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ngineering education faces declining en-

rolments, international competition, and
the challenge of Al solving traditional exam
tasks. Intralogistic systems link mechatronics
and algorithms, offering tangible challenges for
application-oriented learning. This paper intro-
duces a classification framework based on /nput,
Application, and Examination, and applies it
to evaluate three representative courses at the
Karlsruhe Institute of Technology. The analysis
shows that freedom in learning, such as self-
study phases, requires corresponding structure
in assessment to ensure knowledge acquisition.
Team-based tasks benefit from clearly defined
roles and organizational scaffolding to prevent
conflicts and unequal participation. The work-
load distribution strongly depends on course
duration: very compact formats leave little room
for catch-up, while extended formats require
intermediate milestones to maintain motivation.
Grading remains a particular challenge, as exam-
inations must balance fairness with recognition
of teamwork and practical achievements. Finally,
the growing role of artificial intelligence intro-
duces both risks and opportunities: while Al can
reduce the need for routine coding, it creates new
demands for creative, critical, and system-level
tasks. These findings provide practical guidance
for designing and evaluating interactive courses
also in other areas then intralogistics.

[Keywords: Teaching, Application-Oriented, Intralogis-
tics]

1 Introduction

Engineering education is undergoing significant
changes. In Germany, declining enrollment numbers
in technical subjects and a highly competitive job mar-
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ket create pressure on universities to offer attractive
and relevant programs. At the same time, the emer-
gence of artificial intelligence tools, capable of solv-
ing a large share of traditional exam tasks, challenges
conventional assessment methods and calls for new
approaches to teaching and learning.

At the Institute for Material Handling and Logistics
(Karlsruhe Institute of Technology), we address these
developments through application-oriented course de-
signs centered on intralogistics and, in particular,
cyber-physical intralogistics systems (CPIS) [1]. CPIS
offer a coherent way to model and integrate physical
assets (e.g., mobile robots, robotic arms, conveyors)
and logical assets (e.g., simulations, control systems),
including their interfaces and communications. This
domain is especially well suited for interactive learn-
ing: it combines mechatronic components with data-
driven and algorithmic methods (e.g., pathfinding, stor-
age strategies, system dimensioning) in tasks that
are tangible and widely understood (e.g., e-commerce
warehouses, automotive supply systems). The inher-
ent complexity enables meaningful team-based work
with clear role ownership while remaining accessible
to students.

Prior work indicates that interactive learning—such
as group work, discussions, problem solving, and
hands-on projects—tends to outperform purely
teacher-centered formats in terms of depth of under-
standing, retention, engagement, and critical thinking
[2]. Building on this, our contribution is threefold:
(i) a classification along the dimensions of Input,
Application, and Examination to structure interactive
course design, (ii) an evaluation of multiple courses in
intralogistics, and (iii) a synthesis of experiences and
best practices for application-oriented teaching.

The paper proceeds as follows. Section 2 intro-
duces the classification and its characteristics. Sec-
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tion 3 outlines the evaluation methods. Section 4
presents three representative courses in detail. Sec-
tion 5 discusses cross-course findings, including de-
sign trade-offs and practical guidance for instructors.
Section 6 concludes with implications for technical lo-
gistics education. Extended course descriptions are
included to provide practitioners with concrete, trans-
ferable models.

2 Framework for
Courses

Classifying  Application-Oriented

Analyzing and comparing application-oriented courses
in engineering education requires a systematic and re-
producible framework. This section introduces such a
framework by distinguishing the three areas of teach-
ing Input, Application, and Examination and by spec-
ifying the key characteristics that describe how these
areas are implemented. Each area, together with its
characteristics, forms the building blocks of courses.

The building blocks represent interdependent ele-
ments of the educational concept. Together they re-
flect both the pedagogical intent and the practical
implementation. The overall design of a course re-
sults from the selection and weighting of these blocks,
which strongly influences student engagement, the
achievement of learning objectives, and the transfer of
theoretical knowledge into practical competence [3].

2.1 Input

The input phase constitutes the primary mode of
knowledge acquisition and is therefore a central peda-
gogical decision in application-oriented learning. It de-
termines how new material is introduced and how ac-
tively students are engaged in the learning process.

2.1.1 Input Types

Input can be either theoretical, for example by
conveying abstract concepts such as modeling ap-
proaches or algorithmic methods, or practical, for ex-
ample by presenting industry case studies, introduc-
ing algorithms in relation to hardware or logistics pro-
cesses, or explaining software concepts that will later
be applied in labs or simulations. In both cases, the fo-
cus remains on providing knowledge and orientation.
The balance between these forms determines both the
level of abstraction and the immediate relevance for
subsequent application.

2.1.2 Role of Instructor and Student

Input formats can also be positioned along a con-
tinuum from teacher-centered to student-centered.
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In the teacher-centered model, the instructor acts as
the primary source of knowledge, efficiently convey-
ing foundational content to large groups through lec-
tures or demonstrations [4]. By contrast, a student-
centered approach emphasizes active knowledge con-
struction, self-directed learning, and collaboration, as
described in constructivist learning theories. Methods
such as flipped classrooms [5], problem-based learn-
ing (PBL) [6], and project-based learning (PjBL) [7]
embody this orientation. Empirical studies show that
these active strategies foster deeper cognitive en-
gagement and more sustainable learning outcomes
than purely passive formats [2]. The balance between
teacher- and student-centered inputs therefore shapes
both the roles of instructors and students and the ef-
fectiveness of subsequent application-oriented tasks.

2.2 Application

The application addresses how students actively en-
gage with and utilize the knowledge they have aquired,
thereby bringing the practical, application-oriented di-
mension of learning into focus. Different types and
characteristics of application can be distinguished,
each serving specific pedagogical functions.

2.2.1 Application Types

Exercises typically consist of structured, often repeti-
tive tasks that reinforce theoretical concepts and foun-
dational skills. They provide a low-stakes environment
in which students practice procedures or apply formu-
las, thereby consolidating knowledge through repeti-
tion and incremental mastery. Laboratory work in-
volves hands-on activities directed toward solving real-
world problems, using physical systems or simula-
tions. This type of application is closely aligned with
experiential learning theories, which emphasize learn-
ing through active experimentation and reflection [8].
Beyond technical proficiency, laboratory experiences
cultivate competencies in scientific work, data analy-
sis, and critical evaluation [9]. The selection and de-
sign of application formats directly affect the depth of
student understanding, the development of problem-
solving and critical thinking skills, and ultimately the
extent to which theoretical knowledge is transformed
into professional competence.

2.2.2 Organizational Structure

The organizational structure describes the extent to
which a course prescribes its schedule, workflow,
and sequence of activities. A high organizational
structure corresponds to tightly scaffolded formats,
where learning pathways are clearly delineated and
instructor-directed. This scaffolding is particularly ef-
fective for novice learners, as it reduces cognitive load
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by chunking information and guiding their attention
through complex tasks. In contrast, a low organiza-
tional structure grants students considerable free-
dom to plan and manage their activities, promoting
learner autonomy and aligning with theories of self-
regulated learning. However, it relies on students hav-
ing developed suf cient self-management skills [L0].

2.2.3 Technical Structure

The technical structure refers to the scope of re-
strictions regarding the tools, methods and technolo-
gies used in the course. A high technical structure
mandates speci ¢ hardware, software, or procedural
approaches, facilitating comparability across students
and easing support requirements. Conversely, a low
technical structure empowers learners to select and
experiment with their own tools, fostering creativity,
problem-solving, and innovation. This openness res-
onates with the concept of affordances, which high-
lights how different tools offer distinct opportunities for
learner interaction and outcomes [11].

2.2.4 Task Design

The task design determines the nature and scope
of challenges students encounter, directly in uencing
learning outcomes and cognitive engagement. Uni-
form tasks , identical for all learners, facilitate compa-
rability and are commonly used in traditional instruc-
tional models. Varied tasks offer different but equiv-
alent challenges tailored to diverse learner readiness
or interests; a principle supported by differentiated in-
struction frameworks that enhance academic achieve-
ment and engagement by responding to individual
needs and preferences [12]. Complementary tasks
are distinct yet interdependent components within an
integrated project, promoting systems thinking, collab-
oration, and project management skills vital in engi-
neering contexts. This collaborative integration mirrors
design-centered educational models that cultivate in-
terdisciplinary thinking in real-world engineering sce-
narios [13].

2.2.5 Collaboration Structure

The collaboration structure speci es whether learn-
ing tasks are completed through individual effort or
collaboration. Individual work promotes personal ac-
countability, independence, and mastery of content.
By contrast, group work re ects the collaborative
reality of contemporary engineering practice and is
strongly supported by educational theory and empir-
ical research. Meta-analyses show that cooperative
learning increases content acquisition, retention, and
higher-order problem-solving compared to individual
work [14]. Effective group work enhances communi-
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cation, negotiation, and team-based problem solving,
yet its success hinges on deliberate structuring, specif-
ically the inclusion of individual accountability and task
interdependence to mitigate issues such as social loaf-
ing. Studies demonstrate that when group tasks are
structured so that each student's contribution is nec-
essary and visible, accountability and overall engage-
ment is enhanced, and free-riding is reduced [15].

2.2.6 Transfer Challenge

The transfer challenge refers to the cognitive distance
between knowledge acquisition and its application,
commonly framed in educational psychology as trans-
fer of learning. Near transfer occurs when learners
apply knowledge in contexts closely resembling the in-
structional setting, such as solving familiar problems
or exercises. Far transfer requires applying concepts
to novel or ill-structured contexts, often encountered
in real-world professional practice. While near transfer
supports consolidation of procedural skills, far trans-
fer represents a higher-level educational objective, as
it demonstrates adaptive expertise and deep under-
standing [16].

2.3 Examination

The examination structure de nes how student learn-
ing is evaluated and varies in the degree of freedom
students have in shaping their assessment.

2.3.1 Examination Types

At one end of the spectrum, self-directed approaches
dispense with formal exams and rely on portfolios,
projects, or learning contracts. These maximize au-
tonomy and emphasize intrinsic motivation but require
strong self-regulation and close instructor support
[17]. More structured formats include presentations

or reports , in which students either select their own
focus or follow instructor-speci ed topics or criteria to
ensure core learning outcomes are addressed. Both
approaches emphasize reasoning, problem-solving,
and communication skills, with guided formats provid-
ing greater comparability across students [18]. Oral
examinations allow in-depth assessment of knowl-
edge and reasoning through interactive dialogue, of-
fering rich insights but demanding signicant re-
sources [19]. At the most standardized end, written
examinations , in essay, problem-solving, or multiple-
choice format, enable ef cient, large-scale assess-
ment but tend to privilege recall and procedural skills
over application and creativity [20]. The choice of ex-
amination structure thus has a decisive impact on how
students prepare for a course, the skills they prioritize,
and the extent to which assessment fosters short-term
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performance versus long-term competence develop-
ment.

2.3.2 Grading

Grading approaches in application-oriented learn-
ing range from formative, feedback-based models to
highly standardized systems, each in uencing how
students engage with learning tasks. Ungraded lec-
tures eliminate scores in favor of re ection and feed-
back, encouraging intrinsic motivation and deeper
learning, though it requires robust support structures
[17]. Pass/Fail offers a binary judgment of compe-
tence, reducing stress and competition but limiting
differentiation across performance levels [21]. Letter
or numeric grades offer a ranked and easily in-
terpretable measure of achievement, particularly for
external stakeholders, but have been criticized for
promoting surface-level learning and performance-
oriented strategies over mastery [21].

Examination may take the form of isolated ex-
ams at the end of the course or continuous assess-
ment distributed across multiple smaller tasks, such
as quizzes, assignments, or project milestones. Con-
tinuous assessment encourages regular engagement
and integrates feedback throughout the learning pro-
cess, though it can increase workload if not carefully
balanced [22].

3 Evaluation of the Field Studies

When analyzing the eld studies in Section 4, three
main aspects are considered: the course structure, the
expected student effort and time investment, and the
retrospective evaluation of the courses by both stu-
dents and instructors.

3.1 Course Structure

The course structure represents the chronological se-
guence of course components. To highlight similari-
ties and differences across courses, we use swimlane
charts as a visual representation. They are divided
into the three areas Input, Application, and Examina-
tion. Each area contains the relevant building blocks,
which are evaluated according to the characteristics
introduced in Section 2.

Figure 1 illustrates a typical university lecture as
an example. Here, recurring events such as lectures
are shown as continuous blocks to improve readability.
The purpose of this illustration is also to make both the
temporal structure and the logical sequence of build-
ing blocks visible. Changes in characteristics across
the timeline (e.g., transfer challenge, technical struc-
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ture) can be observed within the same area. Next to
each block name, the block type is indicated. For in-
stance, a lecture block is categorized as Type the-
oretical and has the center of teaching characteris-
tic teacher-centered. For reasons of space, icons are
used to represent characteristics, as summarized in
Table 1.

Table 1: Iconography for course characteristics used
in gures.

Area Characteristic Aspect Icon
Type Theoretical [
- yp Practical o)
E' Teacher z
Center of Teaching Mixed z PR
Student a
Tupe Exercise
yp Lab e
High (
- Structure Medium &
2 Low "
S A
= Near U
o
% Transfer Far e
Task Design Uniform A
Complementary «
Collaboration Individual
Group 2
Presentation [}
Report A
2 Type Oral x
e .
< Written X
a
Ungraded ;
Grading Pass/Fail a /p
Numeric °

For additional clari cation, the structure and spe-
cial features of each course are described in the Con-
tent section of the respective analyses in Section 4.

3.2 Expected Student Effort and Time Investment

The scope of the courses is determined by the
European Credit Transfer and Accumulation System
(ECTS), where one credit point corresponds to ap-
proximately 30 hours of student work. To illustrate how
this workload is typically distributed across different
activities, we use a sunburst chart as a visual repre-
sentation.
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Figure 1: Schedule and distribution of an exemplary course consisting of lectures (Input, blue), exercises
(Application, green), and a written exam after 5 months (orange). Characteristics and their manifestations

according to Table 1.

Figure 2: Workload distribution of a 4 ECTS/120
hours course divided into Input (75 h; 62.5%),
Application (30 h; 25%), and Exams (15 h; 12.5%).

Figure 2 presents the classic 4 ECTS course (120
hours total workload) as an example. The chart de-
picts the relative shares of lectures (2 hours per week),
exercises (2 hours per week), and the written exam-
ination, including associated preparation and follow-
up. The inner ring indicates the absolute distribution
of hours, while the outer rings highlight the propor-
tional contribution of each component, with magni ca-
tion where applicable (indicated by solid lines).

3.3 Evaluation of Teaching Success by Students and
Teachers

Each course is evaluated retrospectively using a
combination of quantitative and qualitative methods.
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Where available, structured course assessments and
standardized student surveys capture direct feedback
on learning outcomes, teaching quality, and course de-
sign. In cases where such instruments are not ad-
ministered, e.g., if the number of participants was
to small to allow anonymous participation, the anal-
ysis draws on instructors' experience reports and,
when accessible, direct feedback from participating
students. These narrative re ections complement the
formal evaluations by offering insights into perceived
strengths and challenges of the course and highlight-
ing individual perspectives on its impact. In addition,
grading distributions and participation statistics are ex-
amined to assess how speci ¢ course characteristics
in uence learning quality and engagement. Together,
these methods provide a balanced basis for assessing
the development and effectiveness of the course over
time, as presented in the following chapter.

4 Field Studies

Based on the previously presented classi cation and
evaluation methods, this chapter introduces a set of
representative courses at the Institute for Material
Handling and Logistics. We begin with the Plug-and-
Play Material Handling Lab, the rst interactive course
introduced at the IFL. This is followed by Seamless
Engineering, which has the largest number of par-
ticipants. Both of these courses use a small scale
model hardware. The Industrial Mobile Robotics Lab,
on the other hand uses industrial scale hardware
and is the newest lecture, introduced in 2024. Finally,
we briey describe additional elds for application-

oriented learning in engineering at our institute.

The following section provides detailed descrip-

tions of the representative courses. The level of de-
tail is intentional: the section is designed not only to
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Figure 3: Concept and possible solution of PnP
course with student-built LEGO Mindstorms
line-following robot.

document lectures and results but also to serve as
a transferable resource for practitioners seeking con-
crete models of application-oriented teaching.

4.1 Plug-and-Play Material Handling Lab

The Plug-and-Play Material Handling Lab focuses on
teaching robotics and intralogistics concepts through
hands-on use of a system of small scale model hard-
ware of conveyors and robots and a LEGO mindstorm
setup for an creative task (see Figure 3). With a total
of 4 ECTS in two weeks plus preparation, the course
is characterized by a steep learning curve and a high
degree of intensity, as can be seen in the course
overview in 4. The course is offered to a maximum
of 15 students split into 3 Teams. On the technical
side, students learn Python, Ubuntu, ROS, and fun-
damentals of material handling systems. On the soft-
skill side, emphasis is placed on project management,
teamwork, and critical evaluation of solutions. This
course uses a pass/fail grading system.

Content: The course begins starts with a teacher-
centered input sessions. Students are introduced to
the programming language python and ROS through
live coding sessions and interactive exercises. This
is followed by a supervised self-study phase using
adapted ROS tutorials. Teams are formed by the in-
structors based on a self-assessment of prior knowl-
edge. Another input is a high level introduction to the
model hardware. By the end of day two, student have
all the tools to work on the hardware independently,
concluding the near transfer of learned input.
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On day three, students are presented with the cen-
tral assignment: the design and implementation of a
functioning logistics system focusing on the interac-
tion of multiple material ow participants. All teams
have a uniform task design and must perform a certain
amount of transfer effort, as the task develops from
simple implementation to dealing with cumulative er-
rors and complex interrelationships. Three Milestones
structure the work with the rst end of week 1 where
teams present the planned system structure, spec-
ify planned interactions between material ow partici-
pants, and develop a timeline for achieving their goals.
Beginning of the second week, the students are intro-
duced to the additional creative task of building a own
line-following robot using LEGO mindstorm hardware.
An intermediate presentation of the progress and the
concept for the creative task Is expected on Milestone
two End of day six or mid of day seven. This can be
adjusted according to the students progress. For the
Final event end of week 2, the teams demonstrate
their solutions with a power point presentation and live
system demonstration. The performance over the two
weeks, within the presentation and followup questions
is relevant for the pass/fail grading system. As an addi-
tional motivational element, an ungraded competition
is held in which teams execute prede ned tasks as
quickly as possible to achieve the highest semester
score.

To support daily progress, each day begins with a
short stand-up meeting, during which team represen-
tatives outline the day's planned activities. Each day
ends with a 15-minute wrap-up, during which progress
is presented by different team members each day.
There are daily consultation hours after lunch when
students can ask questions, and instructors are also
available during course hours to help with hardware-
related issues. This provides a high level of techni-
cal support. The organisational structure is rated as
medium in terms of teamwork, since, compared to
other lectures, the team roles and presentation struc-
ture were decided by the students.

In previous years, the course was also offered in
a shortened one-week variant for an equivalent of 2
ECTS. In this version, the introduction and tutorials
were condensed to approximately 1.5 days, only two
milestones were de ned, and the independent con-
struction of a LEGO robot was omitted. The course
concluded with a system concept presentation on day
three and a nal demonstration on day ve.

Evaluation: Students rated the course content as
demanding and the workload as high. The steep learn-
ing curve, particularly for those without prior program-
ming experience, was often cited as the main chal-
lenge. The average workload was considered ade-
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Figure 4: Schedule and logical sequence of building blocks of the Plug and Play Material Handling Lab with
Input (blue), Application (green), and Exams (orange). Characteristics according to Table 1.

Prep/RevieW

Figure 5: Approximate distribution of the workload for
PnP (Input: 18%, Application 75%, Exam: 7%).

quate, but in years with higher hardware complica-
tions, such as failing motors or bugs in machine code,
this was a major point of critique. The practical ap-
plication was highlighted as a signi cant benet of

the course in the student evaluation. Some students
viewed team assignments, which were determined by
instructors, as critical due to heterogeneity in student
backgrounds. Here, a low of organizational structure
provided by the instructors led to some creative mile-
stone presentations, but also meant that some stu-
dents participated less than others. Additionally, some
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participants found working with the unfamiliar Ubuntu
operating system challenging.

From the instructors' perspective, the compact two-
week format requires considerable effort and supervi-
sion. Certain problems, particularly hardware issues,
could not be solved independently by students and re-
quired direct support from instructors. In the one-week
crash course variant, the compressed schedule further
increased the required instructor presence.

4.2 Seamless Engineering

Seamless Engineering is an interdisciplinary course
that teaches mechatronics students technical skills
required to collaboratively solve complex, software-
oriented tasks. It has a scope of 9 ECTS and is of-
fered for up to 6 groups of up to 6 students each. The
expected distribution of work is shown in Figure 7. The
course aims to provide a two-level knowledge gain for
students: 2) Students are taught high-level method-
ological aspects in two domains: intralogistics and sys-
tems engineering. 1) It conveys practical problem solv-
ing skills as well as soft skills for interdisciplinary group
tasks in software engineering applied to a logistics-
motivated robotics task. This level also fundamental-
izes the theoretical aspects taught in level 1).

These levels are connected through an industry-
oriented automation workshop where students need
to design, implement and test a software system for a
small-scale model warehouse.
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Figure 6: Concept and simulation environment of an
internal logistics system for the SE course.

The workshop employs the concepts of cyber-
physical systems through tight integration of real-world
hardware into digital networks and integration of simu-
lation into the system design and deployment.

Students solve this task in groups of ve to six,
splitting subcomponents ranging over different ab-
straction levels such as control of robotics hardware
(articulated robots, conveyors, and autonomous mo-
bile robots) to order management. This task facilitates
direct application of the abstract concepts taught in
level 1). Level 2) is incorporated via the inherent in-
terdisciplinary task itself as well as the teamwork re-
quired to solve it.

Content: The course is split into two components
— corresponding to the two levels of learning objec-
tives — a lecture block in the rst half of the semester
and a workshop that starts in the rst half of the
semester and ends with a demonstration at the end
of the semester (see Figure 8).

The lecture component is organized into six learn-
ing blocks, each with multiple teacher-centered and
student-centered components. Teachers rst provide
theoretical inputs, which are then directly reinforced
during the lecture in short exercise sessions and
through presentation of the exercise results to the
plenum. Three learning blocks are dedicated to sys-
tems engineering for mechatronic systems, introduc-
ing the students to important concepts like require-
ments engineering, testing and validation, and soft-
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Figure 7: Approximate distribution of the workload for
SE (Input: 35%, Application 50%, Exam: 15%).

ware architectures. Three learning blocks are focused
on fundamentals of modeling and describing intralo-
gistics systems. First, we teach the Modular Mate-
rial Handling meta model [23], which provides a rig-
orous model to describe, connect, and control mate-
rial handling modules. The students can directly ap-
ply the learned model to standardize software inter-
faces of different modules in the warehouse automa-
tion task. Furthermore, the model can be used to ex-
ibly plan and optimize material transport tasks. Stu-
dents also learn important methods for planning and
optimizing material ow systems. This aspect is also
applied in the workshop as students need to charac-
terize the performance of different material handling
modules and optimize the overall system performance.

After the six lecture blocks, the learning progress is
evaluated using a written exam at semester half-time.

The second component, the workshop, starts
alongside the lecture blocks with a technical deepdive
workshop and interlocks thematically with them. The
workshop is student-centered and provides learners
with the possibility to gain skills beyond the theoreti-
cal aspects of the course via project-based learning.
Students are guided via a shared online forum, where
they can ask and answer questions, and regular tutor
consultation hours.

The warehouse automation task aligns with prob-

lems occurring in real-world intralogistics systems. We
provide the students with a model warehouse setup,
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as depicted in 6. The setup includes different ready-
to-use hardware modules and a ROS code base which
facilitates interfacing with the hardware. Furthermore,
the students have access to a ROS/Gazebo simula-
tion. The students' task is to then design and imple-
ment the software to connect these modules and facil-
itate material ow through the warehouse.

Students solve the same workshop task in groups
(uniform task, mixed individual and group work). As the
course is graded individually, concrete subtasks need
to be assigned to individuals. For this, we require the
speci cation of roles inside the teams, so that each
member takes ownership of a speci c component of
the system. These components are selected by teach-
ers beforehand and hence provide a technical struc-
ture to solve the task. Furthermore, we provide guid-
ance in form of the design process model. Here, stu-
dents are rst tasked to solve the problem inside the
simulation environment, where the transfer challenge
is medium. Groups then transfer their software system
to the real-hardware (with encouraged iterations back
to the simulation environment). This process roughly
follows the V-model.

However, besides the ownership de nitions,the
software ecosystem, and the two-tier design approach
('rst simulation, then real hardware) no further techni-
cal structure is enforced (medium technical structure).

The workshop provides a high organizational struc-
ture to guide the students while fostering technical
creativity. The organizational structure is aligned with
modern project management concepts like Agile. This
structure aims to facilitate direct transfer and skill
gains relevant for application in real-world engineering
projects. The workshop instructors act as stakehold-
ers in this structure. Via this role, we inject an exter-
nal scaffold which helps students to plan and structure
their project. The stakeholders convey this structure
via two channels. First, students are provided with a
list of system-level requirements which need to be ful-
lled. Second, the project evolution is controlled using
three milestones with associated expectations. Dur-
ing the rst milestone, groups need to provide a writ-
ten design speci cation of their system alongside the
associated roles for each team member. The second
milestone evaluates the system design applied inside
the simulation environment. Again, groups hand-in a
technical documentation with regards to the perfor-
mance of their system. In addition, their code-based is
analyzed for quality, test coverage, and other metrics
via a continuous integration pipeline, which is trans-
parently shared with the students and also acts as a
continuous self-check of project progress. The same
evaluation is carried out for the real hardware in the
last milestone, which also incorporates a live demon-
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stration of the students' solutions. The demonstration
provides a comparative evaluation, as all groups are
evaluated based on their systems overall performance.
The demonstration is further used as a closing event,
retrospective, and feedback opportunity for the stu-
dents and teachers. To provide a further individual
evaluation, students are required to each showcase
a part of their work in form of a guided presentation.
These presentations are part of milestones two and
three.

Evaluation: Most students are at the end of their
master's degree when taking the lecture. The overall
feedback from students was mostly positive for each
of the four years this course has been offered. While
students recall the workload as high, it is still within an
adequate level for the number of credits. Most impor-
tantly, student motivation for the course is high, as they
understand and report the importance of the course for
further studies and the transition into industry. They
also report that they learned a lot during the course,
both theoretical and practical aspects. Further student
feedback positively addresses the interaction mech-
anisms between students, tutors and teachers. The
availability of an online forum fosters a low-threshold
student-to-student and student-to-tutor knowledge ex-
change. Similar observations were made during the
tutor consultation hours and lectures. Overall, stu-
dents felt that their questions and concerns were very
strongly addressed by lecturers.

Besides the positive feedback, students also high-
lighted some key challenges with this type of course.
Interconnections between the theoretical lectures and
the practical workshop were recognized but underrep-
resented within the workload required during the work-
shop. This relates to the high effort students need to
invest to familiarize themselves with the software and
hardware ecosystem, especially if the hardware is not
easy-to-use and robust. This effect occurred more of-
ten in the earlier instances of the course, where hard-
ware needed to be adapted and improved, requiring
patience and collaboration with the students. Similarly,
the instructor's practical input given during the tech
deep dive had to be condensed which resulted in a
steep learning curve.

Another challenge is individual grading in combina-
tion with group work. While clear individuality is pro-
vided by the grading instruments exam and presenta-
tion, a signi cant share of the knowledge gains hap-
pens within the system design and implementation.
Here, students felt that in heterogeneous teams, in-
equalities in participation, workload and attendance
sometimes did not re ect in the overall grade.
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