessed, downloaded, and adapted
for your own teaching.

Fig. 7: QR code for the Twillo collection HybParc
(https://www.twillo.de/edu-
sharing/components/collections?id=b958881c-
5d8a-4d38-beb4-4b237daa58f4&scope=EDU_ALL)
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Conference contributions and publications

The use of sensor-based feedback was first
presented at the 2024 annual conference of
the Society for Medical Education (GMA) in
Fribourg, where initial results were presented
on the use of video recordings and sensor
data in learning of applying a 12-channel ECG
[24]. This was followed in 2025 by the presen-
tation of the CorPatch® system for support-
ing resuscitation training at the 19th Interna-
tional SkillsLab Symposium in Munich [25].

At the same time, the use of VR in medical
education was intensified. As early as March
2022, the VR Working Group was founded
within the GMA Committee on "Digitization -
Technology-Supported Learning and Teach-
ing." Initial results were presented in 2023 at
the 17th International SkillsLab Symposium in
Cologne [26] and published in the same year
[15].

At the 2023 GMA Annual Conference in Osna-
briuck, the focus was on immersive VR pro-
jects and didactic application scenarios [27,
28], while in 2024 in Fribourg, issues of cross-
location evaluation were discussed [29].

Networking within the VR Working Group
proved to be an important driver for technical
and didactic developments. Through ex-
changes between different locations, tech-
nical solutions and didactic concepts could be
jointly tested, reflected upon, and further
developed. In addition to questions concern-
ing the immediate use of VR, aspects of im-
plementation, evaluation, and sustainability
also came into focus. This resulted in practical
recommendations that can be applied not
only to VR, but also to other digital teaching
and examination formats. In addition, the
work led to broad dissemination via confer-
ences, publications, and specialist networks,
making the results visible and usable for med-
ical education in various specialist areas.

4. Discussion

The evaluations had some limitations: there
were several evaluations on different topics,
which were sometimes heterogeneous within
the topics and did not always contain the
same questions, making direct comparison
difficult. The samples were limited, participa-
tion was voluntary, and the feedback could
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have been influenced by positive expectations
of the innovative teaching methods.

Proven and less proven

The introduction of sensor-based feedback
systems has proven to be particularly effec-
tive. Learners benefit from immediate, objec-
tive feedback that supports reflection and
error correction and strengthens personal
responsibility in the learning process. This is
in line with current best practices, which em-
phasize the active involvement of learners
and the promotion of self-directed learning as
key success factors for digital teaching for-
mats. However, the project results show that
the successful use of complex technologies—
such as sensor-based feedback or VR—
requires a well-thought-out didactic concept,
extensive testing phases, and specific person-
nel expertise. Only the interplay of concept,
technology, and didactic expertise makes digi-
tal tools a valuable building block in teaching
[30]. This finding is consistent with the experi-
ences from cross-faculty cooperation projects,
in which integration into curricula and collab-
oration between different disciplines are con-
sidered key factors [31].

The publication of the self-study units as open
OER has enabled connectivity beyond the
local context. This promotes the sustainable
digitization of practice-oriented teaching and
learning formats and facilitates implementa-
tion or further development by other institu-
tions. The transfer of the VR post-mortem
examination scenario to other locations
demonstrates the potential for interdiscipli-
nary dissemination and sustainable use [15].

The project results show that the threshold
for the integration of digital teaching formats
by other institutions should be kept as low as
possible in order to enable broad dissemina-
tion and sustainable use. This is in line with
the recommendations for sustainable OER
strategies [32].

The VR post-mortem examination and VR
operating theatre scenarios were perceived
by students as offering clear added value.
They enable risk-free, structured training in
complex medical activities and offer the op-
portunity to learn about procedures and roles
in the operating theatre without burdening
patients or resources. Despite this, VR scenar-
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ios cannot completely replace practical expe-
rience with real corpse or in the operating
theatre. In particular, the lack of tactile and
olfactory feedback remains a key limitation
that must be compensated for by accompany-
ing practical exercises.

Furthermore, the use of existing structures
and the combination of automated setup, Al-
based evaluation, and a user-friendly inter-
face significantly reduced the amount of work
required for surgical suturing techniques. This
offers an efficient solution for medical train-
ing and is transferable to other contexts. The
possible applications of Al in medical educa-
tion are currently still limited, as high quality
standards and regulatory requirements (e.g.,
data protection, exam formats) must be met.
The development of reliable, fair, and legally
compliant Al systems remains a challenge
[33].

5. Conclusion

Overall, the subprojects show that digital and
Al-supported teaching formats and VR scenar-
ios have the potential to make medical educa-
tion more practical, flexible, and sustainable.
In particular, immediate feedback from sen-
sor-based systems, the use of OER for sus-
tainable dissemination, and the practical sim-
ulation of complex activities through VR have
proven successful. The greatest challenges
are the didactic and technical complexity of
integration and the associated close interdis-
ciplinary cooperation, as well as the limited
transferability of virtual experiences to reality.
The project results provide valuable impetus
for the further development of digital teach-
ing formats and their sustainable anchoring in
medical education.
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Abstract

The ongoing digitization in the humanities and social sciences (HSS) enables and requires the
use of new, particularly quantitative, methods of analysis. Programming skills give researchers
the most flexible way of working with data. However, these are not typically taught in HSS degree
programs, and existing teaching/learning materials usually require prior technical knowledge.
For this reason, the virTUos subproject ExDiMed has developed low-threshold, modular self-
learning materials for teaching coding skills in the programming language Python, which are
specifically tailored to the needs and requirements of HSS students. The content, in the form of
interactive Jupyter Notebooks, is available to learners and teachers as OER and has been suc-
cessfully tested and refined at TU Dresden over six semesters in a flipped classroom seminar.
With the advent of generative Al, the course has been expanded in an exploratory manner to
sensitize students to the constructive use of Al in coding. Our evaluation shows that teaching
basic programming skills has become more relevant in the age of Al, as the latter can only act as
a catalyst for coding practice if students already have the basics. Our teaching/learning concept
is now firmly established in the Digital Humanities master's program at TU Dresden and will con-
tinue to be developed after the end of the project.

Die fortschreitende Digitalisierung in den Geistes- und Sozialwissenschaften (GSW) ermdglicht
und erfordert den Einsatz neuer, insbesondere quantitativer Analysemethoden. Den flexibels-
ten Umgang mit Daten erhalten Forschende durch Programmierkenntnisse. Typischerweise
werden diese aber nicht in GSW-Studiengangen vermittelt und bestehende Lehr-/ Lernmateria-
lien setzen meist technisches Vorwissen voraus. Deshalb hat das virTUos-Teilprojekt ExDiMed
niedrigschwellige, modular aufgebaute Selbstlernmaterialien zur Vermittlung von Codeskills in
der Programmiersprache Python entwickelt, die sich spezifisch an den Bedarfen und Vorausset-
zungen GSW-Studierender orientieren. Die Inhalte in Form interaktiver Jupyter Notebooks ste-
hen Lernenden wie Lehrenden als OER zur Verfiigung und wurden an der TU Dresden wahrend
sechs Semestern in einem Flipped Classroom-Seminar erfolgreich erprobt und verfeinert. Mit
dem Aufkommen generativer KI wurde das Angebot explorativ erweitert, um Studierende fur
konstruktiven Kl-Einsatz beim Coden zu sensibilisieren. Unsere Evaluation zeigt, dass die Ver-
mittlung grundlegender Programmierkenntnisse in Zeiten von Kl an Relevanz gewonnen hat, da
letztere nur dann als Katalysator der Codepraxis wirken kann, wenn Studierende bereits Uber
Basics verfugen. Unser Lehr-/Lernkonzept ist mittlerweile im Masterstudiengang Digital Humani-
ties an der TU Dresden verankert und wird auch nach Projektende weiterentwickelt.

*Corresponding author: yannick.frommherz@tu-dresden.de This article was originally submitted in German.
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1. Introduction

The humanities and social sciences (HSS) have
undergone a digital turn in recentyears [1], [2],
[3], [4], which is likely to be further accelerated
by recent leaps in the development of genera-
tive Al [5], [6], [7]. Scientists in these disciplines
now have access to large amounts of digital
data (e.g., social media corpora or OCR data),
which both enable and require the use of
guantitative analysis methods. Moving beyond
low-threshold tools that allow specific, prede-
fined evaluations (e.g., corpus analysis soft-
ware such as SketchEngine), programming skills
enable HSS researchers to flexibly access and
preprocess large quantities of data that are rel-
evant to their research, analyze it, and prepare
it for dissemination [8].

However, given the traditionally qualitative fo-
cus of many HSS programs, quantitative meth-
ods in general and programming skills in par-
ticular are not typically part of the correspond-
ing curricula. Against this background, the sub-
project Experimentierraum Digitale Medienkom-
petenz (ExDiMed) of the virTUos consortium in
2021 set out to develop a target-group-ori-
ented teaching/learning format that imparts

precisely these skills to HSS students, enabling
them to fully exploit the potential of the digital
turn [8].

Specifically, during the project period, we de-
veloped and tested materials that teach pro-
gramming skills in Python as a fundamental
digital media competence. As the de facto sci-
entific standard, this relatively easy-to-learn
programming language offers the possibility of
solving research questions and application
problems from the HSS in a needs-oriented
manner [8], [9].

This article reflects on the work carried out
within ExDiMed, beginning with the specific
needs and requirements of HSS students, fol-
lowed by our self-learning materials based on
latter, their testing in a flipped classroom sem-
inar, and the integration of generative Al,
which has emerged in the meantime. We con-
clude with an outlook. Throughout the project,
iterative feedback from learners on our ap-
proach and the specific materials was incorpo-
rated into their further development (see dia-
gram of the work process in Fig.1). In line with
the title of this journal, we would like to pre-
sent the most important lessons learned from

our project.
Dissemination der
‘ Materialien als OER

_ Konzeption/ _ Erstellung/ Erprobung in
Bedarfsanalyse . Uberarbeitung des . Uberarbeitung der Flipped Classroom-
Selbstlernformats Lehr-/ Lernmaterialien Seminar
Curriculare
Verankerung des
Seminars

Fig.1: Schematic representation of the iterative work process.

2. Starting Point

High-quality introductions to programming
that are also freely available on the internet
are widely available in various formats, from
classic textbook-like websites to YouTube tuto-
rials and interactive online courses. Apart from
notable exceptions such as Programming Histo-
rian, however, these are almost exclusively
aimed at learners with a certain affinity for
technology, mathematics, and logic. Explana-
tions often require relevant prior knowledge,
and examples and exercises are mostly nu-
merical in nature (e.g., outputting the Fibo-
nacci sequence). However, our target group,
HSS students, generally have no prior
knowledge of programming and little technical

5-2/6-2

know-how in general. To the contrary, there
are often reservations about computational
work. Apart from the importance of content
that is as free of prerequisites as possible (see
below), the initial focus in developing our
teaching/learning concept was therefore on
the question of which format would be most
effective in imparting programming skills to
the given target audience.

3. Open-Source Self-Learning Materials

While our target group is united by the fact that
they often have little technical experience and
text data is generally very important to them,
the various HSS are thematically and method-
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ologically diverse. For example, history stu-
dents have different concepts and interests
than those studying linguistics. Beyond the
subjects, all students also have individual
needs and requirements. In order to take this
diversity into account and address as broad an
audience as possible within the HSS, we have
opted for self-learning materials in the format
of Jupyter Notebooks, which are also modular
in structure.

Once students have downloaded our freely ac-
cessible content from GitHub, they can work
on it flexibly whenever and wherever they
want and, crucially, at their own pace. This al-
lows them to repeat individually challenging
passages as often as necessary.Feedback ob-
tained from pretesters as well students of the
seminar confirmed that learners greatly ap-
preciate this flexibility.

Jupyter Notebooks are a suitable format be-
cause they elegantly and unobtrusively inter-
weave code with text blocks (see Fig. 2). The lat-
ter contain explanations and formulate tasks
and cannot be edited by learners. Code fields,

Bedingte Anweisungen

on the other hand, are either empty (e.g., for
exercises, see Fig. 3) or already contain code
that students can expand ("Complete the
code"), modify ("Insert relevant parameters" or
"Find the error"), and, in any case, execute. In
contrast to traditional textbooks, which re-
quire that code be copied exactly, and script-
based tutorials, which must first be executed
in the command line, learners in our interac-
tive notebooks immediately experience the ef-
fects of the given code or specific changes to it.
The division of code into several small blocks
(with text in between, if necessary) further sen-
sitizes learners to the incremental nature of
programming: a problem is solved step by
step, and after each block it is immediately ap-
parent whether the code delivers the desired
(interim) result. Our teaching/learning format
thus combines self-directed knowledge acqui-
sition with immediate application. Embedded
graphics and videos, which convey a realistic
picture of exploratory trial-and-error coding,
further create a multimodal learning experi-
ence.

‘Wir widmen uns als Erstes den bedingten Anweisungen und definieren dafiir einen simplen string. Flihr wie immer die Zelle aus, um sentence zu initialisieren.

sentence = "Der morgige Tag wird schon."

Eine bedingte Anweisung wird mit if eingeleitet, z. B.:

if sentence.startswith("Der"):
print("Der Satz féngt mit einem Artikel im Maskulinum an.")

Der Satz féngt mit einem Artikel im Maskulinum an.

Natiirlichsprachlich formuliert liest sich der obige Code: "Wenn der Satz mit 'Der’ anféngt, dann geben wir *..." zuriick."

Fig. 2: Excerpt from a Jupyter notebook consisting of text and code blocks that introduce conditional statements.

The code blocks are executed.

%, Ubung 3: Im Islindischen setzen sich Nachnamen aus dem Vornamen eines Elternteils (traditionell, aber nicht immer, des Vaters)
und der bindren Bezeichnung "son" bzw. "dottir" zusammen (i. d. R. mit Genitiv-S dazwischen). "Johannsdottir" ist also z. B. die Tochter

von Johann. Lass Dir fiir jeden Namen auf surnames ausgeben, ob es sich um eine Person vermutlich isléndischer Abstammung
handelt, oder nicht. Wenn ja, lass Dir zudem ausgeben, ob es sich aufgrund des Nachnamens um eine Frau oder einen Mann handelt.

In der Ausgabe sollte der betreffende Name vorkommen, also z. B. fir einen nicht-islandischen Namen: "Mensch Miiller kommt

vermutlich nicht aus Island."
» . Tipp

#In diese Zelle kannst Du den Code zur Ubung schreiben.

surnames = ["Jonsdottir", "Miller", "Johannsson", "Einarsdottir", "Fischer", "Suarez", "Johannsdottir"

Fig. 3: Example of an exercise on conditional statements, which is thematically derived from the HSS. Optionally,
a hint can be displayed that suggests a suitable method (endswith).
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As mentioned, our notebooks follow a modu-
lar structure. We distinguish between a basic
module and advanced modules. In the former,
students acquire the theoretical and practical
foundations of programming with Python, i.e.,
knowledge of variables, operators, data types,
control structures, useful functions and meth-
ods, and how to handle external data. With our
target group in mind, explanations, examples,
and exercises are deliberately taken from the
HSS and designed to be practically relevant
(e.g., in Nathan the Wise the distribution of con-
tributions per character is analyzed , see also
Fig. 3). Even concepts that are supposedly gen-
erally understood, such as working memory or
file paths, are explained explicitly. In addition,
we illustrate potentially counterintuitive tech-
niques using metaphors borrowed from every-
day life - for example, indexing using the idea
of numbered houses along a street, where
specifically odd house numbers can be "ad-
dressed" using the step parameter (muster-
strasse[0:20:2]). Our teaching experience
in recent years has shown us that materials for
teaching programming skills to HSS students
must be designed to be as low-threshold as
possible so that learners are not deterred. The
fact that our contents are in German, unlike
most other introductions to programming,
also contributes to their accessibility for our
target group.

+ & Exkurs: Hilfe holen

Beyond the specific content, we ultimately try
to get learners interested in programming in
three ways. First, right at the beginning, we ex-
plicitly motivate the use of programming skills
in the HSS by using examples to show what can
be achieved in these disciplines with the help
of code, which would be very time-consuming
or even impossible to implement with a man-
ual approach. Second, we introduce algorith-
mic thinking before getting into the specifics of
Python. This is the ability to 1) analyze a given
problem precisely, 2) find expedient steps to
solve it, 3) operationalize these steps, i.e., for-
mulate a complete and correct algorithm, 4)
test this algorithm on both typical and atypical
cases, and 5) improve its efficiency [4, p. 95].
Internalizing this fundamental approach to a
(programming) problem seems to be more im-
portant than the effective syntax and seman-
tics of the respective programming language
[4, p. 90]. Results from an iteratively designed
programming course, in which only one pa-
rameter was adjusted from the previous
course, suggest that even a short unit on algo-
rithmic thinking leads to better programming
skills [9]. This is consistent with our experience
that learners experience a kind of "aha" mo-
ment when they become aware of this com-
pletely logical way of thinking. Third, we try to
proactively prevent disappointment and drop-
outs by making it clear to learners at various
points in our notebooks that they will often fail,
but that this is really quite normal (see Fig. 4)

Bis zu diesem Punkt bist Du sicherlich auf das ein oder andere Problem gestoBen, das Du nicht selbst I6sen konntest.

Vermutlich hast Du in diesen Fallen eine Kl konsultiert oder Hilfe bei Google gesucht. Das sind genau die richtigen

Strategien! (&)

In den seltensten Fallen bist Du mit Deinen Programmierproblemen alleine, weshalb es im Internet meist bereits viele

Losungsvorschlage dazu gibt. Dies trifft besonders auf Python zu, da die Programmiersprache sehr weit verbreitet ist.

Diese Hille und Fiille an Hilfestellung zu Python im Internet ist denn auch der Grund dafir, warum Kls wie chatGPT oder

GitHub Copilot ziemlich zuverlassig Hilfe leisten konnen. SchlieBlich basiert ihr Output auf Trainingsdaten, die zu einem

groBen Teil aus dem Internet stammen.

Lass dir bei Problemen zunachst von Kl helfen — in aller Regel ist dies am effizientesten. Uberpriif aber stets, ob die

vorgeschlagene Lésung Dein Problem wirklich behebt und Du den Code nachvollziehen kannst. Falls nicht, kannst Du Dir

den Code von der Kl erklaren lassen oder eine simplere Version erbitten.

Fig.2 : Excerpt from a notebook on dealing with errors and problems, in which we also engage in implicit expec-

tation management.
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Building on the basic notebooks, additional
self-contained notebooks introduce data anal-
ysis with pandas, regular expressions, web
scraping, and tagging (e.g., lemmatization or
sentiment analysis). This allows learners from
the various HSS to put together a modular pro-
gramming course that is relevant to them. Sup-
pose a student wants to enrich an existing lan-
guage corpus with additional information such
as word types or syntactic dependencies. In
that case, she can specifically expand her Py-
thon skills in the area of tagging. Her fellow
student, who wants to compile his very own
data set from the internet, can complete his
skill set with a focus on web scraping.

In addition to the actual notebooks, we offer
extensive additional content. Although the
teaching notebooks already contain numerous
exercises (see Fig. 3), we provide additional
ones (and solutions, of course) for each topic,
as we have found that students learn best
through independent, creative application of
theory. There are also materials on topics such
as using the command line, Git(Hub), data vis-
ualization, and training your own basic lan-
guage model.

As mentioned, all materials are stored in a sep-
arate GitHub repository and referenced as
Open Educational Resources (OER) under a CC-
-BY-SA license on the platforms twillo and Wik-
iversity. They are also available to teachers -
thanks to their modular structure, our materi-

als can be used as-is or flexibly supplemented
with additional content.

4. Testing in Flipped
Classroom Seminars

Since the 2022/23 winter semester, the mate-
rials described above have been used in a sem-
inar regularly offered by the Chair of Applied
Linguistics. In the spirit of exchange between
the individual virTUos subprojects, we also held
a one-time joint course with DigitalHerrnhut, in
which we prepared and analyzed Herrnhut
texts for linguistic-historical research using the
simultaneously acquired programming skills.

Our seminar is designed as a flipped class-
room format in the spirit of blended learning
[10], [11], [12]. Asynchronous and synchro-
nous learning phases are didactically inter-
linked, with students working on their note-
books primarily asynchronously - flexibly in
terms of time, place, and pace - and the syn-
chronous, spatially co-present sessions serv-
ing for recapitulation and joint practice and
coding (see example seminar schedule in Fig.
5). Collaborative learning settings have been
shown in various studies to be conducive to
teaching programming skills [1], [9], [13]. In our
seminar, the lecturer solves more complex and
particularly illustrative programming prob-
lems in a frontal manner, but always with the
involvement of the students. Here, too, the in-
cremental and iterative practice of coding be-
comes clear, while at the same time care is
taken to cultivate an error-tolerant mindset.

16.10. 13:00-14:30
23.10. 13:00-14:30 W Einfiihrung* rekapitulieren
30.10. 13:00-14:30 W Datentypen’ rekapitulieren

06.11. 13:00-14:30 W Kontrolistrukturen® rekapitulieren

= Installation & Algorithmisches Denken

W Einfiihrung*

4 Datentypen®

[ ] sKontrollstrukturen®

[ ] »Funktionen und Methoden Teil 1¢

13.11. 13:00-14:30 W 4Funktionen und Methoden Teil 1* rekapitulieren ] LFunktionen und Methoden Teil 2¢

27.11. 13:00-14:30 W Funktionen und Methoden Teil 2* rekapitulieren & Vorbereitung Programmieren mit KI

04.12. 13:00-14:30 ‘@ Programmieren mit Kl

11.12. 13:00-14:30 W Input und Output Teil 1° rekapitulieren
18.12 13:00-14:30 W Jnput und Output Teil 2“ rekapitulieren
08.01. 13:00-14:30 M | DatenanalyseTeil 1% rekapitulieren
15.01. 13:00-14:30 W DatenanalyseTeil 2° rekapitulieren

22.01. 13:00-14:30 :& Vorbereitung Mini-Hackathon
29.01. 13:00-17:00 #= Mini-Hackathon

05.02. 13:00-14:30 . Vorbereitung Projektarbeit

W Input und Output Teil 1“
W _input und Output Teil 2*
I8 Datenanalyse Teil 1

8 Datenanalyse Teil 2°

I . Reguldre Ausdricke*
W, 7agging*

. Vorbereitung Projektarbeit

Fig.3. Sample seminar schedule from the 2024/25 winter semester, showing the integration of asynchronous
and synchronous learning phases in line with the flipped classroom concept. This seminar was also used as a

test bed for the integration of generative Al (see below).
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On the other hand, we implement settings that
promote collaboration among students. At the
beginning of each semester, we create peer
groups consisting of two or three students -
with different levels of prior knowledge, if pos-
sible - who are to work together in synchro-
nous sessions throughout the seminar. The
highlight of collaboration among students is a
mini-hackathon at the end of the semester. For
four hours, participants devote themselves to
a data set they have chosen themselves, de-
velop questions that interest them, and set
about operationalizing these questions with
the help of code. At the end of the mini-hacka-
thon, they present their results and reflect on
the process. Such mini-hackathons enable stu-
dents to co-construct ideas and solutions that
they might not have developed on their own
[1]. Over the course of the semester, various
corpora were analyzed, such as stenographic
Bundestag minutes, user comments on the In-
stagram project @ichbinsophiescholl [14], soc-
cer game statistics, and newspaper articles.
The first dataset, for example, was analyzed
with regard to the distribution of interjections
in parliament by political groups and individual
members of parliament. Although students
can apply their growing Python skills through-
out the semester in thematically isolated exer-
cises, the mini-hackathon is the first time they
are used on a larger and more holistic scale.
Most importantly, however, coding is guided
by the interests of the students themselves,
which has a positive effect on their motivation.
In addition to these collaborative components
of the seminar, gamified aspects such as
knowledge quizzes are particularly popular, as
they offer a break during the session and seem
to be appealing due to their competitive na-
ture (see Fig. 6). The newly acquired program-
ming skills are ultimately applied in the final as-
signments following the seminar. Typically,
students complete their own small research
project for this purpose - from data collection
(e.g., using web scraping) to data preparation
(e.g., using regular expressions) and evaluation
(e.g., with pandas) to visualization of the re-
sults (e.g., with matplotlib). Many students
report that their projects have enabled them
to make another big leap in their skills, partly
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because they have now turned to more com-
plex code, driven by their own individual inter-
est in knowledge. Over the course of the se-
mester, many high-quality exam papers were
submitted, including a linguistic paper on Hel-
vetisms and Austriacisms in German-language
newspaper articles, a historical paper on map-
ping the Digital Herrnhut cemetery, and an vis-
ual studies paper comparing historical mass
production strategies with digital reproduction
methods.

The flipped classroom format of our seminar,
which is fundamentally derived from our over-
arching self-learning concept (see above), has
proven itself over the last six semesters. Alt-
hough some students were occasionally over-
whelmed by having to work through most of
the learning content on their own, the majority
of participants appreciated the format or at
least pragmatically recognized that the only
way to really learn programming is by coding,
coding, and coding again—and that simply has
to be done independently. Apart from the fact
that weekly sessions would not be sufficient
for this, neither the teacher nor collaborative
exchange with peers can substitute this for
learners. These elements, which are anchored
in the synchronous parts of the seminar, offer
important support for the individual learning
process, but cannot replace it. At the same
time, the past few years have shown that syn-
chronous sessions on more complex topics to-
wards the end of the seminar should definitely
last longer than two hours, if only because the
exercises are much more time-consuming at
this stage compared those covering introduc-
tory content. A complete block seminar that
bundles all synchronous parts into a few full-
day units has not proven successful, however,
as students' mental capacity is limited and the
independent programming practice that is so
central to the course seems to be less estab-
lished than in a course that spans the entire
semester.

The seminar described above is now part of
the curriculum of the new Master's program in
Digital Humanities at TU Dresden, but students
from other disciplines, including various
teacher training programs, also regularly en-
roll. The seminar is continuously being im-
proved, not least with regard to generative Al.
Its emergence in the middle of the project
raised new questions and necessitated adjust-
ments, which are described below.
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s whitespace-Zeichen  True oder False

Join at menticom | use code 7113 3867

Was gibt die string-Methode isspace() zurtick?

0~

M Mentimeter

Verzeichnisstruktur

Welcher Pfad ist korrekt?

Arbeit vertrag

Versicherungen

Vorlesungen
Studium
Seminare

Schweden 2021 Malms

Alben - +—— Loreen

UI.AI.AIdu:@'

lein Laufwerk/doc.txt

lAlben/Musik/Mein Laufwerk/doc.txt]

Eu: SAxt

Fig.4 : Gamified seminar components: knowledge quiz on string methods (top; implemented with mentime-
ter.com) and on relative file paths for navigating from a given directory A to directory B (bottom,; miro.com).

5. Generative Al

Current generative Al tools such as chatGPT or
Google Gemini are now capable of generating
programming code fully automatically and
mostly error-free [15]. Once this became ap-
parent, we were faced with the fundamental
question of whether learning to program was
still worthwhile for HSS students. For three
reasons, we were fundamentally convinced
that programming skills in the disciplines in
question are not superfluous in the face of
powerful Al, but on the contrary, may be more
relevant than ever. First, experience to date

Lessons Learned | Volume 5 (2025) | Issue 2

has shown that our target group rarely consid-
ers code - even Al-generated code - as a prob-
lem-solving strategy due to the technical inhi-
bitions described above and generally low dig-
ital literacy. Against the backdrop of the digital
turn in the HSS, a low-threshold introduction is
therefore likely to remain essential in order to
familiarize such students with the analysis
methods that have become relevant [8]. Sec-
ond, generative Al can only be used if mean-
ingful prompts are formulated. However, pro-
gramming-related prompt engineering re-
quires an understanding of when code is use-
ful, what code can (and cannot) do, and
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basierend auf Input

generiert generative KI den wahrscheinlichsten Output

umgebender Kontext als Input

Fig.5 : Theoretical input on how generative Al works.

knowledge of the relevant terminology. Learn-
ers need these same skills to be able to evalu-
ate generated output and take action in the
event of faulty Al code. These skills too need to
be taught in a way that is appropriate for the
target group. Thirdly, generated code must al-
ways be executed. Some Al tools allow code to
be executed in virtual environments. However,
once local files are used, which will soon be-
come unavoidable when programming for re-
search purposes, a separate functioning devel-
opment environment (/DE) is required, for
which the generated code usually has to be
adapted, e.g., with regard to file paths. In our
experience, however, setting up such an IDE
represents a major entry barrier that needs to
be overcome through appropriate learning of-
ferings.

If programming skills in the HSS and their
teaching in higher education have not become
obsolete as a result of generative Al, the next
question is how a teaching/learning format
such as ours needs to be adapted to the new
conditions that Al creates for programming. In
order to explore the meaningful integration of
Al, we used our seminar in the winter semester
2024/25 as a test bed.

A survey at the beginning of the seminar re-
vealed that students used generative Al in
many ways, but not for programming. As we
anticipated, the reasons given were a lack of
basic knowledge about prompting and evalu-
ating output, as well as a fear of errors in the
Al code. Since we assumed that certain basic
knowledge must be in place before Al can be
used profitably for programming, we sched-
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Taxt + Code als Output

uled a corresponding introduction for the mid-
dle of the semester (see seminar plan of the
testbed seminar in Fig. 5). We first used theo-
retical input to ensure that all participants had
the same level of understanding of how gener-
ative Al works: Based on input - whether in the
form of a classic prompt or code context - the
Al suggests the most likely output (see Fig. 7).
We then demonstrated the probabilistic basis
of generative human and artificial intelligence
using natural language cloze texts and incom-
plete code, which the students were asked to
complete individually. Unsurprisingly, depend-
ing on the "input," certain "outputs" were more
likely than others, just as is the case with gen-
erative Al "behind the scenes" (see Fig. 8).

Wie geht der Satz weiter?
Wie kann ich bei Python einen string |

eeeee gen? Tokenisieren?
formen erstellen
richtig schreiben? ausgeben?

Wie geht der Code weiter?

words = ["Ich", "ich", "du", "du"

#Einzigartige Worter ausrechnen
unique_words = set(|)

words words

words words

Fig.6 : Raising awareness of the probabilistic basis
of generative Al. Students were asked to complete
the sentence/code individually. The screenshot
shows some of their answers.
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We then differentiated between four use cases
in which generative Al can be used construc-
tively: code generation "from scratch," debug-
ging, commenting or documenting code, and
having code explained. Each type was then
practiced using examples and employing both
"general" Al such as chatGPT and Al optimized
for coding, GitHub Copilot. As the seminar pro-
gressed, as well as for the mini-hackathon and
final assignments, students were free to de-
cide whether and how to use generative Al.
The instructor continuously demonstrated its
use in synchronous sessions.

After the seminar, the tested Al integration was
evaluated by externally moderated focus
groups to gather practical experiences from
the students [5]. According to this, students
rated both the type and timing of the introduc-
tion in the middle of the semester as very use-
ful and also appreciated the self-determina-
tion in the use of the tool. Most students re-
ported that they would never have started pro-
gramming without our low-threshold introduc-
tion, but now felt capable of using Al compe-
tently. The primary areas of application for Al
turned out to be the correction of syntactic er-
rors and code documentation. Students also
like to have code "broken down". i.e., ex-
plained. At the same time, it was reported that
completely Al-generated code is often too
complex and creates new problems, e.g., by
way of dependencies. Not least because of
this, interacting with Al sometimes takes
longer than finding a solution on one's own. Di-
verging attitudes toward Al use in peer groups
and individual inhibitions (self expectations;
fear of making mistakes; fear of losing one's
own creativity; the feeling of cheating) also
seem to stand in the way of (increased) use of
generative Al in programming. Another inter-
esting finding was the recurrent statement
that students preferred to ask the lecturer ra-
ther than the Al, as the former reacted in a
more human way by embedding his answers
in the real seminar context.

Itis undisputed that code remains a central sci-
entific problem-solving strategy, also in the in-
creasingly digital HSS. Generative Al proved to
be a helpful catalyst for learning and applying
programming skills in our test seminar. How-
ever, as we assumed, it became clear that basic
knowledge must first be available in order for
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learners to benefit from generative Al in their
programming practice. This confirmed that
low-threshold, target group-sensitive teaching
of programming skills in higher education is
very relevant, especially in times of powerful
Al. Only in this way can the potential of the dig-
ital turn described at the beginning be effec-
tively exploited. Accordingly, the tested form of
Al integration into the seminar was retained in
the 2025 summer semester. The teach-
ing/learning materials were also revised to
point out the possibility of Al use at appropri-
ate points (see also Fig. 4).

6. Outlook

By way of our contents and seminars,
ExDiMed's goal was to enable learners from
various HSS programs with no prior knowledge
to address issues relevant to them in a digitally
competent manner - from obtaining their own
data to data preprocessing, evaluation, and
visualization. Numerous good final assign-
ments, as well as, e.g., programming-intensive
master's theses, and feedback from learners
over six semesters, show us that we have come
a long way toward achieving this goal, at least
for the HSS at TU Dresden.

While both the content creation and the semi-
nar have been largely carried out by one single
research assistant, a handover to new teaching
staff is currently taking place, who will continue
developing both the materials and the course
after the end of the project. To this end, all pro-
cesses, such as the handling of the GitHub re-
pository, are currently being documented. In
addition to creating new advanced modules,
the focus in the future will be on the ongoing
onboarding of new developments in genera-
tive Al. Beyond TU Dresden, we hope that our
materials will be used by lecturers from the
HSS at other German-speaking universities in
their teaching, either in their entirety to teach
the basics for subsequent subject-specific con-
tent, or by using individual advanced modules
to supplement an existing course.
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Abstract

The diverse study landscape requires flexible and scalable qualification modules for tutors,
whose work is central to the quality of teaching and the methodological and didactic develop-
ment of student teachers. The TUTORING hybrid project builds on existing experience and inno-
vative developments in digital higher education. It identifies, analyses and develops hybrid
teaching and learning scenarios in an interdisciplinary manner to make them usable across uni-
versities. Key milestones include developing a certificate course on OPAL in a flipped classroom
format for the initial training of subject tutors; the 'seminar room of horror'; the 360-degree
learning environment; and the digital escape room, all of which enable practical, interactive
learning. Additionally, the Open Minds course was developed to teach the fundamentals of open
educational resources. The developed content was disseminated via platforms such as Twillo,
Videocampus Sachsen and YouTube, as well as at national and international conferences. This
article also reflects on the challenges and lessons learned during the project period, particularly
with regard to the implementation of the formats and adaptation to changing needs.

Die heterogene Studienlandschaft erfordert flexible und skalierbare Qualifizierungsbausteine
flr Tutor:innen, deren Arbeit eine zentrale Rolle flir die Qualitat der Lehre und die methodisch-
didaktische Entwicklung studentischer Lehrender einnimmt. Das Projekt TUTORING hybrid knUpft
an bestehende Erfahrungen und innovative Entwicklungen in der digitalen Hochschullehre an,
identifiziert hybride Lehr-Lern-Szenarien, analysiert diese didaktisch und entwickelt sie interdis-
ziplinar weiter, um sie universitatsubergreifend nutzbar zu machen. Zu den zentralen Meilen-
steinen zahlen der Aufbau eines Zertifikatskurses auf OPAL als Flipped-Classroom-Format zur
Basisqualifizierung von Fachtutor:innen, der ,Seminarraum des Schreckens”, die 360-Grad-Ler-
numgebung sowie der digitale Escape Room, die praxisnahes, interaktives Lernen erméglichen.
Erganzend wurde der Open-Minds-Kurs entwickelt, der die Grundlagen von Open Educational
Resources vermittelt. Die entwickelten Inhalte wurden Uber Plattformen wie twillo, Videocampus
Sachsen und YouTube sowie auf nationalen und internationalen Tagungen sowie Konferenzen
verbreitet. Der Beitrag reflektiert zudem Herausforderungen und Learnings aus der Projektlauf-
zeit, insbesondere die Umsetzung der Formate sowie die Anpassung an veranderte Bedarfe.

*Corresponding author:pauline.thamm@tu-dresden.de This article was originally submitted in German.
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1. ldea and starting point

The starting point is a study landscape charac-
terized by heterogeneous prior knowledge,
variable participation conditions, and different
didactic requirements. Although existing face-
to-face and online offerings (including the
OPAL learning platform and virtual learning
environments) expanded rapidly during the
pandemic, their systematic integration, di-
dactic foundation, and sustainable implemen-
tation remain the focus. This creates the need
for scalable, flexible qualification modules that
combine digital self-study phases with interac-
tive, in-person components and are accessible
as Open Educational Resources (OER)/Open
Educational Practices (OEP).

Tutorial work plays a central role in the imple-
mentation of such flexible qualification ap-
proaches. It is an essential component of uni-
versity didactics and significantly contributes
to teaching quality assurance [1]. As links be-
tween teachers and students, tutors develop
their didactic and communicative skills while
supporting the learning processes of their
peers [2]. To ensure the long-term quality of
student-led teaching formats, universities
must provide tutors with targeted methodo-
logical and didactic training. Only then can tu-
torial work reach its full potential [3]. This is
where the TUTORING hybrid project comes in
(see Fig. 1). Building on the experiences of the
original TutorING project and the develop-
ments in digitally supported university teach-
ing within the framework of virTUos. The aim
is to systematically identify hybrid teaching
and learning scenarios, for example in tutori-
als, exercises, or practicals, analyze them di-
dactically, and develop them further in an in-
terdisciplinary manner.

Beyond local implementation, the developed
formats are to be made available across uni-
versities as OER and OEP and at the same time
anchored in the HYBRID strategy of the Tech-
nical University of Dresden (TUD). In this way,
TUTORING hybrid contributes to the quality as-
surance, scaling, and visibility of tutorial-based
teaching.
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Fig. 1: Logo of TUTORING hybrid

The focus is on developing the skills of teach-
ing staff: working together in an interdiscipli-
nary team, create practical qualification mod-
ules that are iteratively tested, adapted, and
transferred to the university context. Tutors
play a key role in this process. As both students
and teachers, they combine perspectives, de-
velop themselves further, and at the same
time act as multipliers of innovative teaching
ideas.

The basic idea behind TUTORING hybrid is
therefore to design innovative hybrid scenar-
ios by and with students, to develop them fur-
ther through university teaching impulses, and
to disseminate them as open educational prac-
tices.

Milestones and project results

In 2022, which was still marked by the effects
of the pandemic, the focus was on establishing
digital learning environments. Gather.Town [4]
was used to create a virtual teaching and learn-
ing environment for basic methodological and
didactic training for all subject tutors. This en-
vironment was tested for the first time in a hy-
brid learning setting in the summer semester
of 2022 (see Fig. 2).

e i

Fig. 2: Online implementation of basic training in
the 2022 summer semester
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At the same time, the systematic identification
and didactic analysis of innovative teaching
and learning scenarios began. A particular
highlight was the annual "Best Tutorial Compe-
tition," which recognized outstanding teaching
concepts developed by student tutors at TUD.
These concepts will serve as a flagship for TU-
TORING hybrid in the future (see Fig. 3).

Die Kiir zum nBesten Tutoriumu des ers 2021

Fig. 3: Excerpt from the TUD university journal in
the 2021 summer semester

One example of this innovative strength is the
peer tutor Johannes Reimer from the Depart-
ment of Civil Engineering. He reflected on his
teaching design and prepared it in a way that
makes it accessible and usable for others. Us-
ing OBS, he created a teaching video, among
other materials, that illustrates the added
value of OER and OEP in student teaching. He
published these materials via Videocampus
Sachsen, YouTube, and the OER platform twillo
[5], making them permanently available.

Video 2: Die Mil plane ein ei

Tutorium im Detail (erstellt von Michelle Pippig)

T “TUTORING Selbstlernkurs Michelle Pippig Tutoriu... o
Teilen

g
i
Ansehen auf BB YouTube

Fig. 4: Instructional video "Tutorial planning in
practice" by Michelle Pippig

On this basis, hybrid qualification modules
were further developed that firmly integrated
the topic of OER/OEP. Workshops and continu-
ing education formats were prepared digitally
or conducted in a hybrid format. The result
was instructional videos on fundamental top-
ics, such as the role and expectations of tutors,
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as well as the didactic micro- and macro-plan-
ning of tutorials. These videos are also availa-
ble as open educational resources (see Fig. 4).

2. The certificate course for basic meth-
odological and didactic qualification

The core of TUTORING hybrid is the basic quali-
fication for all subject tutors at TU Dresden. It
forms the basis for an optimal start in student
teaching. In interdisciplinary groups, partici-
pants reflect on what it means to be a tutor,
learn how to plan an exercise through peer dis-
cussion, and receive practical advice from ex-
perts.

After the pandemic, the basic qualification for
subject tutors was offered in person once
again. Meanwhile, Pauline Thamm, a peer tu-
tor from the Department of Teacher Education
at Vocational Schools, developed an online cer-
tificate course on the OPAL learning platform
in 2023. She collaborated closely with the TU-
TORING hybrid team to refine it continuously
(see Fig. 5). Having participated in the original
basic qualification in Gather.Town, Thamm ex-
perienced the strengths and weaknesses of
digital learning formats firsthand. Building on
these experiences and the team's didactic ex-
pertise, they developed a comprehensive self-
study course that teaches the basics of tutor-
ing in a student-centered way.

Fig. 5: Insight into the certificate course

Building on this, the TUTORING hybrid subpro-
ject developed a qualification model that com-
bines digital self-study phases with a two-day
face-to-face event. The aim is to offer tutors
methodological and didactic training that is
flexible, practical, and well-founded. The im-
plementation is based on the flipped class-
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room approach [6]. First, the tutors work
through digital self-study modules on the
OPAL learning platform before participating in
the face-to-face qualification event. During this
phase, key fundamentals are taught and rein-
forced through workshops and group exer-
cises.

The flexibility of the format offers particular
added value: while the digital content can be
worked on anytime, anywhere, the face-to-face
sessions create space for exchange, discussion
and help consolidate learning. This promotes
independent learning and active engagement
with the content.

Gamification elements such as storytelling are
integrated into individual modules of the
course to illustrate didactic concepts. It is also
supplemented by instructional videos and best
practice examples that facilitate transfer into
one's own practice. The course comprises a to-
tal of nine modules covering different topics
and is also available in English.

The nine modules of the digital course cover
key aspects of tutor qualification:

e Module 1 - Preliminary considerations:
Examination of psychological fundamen-
tals and your own understanding of your
role (e.g., moderator, learning coach, etc.).
Also covers motivation and activation of
students, supplemented by reflection and
writing tasks.

e Module 2 - Teaching and learning
spaces: Practical tips on organizing physi-
cal, digital, and hybrid spaces, supported
by checklists and technical equipment tips.

e Module 3 - Planning a tutorial: Introduc-
tion to macro and micro planning using the
Didactic Mobile [7], supported by instruc-
tional videos and planning tables.

e Module 4 - Encouraging interaction: This
module presents methodological and di-
dactic approaches to promoting interac-
tion, illustrated by good and bad practice
videos, storytelling, and a collaborative
wiki.

¢ Module 5 - Material collection: Collection
of supplementary resources, checklists,
and OER examples; with interactive self-
test to review knowledge and raise aware-
ness of open educational practices.
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e Module 6 - Diversity: Reflection on diver-
sity awareness, equality, and inclusive
methods; checklists and tasks to promote
diversity-sensitive tutorial design.

¢ Module 7 - Overcoming challenges: Case
studies of typical difficult situations in tuto-
rials, which are worked through and re-
flected on in interactive tasks.

e Module 8 - Discover the 360° course
room: Exploration of a virtual course room
to become familiar with digital teaching
and learning settings.

e Module 9 - Observation: Introduction to
collegial observation; tutors organize peer
observations and reflect on their teaching
practices with each other for personal de-
velopment.

By publishing on twillo, the course can be used
nationwide in the tutorial network beyond TUD
and adapted for other areas and target
groups.

Upon completion, participants receive a certif-
icate credited with ECTS points as part of the
General Qualification (AQUA), which recog-
nizes the tutors' commitment.

The TUTORING hybrid subproject has shown
that the quality of hybrid formats is not
achieved through the additive integration of
digital elements, but rather through the con-
sistent interlinking of self-study, online, and
face-to-face phases. Formats in which basic
content is worked out in advance in a self-di-
rected manner and applied to authentic tasks
in face-to-face sessions are effective. To scale
proven processes, compact "micro-recipes"
(one-page process maps with time structures,
material lists, and links) are recommended, as
they enable quick transferability to different
subjects.

3. The seminar room of horror

Another milestone of the subproject was the
design and testing of the "Seminar Room of
Horrors" (SdS) as part of the Hybrid Lab in April
2023. The SdS is based on the "Room of Hor-
rors" concept [8], which is well-established in
the fields of medicine and nursing. This con-
cept involves simulation training to raise
awareness of patient safety risks. A realistic
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room is recreated with specific errors and risks
that participants must identify and correct.

Fig. 6: Insight into the SdS as a face-to-face format

This principle has been adapted for tutor qual-
ification: In everyday teaching, especially in hy-
brid teaching and learning settings, tutors en-
counter typical challenges that they usually
only experience in practice. Originally
launched (see Fig. 6) and evaluated as a face-
to-face training room, the format was further
developed into a 360-degree learning environ-
ment in Matterport [9] (see Fig. 7). In this envi-
ronment, tutors can virtually experience and
reflect on common challenges in teaching,
such as organizational disruptions, technical
issues, and didactic pitfalls, in a realistic set-
ting.

Building on this, the digital escape room was
developed in 2025 by Sabrina Hansel, who con-
tributed both her student perspective and her
media technology expertise to the project.
Based on experience with the face-to-face
classroom and the 360-degree learning envi-
ronment, the web-based format allows tutors
to address typical challenges in teaching in a
practical, interactive manner and develop in-
dependent solutions.

~ o A <mar
of Mutrerpoet

Fig. 7: 360-degree learning environment of the SdS
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The escape room combines problem-based
learning [10], flow experience [11], and low-
threshold testing opportunities within a realis-
tic 3D environment (see Fig. 8). It addresses
subject-specific and interdisciplinary skills,
such as self-organization, flexibility, stress re-
silience, and communication.

The format enables location- and time-inde-
pendent learning, encourages experimenta-
tion with new solutions, and allows partici-
pants to practice their role as tutors. This rep-
resents an innovative approach to qualifica-
tions that combines digital flexibility with ac-
tive, practical learning.

Fig. 8: The current development as a digital escape
room

Simulations, such as scenario-based exercises
and escape room activities, were particularly
valuable in preparing tutors for their first ses-
sions. These simulations allowed tutors to
practice roles, interventions, and incident
management risk-free.

4. The Open Minds course

/A

OPEN MINDS

Fig. 9: Logo of the VCL course Open Minds

In the summer semester of 2025, the Virtual
Collaborative Learning (VCL) course "Open
Minds: Discover the possibilities of freely avail-
able educational resources for your studies"
was conceptually developed and implemented
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on OPAL in cooperation with the project part-
ner sTUDents (see Fig. 9).

The course teaches participants the basics of
OER and OEP. The aim is to qualify participants
both in knowledge transfer (understanding
concepts, legal frameworks, and licensing) and
in practical application (research, use, and cre-
ation of their own OER).

Course content at a glance:

e Introduction to the basics and advantages
of OER and OEP.

e Legal framework and licensing.

e Research and use of suitable OER in your
own subject area.

e Development and publication of your own
OER products.

Special features:

e Combination of theoretical input with prac-
tice-oriented tasks.

e Focus on sustainable teaching and learning
practices and collaborative processes.

¢ Integration of gamification elements such
as storytelling, badges, time pressure, es-
cape rooms, feedback, etc.

e Promotion of creativity through the crea-
tion of innovative OER materials.

The course thus provides important impetus
for anchoring OER/OEP in higher education
teaching and contributes to the promotion of
open, sustainable, and future-oriented teach-
ing and learning cultures.

5. The Open Minds course

The licensing of OER teaching materials and fa-
miliarization with technical requirements and
innovative applications took up a lot of energy
and time during the project period. The sup-
port of subject matter experts was particularly
valuable, for example in introducing new digi-
tal formats. In cooperation with the Saxon
State Library - Dresden State and University Li-
brary (SLUB), the OER symposium was also
beneficial. The insights gained there were di-
rectly incorporated into the project and made
it possible to provide a portfolio of materials
via the twillo platform, thus opening it up to
the outside world.

Students greatly appreciate this offering, such
as the template for peer observation in tutori-
als, which can be used independently in a peer
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or buddy format. In addition, students actively
contribute by providing materials they have
created themselves, such as the contributions
by tutor Joceline Mutscher. Although teachers
and tutors must first familiarize themselves
with the topic of OER/OEP, they recognize its
high added value for teaching.

Personnel changes during the project period
also posed a challenge. While these changes
meant that milestones could not always be
worked on continuously, they also brought
new perspectives and expertise. The dynamic
nature of the project transfer ultimately
proved to be a success factor.

Particularly important in this context were the
numerous collaborations and public relations
activities that students such as Anne Seipel
(WHK in the TUTORING hybrid project) actively
supported. These activities allowed the project
to continuously align with the students' needs.
Among other things, these collaborations re-
sulted in mentor training offered in both face-
to-face and digital formats within the fields of
civil engineering and chemistry/food chemis-
try.

Our project also received a positive response
from the nationwide network for tutorial work.
The materials developed, particularly the self-
study course for all subject tutors, continue to
serve as best-practice templates and are still
used regardless of the subject area. Due to
staffing limitations in tutorial work, these flexi-
ble qualification formats are valuable because
they are easily accessible to other network
partners.

The project's content was published at numer-
ous conferences to disseminate it and raise
public awareness. We were actively involved in
conferences and meetings such as the German
Society for Higher Education Didactics (DGHD),
the Society for Media in Science (GMW), the
Mobile Learning Conference, the Education
and New Developments Conference (END), the
European Conference on Games-Based Learn-
ing (ECGBL), the Workshop on e-Learning
(Wel), the University Future Festival (UFF),
TURN, and the Higher Education and Adult Ed-
ucation Research Conference (HUEBF). These
conferences resulted in various abstracts,
posters, papers, and manuscripts publishing
project results for a broad audience. The TU-
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TORING hybrid team appreciates the recogni-
tion of the topics and target groups covered.
Twillo also honored one of the materials cre-
ated as OER of the Month, which further un-
derscores the success and visibility of the de-
volped content (see Fig. 10).

OER des Monats

Fig. 10: Onboarding material as OER of the month,
screenshot from the twillo website

One challenge arose with the Coffee Corner
format established in 2022 (see Fig. 11). The
30-minute online offering via Zoom was ini-
tially tested in the morning hours (8:30-9:00
a.m.), then at noon, and finally in the after-
noon. The short thematic presentations on
topics such as evaluation, exam preparation,
stress management, presenting tutoring activ-
ities in job applications, and icebreaker meth-
ods, offered space for exchange and feedback
in the form of lectures or workshops. While de-
mand was high in the aftermath of the pan-
demic, the following years saw a significant
change: students increasingly wanted in-per-
son offerings. Given the stress of their studies
and part-time jobs, they were hardly able to
take advantage of the fixed online time slots.

Online-
Kurzimpulse
rund um
dein
Tutorium bei
einer Tasse

Kalfee!

2110. - 25.10.2024

taglich von 830 - 245 Uhr

Fig. 11: Advertising poster for Coffee Corner Week,
created with Canva Pro
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The key lesson learned from this is that online
formats work very well under certain condi-
tions, but may need to be removed from the
range of services on offer depending on needs
and changing contexts. Therefore, flexibility,
ongoing needs assessment, and adaptation
are crucial for the long-term effectiveness of
training programs. Additionally, interdiscipli-
nary collaboration proved to be particularly
beneficial: the active participation of students
from different departments enabled a valua-
ble change of perspective that complemented
the training modules in a meaningful way.

6. Continuity and outlook

Currently, tutorial work at TUD is secured
through a half-time budget position and con-
tinues to rely on third-party funding projects to
enable the existing offerings. The fundamen-
tals of the qualification for subject tutors re-
main in place, as does the new flipped class-
room format with an integrated self-study
course and digital applications. The OER mate-
rials developed continue to be used within the
team and in the nationwide tutorial network,
providing a solid basis for the sustainable de-
velopment of tutorial work.

There is considerable potential for the future,
such as the further development of challeng-
ing situations in teaching as a VR scenario to
create more immersive training and educa-
tional offerings. At the same time, existing
structural constraints must be taken into ac-
count. These include, among other things, un-
funded or insufficiently funded tutor positions,
declining funding, and limited time capacities
of students. The recognition and appreciation
of tutorial work also varies greatly between de-
partments, which makes it difficult to imple-
ment and maintain the programs on a sustain-
able basis. In addition, internal evaluation re-
sults show a high demand for subject-inde-
pendent qualifications for subject tutors. How-
ever, it is difficult to integrate these programs
into students' everyday lives because students
are under increasing pressure and are over-
whelmed. One possible approach would be to
create fixed periods or days on which both
teachers and students have the opportunity to
participate in further training activities, so that
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it is not perceived as an additional burden or
anchored in their respective contractual situa-
tions. Structural conditions directly impact par-
ticipation and the success of the programs.
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Abstract

This article documents the iterative development and evaluation of the internship in the Meas-
urement and Automation Technology module in the Mechanical Engineering and Process and
Natural Materials Engineering degree programs at the Faculty of Mechanical Engineering at
Dresden University of Technology.

In response to the coronavirus pandemic, the traditional laboratory practical course was con-
verted via the intermediate stage Praktika@home into a blended learning format, the core ele-
ment of which is a mobile experiment kit based on Arduino. Accompanying evaluations have
shown that the switch to a blended learning concept has significantly increased student engage-
ment. However, ongoing analysis also revealed challenges that needed to be addressed for the
successful development of the teaching/learning concept. In conclusion, it has become clear that
systematic, evaluative support is essential for the development of new teaching/learning con-
cepts. Future development goals include the integration of a digital twin for multimedia pro-
cessing and the dissemination of the format to other engineering disciplines such as electrical
engineering.

Dieser Beitrag dokumentiert die iterative Entwicklung und Evaluierung des Praktikums im Modul
Mess- und Automatisierungstechnik in den Studiengangen Maschinenbau sowie Verfahrens-
und Naturstofftechnik der Fakultat Maschinenwesen der Technischen Universitat Dresden.

Als Reaktion auf die Corona-Pandemie wurde das klassische Laborpraktikum Gber die Zwischen-
stufe Praktika@home in ein Blended Learning-Format tberfihrt, dessen Kernelement ein mobi-
ler Experimentierkoffer auf Arduino-Basis bildet. Im Rahmen von begleitenden Evaluierungen
hat sich gezeigt, dass der Wechsel hin zu einem Blended Learning-Konzept das Engagement der
Studierenden signifikant steigern konnte. Allerdings zeigte die fortlaufende Analyse auch Her-
ausforderungen, deren Behandlung fur eine erfolgreiche Entwicklung des Lehr-/Lernkonzepts
wichtig war. Im Fazit hat sich gezeigt, dass eine systematische, evaluierende Begleitung fur die
Entwicklung neuer Lehr-/Lernkonzepte zwingend erforderlich ist. ZukUnftige Entwicklungsziele
umfassen die Integration eines digitalen Zwillings zur multimedialen Aufbereitung sowie die Dis-
semination des Formats auf andere ingenieurwissenschaftliche Disziplinen wie die Elektrotech-
nik.

*Corresponding author: jette.schwick@tu-dresden.de This article was originally submitted in German.
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1. Introduction

The Measurement and Automation Technol-
ogy (MAT) course is a two-semester module
that starts in the winter semester. The module
consists of two semester hours per week (SWS)
of lectures, one SWS of computer exercises,
and one SWS of practical training and is part of
the mechanical engineering and process and
natural materials engineering programs at the
Faculty of Mechanical Engineering at TU Dres-
den. It is attended by approximately 350 stu-
dents annually (as of the 2025/26 winter se-
mester).

A central element of this course and the sub-
ject of this article is the practical training, which
is designed to familiarize students in their 5th
and 6th semesters with experimental work in
measurement technology. They need this ex-
perience in their practical training, which fol-
lows in the 7th semester in the form of a spe-
cialized internship.

In the classic design of the module, due to the
large number of students, which amounted to
up to 800 participants per semester in the
2010s, the internship was designed as an in-
ternship with large groups at prefabricated
test benches, where students carried out and
evaluated a series of experiments in a three-
hour attendance phase (Fig. 1).

Figure1 : Typical arrangement of the classic class-
room internship (here, measurement dynamics) for
16 participants and one supervisor before the pan-
demic phase

Such mass practicals have the major disad-
vantage that they do not encourage the active
participation of the students themselves and
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therefore have little learning effect. At the
same time, changing such practicals when
there are large numbers of students involves
considerable risks, which usually means that
the practicals are continued in their existing
form, despite the known shortcomings.

When, at the beginning of the 2020 summer
semester (SoSem), the established mass in-
ternships could no longer be carried out for hy-
giene reasons due to the coronavirus pan-
demic, a situation arose that forced changes to
the internships (Chapter 2), as students had to
complete the corresponding exams in order to
continue their studies despite the pandemic
restrictions. A major advantage in this situa-
tion was that the students had already been
taught at the chair in the first part of the MAT
course in the 2019/20 winter semester
(WiSem). This meant that they could draw on
material they had already learned to design in-
itial experiments that they could carry out us-
ing resources available in their households.
The term Praktika@home was introduced for
the experiments at home.

Supervising the first Praktika@home via avail-
able chat services proved to be inefficient and
extremely problematic. Despite these difficul-
ties in supervision, the results of the first re-
ports showed that the students had carried
out and evaluated extensive investigations
with a high level of commitment, often exceed-
ing the required level.

As the restrictions on face-to-face teaching
were only slowly lifted in the following semes-
ters and the students were able to be intro-
duced to practical work much more intensively
in the internships that could be carried out at
home than the mass internships of previous
semesters had allowed, the concept was fur-
ther developed (Chapter 2).

A key factor in this further development was
the introduction of experiment kits based on
Arduino microcontrollers, which allow experi-
mental work with real measurement technol-
ogy.

In the meantime, on-campus operations have
been restored for almost 2.5 years, but the
Praktika@home concept is being continued
due to its success. The entire internship has
now been completely converted to a blended
learning format (combining the advantages of
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on-campus study with the advantages of stud-
ying at home). The various stages of this devel-
opment and its conception within the frame-
work of an evaluation-based development
concept will be presented below, with a partic-
ular focus on the evaluation analysis, which is
discussed in detail in Chapter 3.

The outlook section will show how such a con-
cept can be kept up to date through the use of
modern technologies and what opportunities,
but also difficulties, may arise when dissemi-
nating such concepts to other subjects (Chap-
ter 4).

2. Development steps

Before the pandemic, MAT practicals were con-
ducted as traditional laboratory practicals. Stu-
dents prepared independently and, after a
brief introduction, the experiment was carried
out, evaluated, and recorded within a three-
hour period.

The advantage lay in the use of high-quality
equipment that enabled precise and reproduc-
ible measurements. The disadvantages were
the very limited attendance time and the low
learning effect with insufficient preparation, as
motivation for self-study was often low. An-
other didactic problem was that the actual in-
terconnection of the components, such as in
the strain measurement (DM) experiment, was
done via slots, which made it abstract and im-
possible to experience [1].

Phase 1 - from the laboratory to the
home environment

The first phase was the immediate response to
the contact restrictions imposed during the
pandemic starting in the summer semester of
2020.

While the lecture could be held on YouTube
and the exercise could be conducted online via
Matrixchat, the practicals presented a greater
hurdle [1].

In the face-to-face practical course, 16 stu-
dents worked together in groups of two, which
resulted in about 110 practical course units for
a total of 600 students. Each of these was led
by a tutor. Due to social distancing rules, only
three to four participants were allowed in the
practical training rooms at the same time in
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the 2020 summer semester, which would have
resulted in at least 450 practical training units
in theory. This was impossible to organize in
terms of space and personnel. Nevertheless,
the practical training was and is essential for
knowledge acquisition and practical experi-
ence. It was also not possible to cancel intern-
ships that were part of the curriculum, and
postponing them to later semesters was unac-
ceptable due to the unpredictability of further
developments and the associated additional
burden on students [1].

For this reason, a large part of the internships
were digitized and adapted to the home envi-
ronment—with the ulterior motive of preserv-
ing important practical work for the students.
At the same time, strengthening the students'
motivation to engage intensively with the con-
tent was an important aspect from the outset
and remained significant in the subsequent
phases.

Figure2 : Students in an em,bty student dormitory
conducting the camera characterization experiment
1]

The three experiments that were regularly
conducted in the summer semester are those
on measurement dynamics (MD), control loops
(CL), and programmable logic controllers (PLC).
When transferring to the Praktika@home con-
cept, care had to be taken to ensure that, in the
case of software-supported experiments,
every operating system was capable of imple-
menting the content and that the materials for
practical experiments were freely available in
the home environment. The control loop ex-
periment was therefore omitted in the first im-
plementation phase due to the complexity of
transferring it to the home environment. The
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missing experiment was replaced by an exper-
iment on digital image processing, in which a
camera was characterized in terms of its reso-
lution (Fig. 2). The camera of a cell phone, tab-
let, or laptop could be used for this purpose. In
addition, a razor blade or, alternatively, a knife
blade was required, i.e., objects that could be
assumed to be accessible to at least one of the
students.

Instead of an introduction by the tutor, there
was an introductory video [V1-V4] for each ex-
periment. The students had approximately
three weeks to complete each experiment.
Halfway through, they were able to ask ques-
tions and discuss problems via a TU Dresden
Matrix chat room, with 60 students at a time.
The resulting transcripts were also uploaded
digitally to the OPAL teaching/learning plat-
form.

There was 100% participation in the practical
experiments. In addition, the students were
well prepared for the consultation in the Ma-
trix chat rooms and asked much targeted
questions. Subsequently, the logs to be sub-
mitted contained far more content than was
required [1].

However, the evaluation in Chapter 3 shows
that the implementation of the consultations
was associated with greater difficulties.

Phase 2 - Design and establishment
of the Arduino case

Since the pandemic continued to have a mas-
sive impact on teaching even after the 2020
summer semester, the experiments for the
subsequent 2020/21 winter semester also had
to be planned without in-person attendance.
At this point, the idea of establishing Prak-
tika@home as a new teaching/learning model
in the long term was already included in the
planning, as the first pandemic semester had
shown that students were unusually engaged
with the internship content, which led to better
learning outcomes [1].

For capacity reasons and due to serious deliv-
ery problems with electronic components
caused by the blockade of the Suez Canal in
March 2021, the experiment program had to
be regularly adjusted and adapted to the avail-
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ability of experiments until the 2022/23 aca-
demic year. An accompanying evaluation
(Chapter 3) has supported this development
process since 2022.

An overview of the development of the experi-
ment compilation is shown in Table 1.

Table 1: Overview of the development of MAT in-
ternship experiments.

Semester Experiment

Summer semester MD

20 DBV
SPS

WiSem 20/21 DBV
MD
VPF

SoSem 21 MK
RK
SPS

WiSem 21/22 MD
MK
VPF

SoSem 22 DM
RK
SPS

WiSem 22/23 From here on, experi-
ments as in WiSem
21/22 - face-to-face
meetings

SoSem 23

WiSem 23/24 Introduction of theme
days

Key

The entire module spanning two semesters is
highlighted in color.

e MD - Measurement dynamics

e DBV - Digital image processing

e PLC- Programmable Logic Controller

o MK - Measurement chain

e RK - Control loop

e DM - strain measurement

e Color change - one academic year/module
each MAT

In the 2020/21 winter semester, due to the
aforementioned lead times, the two experi-
ments on digital image processing and meas-
urement dynamics already established in the
2020 summer semester had to be used again,
which meant that the corresponding lecture
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content had to be shifted between the two se-
mesters. In addition, there was an experiment
on experimental design and error calculation
(VPF), in which students were asked to setup a
pendulum and use it to determine the acceler-
ation due to gravity [1].

With funding from the TU Dresden's FOSTER
(Funds for Student Research) program, the
second phase of internship development was
implemented with a view to the coming sum-
mer semester. The FOSTER program provides
financial support for research projects carried
out by students or initiated by teachers with
the aim of introducing students to scientific re-
search at an early stage, strengthening their in-
terdisciplinarity, and thus promoting young
scientists.

Building on the experiences of the first phase,
a more didactically sustainable and scalable
system was designed for implementing vari-
ous experiments on a common hardware ba-
sis. At the heart of the experimental kit devel-
oped (Fig. 3) is the Arduino UNO microcontrol-
ler. The kit also contains various sensors and
actuators [5]. This ensures that real-world ex-
perimentation can continue, and by working
with the Arduino, students learn not only the
actual learning objectives of the experiments,
but also how to build electrical circuits and
control and program those using computers [1].

Figure 3: Experiment kit with the Arduino, sensors,
actuators, and cables (current contents)

In order to familiarize students with the Ar-
duino, introductory experiments were devel-
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oped and placed at the beginning of the prac-
tical experiments. Simple circuits are set up in
which LED's serve as central components. Par-
ticipants learn how to control them using the
Arduino and how to program the lighting dura-
tion and frequency.

The following section focuses on the develop-
ment of experiments on control loops and
strain measurement in the 2022 summer se-
mester as an example to show the effort in-
volved in developing experiments that stu-
dents can carry out at home with the materials
provided.

Before the pandemic, the control loop experi-
ment consisted of a plexiglass tube in which
water was moved by a pump and the water
level was determined by a pressure sensor
(Fig. 4 1). The development of the Prak-
tika@home experiment involved considerable
technical and methodological challenges. The
first prototype consisted of a high-tempera-
ture tube and a hair dryer fan, which was used
to move a Styrofoam ball. An ultrasonic sensor
was used to detect its position. The target dis-
tance could be controlled with a potentiometer
[5]. Holes in the tube caused pressure losses
that counteracted the non-linear relationship
between ball distance and motor power. The
result is a linear relationship between motor
power and ball height, which can be controlled
with a PID controller. This corresponds to the
learning objective of the original experiment
with the water pump.

Figure 4: Original control loop experiment (sub-
mersible pump) (left) and components of the first
prototype control loop for Praktika@Home (right) [5]
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In the next step, the Styrofoam ball was moved
using an Arduino controller with the aid of a PC
fan with a suitable holder in a Plexiglas tube in-
stead of a high-temperature tube (Fig. 4 r.). Dis-
tance measurement with an ultrasonic sensor,
as in the prototype, was adopted and inte-
grated into the Arduino controller. Except for
the tube, the materials were included in the
borrowed case. The Plexiglas tubes were dis-
tributed separately to the students present in
Dresden. Alternatively, there was a DIY version
for those who were unable to return to Dres-
den from their home countries due to travel
restrictions, for example [5]. Here, too, out-
standing student versions were created in DIY
projects (Fig. 5).

In the 2021/22 winter semester, the experi-
ments were redesigned so that previously de-
veloped experiments could be reused. In order
to restore the original didactic concept of the
lecture, an experiment for strain measure-
ment was designed in parallel for the 2022
summer semester.

For implementation in the suitcases, bending
beams were developed, each carrying five
strain gauges (SG) that can be connected in dif-
ferent ways in Wheatstone bridge circuits (Fig.
6). This also allows students to experience the
advantages of using bridge circuits for improv-
ing measurement signals and suppressing
crosstalk.

Basic programs for the microcontroller were
provided for all Arduino experiments in order
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to keep programming requirements to a mini-
mum.

Figure 6: Overall setup of the strain measurement
experiment for home use

In addition to the design, this phase included
the logistical challenge of assembling, packag-
ing, and securely distributing the cases, as well
as organizing the return process.

The switch to the Praktika@home experiments
resulted in significantly higher student engage-
ment and a more positive perception of the
practical course material, as described in detail
in Chapter 3 on evaluation. Students used the
time available at home to engage with the ex-
perimental content more intensively than
usual [1].

One positive effect was the reduction in the
amount of time and personnel required for on-
site tutoring.

Phase 3 - Back to face-to-face learning

With the easing of contact restrictions, student
counseling was moved back from the Matrix
chat rooms to face-to-face sessions. As already
mentioned, the didactic concept of the Prak-
tika@home experiments with the suitcase re-
mained unchanged, which meant that the chal-
lenge was to provide students with suitable
teaching/learning formats for the consulta-
tions accompanying the practical training. A
key aspect here was that, after two years of iso-
lation, the students had to be motivated to at-
tend face-to-face events again.

This development took place in several stages,
which will not all be described in detail here.
The end result is currently the concept of so-
called theme days, where students not only
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work on direct questions about the experi-
ments, but also on lecture content on their
own.

There are a total of three theme days per se-
mester. Each theme day covers a practical
training topic (MD, MK, VPF, DMS, RK, SPS) (see
Table 1).

Figure 7: Students visualizing their group work on a
pinboard

For each theme day, students are given various
tasks to complete at home using the Arduino
kit. A total of five task complexes are distrib-
uted around the respective practical training
topic. Each of these five task complexes is
worked on by four independent groups of two.
On the attendance days, these four groups are
brought together for discussion rounds. They
compare their answers, visualize them on pin-
boards (Fig. 7), and present them to the whole
group (Fig. 8). In this way, all students in the
plenary session learn about all five task com-
plexes. With this system, up to 40 students can
participate in a theme day.

WIS

Figure 8: Students in group work; control loop ex-
periment
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In these face-to-face sessions, students ac-
quire not only subject-specific skills but also in-
terdisciplinary skills relating to exchange
within a group and the visualization and
presentation of results. The theme days thus
integrate the so-called 21st century skills [9] di-
rectly into a subject-specific course.

In a second round of tasks, the discussion
groups are assigned further tasks that build on
the results achieved so far and specifically ad-
dress potential problems in the internship.
These tasks are completed and presented in
the same way as in the first round (Fig. 9).

Figure 9: Face-to-face event Theme day

3. Evaluation

The drastic changes described above, from tra-
ditional laboratory internships to a blended
learning format, were accompanied by an eval-
uation based on the design-based research ap-
proach starting in the 2022 summer semester.
This approach combines the development and
evaluation of innovative teaching/learning ap-
proaches and is carried out in several iteration
cycles, as shown in Figure 10 [6].

o N
Design/Redesign \

Evaluation

Analysis /
T

Figure 10: Iteration steps of the design-based re-
search approach
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The primary objective of the evaluation was to
determine, from the students' perspective, the
basic acceptance of the new teaching/learning
concept, the time spent by the students, and
the learning success achieved through the in-
ternships in order to gain insights for the fur-
ther development of the teaching/learning
concepts. The survey was conducted using a
questionnaire containing closed questions and
free text fields, which was created using the
limesurvey program [8]. The survey was usu-
ally conducted at the end of each internship cy-
cle and was therefore both summative and
formative in nature [4].

Evaluation of the DMS internship (fall semes-
ter 2022)

The first run of the blended learning internship
trial on the topic of strain measurement (DM)
in the summer semester 2022 served as the in-
itial design for the design-based research ap-
proach and focused the evaluation on the sup-
port services offered. At that time, this in-
cluded digital consultation (interim discus-
sion), checking the protocols submitted after
the interim discussion, and a debriefing.

The results of the evaluation showed an urgent
need to revise the supervision concept. Only
53% of students agreed that their questions
had been answered during the consultation.
For their part, the supervisors stated that the
concept of the interim meeting at that time re-
quired them to respond spontaneously and
adequately to unpredictable questions [4].

Furthermore, it became apparent that the
planned debriefing did not succeed as in-
tended. The necessary review of the protocols
could not be carried out in the short time
frame between submission and debriefing,
which meant that the basis for individual feed-
back was lost. In addition, there was little de-
mand for this supervision service among stu-
dents.

Another point of criticism that emerged from
40% of all free comments was that students
felt the internship required too much time.
Students reported needing an average of 18
hours for the DM experiment, which was sig-
nificantly more than the 11 hours specified in
the module description.
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This high time expenditure was closely related
to technical and structural problems. 52% of
the students reported having had major diffi-
culties in completing the internship tasks.
Among other things, this was due to the diffi-
culty of reproducing the results because of an
unstable measurement system, which led to
multiple repetitions of entire test series. An er-
ror in the Arduino program provided caused
deviations between measurement data and
theoretical values, which required a lot of time
for troubleshooting. With regard to the exam
performance, the analog form of the protocol
was rejected by the students. Despite the diffi-
culties, the group work was evaluated posi-
tively. 85% of the students stated that they
found it easy to contribute to the group work,
and 77% agreed that the group work had ena-
bled them to engage intensively with the con-
tent.

Redesign and its evaluation (WiSem 2022/23)

The critical results of the initial design led to
targeted adjustments in the next iteration. In
order to improve supervision, logbooks (based
on the concept of reading logs [6]) were intro-
duced as a central element for accompanying
and structuring the self-study phase. Students
were asked to note their questions in the log-
book and upload them before the consultation
appointment. This enabled the supervisors to
prepare specifically and collaboratively create
a catalog of questions and answers. The aim
was to relieve the burden on those responsible
and create a uniform quality standard. The
consultation was designed to be student-cen-
tered by using the questions actually asked by
students in their logbooks as the basis for the
face-to-face session. The debriefing was com-
pletely omitted due to low demand and to re-
duce the workload of the supervisors.

To reduce the criticized time expenditure, the
task of "investigating interference" was short-
ened from three to only two interference fac-
tors. In addition, students were allowed to
freely choose the bridge circuit, eliminating the
time-consuming comparison between quarter
and full measurement bridges. To support
time management, the "semester overview"
was newly introduced to highlight important
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dates and recommended tasks (to-dos) for the
respective week.

This has become a permanent feature of the
lecture (Fig. 11).

To-do fiir die Woche:
~  Praktikum VPF fertigstellen
Protokoll VPF hochladen

2950
305 Abgahe Loghiiche OM 3000

Figure 11: Semester schedule with the tasks to be
completed each week.

The adjustments to the support concept
showed a significant improvement. Student
agreement with the statement "My questions
were answered during the consultation" rose
from 53% to 78%. This trend was also reflected
in the free-text comments, with a significant
decrease in criticism that questions were not
answered during the consultation. The use of
logbooks was particularly successful in improv-
ing supervision and the design of the consulta-
tion [4].

Although supervision was improved, the high
workload (21.6 hours on average) remained
the biggest point of criticism. Other learning
obstacles identified were: high workload (36%
of responses), implementation of the experi-
ment (23% of responses), effort/handling of
Excel (11% of responses), as many students are
inexperienced in using the program and feel
uncertain when errors or deviating results oc-
cur. Analysis of these challenges led to the re-
alization that the blended learning format
places new demands on students. It requires
more planning and organization of their own
work processes as well as coordination of part-
ner work compared to conventional laboratory
internships with fixed time slots. In addition to
the pure acquisition of knowledge, a major
challenge now lies in the acquisition and appli-
cation of so-called 21st century skills [9] such
as independence, teamwork, initiative, and
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creativity in problem solving, competence in
dealing with media and technologies, and
communication skills.

Evaluation Academic Year 2023/24

There are still six internships, three per semes-
ter. In the winter semester, students work on
the topics of experimental design and error
calculation (VPF), strain measurement (DM),
and measurement chain (MK), and in the sum-
mer semester, they work on measurement dy-
namics (MD), programmable logic controllers
(PLC), and control loops (RK). The evaluation in
the following chapters refers only to the intern-
ships in the winter semester, i.e., VPF, DMS,
and MK.

Many positive assessments were given, but
weaknesses that need to be addressed also
became apparent. Overall, the excessive
amount of time required and the complexity
and difficulty of the experiments were criti-
cized. The unstable circuit was criticized, espe-
cially in the DM experiment.

Recommendations for action regarding the
measurement chain practical, in particular re-
garding the wording in the logbook and the
protocol, were drawn up and implemented.

Ilearned something useful during the internship.

The supervision was sufficient for me.

| find the internship to be worthwhile.

Deepencd my understanding of the lecture conter. | GG

0% 10% 20% 30% 40% 50% 60% 70% B0% 90% 100%

B 4 (strongly agree) 3 2 1 (strongly disagree)

Figure 12: Student assessments of the DM 2023/24
internship

Over 70% of participants found the internship
useful and learned something useful (Fig. 12).
The consultation was criticized mainly in the
free comments, as the students felt that their
guestions were not answered sufficiently. The
consultation was abolished the following year
and replaced by theme days (see Chapter 2,
Phase 3). Students appreciate the wide range
of options available (consultation, exercises,
videos, instructions, etc.) and benefit from this
variety [3].
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Evaluation of theme days (academic year
2024/25)

The results of the most recent evaluation, from
the 2024/25 academic year, show that the
theme days were very well received by stu-
dents as a new element of supervision within
the framework of internships and that they en-
joyed them (Fig. 13).

the intemnship was fun

Deepened understanding of lecture content

Leamed something useful

% 30% 40% S0% 60% T0% 0% 100%

4 (strongly agree) 2 m3 Bl (strong!

Figure 13: Student assessments of the VPF theme day

Nevertheless, some points should be ad-
dressed for revision. While the evaluation of
the protocol and logbook improved compared
to the previous year, the evaluation of the pro-
tocol and logbook decreased from the first to
the third internship. The free comments made
it clear that the tasks should be formulated
more precisely.

The students were still unable to make a suffi-
cient connection to professional practice.

The time required increased significantly from
the first internship (mean = 6.4 hours) to the
second internship (mean = 9.8 hours) to the
third internship (mean = 17 hours). The total
time required for the module is 33.2 hours.

The students also rated the achievement of the
learning objectives as decreasing from the first
to the third internship.

About 40% of the students used the introduc-
tory videos. The Arduino guide was used ex-
tensively, especially during the second intern-
ship (over 80%). Nevertheless, the students
would like to see a better introduction to using
the Arduino. The use of the Excel data
streamer rose from about 25% during the first
internship to over 60% in the second and third
internships.

The perception of enjoyment and the deepen-
ing of lecture content also decreased from
theme day one to theme day three.

The protocol continued to receive some nega-
tive criticism in the open comments. Students
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complained that the internship guidelines
needed to be much more precise.

Another positive observation was that while
over 50% of participants would have liked ad-
ditional support in the 2023/24 academic year,
this figure fell to less than 20% in the 2024/25
academic year.

Compared to the previous year, the introduc-
tory videos were not viewed as much.

By changing the tasks for the internship, an im-
proved introduction to Arduino was already
achieved in the 2025/26 winter semester, and
it was noticeable in the ongoing internships
that the students were able to deal much bet-
ter with questions that required the use of Ar-
duino.

4. Outlook

Dissemination in electrical engineering

One goal of the overall development of a new
and, according to the evaluation, successful
teaching/learning concept for modern sci-
ence/technology internships is the dissemina-
tion of the blended learning format in the form
of a combination of Praktika@home and
theme days to related engineering disciplines.
Currently, new Arduino experiments specializ-
ing in electrical engineering have been devel-
oped in collaboration with student assistants
in order to establish a modified practical
course in electrical engineering.

Although the new methods obviously pursue
better learning outcomes and modern tech-
nologies, the actual introduction of the
blended learning format in electrical engineer-
ing requires extensive restructuring of the cur-
rent practical courses and the associated train-
ing of lecturers and professors.

Digital twin

Based on Prof. Lasch's "DigitalHerrenhut" pro-
ject [10], a physical Arduino learning space is
currently being digitally mapped by creating a
digital twin using a 360° camera. This virtual
image enables browser-based, navigable ex-
ploration of the learning space and the Ar-
duino experiments (similar to Google Street
View) from home (Fig. 14). Inside the room, the

Lessons Learned | Volume 5 (2025) | Issue 2



J. Kndbel, S. Odenbach. / From face-to-face internships to blended learning formats

experiments from the suitcase lab are visual-
ized and presented in multimedia format.

Students can view each experiment individu-
ally (Fig. 15) and access related documents
(protocol, logbook, detailed PDF descriptions)
as well as YouTube video tutorials [V1-V4]. A
key technical challenge is the secure technical
solution for authentication, as is currently the
case with the materials on the Opal teach-
ing/learning platform. The optimal and secure
technical integration is currently being devel-
oped. The current status of the twin can be
viewed online [11].

Figure 14: Screenshot: dig/'ta/ twin MAT internship.
The 'walkthrough' and exploration is done using
points on the floor. Navigation bar on the left-hand
side.

Figure 15: Screenshot: Control loop experiment - op-
tions for downloading materials (PDF, Excel), viewing
photo and video details of the experimental setup,
and YouTube video

Evaluation remains an integral part of the MAT
module - especially for the practical, but also
for the lecture and exercise. This allows ele-
ments to be improved and new elements to be
reviewed in order to maximize learning suc-
cess for students.
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Abstract

The DikoLint subproject, embedded in the STiL-funded joint project virTUos at the Technical
University of Dresden, aimed at the systematic further development of Virtual Collaborative
Learning (VCL) in international teaching contexts. The focus was on the didactic modeling of
complex case scenarios, the intercultural qualification of student e-tutors in tandem structures,
and the development of feedback and intervention indicators for proactive learning support.
The project was supplemented by the integration of digital tools such as conversational agents
and gamification elements. The results show a high transfer potential to other virtual,
interdisciplinary, and international teaching formats, especially COIL settings. DikoLint thus
makes a substantial contribution to the strategic further development of the VCL framework and
supports universities in the professional, sustainable, and internationally compatible design of
digital learning offerings.

Das Teilprojekt DikoLint, eingebettet in das STiL-geférderte Verbundvorhaben virTUos an der
Technischen Universitat Dresden, zielte auf die systematische Weiterentwicklung von Virtual
Collaborative Learning (VCL) in internationalen Lehrkontexten. Im Zentrum standen die
didaktische Modellierung komplexer Fallszenarien, die interkulturelle Qualifizierung
studentischer E-Tutor:innen in Tandemstrukturen sowie die Entwicklung von Feedback- und
Interventionsindikatoren fir eine proaktive Lernbegleitung. Erganzt wurde das Projekt durch die
Integration digitaler Tools wie Conversational Agents und Gamification-Elementen. Die
Ergebnisse zeigen ein hohes Transferpotenzial in andere virtuelle, interdisziplindre und
internationale Lehrformate, insbesondere COIL-Settings. DikoLint leistet damit einen
substanziellen Beitrag zur strategischen Weiterentwicklung des VCL-Frameworks und
unterstutzt Hochschulen bei der professionellen, nachhaltigen und international
anschlussfahigen Ausgestaltung digitaler Lernangebote.

*Corresponding author:lisa-marie.langesee@tu-dresden.de This article was originally submitted in German.
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1.
ntroduction

The increasing digitization of university
teaching brings with it not only technical
challenges, but above all didactic and
organizational ones. Virtual collaborative
learning environments (VCL) are considered
forward-looking teaching formats in higher
education that enable students to actively
participate in learning processes across
locations [1]. At the same time, they place high
demands on didactic design, support from
teachers, and the social and intercultural skills
of participants [2].

Against this background, the subproject
DikoLint (Anchoring Digital, Collaborative
Learning in International Teaching at TUD) was
initiated at the Technical University of Dresden
as part of the STiL-funded joint project virTUos.
The aim was to develop, test, and optimize
systematic standards and model solutions for
virtual teaching and learning settings. The
focus was particularly on the further
development of didactic design patterns and
the development of intercultural and digital
skills among student e-tutors.

In addition, the iterative development of
support instruments—such as feedback
indicators and digital tools—was intended to
achieve a sustainable improvement in quality
in virtual teaching practice. The subproject
thus sees itself as a contribution to the
professionalization and standardization of VCL
scenarios in international contexts.

2. Virtual Collaborative Learning

Virtual Collaborative Learning is a learner-
centered approach in higher education based
on problem-oriented learning [3]. Students
work together in small, often interdisciplinary
groups to solve real-world case studies -
usually using digital collaboration tools and in
both synchronous and asynchronous phases.
The aim is to promote not only technical skills,
but also social, intercultural, and digital skills
[4].

A VCL project typically comprises four central
design elements: (1) a realistic case study with
authentic tasks, (2) a suitable technical
platform to support collaboration, (3)
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professional didactic support, e.g., by qualified
e-tutors, and (4) the use of learning analytics to
evaluate and control learning processes.

The groups usually consist of four to six
people, with heterogeneity in terms of culture,
prior knowledge, and perspectives being
expressly desired in order to enable multi-
perspective problem solving. Active
participation by all members is encouraged
through role allocation, structured tasks, and a
high degree of self-organization. The
combination of case work, digital cooperation,
and interdisciplinary exchange specifically
prepares students for complex challenges in
their future professional lives [4].

Figure 1 graphically illustrates the four key
components of a VCL.

P

Fig. 1: Components of a VCL.

3. Results from the subproject
DikoLint

The DikolLint subproject has produced key
results in several development cycles that have
contributed to improving the quality and
systematization of virtual collaborative
teaching and learning scenarios. The four key
components are explained in more detail
below:

1. Subject-specific adaptable design models
for case scenarios

Based on the concept of didactic design
patterns, subject-specific models were
developed that enable the structured and
theory-driven creation of case studies. These
patterns were designed to be applicable across
domains and adaptable to the respective
disciplinary requirements. The patterns
provide didactic guidance for the design of
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realisticc complex case studies and promote
collaborative problem-solving processes. They
cover aspects such as degree of complexity,
role distribution, task interdependencies, and
requirements for communication and
decision-making pro-cesses. The patterns have
enabled standardization to be achieved while
still allowing room for individual adaptation.
The procedure for creating a case study is
individual and must be adapted to the target
group. The presentation by Jantos et al. (2024)
[9] provides a good insight into the process.

2. E-tutor tandems to promote intercultural
and digital skills

A key innovation of DikolLint was the
introduction of a tandem model for training
student e-tutors. Two tutors - ideally with
different cultural backgrounds - were assigned
to each international student team. The e-
tutors came from Germany, Albania, and
Ukraine. These tandems worked closely
together, regularly exchanged ideas about
group dynamics and didactic interventions,
and supported each other in their professional
development. The focus was on building
intercultural sensitivity, targeted reflection on
diversity, and the acquisition of digital support
and moderation skills. The combination of
collegial consultation, peer learning, and
practical application led to a significant
increase in competence and contributed to the
professionalization of e-tutoring practice.

3. Development of intervention and feedbhack
indicators

To ensure the quality of support in virtual
scenarios, indicator-based tools were
developed for e-tutors. These are designed to
enable proactive support of learning
processes and help to systematically
determine appropriate times for interventions
as well as the form and content of feedback.
The indicators include criteria for assessing
group communication, work progress, role
assumption, and conflict management. The
toolkit was tested iteratively in the project and
continuously refined. It now provides a
differentiated basis for didactic action in digital
contexts and supports consistent and
transparent support practices [8].
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4. Integration of digital tools: conversational
agents and gamification

To promote motivation and engagement,
conversational agents and gamified elements
were experimentally integrated into the
learning scenarios. Conversational agents
were used, for example, to answer frequently
asked questions or to remind users of
deadlines, and were received positively for the
most part, although their integration required
a great deal of didactic planning. Gamification
elements such as points, progress bars, or
playful challenges were used in a moderate
form to increase activity, especially in
asynchronous phases. Experience has shown
that the use of digital tools is particularly
effective when they are closely linked to
learning objectives and embedded in a
didactically sound manner. However, the
integration of technical innovations remains a
dynamic area of development that requires
continuous evaluation and adaptation [7].

A supplementary quantitative evaluation from
the DikoLint context [5] shows that the
platform  functions used in  virtual
collaboration are widely accepted. In
particular, the use of audio/video calls, file
storage, and group chat functions was rated as
suitable by over 94% of participants. At the
same time, over 50% of students wanted more
transparency with regard to assessment and
formative feedback, especially in comparison
with other groups. This feedback underscores
the relevance of the feedback and intervention
indicators developed in the project.

The wuse of gamification was assessed
differently: while the majority of participants in
the English-language module tended to reject
it, their German-speaking counterparts were
more open to it. These results provide
important insights for the differentiated
design of digital motivational elements. It also
became clear that «clear expectation
management and transparent communication
about supervisory roles, especially for e-tutors,
contribute significantly to satisfaction.

In summary, it can be said that the DikoLint
subproject has made a significant contribution
to the further development of the VCL
framework. The systematic development of
didactic models, qualification through tandem
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models, the introduction of structured
feedback indicators, and the experimental
integration of innovative tools have produced
concrete models of action that not only

increase the quality of digital learning
processes but also promote the
professionalization  of those involved.

Particularly noteworthy is the successful
combination of didactic theory and practical
implementation, which results in a highly
transferable and adaptable framework.

These results substantially expand the existing
VCL concept by opening up new perspectives
on role understanding, supervision, digital
interactions, and structural standardization.
Especially in international contexts, they offer
starting points for not only enabling virtual
collaboration, but also for designing it in a
didactically sound and sustainable manner.

These findings form the basis for the
transferability of the approaches developed in
the project to other contexts and formats, as
outlined in the following section.

4. Transferability of results

The concepts, methods, and tools developed in
the DikoLint subproject can be transferred to a
large extent to other virtual collaborative
teaching contexts. This applies in particular to
Collaborative Online International Learning
(COIL) formats, but also to other international
or interdisciplinary online teaching and
learning scenarios. The modularity of the
developed building blocks and their
orientation toward generic didactic principles
enable flexible adaptation to different
institutional,  cultural, and curricular
conditions.

Particularly noteworthy are:

o Didactical Design Patterns: These enable
the systematic design of case studies in
different disciplines. Their openness to
different thematic focuses and their
structuring character support rapid and
high-quality implementation, even in new
contexts.

e Tandem qualification of e-tutors: The
combination of intercultural and digital
competence development in a peer
learning approach is not only innovative
but also scalable. The tandem approach
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can be easily transferred to new languages,
subject cultures, and organizational forms.
e Feedback and intervention indicators:
These provide a sound basis for quality
assurance in support services. They enable
e-tutors to take data-driven, reflective, and
adaptive action in very different contexts.

Furthermore, the experience gained in the
project shows that transferability applies not
only at the methodological level, but also at the
structural and organizational levels. For
example, role distributions, process
structures, or qualification concepts for tutors
can serve as blueprints for other universities
or international partner projects.

Through the targeted combination of
theoretically sound and practically proven
elements, DikoLint contributes to the
scalability and internationalizability of VCL
formats. The models developed enable the
sustainable, quality- and inclusion-oriented
further development of digital learning
environments and make an important
contribution to the future viability of higher
education in globally networked contexts.

5. Lessons Learned

The analysis of the DikoLint project has shown
that key success factors for virtual
collaborative learning settings can be clearly
identified and are effective across different
contexts. In particular, continuous support
from qualified e-tutors, clear didactic
structuring via design patterns, and sensitive
handling of cultural diversity have proven to be
crucial for successful international
collaboration.

In the course of the project, it became clear
that purely technical solutions alone are not
sufficient to enable sustainable learning.
Rather, it depends on didactic embedding,
clear  communication  structures, and
transparent role distribution. Iterative
reflection on group dynamic processes,
supported by defined feedback and
intervention indicators, has established itself
as an effective means of quality assurance.

It also became apparent that the combination
of innovation (e.g., through the use of
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conversational agents) and proven
pedagogical principles (such as the promotion
of self-organization and personal
responsibility) forms a viable basis for
sustainable teaching formats. The findings
from DikoLint thus not only provide practical
knowledge for the further development of the
VCL framework, but also strategic impetus for
universities that want to expand their
international  teaching offerings in a
didactically sound manner.

6. Conclusion

The DikoLint subproject has made an
important contribution to the strategic
development of virtual collaborative teaching
formats as part of the virTUos joint project. The
aim was to develop didactically sound,
interculturally compatible, and technologically
viable models for international university
teaching - and this goal was achieved in key
areas.

In particular, the combination of scientifically
sound design principles with concrete, tried-
and-tested methods represents real added
value. The developed didactic design patterns,
the tandem model for e-tutors, indicator-
based feedback systems, and the reflective use
of digital innovations such as conversational
agents provide a whole repertoire of tried-and-
tested measures. These building blocks not
only strengthen the quality of individual
courses, but also offer universities a structured
orientation framework for the long-term
integration of VCL formats.

Itis particularly noteworthy that DikoLint is not
only a further development of existing
formats, but also provides new impetus for
international digital teaching. The project
shows that VCL should be understood not only
as a methodological tool, but also as a strategic
element  of internationalization  and
digitization in higher education teaching.

Thanks to the transferability of the concepts
developed, DikoLint can also have an impact
beyond the specific project framework.
Universities working on the qu ality, scalability,
and sustainability of their virtual and
international teaching offerings will find a wide
range of starting points here. The Didactical
Design Patterns can be used for this purpose

[6].
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Overall, the project confirms that the
combination of good didactic design,
intercultural sensitivity, and targeted use of
technology is the key to successful virtual
cooperation formats. DikoLint provides a
consistent, practical, and connectable model
that contributes to the further development of
the VCL framework and provides universities
with long-term support on their way to
sustainable, international teaching practices.
DikoLint offers valuable experience and clearly
structured approaches that enable the
sustainable further develop-ment of virtual
and intercultural learning contexts. Its clear
transferability and proven success factors,
such as design patterns, tandem qualification,
and proactive communication, make the
project a source of inspiration for future virtual
collaboration projects.
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