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Die pandemiebedingte Umstellung der Prasenzlehre auf digitale Lernformate brachte vor allem
far die Studierenden grofe Herausforderungen mit sich. Die beiden vorgestellten, methodi-
schen Grundlagenfacher der Mechanik wurden vollstandig digital angeboten. Zur Stoffvermitt-
lung wurden aufgezeichnete Lehrvideos und zur Fragenbeantwortung vor allem Ubungsforen
eingesetzt. Mithilfe von Umfragen unter allen Prifungsteilnehmenden wurden die eingesetzten
Lernformate evaluiert. Es zeigt sich dabei, dass aufgezeichnete Vorlesungsvideos gegenuber
Prasenzvorlesungen von den Studierenden als hilfreicher wahrgenommen werden. Als Vorteil
wird dabei die Méglichkeit zum Anhalten und Wiederholen der Vorlesungsvideos genannt. Das
Ubungsforum wird zwar als eher hilfreich bewertet, jedoch nicht als addquater Ersatz zur Pra-
senzlUbung eingeschatzt. Laut den studentischen Kommentaren spielt die direkte und unmittel-
bare Kommunikation in der Prasenzibung eine wichtige Rolle, die in einem Forum nicht erreicht
werden kann. Die beste Bewertung unter den Lernformen erzielten kurze Einfiihrungsvideos in
die Thematik und Aufgaben der Ubungen.

The pandemic-induced migration of classroom teaching to digital learning formats brought great
challenges, especially for the students. The two presented methodical subjects in basic mechan-
ics were offered completely digitally. Recorded teaching videos were used to convey the course
content and mainly exercise forums were used to answer questions. The learning formats used
were evaluated with the help of surveys among all examination participants. The results show
that the students prefer recorded lecture videos over classroom lectures. The possibility of paus-
ing and repeating the lecture videos was named as an advantage. The exercise forum is rated
as helpful, but not as an adequate substitute for the classroom exercise. According to the stu-
dent comments, direct and immediate communication plays an important role in the classroom
exercise, which cannot be achieved in a forum. The best rating among the teaching formats was
achieved by short introduction videos on the topic and tasks of the exercises.

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

The shift in university teaching from the class-
room to the digital space over several semes-
ters due to the Corona pandemic has brought
great challenges, especially for students. Espe-
cially in calculation-intensive subjects such as
technical mechanics, teaching basic methods
in classroom exercises is an essential part of
the usual course programme. This article deals
with the realization of digital teaching in two
subjects of the Chair of Dynamics and Mecha-
nism Design at TU Dresden in the summer se-
mester 2020 and the evaluation of the imple-
mented learning formats by all students who
participated in the corresponding written ex-
amination.

2. Presentation of the courses

The course Technical Mechanics Kinematics and
Kinetics (TMKK) is a compulsory course with 3
credit hours per week (CHW) lecture and 2
CHW exercise in the diploma and bachelor de-
gree programme Mechanical Engineering in
the 4th semester. In attendance semesters,
the exercises take place in groups of 20 to 60
students. The audience of the English-lan-
guage course Kinematics and Kinetics of Multi-
body Systems (MBS) consists mainly of students
of the degree programmes Mechanical Engi-
neering in the specialisation Simulation Meth-
ods in Mechanical Engineering (MB-SIM),
Mechatronics (MT) and Computational Model-
ling and Simulation (CMS). The students regu-
larly attend 2 CHW lecture and 2 CHW exercise.
In addition, students of the mechanical engi-
neering specialisation in Processing and Tex-
tile Mechanical Engineering (MB-VTMB) regu-
larly attend half the course content with 1 CHW
lecture and exercise each. For the diploma de-
gree programmes (MB-SIM, MB-VTMB, MT),
this is a elective course in the main study pe-
riod.

3. Digital learning formats in TMKK

In the course TMKK, lecture recordings were
available that were recorded by the AG
Fernstudium (correspondence course team) of
the Faculty of Mechanical Engineering at the
TU Dresden in 2015 during the regular lecture.
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The respective lecture videos were released in
the corresponding semester week on the
saxon learning platform OPAL using the video
server MAGMA. The lecture content is mainly
taught using hand written notes on a tablet
computer (see Figure 1).

For the respective exercises, detailed introduc-
tion slides, instructions for solving the single
tasks and detailed sample solutions were pro-
vided. In addition, the first two exercise intro-
ductions were recorded on video. This video
production was not continued for the further
exercise introductions due to capacity reasons
of the teaching staff. Questions about the ex-
ercises and for exam preparation could be
asked in an OPAL forum. A separate forum was
set up for each exercise. Online consultations
were offered approximately every fortnight,
although this offer was only used by an aver-
age of 5 students.
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Lecture TMKK, recording of the AG

Fig. 1:
Fernstudium of the Faculty of Mechanical Engineer-
ing at TU Dresden.

4. Digital learning formats in MBS

The lectures of the MBS course are designed
as a combination of slide presentation and
handwritten tablet lecture. The lecture videos
(see Figure 2) were recorded during the semes-
ter. The actual video duration is shorter than
the usual lecture time of 90 minutes due to a
lack of questions and spontaneous additional
explanations.

While changing the course language from Ger-
man to English one year before, slide-based in-
troduction videos (intro videos) of approx. ten
minutes were produced for all exercises (see
Figure 3). As in TMKK, the OPAL forum was
used to answer questions about the exercises
and sample exams.
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Fig. 2: Lecture MBS, slide with handwritten com-
ments, recorded using OBS Studio.

The final course element is a complex exercise.
In the digital semester, it took place partly in
presence, but with low participation. The aim
of the complex exercise is to program a multi-
body simulation in the commercial software
MATLAB. For examination preparation, one
online and one classroom consultation took
place.

Implicit constraints - example:

Constraints between bodies K and P:
Rotational:  ®pr = Yo + ¥k = Yp

Translational:

Fig. 3: Exercise introduction MBS, example calcula-
tion on PowerPoint slide, recorded using OBS Studio

5. Evaluation of the courses

In order to allow a comprehensive teaching
evaluation, an anonymous survey with approx.
20 questions and comment fields was con-
ducted among all examination participants at
the end of the respective written classroom ex-
amination. Thus, 338 filled surveys are availa-
ble for the TMKK course and 70 for MBS. Fur-
ther 52 completed surveys with partly identical
questions are available for the MBS course of
the previous year. This allows a comparison
between the digital and the classroom semes-
ter.

In the diagrams for the TMKK course, the pro-
portion of students who have repeated the ex-
amination and have thus already attended the
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course for the first time in a regular classroom
semester is marked in orange. This applies to
16% of the students who took the examina-
tion. In the course MBS, a distinction is made
between the student groups Mechanical Engi-
neering-SIM/Mechatronics (blue), CMS (or-
ange) and Mechanical Engineering-VTMB (yel-
low). Due to negligible failure rates, the pro-
portion of students repeating the exam plays a
subordinate role here.
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Fig. 4: Front page of the survey in the TMKK course

As shown in Figure 4, most of the survey ques-
tions offered 5 response options ranging from
"1: Fully true" (left) to "3: Partly true" (middle)
to "5: Not true" (right). Deviating answer op-
tions are marked in the respective diagrams.

6. Comparison of face-to-face and online
semesters

The comparison between classroom and
online semester reveals a differentiated pic-
ture. Figure 5 shows the TMKK students' rating
of the statement whether they were able to fol-
low the online lecture better than normal
classroom lectures. With an average rating of
2.55, the students stated that they were able to
follow an online lecture better. The statement
whether they were able to follow the online
lecture very well was rated with 2.41 on aver-
age.
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Fig. 5: "I was able to follow the video lectures better
than normal classroom lectures”. (TMKK)

This is also supported by the direct compari-
son of the MBS lecture between the summer
semesters 2019 and 2020 in Figure 6. The
qguestion about the benefit of the respective
lecture was answered with an average rating of
2.44 for the video lecture and 2.74 for the
classroom lecture of the previous year.

20— - - 30

20+

10/

ol

Fig. 6: "The lecture was very helpful for me" (FMD).
Left: Presence 2019; Right: Digital 2020

One possible reason for the better rating of the
online lecture can be found in the handwritten
comments in the survey. Here, the possibility
of pausing and repeating the video lecture was
named positive several times. One student
concretized it saying that listening and writing
can be done separately by using the pause
function. Another named the repeatability of
"difficult parts" in the video lecture.

It should be pointed out that the regarding lec-
tures content contains many complex deriva-
tions and calculation methods. The individual
learning speed of each student can only be ad-
dressed very limited in the classroom lecture.

The fact that approximately half of the stu-
dents in TMKK watched more than 75% of the
lectures (see Figure 7) is consistent with the
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lecture attendance in classroom semesters of
the course.
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Fig. 7: Viewed lecture videos. (TMKK)
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However, the entire MBS course consisting of
lecture and tutorial performs worse in the
online semester than in the classroom semes-
ter, as shown in Figure 8. The statement
whether the course content is much harder to
understand in the online semester than in the
regular semester is rated with an average of
2.77 in MBS.

The positive evaluation of the digital lecture in
contrast to the entire course indicates that the
quality of exercises in presence is not reached
by the online substitute.
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Fig. 8: "The course content is much harder to under-
stand in an online semester than in a regular one".
(FMD)

A large proportion of the students states that
they had at least partial motivation problems
to study the course content (see Figure 9). The
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statement whether it was difficult for the stu-
dents to motivate themselves to work on the
course content is rated with an average of 2.61
in TMKK.
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Fig. 9: "It was difficult to motivate myself to work on
the course content this semester." (TMKK)

As shown in Figure 10, this is supported in the
fact that the larger proportion of TMKK stu-
dents spent less than the weekly planned at-
tendance time on the course during the se-
mester. A similar result is obtained from the
survey in MBS.
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Fig. 10: Weekly time spent on the course. (TMKK,
weekly presence time would have been 3.75 h)

In MBS, the statement whether the students
had problems keeping up with the course con-
tentis rated with an average of 3.10. TMKK stu-
dents rated the statement with an average of
3.28 whether the exercises were completed
within the scheduled semester week. In other
words, the majority of the students had at least
partial problems following the given schedule
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in the online semester. Since no comparative
data is available from a classroom semester,
no solid comparison can be made here be-
tween online and classroom semesters.

The low number of participants in the complex
exercise in MBS in the online semester is a fur-
ther indication of delay in the course schedule
by the students. To successfully participate in
the complex exercise, it is necessary to com-
plete all the exercises beforehand.

In TMKK, a comment field was used to ask for
reasons for lagging behind in course content.
“Motivation, stress, understanding problems"
were given as example answers. The lack of
motivation, understanding problems and the
lack of separation between studies and free
time were frequently named by the students.
The sample answers presumably play a role in
the frequency of the first two answers.

It can be concluded from Figure 11 that the
smaller proportion of students had regular,
content-related communication with fellow
students. The statement whether the students
regularly communicated with fellow students
about the course content was rated with an av-
erage of 3.36 in TMKK. The majority of students
acquired the course content in self-study,
which is in clear contrast to the classroom ex-
ercises.
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Fig. 11: "I regularly communicated with fellow stu-
dents about the lecture or exercise". (TMKK)

7. Assessment of the individual forms of
learning in the exercise

As already mentioned, largely asynchronous
learning formats have been used for the exer-
cises in the courses presented.
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Figure 12 shows that the written practice ma-
terial provided, consisting of introductions and
sample solutions, was perceived as helpful in
TMKK. The statement whether the correspond-
ing material was very helpful was rated with an
average of 2.41.
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Fig. 12: "The introductions and solutions to the exer-
cises were very helpful". (TMKK)

The exercise forum was rated rather lower, as
shown in Figure 13. The statement whether the
exercise forum was very helpful was rated with
an average of 3.00 in TMKK and with an aver-
age of 2.55 in MBS.
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Fig. 13: "The exercise forum was very helpful for me".
Left: TMKK; Right: MBS

Accordingly, the comments on the forum in
TMKK give a mixed picture. On the one hand,
the low clarity and the long waiting time for an
answer were criticised several times. On the
other hand, it was stated several times that
students had only read the forum contribu-
tions and had benefited from them without
asking questions themselves. A student noted
positively that through the forum he came
across problems that he had not recognised
on his own. It was also noted that the possibil-
ity to ask anonymous questions reduced the
inhibition to actively use the forum. Very often,
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the desire for classroom exercises was stated
in the comment fields, since answering ques-
tions in the forum could not replace direct
communication in a classroom exercise.

As shown in Figure 14, the short intro videos
that were used in MBS for exercise introduc-
tions achieved by far the best rating. The ques-
tion whether the intro videos were very helpful
for the students was rated with an average of
1.58 in MBS in the 2019 classroom semester
and an average rating of 1.64 in the 2020
online semester.

As shown in Figure 15, the short intro videos
were watched multiple times by a large pro-
portion of students. The longer lecture videos
were watched once by the majority of stu-
dents.

30 40
Il MT/MB-SIM Il MT/MB-SIM

BcMms 30 -CMS 1
20 [CIMB-VTMB
20 1
10
10 ;
0 i i —
1 2 3 4

[IMB-VTMB
5

Fig. 14: "The intro videos were very helpful for me."
(FMD) Left: 2019; Right: 2020
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Fig. 15: "How many times did you watch each video
on average?" Left: Lecture video; Right: Intro video
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The statement whether the students were able
to solve the exercises in self-study using the in-
tro videos and the forum was rated with an av-
erage of 2.16 in MBS in the online semester
2020. The similar statement whether the stu-
dents were able to do this (only) using the intro
videos was rated with an average of 2.12 in
MBS in the 2019 classroom semester.

8. Exam preparation

As shown in Figure 16, the students’ felt level
of exam preparation in the digital semester is
slightly worse than in the classroom semester.
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The statement whether the students felt very
well prepared for the examination is rated on
average with 2.62 in MBS in the 2019 class-
room semester and with 2.91 in the 2020
online semester.
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Fig. 16: "Before the examination, | felt very well pre-
pared ". (MBS) Left: 2019; Right: 2020

In the summer semester 2020, students at
Dresden University of Technology had the op-
tion of cancelling examinations without justifi-
cation. As shown in Figure 17, the majority of
students see this option as having little influ-
ence on their exam preparation. The state-
ment whether the opportunity to cancel the
exam result afterwards influenced their exam
preparation was rated by the students in MKS
with an average of 3.78 and in TMKK with an
average of 3.89.
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Fig. 17: "The opportunity to cancel the exam result
afterwards influenced my exam preparation.” Left:
TMKK; Right: MKS
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9. Summary

A differentiated picture results from the evalu-
ation of the two courses surveyed. For many
students, an online lecture seems to have ad-
vantages over a classroom lecture. In contrast,
no adequate substitute for classroom exer-
cises was used in the digital semester. The of-
fer of online consultations on the exercise was
hardly taken up and the exercise forum does
not offer an equivalent substitute for direct
communication due to the time-delayed com-
munication. Short video exercise introductions
are rated as the most helpful course format.
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