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ngineering education faces declining enrolments, in-
ternational competition, and the challenge of Al
solving traditional exam tasks. Intralogistic systems link
mechatronics and algorithms, offering tangible chal-
lenges for application-oriented learning. This paper in-
troduces a classification framework based on Input, Ap-
plication, and Examination, and applies it to evaluate
three representative courses at the Karlsruhe Institute
of Technology. The analysis shows that freedom in learn-
ing, 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 un-
equal participation. The workload distribution strongly
depends on course duration: very compact formats leave
little room for catch-up, while extended formats re-
quire intermediate milestones to maintain meotivation.
Grading remains a particular challenge, as examina-
tions must balance fairness with recognition of team-
work and practical achievements. Finally, the growing
role of artificial intelligence introduces both risks and
opportunities: while AI can reduce the need for rou-
tine coding, it creates new demands for creative, criti-
cal, and system-level tasks. These findings provide prac-
tical guidance for designing and evaluating interactive
courses also in other areas then intralogistics.
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1 Introduction

Engineering education is undergoing significant changes. In
Germany, declining enrollment numbers in technical sub-
jects and a highly competitive job market create pressure
on universities to offer attractive and relevant programs. At
the same time, the emergence of artificial intelligence tools,
capable of solving a large share of traditional exam tasks,
challenges conventional assessment methods and calls for
new approaches to teaching and learning.
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At the Institute for Material Handling and Logistics
(Karlsruhe Institute of Technology), we address these devel-
opments through application-oriented course designs cen-
tered on intralogistics and, in particular, cyber-physical in-
tralogistics 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., simula-
tions, control systems), including their interfaces and com-
munications. This domain is especially well suited for inter-
active learning: it combines mechatronic components with
data-driven and algorithmic methods (e.g., pathfinding, stor-
age strategies, system dimensioning) in tasks that are tangi-
ble and widely understood (e.g., e-commerce warehouses,
automotive supply systems). The inherent complexity en-
ables meaningful team-based work with clear role owner-
ship 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 for-
mats in terms of depth of understanding, retention, engage-
ment, and critical thinking [2]. Building on this, our contri-
bution is threefold: (i) a classification along the dimensions
of Input, Application, and Examination to structure interac-
tive 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 introduces the
classification and its characteristics. Section 3 outlines the
evaluation methods. Section 4 presents three representative
courses in detail. Section 5 discusses cross-course findings,
including design trade-offs and practical guidance for in-
structors. Section 6 concludes with implications for tech-
nical logistics education. Extended course descriptions are
included to provide practitioners with concrete, transferable
models.
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2 Framework for Classifying Application-Oriented
Courses

Analyzing and comparing application-oriented courses in
engineering education requires a systematic and repro-
ducible framework. This section introduces such a frame-
work by distinguishing the three areas of teaching Input, Ap-
plication, and Examination and by specifying the key char-
acteristics that describe how these areas are implemented.
Each area, together with its characteristics, forms the build-
ing blocks of courses.

The building blocks represent interdependent elements
of the educational concept. Together they reflect both the
pedagogical intent and the practical implementation. The
overall design of a course results 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

[30.
2.1 Input

The input phase constitutes the primary mode of knowledge
acquisition and is therefore a central pedagogical decision in
application-oriented learning. It determines how new mate-
rial is introduced and how actively 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 approaches or algorith-
mic methods, or practical, for example by presenting in-
dustry case studies, introducing algorithms in relation to
hardware or logistics processes, or explaining software con-
cepts that will later be applied in labs or simulations. In both
cases, the focus remains on providing knowledge and orien-
tation. The balance between these forms determines both the
level of abstraction and the immediate relevance for subse-
quent application.

2.1.2 Role of Instructor and Student

Input formats can also be positioned along a continuum
from teacher-centered to student-centered. In the teacher-
centered model, the instructor acts as the primary source
of knowledge, efficiently conveying foundational content to
large groups through lectures or demonstrations [4]. By con-
trast, a student-centered approach emphasizes active knowl-
edge construction, self-directed learning, and collabora-
tion, as described in constructivist learning theories. Meth-
ods such as flipped classrooms [3]], problem-based learning
(PBL) [6], and project-based learning (PjBL) [7]] embody
this orientation. Empirical studies show that these active
strategies foster deeper cognitive engagement and more sus-
tainable learning outcomes than purely passive formats [2].
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The balance between teacher- and student-centered inputs
therefore shapes both the roles of instructors and students
and the effectiveness of subsequent application-oriented
tasks.

2.2 Application

The application addresses how students actively engage
with and utilize the knowledge they have aquired, thereby
bringing the practical, application-oriented dimension of
learning into focus. Different types and characteristics of
application can be distinguished, each serving specific ped-
agogical functions.

2.2.1 Application Types

Exercises typically consist of structured, often repetitive
tasks that reinforce theoretical concepts and foundational
skills. They provide a low-stakes environment in which stu-
dents practice procedures or apply formulas, thereby con-
solidating knowledge through repetition and incremental
mastery. Laboratory work involves hands-on activities di-
rected toward solving real-world problems, using physical
systems or simulations. This type of application is closely
aligned with experiential learning theories, which empha-
size learning through active experimentation and reflection
[8]. Beyond technical proficiency, laboratory experiences
cultivate competencies in scientific work, data analysis, and
critical evaluation [9]]. The selection and design of appli-
cation formats directly affect the depth of student under-
standing, the development of problem-solving and critical
thinking skills, and ultimately the extent to which theoreti-
cal 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 effective for novice learners, as it reduces
cognitive load by chunking information and guiding their
attention through complex tasks. In contrast, a low organi-
zational structure grants students considerable freedom to
plan and manage their activities, promoting learner auton-
omy and aligning with theories of self-regulated learning.
However, it relies on students having developed sufficient
self-management skills [[10].

2.2.3 Technical Structure

The technical structure refers to the scope of restrictions
regarding the tools, methods and technologies used in the
course. A high technical structure mandates specific hard-
ware, software, or procedural approaches, facilitating com-
parability across students and easing support requirements.
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Conversely, dow technical structure empowers learners transfer represents a higher-level educational objective, as
to select and experiment with their own tools, fostering cre-it demonstrates adaptive expertise and deep understanding
ativity, problem-solving, and innovation. This openness res{16].

onates with the concept of affordances, which highlights

how different tools offer distinct opportunities for learner 2.3 Examination

interaction and outcomels [11].
i The examination structure de nes how student learning is

2.2.4 Task Design evaluated and varies in the degree of freedom students have
in shaping their assessment.

The task design determines the nature and scope of chal-

lenges students encounter, directly in uencing learning out-2.3.1 Examination Types

comes and cognitive engagemebiform tasks, identi- ) _

cal for all learners, facilitate comparability and are com- At one end of the spectrunself-directed approaches dis-

monly used in traditional instructional model@aried tasks ~ Pense with formal exams and rely on portfolios, projects, or

offer "different but equivalent challenges tailored to di- learning contracts. These maximize autonomy and empha-

verse learner readiness or interests; a principle supportedize intrinsic motivation but require strong self-regulation

by differentiated instruction frameworks that enhance aca2nd close instructor support [17]. More structured formats

demic achievement and engagement by responding to indinclude presentationsor reports, in which students either

Vidua' needs and preferences [12pmp|ementary tasks Selec.t the” own focus or fOIIOW InStI‘UCtOI‘-SpECI ed tOp|CS

are distinct yet interdependent components within an inteOr cfiteria to ensure core learning outcomes are addressed.

grated project, promoting systems thinking, collaboration,Both approaches emphasize reasoning, problem-solving,

and project management skills vital in engineering contextsand communication skills, with guided formats providing

This collaborative integration mirrors design-centered edu-greater comparability across students [X8jal examina-

cational models that cultivate interdisciplinary thinking in tions allow in-depth assessment of knowledge and reason-

real-world engineering scenarios [13]. ing through interactive dialogue, offering rich insights but
demanding signi cant resources [19]. At the most standard-
2.2.5 Collaboration Structure ized endwritten examinations, in essay, problem-solving,

or multiple-choice format, enable ef cient, large-scale as-
The collaboration structure speci es whether learning taskssessment but tend to privilege recall and procedural skills
are completed through individual effort or collaboratibn. over application and creativity [20]. The choice of exami-
dividual work promotes personal accountability, indepen- nation structure thus has a decisive impact on how students
dence, and mastery of content. By contragup work prepare for a course, the skills they prioritize, and the extent
re ects the collaborative reality of contemporary engineer- to which assessment fosters short-term performance versus
ing practice and is strongly supported by educational thelong-term competence development.
ory and empirical research. Meta-analyses show that coop-
erative learning increases content acquisition, retention, an@.3.2 Grading
higher-order problem-solving compared to individual work ) ) o ) _
[14]. Effective group work enhances communication, ne-Grading approaches in application-oriented learning range
gotiation, and team-based problem solving, yet its succes§om formative, feedback-based models to highly standard-
hinges on deliberate structuring, speci cally the inclusion of ized systems, each in uencing how students engage with
individual accountability and task interdependence to miti-learning tasksngraded lectures eliminate scores in fa-
gate issues such as social loa ng. Studies demonstrate th¥©r of re ection and feedback, encouraging intrinsic moti-
when group tasks are structured so that each student's coyation and deeper learning, though it requires robust support
tribution is necessary and visible, accountability and overalistructures [17]Pass/Failoffers a binary judgment of com-

engagement is enhanced, and free-riding is reduced [15]. Petence, reducing stress and competition but limiting dif-
ferentiation across performance levels [21&tter or nu-

2.2.6 Transfer Challenge meric gradesoffer a ranked and easily interpretable mea-
sure of achievement, particularly for external stakeholders,
The transfer challenge refers to the cognitive distance bebut have been criticized for promoting surface-level learn-
tween knowledge acquisition and its application, commonlying and performance-oriented strategies over mastery [21].
framed in educational psychology as transfer of learning.
Near transfer occurs when learners apply knowledge in ~ Examination may take the form of isolated exams at
contexts closely resembling the instructional setting, suctkthe end of the course or continuous assessment distributed
as solving familiar problems or exercisé&ar transfer re- across multiple smaller tasks, such as quizzes, assignments,
quires applying concepts to novel or ill-structured contexts,or project milestones. Continuous assessment encourages
often encountered in real-world professional practice. Whileregular engagement and integrates feedback throughout the
near transfer supports consolidation of procedural skills, far
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learning process, though it can increase workload if notTable 1: Iconography for course characteristics used in

carefully balanced [22]. gures.

Area Characteristic Aspect Icon
3 Evaluation of the Field Studies Type Theoretical [
When analyzing the eld studies in Section 4, three main as-5 Practical O
pects are considered: the course structure, the expected stg- Teacher 3
dent effort and time investment, and the retrospective eval-~ : . s
uation of the courses by both students and instructors. Center of Teaching Mixed z I

Student a

3.1 Course Structure Type Exercise
The course structure represents the chronological sequence Lab e
of course components. To highlight similarities and differ- High (
ences across courses, we use swimlane charts as a visual Structure Medium &
representation. They are divided into the three ahepst, Low "

Application andExamination Each area contains the rele-

App?cation

vant building blocks, which are evaluated according to the= Near 0
characteristics introduced in Section 2. Transfer Far €
Figure 1 illustrates a typical university lecture as an ex- . Uniform A
. Task Design
ample. Here, recurring events such as lectures are shown Complementary «
as continuous blocks to improve readability. The purpose .
of this illustration is also to make both the temporal struc- Collaboration Individual
ture and the logical sequence of building blocks visible. Group 2
Changes in charactensncs across the timeline (e.g., trans- Presentation 7
fer challenge, technical structure) can be observed within R ¢ A
the same area. Next to each block name, the block type, Type epor
is indicated. For instance, a lecture block is categorized ag Orgl x
Typetheoreticaland has the center of teaching characteris- < Written X
tic teacher-centered=or reasons of space, icons are used td U }
L ; . ngraded ;
represent characteristics, as summarized in Table 1. . .
Grading Pass/Fail a /p
For additional clari cation, the structure and special fea- Numeric ©

tures of each course are described in@mmtentsection of
the respective analyses in Section 4.

3.2 Expected Student Effort and Time Investment 3.3 Evaluation of Teaching Success by Students and

The scope of the courses is determined by the European Teachers

Credit Transfer and Accumulation System (ECTS), where
one credit point corresponds to approximately 30 hours or{E
student work. To illustrate how this workload is typically
distributed across different activities, we use a sunburs
chart as a visual representation.

ach course is evaluated retrospectively using a combina-
ion of quantitative and qualitative methods. Where avail-
ble, structured course assessments and standardized stu-
ent surveys capture direct feedback on learning outcomes,
teaching quality, and course design. In cases where such in-

Figure 2 presents the classic 4 ECTS course (120 hc)u%truments are not administered, e.g., if the number of par-

total workload) as an example. The chart depicts the relativ 'Cép:mj \gigsdﬁgvism ng: rr?st?ﬂg\;\érngzy?r?gnscg arglcc')'?g[ Ig?ﬁj
shares of lectures (2 hours per week), exercises (2 hour y P P '

per week), and the written examination, including associ-When accessible, direct feedback from participating stu-

ated preparation and follow-up. The inner ring indicates tnedents. These narrative re ections complement the formal

absolute distribution of hours, while the outer rings high- evaluations by offering insights in}o p_ercgiveq st_refngths and
light the proportional contribution of each component, with challenges of the course and highlighting individual per-

ST . L - spectives on its impact. In addition, grading distributions
magni cation where applicable (indicated by solid lines). and participation statistics are examined to assess how spe-

ci ¢ course characteristics in uence learning quality and
engagement. Together, these methods provide a balanced
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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 according to Table 1.

on the other hand uses industrial scale hardware and is the
newest lecture, introduced in 2024. Finally, we brie y de-
scribe additional elds for application-oriented learning in
engineering at our institute.

The following section provides detailed descriptions of
the representative courses. The level of detall is intentional:
the section is designed not only to document lectures and
results but also to serve as a transferable resource for prac-
titioners seeking concrete models of application-oriented

teaching.

4.1 Plug-and-Play Material Handling Lab

=
2
&
&
9

‘ 4ppl i ca{\o(\ | &

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%).

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 evalua-

tion methods, this chapter introduces a set of representativeigure 3: Concept and possible solution of PnP course
courses at the Institute for Material Handling and Logis- with student-built LEGO Mindstorms line-following robot.
tics. We begin with thélug-and-Play Material Handling

Lab, the rst interactive course introduced at the IFL. This The Plug-and-Play Material Handling Lalfocuses on

is followed bySeamless Engineeringhich has the largest teaching robotics and intralogistics concepts through hands-
number of participants. Both of these courses use a smalhn use of a system of small scale model hardware of con-
scale model hardware. Thedustrial Mobile Robotics Lab  veyors and robots and a LEGO mindstorm setup for an cre-
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ative task (see Figure 3). With a total of 4 ECTS in two the additional creative task of building a own line-following
weeks plus preparation, the course is characterized by eobot using LEGO mindstorm hardware. An intermediate
steep learning curve and a high degree of intensity, as capresentation of the progress and the concept for the cre-
be seen in the course overview in 5. The course is offered tative task Is expected on Milestone two End of day six or
a maximum of 15 students split into 3 Teams. On the tech-mid of day seven. This can be adjusted according to the stu-
nical side, students learn Python, Ubuntu, ROS, and fundadents progress. For the Final event end of week 2, the teams
mentals of material handling systems. On the soft-skill side, demonstrate their solutions with a power point presentation
emphasis is placed on project management, teamwork, anand live system demonstration. The performance over the
critical evaluation of solutions. This course uses a pass/faitwo weeks, within the presentation and followup questions
grading system. is relevant for the pass/fail grading system. As an additional
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 representatives out-
line the day's planned activities. Each day ends with a 15-
minute wrap-up, during which progress is presented by dif-
ferent team members each day. There are daily consulta-
tion 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
technical support. The organisational structure is rated as
medium in terms of teamwork, since, compared to other lec-
tures, the team roles and presentation structure were decided
by the students.

In previous years, the course was also offered in a short-
ened one-week variant for an equivalent of 2 ECTS. In
this version, the introduction and tutorials were condensed

) ) o to approximately 1.5 days, only two milestones were de-
Figure 4: Approximate .dlst_nbutlon of the workload for ned, and the independent construction of a LEGO robot
PnP (Input: 18%, Application 75%, Exam: 7%). was omitted. The course concluded with a system concept

presentation on day three and a nal demonstration on day

Content: The course begins starts with a teacher- V€.
centered input sessions. Students are introduced to the pro- .
gramming language python and ROS through live cod- Ev;iluatlon: Students rated thg course content as Qe-
ing sessions and interactive exercises. This is followed bynanding and the workload as high. The steep learning
a supervised self-study phase using adapted ROS tutorRurve, particularly for_those W|thout_pr|or programming ex-
als. Teams are formed by the instructors based on a selfP€lence, was often cited as the main challenge. The average
assessment of prior knowiedge. Another input is a high levefvorkload was considered adequate, but in years with higher
introduction to the model hardware. By the end of day two, hardware complications, such as failing motors or bugs in
student have all the tools to work on the hardware indepeniMachine code, this was a major point of critique. The prac-
dently, concluding the near transfer of learned input. tical application was highlighted as a signi cant bene t of

the course in the student evaluation. Some students viewed

On day three, students are presented with the central ageam assignments, which were determined by instructors, as
signment: the design and implementation of a functioningcritical due to heterogeneity in student backgrounds. Here,

logistics system focusing on the interaction of multiple ma- & low of organizational structure provided by the instructors
terial ow participants. All teams have a uniform task de- |ed to some creative milestone presentations, but also meant

sign and must perform a certain amount of transfer effort,that some students participated less than others. Addition-
as the task develops from simple implementation to dealally, some participants found working with the unfamiliar
ing with cumulative errors and complex interrelationships. Ubuntu operating system challenging.

Three Milestones structure the work with the rst end of _ . _

week 1 where teams present the planned system structure, From the instructors’ perspective, the compact two-
specify planned interactions between material ow partici- week_format requires .con5|derable effqrt and supervision.
pants, and develop a timeline for achieving their goals. Be-Certain problems, particularly hardware issues, could not be
ginning of the second week, the students are introduced t§°!ved independently by students and required direct sup-
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Figure 5: 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.

port from instructors. In the one-week crash course variantagement. This task facilitates direct application of the ab-
the compressed schedule further increased the required irstract concepts taught in level 1). Level 2) is incorporated
structor presence. via the inherent interdisciplinary task itself as well as the
teamwork required to solve it.
4.2 Seamless Engineering
Content: The course is split into two components — cor-
Seamless Engineering is an interdisciplinary course thatesponding to the two levels of learning objectives — a lec-
teaches mechatronics students technical skills required teure block in the rst half of the semester and a workshop
collaboratively solve complex, software-oriented tasks. Itthat starts in the rst half of the semester and ends with a
has a scope of 9 ECTS and is offered for up to 6 groupsdemonstration at the end of the semester (see Figure 8).
of up to 6 students each. The expected distribution of work
is shown in Figure 6. The course aims to provide a two-  The lecture component is organized into six learning
level knowledge gain for students: 2) Students are taughblocks, each with multiple teacher-centered and student-
high-level methodological aspects in two domains: intral- centered components. Teachers rst provide theoretical in-
ogistics and systems engineering. 1) It conveys practicaputs, which are then directly reinforced during the lecture
problem solving skills as well as soft skills for interdis- in short exercise sessions and through presentation of the
ciplinary group tasks in software engineering applied to aexercise results to the plenum. Three learning blocks are
logistics-motivated robotics task. This level also fundamen-dedicated to systems engineering for mechatronic systems,
talizes the theoretical aspects taught in level 1). introducing the students to important concepts like require-
ments engineering, testing and validation, and software ar-
These levels are connected through an industry-orientedhitectures. Three learning blocks are focused on funda-
automation workshop where students need to design, immentals of modeling and describing intralogistics systems.
plement and test a software system for a small-scale modetirst, we teach the Modular Material Handling meta model
warehouse. [23], which provides a rigorous model to describe, connect,
~and control material handling modules. The students can di-
The workshop employs the concepts of cyber-physicalrectly apply the learned model to standardize software in-
systems through tight integration of real-world hardwareterfaces of different modules in the warehouse automation
into digital networks and integration of simulation into the task. Furthermore, the model can be used to exibly plan
system design and deployment. and optimize material transport tasks. Students also learn
) ) ) . important methods for planning and optimizing material
_ Students solve this task in groups of ve to six, split- g systems. This aspect is also applied in the workshop as
ting subcomponents ranging over different abstraction lev-ygents need to characterize the performance of different

els such as control of robotics hardware (articulated robotsyaterial handling modules and optimize the overall system
conveyors, and autonomous mobile robots) to order Manperformance.
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After the six lecture blocks, the learning progress is eval-
uated using a written exam at semester half-time.

‘=

Figure 7: Concept and simulation environment of an
internal logistics system for the SE course.

Figure 6: Approximate distribution of the workload for SE
(Input: 35%, Application 50%, Exam: 15%). then transfer their software system to the real-hardware
(with encouraged iterations back to the simulation environ-
The second component, the workshop, starts alongment). This process roughly follows the V-model.
side the lecture blocks with a technical deepdive workshop
and interlocks thematically with them. The workshop is  However, besides the ownership de nitions,the software
student-centered and provides learners with the possibilityecosystem, and the two-tier design approach ( rst simula-
to gain skills beyond the theoretical aspects of the coursdion, then real hardware) no further technical structure is
via project-based learning. Students are guided via a sharegnforced (medium technical structure).
online forum, where they can ask and answer questions, and
regular tutor consultation hours. The workshop provides a high organizational structure
to guide the students while fostering technical creativity.
The warehouse automation task aligns with problemsThe organizational structure is aligned with modern project
occurring in real-world intralogistics systems. We provide management concepts like Agile. This structure aims to fa-
the students with a model warehouse setup, as depicted igilitate direct transfer and skill gains relevant for application
7. The setup includes different ready-to-use hardware modin real-world engineering projects. The workshop instruc-
ules and a ROS code base which facilitates interfacing witHors act as stakeholders in this structure. Via this role, we
the hardware. Furthermore, the students have access toiject an external scaffold which helps students to plan and
ROS/Gazebo simulation. The students' task is to then destructure their project. The stakeholders convey this struc-
sign and implement the software to connect these moduleture via two channels. First, students are provided with a
and facilitate material ow through the warehouse. list of system-level requirements which need to be ful lled.
Second, the project evolution is controlled using three mile-
Students solve the same workshop task in groups (unistones with associated expectations. During the rst mile-
form task, mixed individual and group work). As the course stone, groups need to provide a written design speci ca-
is graded individually, concrete subtasks need to be assignetibn of their system alongside the associated roles for each
to individuals. For this, we require the speci cation of roles team member. The second milestone evaluates the system
inside the teams, so that each member takes ownership ofdesign applied inside the simulation environment. Again,
speci c component of the system. These components are segroups hand-in a technical documentation with regards to
lected by teachers beforehand and hence provide a technictlie performance of their system. In addition, their code-
structure to solve the task. Furthermore, we provide guid-based is analyzed for quality, test coverage, and other met-
ance in form of the design process model. Here, students anécs via a continuous integration pipeline, which is transpar-
rst tasked to solve the problem inside the simulation envi- ently shared with the students and also acts as a continuous
ronment, where the transfer challenge is medium. Groupself-check of project progress. The same evaluation is car-
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Figure 8: Schedule and logical sequence of building blocks of the Seamless Engineering course with Input (blue),
Application (green), and Examination (orange). Characteristics according to Table 1.

ried out for the real hardware in the last milestone, which  Besides the positive feedback, students also highlighted
also incorporates a live demonstration of the students’ solusome key challenges with this type of course. Intercon-
tions. The demonstration provides a comparative evaluationpections between the theoretical lectures and the practical
as all groups are evaluated based on their systems overallorkshop were recognized but underrepresented within the
performance. The demonstration is further used as a closworkload required during the workshop. This relates to the
ing event, retrospective, and feedback opportunity for thehigh effort students need to invest to familiarize themselves
students and teachers. To provide a further individual evaluwith the software and hardware ecosystem, especially if the
ation, students are required to each showcase a part of thefrardware is not easy-to-use and robust. This effect occurred
work in form of a guided presentation. These presentationsnore often in the earlier instances of the course, where hard-
are part of milestones two and three. ware needed to be adapted and improved, requiring patience
and collaboration with the students. Similarly, the instruc-
Evaluation: Most students are at the end of their mas- tor's practical input given during the tech deep dive had to
ter's degree when taking the lecture. The overall feedbackie condensed which resulted in a steep learning curve.
from students was mostly positive for each of the four years
this course has been offered. While students recall the work-  Another challenge is individual grading in combination
load as high, it is still within an adequate level for the num- with group work. While clear individuality is provided by
ber of credits. Most importantly, student motivation for the the grading instruments exam and presentation, a signi cant
course is high, as they understand and report the importancghare of the knowledge gains happens within the system de-
of the course for further studies and the transition into indus-sign and implementation. Here, students felt that in hetero-
try. They also report that they learned a lot during the coursegeneous teams, inequalities in participation, workload and
both theoretical and practical aspects. Further student feedattendance sometimes did not re ect in the overall grade.
back positively addresses the interaction mechanisms be-
tween students, tutors and teachers. The availability of an From the instructors' perspective, the two-level the in-
online forum fosters a low-threshold student-to-student anderconnection between the theoretical and practical compo-
student-to-tutor knowledge exchange. Similar observationgients of the course resulted in better overall learning per-
were made during the tutor consultation hours and lectureformance and more sustainable skill gains. This could be
Overall, students felt that their questions and concerns werebserved via the amount of students who later joined the
very strongly addressed by lecturers. institute for theses and as student assistants. Here, a sig-
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