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Abstract

Mit der Anpassung der Hochschullehre an den digitalen Raum wurden verschiedene Konzepte
fur Vorlesungs- und Seminarformate entwickelt, umgesetzt und evaluiert. Besondere Aufmerk-
samkeit wird deshalb nun Formaten gewidmet, deren Fokus auf praktische Lernerfahrungen
gerichtet ist. Es ergibt sich ein Widerspruch aus dem Vorhaben Praktikumsveranstaltungen in
den digitalen Raum zu verlegen, was im Folgenden durch die Erlauterung bisheriger Praktika in
der Professur fur Biomaterialien der Technischen Universitat Dresden verdeutlicht wird.

Aufbauend auf dieser Betrachtung wurde eine Lernwerkstatt zum Thema ,Biomechanik im All-
tag" unter Berlcksichtigung der Limitationen und Mdglichkeiten des digitalen Raumes entwi-
ckelt. Das Ziel der digitalen Lernwerkstatt ist eine kompetenzorientierte praktische Lernerfah-
rung zum Erwerb von Selbst- und Methodenkompetenz, im Vergleich zur Fachkompetenz-ge-
triebenen Prasenzlehre. Die Lernwerkstatt wurde im Modul Werkstoffwissenschaft (2. Semester)
als synchron-digitales Praktikum mit asynchronen Aktivitatsphasen durchgefthrt. Zunachst wird
die an Projektmanagementansatze angelehnte Durchfihrung der Lernwerkstatt erldutert. Dar-
aus ergab sich eine individuell vollzogene Projektbearbeitung durch die Studierenden. Die ab-
schlieBenden Erkenntnisse aus der Betreuung des Lehrformates fuhren zum Ausblick auf eine
Lehrveranstaltung, die die Elemente des Projektmanagements mit den Fachinhalten verkntpft.

With the adaptation of university teaching to the digital space, various concepts for lecture and
seminar formats have been developed, implemented and evaluated. Special attention is there-
fore now being paid to formats whose focus is on practical learning experiences. A contradiction
arises from the plan to move internship events into the digital space, which will be clarified in
the following by explaining previous internships in the Chair of Biomaterials at TU Dresden.
Based on this consideration, a learning workshop on the topic of "Biomechanics in everyday life"
was developed, taking into account the limitations and possibilities of the digital space. The goal
of the digital learning workshop is a competence-oriented practical learning experience for the
acquisition of self- and methodological competence, in comparison to subject competence-
driven classroom teaching. The learning workshop was implemented in the Materials Science
module (2nd semester) as a synchronous digital practical course with asynchronous activity
phases. First, the implementation of the learning workshop based on project management ap-
proaches is explained. This resulted in an individually completed project processing by the stu-
dents. The final findings from the supervision of the teaching format lead to the outlook for a
course that links the elements of project management with the subject content.
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1. Introduction

Lectures and seminars with online tools, in hy-
brid format, via synchronous web meetings or
asynchronous work assignments, with in-
verted classroom [1-3], annotated PowerPoint
slides, scripts, or audio files - all of these are
state of the art in university teaching today.
The transformation of hands-on learning expe-
riences is much more difficult to realize in this
context, as individual digital lab courses are
very strongly linked to the respective subject
areas. For example, Lab@Home approaches
with individualized courses in a computer lab
can be implemented primarily for program-
ming tasks, CAD courses, or modeling [4]. Prac-
tical experiments in the university context, on
the other hand, often require complicated
equipment or expensive measuring devices.
These can be provided, for example, by mobile
engineering cases [5]. However, again, the lim-
its of the experiments and the number of stu-
dents are quickly reached.

A low-threshold approach is represented by
experiments that can be performed by stu-
dents themselves at home using available
components. It was shown that the students
had the opportunity to work with the experi-
ments over several weeks, to carry out exten-
sive series of experiments, and thus to gain a
deep understanding of the content aspects [6].
The intensive engagement with the method it-
self and the support of individual learning ex-
periences can thus compensate for digital and
distance learning limitations. In addition, com-
parative observations of individual students'
results can provide another dimension of pro-
fessional assessment [6].

The development of a learning workshop on
the topic of "Biomechanics in everyday life"
takes into account the limitations and possibil-
ities of the digital space, with digital communi-
cation tools being used to coordinate and com-
pare the individual experimental results of the
students. Basically, the learning workshop is
carried out according to guidelines of agile pro-
ject management [7-9]. This is reflected above
all in the iteration steps and the defined time
limits of the project process. The different pre-
requisites in the self-study phases are also
subject of the students coordinated planning
of the learning workshop, whereby the pres-
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ence of a cell phone or a similar portable de-
vice with acceleration and position sensors is a
prerequisite. The learning workshop was de-
signed and implemented as part of the materi-
als science module (2nd semester) as a syn-
chronous digital practical course with asyn-
chronous activity phases. Here, synchronous
teaching means that the teacher and the stu-
dents participate in a course at the same time
in a defined time frame, while asynchronous
teaching is understood as the students' en-
gagement with provided learing content inde-
pendent of location and time. In future, a
transfer of this format to the module Biome-
chanics (8th semester) is intended.

For a better classification of the subject-spe-
cific requirements for practical courses, labor-
atory experiments and experimental lectures,
the sequence of classical practical courses in
the field of biomechanics or biomaterials is
first explained. As a result, the digital biome-
chanics practical course is planned in the form
of a learning workshop with a shift in the pri-
mary focus from teaching of technical skills to
the development of self and methodological
skills.

2. Face-to-face lab courses

Within the framework of the practical course,
two teaching formats are carried out, the clas-
sical laboratory practical course with a given
procedure or the more creative learning work-
shop in the Chair of Biomaterials. The lab
course focuses on the acquisition of technical
and methodological competence. For this pur-
pose, there is usually a very specific task, which
is closely linked to the lecture. The execution of
the practical course requires the students' spe-
cial knowledge to be able to work on the prob-
lems independently and appropriately and to
assess the results (specialist competence ac-
cording to [10]). This requires the ability and
willingness of the students to apply certain
working methods (methodological compe-
tence, [10]).

Thus, classical lab courses on the subject of
biomechanics focused, for example, on the
analysis of the material properties of biological
materials in order to gain information on the
mechanical properties, e.g. using a piece of
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bone. Thus, according to a buttom-up ap-
proach, i.e. starting from microscopic dimen-
sions and molecular properties to deduce
macroscopic composite properties, the fibrillo-
genesis of collagen as a basic component of
bone was analyzed by means of UV/Vis spec-
troscopy and atomic force microscopy. Based
on this, bone remodeling was characterized by
degradation and cell experiments. This is
based on the subject-oriented and methodo-
logical learning objectives that students are
able to perform simple laboratory tasks and
measurements. In addition, they will be able to
explain relationships between bone compo-
nents and their formation conditions and the
degradation processes. Due to the actual tasks
and the tight schedule of the lab curse, the stu-
dents are generally not encouraged to contrib-
ute their own creativity or approaches.

The concept of learning workshops as a practi-
cal teaching format focuses on the students'
independent research-based learning. As a
subject-related learning objective, the stu-
dents should be enabled to develop a concept
for the analysis or imitation of a biological
model. This requires that they independently
agree on a strategy as a group and finally
jointly prepare and present their results. In the
technical context, the students learn to com-
municate in the group, i.e. to express their
ideas in a comprehensible way and to listen ac-
tively both to criticism and to ideas. They have
to learn, to jointly plan tasks and, if necessary,
taking a step back themselves, which strength-
ens their social competence for constructive
cooperation.

In most cases, a vaguely formulated task or
qguestion serves as an incentive to activate the
creativity and curiosity of the students. By
providing an extensive range of materials and
methods as well as a space or platform for ex-
change between the students, a work plan is
first developed [11]. The students are left to
their own devices. The teacher is available as a
dialogue partner and learning companion,
without directly interfering in the student activ-
ities [11].

The established procedure is based - in accord-
ance with the theoretical concept - on the di-
rect involvement of the students with an im-
pulse object (e.g. a crab shell or chicken bone)
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or a question (e.g. What makes the bone so re-
silient?). The available spectrum of methods is
made accessible through a laboratory tour (at
the Max Bergmann Center of Biomaterials, In-
stitute of Materials Science).

Without a strict subject-specific instruction, the
concept of learning workshops shifts the focus
of competence acquisition more toward self-
competence and social competence. This nat-
urally places greater demands on the agility
and improvisational talent of the teachers.
However, the students' independently ac-
quired technical and methodological compe-
tence can be particularly intensified in this way,
albeit at a somewhat lower level.

3. Practical courses in the digital space

The explanations of the face-to-face lab course
and especially the learning workshops indi-
cated, that the transfer of learning objectives
and the acquisition of competencies through a
practical course in the digital space is particu-
larly difficult.

Various digital teaching formats with practical
relevance were primarily aiming at teaching
technical skills. For this purpose, experiments
were recorded as videos and made available to
the students (Fig. 1a). Furthermore, experi-
ment lectures were conducted as synchronous
events with web-based interaction possibilities
(chat, shared whiteboard, voting) by students
and lecturers (Fig. 1b). [12]. In addition, follow-
ing a classical practical course sequence, pre-
paratory tasks were provided to students as
pdf scripts, followed by asynchronous "presen-
tation" practicals, produced by lecturers in ad-
vance. Here, the experiment execution and re-
sults are prepared in the form of presentation
slides supplemented by short video sequences
(Fig. 1c). The aim is to make the execution of
the experiment and the acquisition of meas-
ured values as comprehensible as possible, so
that the evaluation of the data provided can be
carried out by the students in a final practical
protocol.

As a result, however, it becomes apparent that
the practical learning experience cannot be
compensated by the high level of engagement
in video creation and experiment demonstra-
tion. This was confirmed by student feedback
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with quotes such as "prefer lab course on site"
and "too much to read" about the accompany-
ing material provided. It seems that the incen-
tive for lengthy practical course preparation
with detailed scripts decreases if these courses
are subsequently available as a video or results
presentation and can also be played through

to the end more quickly. Furthermore, the
training of students in the context of qualifica-
tion works at the chair is also associated with
greater effort, when practical experience in the
laboratory is missing during studies, which re-
sulted in a plan for more practical courses in
the Chair of Biomaterials.

C Lab course: corrosion rate and passivation
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Fig. 1: a) Photo from a video recording from the cell culture lab, b) Video still from an experiment lecture, c) Ex-
perimental results as presentation slides (photos and time-lapse video) for evaluation by students.

4. Agile project management in univer-
sity practical courses

Following agile project management, the stu-
dents are confronted as a team with a problem
thatis outlined by several scenarios. Thus, they
can decide for themselves which partial as-
pects they would like to work on, how to design
a solution and which means are necessary and
feasible for this. The lecturer is exclusively re-
sponsible for supporting the group organiza-
tion (providing a communication platform,
data exchange, etc.), for mediating any
planned investigations and in conflict situa-
tions between the group members.

The organization of the group, such as a divi-
sion into smaller expert groups dealing, for ex-
ample, with theoretical principles, technical
implementation and the consolidation of indi-
vidual findings, is the responsibility of the
group itself, for which a group leadership posi-
tion is to be determined by the group mem-
bers.

The project processing takes place in fixed
time intervals, whereby a work plan for the cur-
rentinterval is always created at the beginning,
which provides a presentable result as quickly
as possible. By jointly presenting the result to
the lecturer, the students quickly receive feed-
back on the requirements that still need to be
implemented or new ones that arise. These are
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included in the work plan for the next interval
(according to the prioritization by the students)
and implemented.

With the help of this concept, students are
given greater responsibility and freedom,
which encourages creative and flexible prob-
lem solving.

After implementation it became apparent that
agile project management can be seen as a
learning objective so that the students are al-
ready familiar with agile methods, the person-
nel roles, artifacts and events provided therein
for their later work and may transfer these to
other departments.

5. The digital learning workshop

For the digital learning workshop, the concept
was applied as follows. The primary goal was
to redesign the practical course as an individ-
ual learning experience, so that the central
points are 1) students autonomy, 2) the use of
commonly available tools and methods and 3)
a topic related to materials science (specifi-
cally: biomechanics). This was implemented by
the students by deciding to record motion se-
quences of everyday activities using the sen-
sors in cell phones.

Individual work should be possible, so that the
group result is only achieved by digitally merg-
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ing the individual results. The students should
be able to participate in the digital workshop
alone and equally.

A digital learning space (e.g. BigBlueButton,
Zoom) provided on a scheduled basis was
used by the students for exchange within the
group, for designing experiments and for dis-
cussing results, while the lecturer was only
available as an advisor.

Procedure

A short explanation of the learning workshop
concept and the topic description (biomechan-
ics) takes place during the kick-off event. The
complexity of the acquisition of biomechanical
parameters is explained by the teacher and
reference is made to the various aspects: from
cell structure, to biomaterial components, to
sports biomechanics.

In the following, the students work out their
plan for recording of biomechanical processes
in everyday life as well as a work plan for the
firstinterval. Synchronous consultations (every
2 weeks) serve to harmonize the individual
tests and discuss the measurement results.
From this, further methods are worked out in
the following intervals in order to harmonize
the individual results and to record them in a
comparable way. Finally, the individual results
are evaluated as a group result with transfer of
the kinematic measured values to the dynamic
load situation of the body as a presentation.

Results

Since biomechanics in the present case deals
with the human musculoskeletal system, a way
to characterize it had to be found first. For this
purpose, the students chose cell phones as a
commonly available measuring device. The
motion sensors were recorded and read out
using the app phyphox® (available for Android
and Apple) [13,14].

Various potential motion sequences were
noted by the students on a digital whiteboard
and a selection was made. This selection was
specified in the second interval after a first
check of the recorded data and suitable
boundary conditions (motion sequences, cell
phone positioning). In addition, the possible
characteristic parameters for data recording
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as well as the recording boundary conditions
(number of movement repetitions, weights,
pauses) were collected (Fig. 2).
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Fig. 2: Shared whiteboard: parameters and match-
ing (vertical lines) for the motion sequences to be
recorded (stair climbing, trunk bending, jumping,

lifting, push-ups).

In the second interval, a platform (Google
Sheets) was also selected for collaborative
data visualization and analysis. A subgroup of
the students took over the normalization and
the staggered plotting of the data of all mem-
bers.

In the third interval, the motion sequences of
all students were recorded in 8-fold repetition
with the phyphox function "acceleration with-
out g". After an initial data comparison, the in-
dividual movement data were normalized to
the respective total duration based on charac-
teristic maxima or minima of the first and last
repetitions (Fig. 3).

The comparison of individual data presented a
particular challenge, as even slight deviations
from the protocol resulted in different charac-
teristic acceleration patterns of individual
movements. Thus, in the last interval, the stu-
dents scheduled a final outdoor presence ses-
sion, which was conducted in compliance with
the Corona protection measures. Here, se-
lected sequences were recorded by all stu-
dents simultaneously and under controlled
conditions. The added value of the group activ-
ity was evident from the significantly more uni-
form movement curves. It should be noted
that a purely digital approach to conducting
the digital learning workshop would also have
led to a meaningful result in terms of biome-
chanical movement sequences in everyday life.
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Fig. 3: Jump acceleration data of the students (8 repetitions each): a) raw data, b) normalized to respective total

durations.

In addition to the technical component of the
face-to-face meeting, the students were able
to demonstrate the self-competence they had
acquired through the measurements they had
previously performed independently. For ex-
ample, they pointed out to each other possible
ways of improving the movement sequences,
independently selected the execution loca-
tions and aids, and coordinated the timing. All
students mastered the technical handling of
the mobile phone-based measurement data
acquisition without any problems. The evalua-
tion and discussion of the results, as well as
their presentation as a group, were also car-
ried out to an extremely high standard consid-
ering the early semester of study.

In the context of further practical groups, a
stronger focus is to be placed on the final
transfer of the measured values to the load sit-
uation of the body. Here, the rapid transition
from the determination of the movement se-
quences to the measurement procedure re-
sulted in a neglect of the later significance and
the inclusion of further possible measured val-
ues or methods. Thus, the students decided
not to evaluate the stair climbing as well as
trunk bending because of the limited informa-
tive value.

The implementation of the agile project execu-
tion led to a high level of commitment of the
students. This was evident in the creative and
time-consuming test phase of the measured
data acquisition of various motion sequences.

In addition to the online meetings, all students
carried out measurements of their movement
sequences and independently entered the
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data into the shared table. Due to the agile, i.e.
step-by-step implementation, this took place
several times under changed boundary condi-
tions (specifications that the students gave
themselves for their measurements). The data
of all students for all movement sequences
were always inserted and evaluated according
to the time specifications. Even in later project
intervals, the comparability of the individual
results was improved with great effort.

The insights gained during the digital learning
workshop now serve as the basis for the rede-
sign of various modules. These will be even
more strictly aligned with the requirements of
agile project management. Although the mod-
ules will be held in person or in a hybrid for-
mat, the experience gained, will make it possi-
ble to switch directly to the digital space if nec-
essary. For these new modules, the digital lec-
ture recordings produced during the last “Co-
rona” semesters are made available in the
sense of an inverted classroom approach in or-
der to work on project tasks iteratively and cre-
atively. The basic knowledge is thus applied in-
stantly and the importance of this knowledge
can be experienced by the students directly in
the project.

6. Lesson learned

¢ Videos and interactive experiment lectures
cannot replace hands-on learning experi-
ence (limited methods)

¢ Individually feasible learning workshops
with cell phone as measuring device are
comparably easy to implement (with high
acceptance)
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e Students acquire a high level of self-com-

petence in learning workshops, which is re-
flected in active participation

¢ Digital teaching concepts can be more eas-

ily converted to face-to-face events (with
PCs, if necessary)

e Agile iterative project processing promotes

commitment and creative approaches to
solutions
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