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Abstract

Courses in Engineering Mechanics at TUD Dresden University of Technology traditionally rely on
lectures and exercises, a format that poses challenges for student engagement, self-assessment,
knowledge transfer, and collaborative learning. To address these issues, four activation
measures were introduced: lecture questions, online quizzes, introductory videos for exercises,
and learning group tasks. This paper describes the implementation and evaluation of these
measures for one cohort of students across three semesters of Engineering Mechanics, from
October 2024 to February 2026. Quantitative and qualitative analyses reveal increased partici-
pation, improved exam outcomes (with scores up to 11% higher for quiz participants), and en-
hanced group collaboration. The measures require a relatively small amount of additional effort
while they are flexible and transferable to other curricula, offering a robust framework for acti-
vating students in engineering education.

Lehrveranstaltungen im Fach Technische Mechanik an der Technischen Universitat Dresden
(TUD) stiitzen sich traditionell auf Vorlesungen und Ubungen - ein Format, das Herausforderun-
gen hinsichtlich der Einbindung der Studierenden, der Selbsteinschatzung, des Wissenstransfers
und des kollaborativen Lernens mit sich bringt. Um diesen Problemen zu begegnen, wurden vier
MalBnahmen zur Aktivierung eingefuhrt: Vorlesungsfragen, Online-Quizze, Einfihrungsvideos
fr Ubungen und Lerngruppenaufgaben. Dieser Beitrag beschreibt die Umsetzung und Auswer-
tung dieser MalBnahmen fir einen Jahrgang von Studierenden Uber drei Semester des Fachs
Technische Mechanik hinweg, von Oktober 2024 bis Februar 2026. Quantitative und qualitative
Analysen zeigen eine gesteigerte Beteiligung, verbesserte Priifungsergebnisse (mit bis zu 11 %
hoheren Punktzahlen bei den Quizteilnehmern) und eine verstarkte Zusammenarbeit in den
Gruppen. Die MaBnahmen erfordern einen relativ geringen zusatzlichen Aufwand, sind dabei
flexibel und auf andere Lehrplédne Ubertragbar und bieten einen robusten Rahmen fur die Akti-
vierung von Studierenden in der Ingenieurausbildung.
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1. Introduction

Engineering Mechanics at TUD Dresden Uni-
versity of Technology (TUD) has traditionally
been taught in a classical format given by lec-
tures and exercises. Each week consists of a
90-minute lecture presenting theoretical con-
cepts and example applications, followed by a
90-minute exercise session in which students
are expected to independently solve prob-
lems. While this structure is well established,
several challenges have been identified in
practice:

e Maintaining deep, uninterrupted focus on
one topic for the entire 90-minute lecture
is inherently difficult.

e Students often struggle to assess whether
they have adequately understood the pre-
sented concepts.

e Transferring theoretical knowledge from
lectures to problem-solving in exercises is
demanding and occurs at different paces
among students.

e Collaborative learning has been shown to
be beneficial, yet not all students are able
to establish effective study groups on their
own.

In response to these challenges, several
measures have been implemented in recent
years. General concepts of these measures
have already been presented in Sahn et al. [1].
The present contribution focuses on the evalu-
ation of four specific measures aimed at in-
creasing student activity within the traditional
lecture-exercise framework. For each meas-
ure, a representative example is presented,

and student participation is analyzed across
multiple semesters. Furthermore, both quali-
tative and quantitative evaluation results are
discussed in order to assess the effectiveness
of the implemented measures.

To that end the paper starts with an overview
of the investigated courses in chapter 2, fol-
lowed by chapters 3 to 6 - one for each imple-
mented measure. Finally, conclusions are
drawn in chapter 7.

2. Structure of the Courses in Mechanical
Engineering

The analysis presented in this study is based
on the subsequent courses Statics (S), Strength
of Materials 1 (SoM 1), and Strength of Materi-
als 2 (SoM 2), for one cohort of students be-
tween October 2024 and February 2026. As
listed in Table 1, these courses are part of sev-
eral engineering degree programs, including
Mechanical Engineering, Materials Science,
Process Engineering and Natural Materials
Technology, and the Master's program in Tex-
tile Machinery and High-Performance Material
Technology.

In Statics and SoM 1, the weekly schedule con-
sists of one lecture and one exercise, each last-
ing 90 minutes. In SoM 2, the lecture is also
held weekly, while exercises take place every
second week. The number of participating stu-
dents amounts to 251 in Statics, 245 in SoM 1,
and 185in SoM 2'.

Differences in examination schedules arise
from the structure of the degree programs.

Tab. 1: Structure of the three classes referred to in this contribution

Statics

Strength of Materials 1

Strength of Materials 2

Lectures / Exercises 1/1 171

per week
Course of study Mechanical Engineering

Materials Science

1/0.5

Mechanical Engineering

Process Engineering and Natural Materials Technology

Master's Degree Textile Machinery and High Perfor-

mance Material Technology
Number of students 251 245

185

" The number of students refers to the number of exams
that have been taken in that respective course.

6-1/3-2

Lessons Learned | Voluime 6 (2026) | Issue 1



U. Gebhardt, M. Kastner / Activate students in Engineering Mechanics

Students of Mechanical Engineering take ex-
aminations after the first and third semesters,
whereas students from other programs take
examinations after the first and second semes-
ters or after the second semester only. As a re-
sult, the number of exam participants in the
evaluation in the following chapters varies be-
tween courses.

3. Lecture Question

To address the limited span of attention during
lectures, interactive lecture questions were in-
troduced. After approximately 45 minutes, stu-
dents are presented with a multiple-choice
question related either to the material just cov-
ered or to upcoming content. They are given
three to five minutes to discuss the question
with their peers before submitting their an-
swers anonymously via a QR code using the
platform Particify [2].

An example is taken from the first lecture of
the Statics course, in which the concept of the
rigid body is introduced. Students are asked to
identify which of the following three examples
can be modeled as rigid bodies?:

a) the deformation of a bridge under loading,

b) the crack propagation in an airplane or

c) a tipped over crane.

After the voting phase, the results are dis-
cussed, and the lecture continues.

The evaluation of participation in Figure 1
shows that more than half of the students in
Statics consistently take part in these ques-
tions throughout the whole semester3. Partici-
pation in SoM 1 starts similarly high but de-
creases in the second half of the semester.
This decrease is caused by the students of Me-
chanical Engineering, who do not take an exam
after that semester and tend to focus on the
upcoming exams at hand. In SoM 2, participa-
tion is generally lower.

The lecture questions require students to ac-
tively reflect on the content and thus contrib-
ute to increased engagement during the lec-
ture. Also, encouraging students to discuss the
lecture question with their peers before voting

2 The correct answer is c).
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helps them to reflect on the content and pro-
vides a real break in the 90 minute lecture. In
evaluations of courses, which are performed in
every semester, students consistently rate this
measure very positive.
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Fig. 1: Lecture Question: participation of the stu-
dents throughout all three semesters.

4. Quiz

In order to provide students with opportuni-
ties to assess their understanding of theoreti-
cal concepts, online quizzes were imple-
mented. Four quizzes are offered per semes-
ter, each consisting of ten multiple-choice
questions and conducted via the learning plat-
form OPAL [3]. Each quiz is available for one
week and there is only one attempt to take
part. The students are usually able to answer
all ten questions within 10 to 15 minutes.

Students who correctly answer at least half of
the questions receive a small bonus for the fi-
nal examination. After the completion of each
quiz, all questions are discussed in the subse-
quent lecture, including detailed explanations
of the correct answers.

An example for a question in the quiz is shown
in Figure 2 (a). A hinged beam with several
loads is given and the students have to decide
which distribution of the shear force in the
given solutions belongs to the depicted beam.
Other types of questions might include small
calculations or may aim at a more detailed un-
derstanding of concepts and equations.

The student participation in those quizzes ex-

ceeds 50% across all courses, with the highest
engagement observed in Statics, as can be

3 The participation is calculated by taking the number of
votes for each lecture question divided by the number of
students in the course (see Table 1).
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seen in Figure 2 (b). The fact that successful
participation in those quizzes is rewarded with
bonus points for the exam, enables the quan-
titative evaluation of this measure. To that aim,
the examination results are linked to the (suc-
cessful) participation in the quizzes in Figure 2
(c). The plot shows the percentage of total
points reached for all three evaluated courses.
The bonus points from the successful partici-
pation in the quizzes are not taken into ac-
count at this point. Students who participate in

Whatis the qualitative distribution of the shear forcein
the depicted hinged beam?
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the quizzes achieve higher average scores
compared to the overall cohort, depicted in
black. This effect is even more pronounced for
students who successfully complete all quiz-
zes. The largest difference is observed in
SoM 2, where these students achieve on aver-
age 11% higher scores than the overall group.
Since bonus points are not included in this
comparison, the improvement can be at-
tributed to increased understanding rather
than advantages at grading.
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Fig. 2: Quiz: (a) example quiz question?, (b) participation of the students throughout all three semesters, (c) aver-

age points reached in the exam.

5. Introductory Video

Each exercise consists of three to four tasks to
be solved by the students. The students are
asked to prepare for the exercises by trying to
solve the tasks by themselves in advance and
ask the tutors for help during the exercise
whenever they get stuck.

Traditionally, exercises begin with a 20- to 40-
minute introduction by the tutor, including a
summary of theoretical concepts and addi-
tional problem examples as well as hints for
the tasks to be solved. This approach has some
major drawbacks: First of all, students who
prepared the tasks in advance - as they had
been asked to do - have to wait until the end
of the introduction by the tutor to get a chance

4The correct answer is (A).

6-1/3-4

to ask a question. If those students already un-
derstood the concepts the tutor is introducing
in that time, they lose valuable time. Students
who tried to prepare but made little progress
might need the information given by the tutor
during the introduction to solve the tasks. Not
having all the information from the beginning
and knowing to get them only at the start of
each exercise might demotivate them and
some might not prepare at all for the next ex-
ercise. Some students need more detailed and
individual support than an introduction on the
blackboard can give them. In summary it can
be said, that it is very hard to tailor an intro-
duction at the beginning of an exercise to meet
the needs of all students and still encourage
them to prepare for each exercise.

Lessons Learned | Voluime 6 (2026) | Issue 1
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To address those problems, an introduction to
the exercises, as would be given during the ex-
ercise, was recorded and can be accessed prior
to each exercise. An example for the final
frame of such an introductory video is given in
Figure 3 (a).

The students are encouraged to prepare the
tasks with the help of the recordings and no
additional introduction is given during the ex-
ercise. This enables the students to prepare in
their own pace and at their own time and
watch the videos in time-lapse or slow motion
and more than once if they need to. In addition
to a more individualized preparation of the ex-
ercises, the full 90 minutes can now be com-
pletely dedicated to discussion and problem-
solving.

Data of the usage indicates that students make
extensive use of these introductory videos. Fig-
ure 3 (c) shows the number of interactions®
with the videos throughout all three semes-
ters, which is consistently above one and even
close to two for Statics. This leads to the con-
clusion, that every student accesses each video
at least once. To further evaluate the prepara-
tion of the students, Figure 3 (d) shows the par-
ticipation by only taking into account the inter-
actions with the videos until the day before the
first appointment of the corresponding exer-
cise®. For the Statics course this participation is
close to one throughout most of the semester.
Those numbers decrease for SoM 1 and SoM
2. The drop at the end of SoM 1 is expected, as
already discussed in chapter 3. The lower par-
ticipation in SoM 2 can possibly be related to
the biweekly exercise schedule, neglecting the
preparatory interactions of the students who
prepare for the exercise in the second week.
Another point worth mentioning is, that in
Statics and SoM 1 the videos are online for a
limited time only, aiming to enforce learning
throughout the semester. In SoM 2 the videos
were available from before the exercise until
after the exam at the end of the semester.

% Interaction with the videos can be the watching of the full
video or just accessing parts of it. It was not possible to get
more detailed information from the OPAL-statistics.

® Exercises are distributed throughout the week to accom-
modate the students’ different schedules. If the same ex-
ercise is held on Tuesday and Thursday, the plot will take
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A more detailed view of the interactions over
time with the videos for exercise one and nine
in SoM 1 is shown in Figure 3 (g). The shaded
blue box marks the period of time when the
video for exercise one is online. The vertical
medium blue lines mark the days on which ex-
ercises being held. The dark blue line docu-
ments the interactions on each day. There are
three distinctive peaks in this curve. The first
peak is located on the day before the first ex-
ercise - clearly indicating the students' prepa-
ration for the upcoming exercise. The second
peak rises one week later when the next exer-
cise is relevant, probably indicating some fol-
low-up studying of the first week. Another
week later, there is a third peak when students
try to access the video that is already offline.
Interestingly, the same general shape of the
curve can be observed for exercise nine. While
participation in general decreased, there is still
a majority of interactions before the exercise.
Since one goal of providing the videos was to
encourage the students' preparation of each
exercise, this data indicates a clear success of
that measure.

In addition to the presented quantitative par-
ticipation data, a qualitative evaluation of
those introductory videos was conducted dur-
ing the SoM 1 course using limesurvey [4],
where 94 students took part in that survey.

Figure 3 (e) shows the students’ opinion about
the length of the videos, which is perceived as
just right. Figure 3 (f) shows, that most stu-
dents feel that enough details are presented in
the videos, followed by a smaller portion of
students wishing for more details.

When discussing the more detailed opinions
shown in Figure 3 (b) from bottom to top, it can
be stated, that more than 70 % of the students
state to watch the video before each exercise.
This is consistent with the quantitative results
from Figure 3 (d). About half the students claim
to have a look to review the actual tasks for
each exercise in advance, while 40 % feel that

into account the participation up until Monday. Therefore,
some interactions for preparation might be neglected if
the students of a Thursday exercise prepare on Tuesday
or Wednesday.
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the videos help them to solve those tasks by
themselves. Around 30 % of the students
would rather have an introduction during the
exercise instead of the introductory video.

The introductory videos are introduced, to fos-
ter self-paced preparation of exercises and, by

SehiefeDi

1B Symmele

Instead of the video I would

freeing up time, enable longer and more de-
tailed discussions during the exercise. The
numbers of participation as well as qualitative
feedback and the subjective experience of the
tutors testify to the effectiveness of this
method.
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Fig. 3: Introductory Video: (a) picture of the blackboard at the end of an introductory session, (b) qualitative
evaluation of the videos, (c) interactions of the students throughout all three semesters, (d) interactions of the
students until before each corresponding exercise throughout all three semesters, (e) student’s opinion on the
length of the videos, (f) student’s opinion on the amount of details in the videos, (g) detailed interaction with
video 1 and 9 for the course Strength of Materials 1.
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6. Learning Group Task

To promote collaborative learning among stu-
dents, learning group tasks’ were introduced.
For that purpose students enroll in groups of
six. Those groups are fixed throughout each
semester. Within the group, they have to solve
several tasks (1 in Statics, 5in SoM 1, 6 in SoM
2) and hand in their solutions. The tutors check
the results and give feedback. If students com-
plete almost all tasks correctly in a given se-
mester and have attempted all of them, they
receive one bonus point for the exam.

The content of the task is often a very practical
problem, as shown for example in Figure 4 (a)
and (b). The students are presented with a pic-
ture of a traffic sign near the campus in (a) and
a model of the traffic sign in (b). They are then
asked to calculate the inner forces within this
traffic sign.

The necessary knowledge to solve the respec-
tive problem has been discussed during the
lecture but was not yet covered in the exercise.
Therefore, the students have to transfer the
presented knowledge into application all by
themselves. This requires considerable effort

for the students as well as reviewing the re-
sults and providing feedback requires a lot of
effort for the tutors.

Even so, the participation rates are high across
all courses, reaching approximately 80 % in
Statics, over 70 % in SoM 1, and above 50 % in
most of the tasks in SoM 2.

Since bonus points are awarded for correctly
solving the tasks, the (successful) participation
in the learning group tasks can again be linked
to the results of the exam, as presented in Fig-
ure 4 (d). On average, students who do take
part in the learning group tasks achieve higher
scores in the exam than those who did not?.
Even higher scores of up to 7 % are reached by
those students who successfully took part and
earned all available bonus points. The increase
in performance is less prominent than for the
quizzes presented in chapter 4. This might be
attributed to the nature of group work in gen-
eral, since it does not ensure that every team
member actively participates.

More importantly, it could be observed that
the formed learning groups not only worked
together to solve the given tasks in Engineering
Mechanics but also continued to collaborate in

0.9 —— SoM 1 —e—SoM 2
c
508 @
® 07
2
g‘ S 06
5 0,5
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number of learning group task
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Fig. 4: Learning Group Tasks. Exemplary task: Calculate the inner forces of the traffic sign near the campus (a)
according to the model in (b); (c) participation of the students throughout all three semesters, (d) average points

reached in the exams.

7 First implemented by Prof. Stefan Odenbach (private
communication, 2017)
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8 For better comparison, bonus points are not included in
this evaluation.
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other courses, fostering a valuable network of
collaboration from the very beginning of their
studies. Additionally, the tutors recognized
that those learning groups who solved the
tasks were much better prepared for the exer-
cises to come. By transferring the presented
knowledge into practical application on their
own, they seemed to learn the concepts of me-
chanics much more effectively.

7. Summary and Conclusion

This study has demonstrated the successful
implementation and evaluation of four activa-
tion measures within the classical curriculum
of Engineering Mechanics at TUD consisting of
lectures and exercises. The introduction of lec-
ture questions effectively breaks up lectures
and is highly valued by students. Regular
online quizzes provide essential feedback on
theoretical understanding and are strongly
correlated with improved exam performance.
Pre-recorded introductory videos enable self-
paced preparation, freeing exercise time for
deeper engagement and discussion. Learning
group tasks promote knowledge transfer and
foster lasting collaborative relationships, fur-
ther enhancing exam outcomes. Each measure
is relatively simple to implement and can be
adapted to a wide range of curricula. Moreo-
ver, measures such as the lecture question and
introductory video also enrich the teaching ex-
perience. Overall, these measures offer easy-
to-implement methods for activating students
and improving learning outcomes in engineer-
ing education.
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