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Abstract—This Research to Practice Full Paper will introduce
a didactic concept with the aim of activating a large cohort in
a classical lecture hall. The main objective is to reduce factors
which may lead to a drop-out. The didactic concept is based on a
problem-based learning approach. The students solve problems
in several steps which refer to an end product according to the
action-oriented learning. The problem-solving processing steps
are divided according to the flipped-classroom approach. At
home, students familiarize themselves with the problem and the
end product and collect information on both. They prepare a
plan to independently solve the problem. At the university, they
develop and test the solution. The test is carried out the end
product. Due to the large cohort, not every solution can be
checked in the lecture hall. Because of this the end product is
part of a remote lab. Thus, every student can check their solution
from home.
The concept was tested for the first time in 2019. The students
participating in the course industrial control systems and real
time systems form the experimental group. The 2018 course
participants form the control group. The survey is based on
a pre-post-test-design which has been answered by both groups.
The results show no decrease of the factor performance problems.
The factor motivation to study, by contrast, could be increased
significantly.
Index Terms—university drop-out, motivation to study,
problem-based learning, remote laboratory, student-centered
learning environments

I. I NTRODUCTION
At German universities the drop-out rates in all engineering
subjects are high. Every third university student gives up his
studies. Often there are several reasons, which lead to a dropout. The most frequent reasons for drop-outs are performance
issues, lack of motivation to study and a wish for practical
relevance [1].
The general lack of engineers is increased by the high dropout rates. According to the Association of German Engineers
in the beginning of 2019 125,000 jobs were vacant in engineering professions. Only 30,000 were searching for a job as an
engineer [2]. Additionally, the Cologne Institute for Economic
Research forecasts a rising demand for university graduates by
7.5 % until 2024 [3].
At the same time, the demands on future engineers will
increase, so that lowering the demands on university students
is not an option. They are expected to have good self-learning
and cooperation competences, as well as problem-solving

abilities [4]. That is why the requirements for engineers and
the needs of students [5] have to be taken into account
when conceiving new innovative didactic concepts. This paper
introduces a new didactic concept. The concept allows learner
centered, activating teaching in a classical lecture hall with
large cohorts. The concept’s main goal is to reduce factors,
which might lead to a drop-out of the university.
II. L ITERATUR R EVIEW
A. University Drop-out in Germany
In this paper, a university drop-out is understood as a person
quitting studies without graduation. This can be a change of
the study course or a career outside of the university.
A drop-out is a complex decision-making process, which
various models try to explain. This paper is based on the model
of the Centre for Higher Education Research and Science
Studies (CHERSS) [1]. The CHERSS has been researching
on the reasons for drop-outs in Germany for ten years. Table I
shows all factors, which have an impact on a drop-out. The
factors were adapted to new empirically gained findings in
surveys. Furthermore, table I shows the influence factors’
percentage distribution (multiple-choice) of student drop-outs,
who began their studies in 2014. 6029 university students of 60
different universities participated in the survey. Performance
problems (F1), lacking motivation to study (F2), and the wish
for practical relevance (F3) have an influence on nearly two
third of the drop-out students.
Lecturers primarily can influence the factors F1, F2 and F3.
Additionally, universities can influence the factors F7 and F9.
The factors F1, F2 and F3 were captured in several variables
by the authors in [1]. The factor performance problems is measured by the variables examination amount, requirement level,
pressure to perform, personal suitability for the study field
and missing prior knowledge. The factor lack of motivation to
study is measured by the variables false expectation regarding
the study, lack of interest in professions, decreased interest
in the study field, poor prospects in the fields’ job market and
scientific working method. The authors capture the third factor
by the variables lack of professional- and practical relevance
while studying, wish for practical work and a wish to earn
money as soon as possible. Other surveys come to comparable
results, too [6].

TABLE I
INFLUENCING FACTORS ON DROP - OUT

no.
F1
F2
F3
F4
F5
F6
F7
F8
F9

factor
performance problems
lacking motivation to study
wish for practical relevance
financial situation
personal reasons
vocational alternative
study conditions
family situation
study organisation

ratio
30 %
17 %
15 %
11 %
11 %
6%
5%
4%
1%

the students’ performance can be increased, when using the
FC approach. The students’ performance in a course with FC
approach depends on the audience. The approach is possibly
not suitable for for students in higher semesters. Since the
complexity of problems increases by semester it might be
difficult to self-regulatedly acquire the content-related basics
at home [23]. A disadvantage of the FC approach is that the
students often do not prepare for the course. Pre-tests may
remedy here [24].
III. A PPROACH
A. Didactic Concept

B. Problem-Based Learning
In problem-based learning, the learners independently identify, modulate, solve and check problems in a learning situation
[7]. Thus, they are the center of the learning situation. The traditional teaching method, however, often imparts mere content
knowledge. Especially critical thinking and problem-solving
skills are not supported [8] [9] [10]. In contrast, technical [7],
personal and methodical competences are supported by the
PBL approach [11].
The PBL approach has been evaluated in varied disciplines
[12]. They show that a learning situation with PBL approach
has an impact on factors, which are also relevant for the
research on reasons for drop-outs. Several surveys show that
PBL has a positive influence on the learners’ motivation,
curiosity and the exchange of information [11] [13] [14]. PBL
also can have a positive impact on the students’ performance.
This depends on gender, ethnicity, socio economic status
and language proficiency [15] [16]. In [13] the students’
performance between an online PBL course and an online
instructor-led course is compared. It is shown, that the PBL
course students perform better regarding critical thinking in
the examination. Regarding content knowledge there are no
significant differences. The authors in [17] come to a similar result. They have built a control group (CG) and an
experimental group (EG). The EG has been taught following
the PBL approach and the CG using the traditional teaching
method. Both groups wrote the same examination. The EGs’
examination results (total score) were significantly better than
the CGs’.
C. Flipped Classroom
As in the traditional approach, the flipped classroom (FC)
works with two places of learning, which are switched for
the FC approach. The learners become acquainted with the
topic at home, self-regulatedly and asynchronously. To this
end, they are using different materials like books, lecture notes,
videos and presentations [18] [19]. The attendance time in the
lecture hall is used to deepen the content. The learners are
solving problems in a collaborative form [17]. Furthermore,
they discuss their results and reflect on the learning process.
They use the shared time in the lecture hall more efficiently for
interactive activities [20] [21]. In [22] the authors show that

The didactical concept developed by the authors aims at
actively involving large cohorts of students in a course taking
place in a classical lecture hall. The main aim is to reduce
the factors which may lead to a drop-out. The demands on
future engineers, however, are to be equally considered. For
this reason, the PBL approach is the basis of our concept. The
concept is introduced and explained below.
The learning situation is centered on a problem referring to
an end product (e.g. a manufacturing plant) in terms of actionoriented learning (fig. 1). It is assumed that an inhomogeneous
cohort of students is involved. For this reason, the students
individually prepare for a course at home (home setting (HS)).
This structure corresponds to the FC approach. The students
inform themselves about the problem and the end product first.
For this, the lecturer provides work- and information sheets
plus video tutorials using the learning system (LS). The LS
is explained in the next chapter. Subsequently, the students
plan a possible solution for the problem. This could be, for
example, a timing chart. Then the students opt for one of the
several solution approaches. Quizzes and checklists facilitate
this decision making in the LS. The automatically evaluated
quizzes also offer a quick feedback to the learners about their
planning.
The course (university-setting (US)) begins with the synchronization phase. In the plenum, the lecturer discusses
problems, which occurred in the HS He uses statistics to
the quiz questions from the LS. Furthermore, students and
lecturer discuss different planning approaches. Subsequently,
the learners implement their solution in groups using their
planning or the planning option selected by the plenum. The
lecturer supports the learners in case problems arise. Afterwards, students present exemplary solutions which are then
checked by the plenum. For this, the lecturer brings a model
of the end product to the lecture hall. The students’ solution
(e.g. a program) is applied to the end product. By observing
the end product’s reaction, the solution is tested on a real
environment. The students discuss the solution in the plenum
and suggesting potential improvements. The US closes by a
reflection phase. The students reflect on their process to solve
the problem (e.g. with reflection questions). Furthermore, they
rate the learning situation and provide feedback to the lecturer
(e.g. by a target). For this, tools in the LS are used.
Due to the large cohort of students, not every students’
solution can be tested on the end product in the lecture

B. Learning System

Fig. 1. Didactic concept

hall. Because of that, the concept includes the end products
as being part of a mobile remote laboratory, so that the
students themselves can check their solution from outside the
university. The end product can be accessed via a Remote Lab
Management System. It is part of the LS.
Sometimes the problem’s complexity could lead to an unfinished implementation and checking during one US. Because
of this, the steps implementation and checking can be shifted
to the HS or the preparation steps to the US. In fig. 1 the
vertical arrows show this flexibility.
We have chosen the PBL approach, because an engineer’s
work is based on complex requirements (e.g. given in functional and requirement specifications). This has proved to be
effective by their surveys [25].
Next to the PBL approach the learning stations’ procedure is
geared to action-oriented learning. The action-oriented learning is a holistic form of teaching, which puts the learners
in the centre of the learning situation. The learners’ actions
are in all steps related to an end product referring to the
future work as an engineer or scientist. This approach has
been chosen to ensure a stronger application orientation, a
wish drop-out students have often expressed. Besides that, the
intrinsic motivation is encouraged [11] [13] [14].
Additionally, we use the FC approach in our concept,
because students from different study fields participate in
one university course. Hence the prior knowledge is often
inhomogeneous. The students individually prepare for the
different courses becomming familiar with the subject on
a self-regulated basis. Furthermore, different learning types
are taken into consideration by offering multimedia learning
materials (texts and videos). Additionally, the shared time in
the lecture hall can be used for collaborative learning [17].
We use a quiz system, because the students automatically
get feedback in the HS. Early feedback may help to detect and
remedy misconceptions already at an early stage. Likewise,
feedback by offering correct answers is also important. As a
result, the student can be sure that his idea of solving the
problem is correct.

In the preceding chapter the didactic concept has been
described. Due to the large cohort, the realization of the
concept is not possible without the LS. The LS is web based
and can be accessed by every browser. The LS consists of
several subsystems. The subsystems are introduced in the
following.
An important subsystem is the remote lab management
system. Via this system, students have the possibility to upload
and test their results obtained in the step implementation on the
end product. The uploaded programs’ execution follows the
first-in-first-out waiting queue principle. After the execution
is finished, a video- and error file is available to the students.
The lecturer controls the access to the remote lab, manages
the waiting queues and starts diagnostic programs for the end
product.
The lecture hall system (fig. 2) supports the lecturer in the
lecture hall. The students mark their seats in the lecture hall on
a seating plan. In case a problem arises, they use a traffic light
system to call the lecture’s attention. They can select the colors
green (no problem), yellow (small problem, but I can continue
to work) and red (I cannot proceed without help). Furthermore,
the students mark their processing progress on a scale. Covered
in a general survey, the lecturer overviews all current problems
the students face. Thus, he can support students according to
priority. Additionally, he sees a statistic about the processing
progress. This function helps the lecturer to assess how much
time the students need to solve the problem. Furthermore, the
students can virtually “put up their hands”. The lecturer sees
and downloads the respective uploaded programs presenting
student solutions via beamer and directly applying them to
the end product already in the course.
Using the quiz system, students participate in automatically
evaluated quizzes offering questions based on the types singleand multiple choice, matrix or sorting tasks. The students have
multiple attempts to complete the quizzes, view their own
answers and sample solutions in a top 20 list. The lecturer
has the possibility to create and manage quizzes and to see
anonymized quiz statistics.
Further, there is a feedback system where the students
reflect the learning situation. The students can see reflection
questions and answer them. Additionally, the students can rate
the learning situation using the same question types as in the
quiz system.
C. Course and Remote Laboratories
In the summer semester 2019, the introduced concept was
tested for the first time in the class industrial control systems and real time systems. More than one hundred students
participated in this class. The students study electrical engineering, mechatronics, energy technology, computer science
or industrial engineering. They are at least in their fourth
bachelor semester or are already attending a master’s degree
course. Additionally, they have prior knowledge in at least one
programming language (e.g. C or Java).

Fig. 2. Lecture hall system

The lectures cover characteristics and programming of
industrial control systems, as well as selected aspects of
task management. Programmable logic controller (PLC) and
microcontroller are introduced as control systems. The topic
PLC focuses on the PLC cycle and the resulting characteristics,
as well as on PLC programming in the programming languages
structure text, function block diagram and sequential function
chart. Another aspect dealt with is the synchronous and
asynchronous programming of microcontrollers. Moreover,
scheduling processes like first-in-first-out, fixed-priority, time
slice scheduling, earliest-deadline-first and synchronization
mechanisms (e.g. prevention of live- and deadlocks) are specific content elements of the course.
The named elements are theoretically introduced during a
90-minute lecture and presentation. Each lecture is followed
by a 90-minute exercise to deepen the content in theory and
practice. In accordance with the concept presented suitable
end products have been developed and implemented. In total
two end products are available to the students, which are
introduced in the following.
For the subject area programming of industrial control
systems there is an industry-oriented model system of a gear
factory (fig. 3). In this factory gears are passing different
subsystems. The subsystems multi processing station (structure
text), high-bay warehouse (sequential function chart) and one
half of the indexed line (function block diagram) are controlled
by PLC. The second half of the indexed line (synchronous)
and the sorting line (asynchronous) are controlled by a microcontroller. In total, the gear factory has 35 sensors and 30
actuators. The students can perform 8 experiments using the
remote lab.
Fig. 4 shows a section of the second industry-oriented model
system for the subject area task management. The industryoriented model system is a rim factory, where workpieces are
manufactured. The colored blanks are stored in the warehouse
and are taken to and picked up at different processing stations
by the vacuum gripper. In total, the rim factory has 27 sensors
and 29 actuators. The students can perform 7 experiments
using the remote lab.
The sensors’ and actuators’ physical in- and outputs are
connected to several microcontrollers (slave controller (SC))
(fig. 5). For this SC, there are finished control programs.
Furthermore, there is a microcontroller (master controller
(MC)), which transmits instructions (e.g. collection of a red
blank from the warehouse) to the SC. The students’ task is to
write the function schedulers. The function scheduler decides,

Fig. 3. Subsystems of the gear factory

Fig. 4. Section of the gear factory

Fig. 5. Strcture of the rim factory

which task is executed. Depending on this, the MC sends an
instruction to the SC. A task is a function of the vacuum
gripper (e.g. collection of a red rim from the warehouse, bring
it to the drill station and back to the paintwork station). Thus,
several instructions build a task.
D. Exemplary Learning Unit
In the following, a learning situation according to the
introduced concept is presented. The learning situation aims
at controlling the multi processing station (end product) using
a PLC in the programming language structure text.
In HS, the students familiarize themselves with the end
product and the production process reading the information
material provided by the LS. If possible, they also use an ARapp (fig. 6) on hand. For this, they hold either smartphone,
or tablet in front of the marker. A 3D-model appears. They
view the model via the AR-app from all directions observing
the production process. Additionally, the students catch up on
the programming language using the lecture notes and the
provided video material. Subsequently, the students plan a
control program according to the specification. Finally, they
work on the provided quizzes on the topic of the multi
processing station, the programming language “structure text”
and the state graph in the LS. If they answer questions
wrongly, they have a look at the sample solution. If necessary,
they revise their state graph and note their questions.
During the US the lecturer first gives detailed information
on the quiz statistics. The questions, which most students
have answered wrongly are discussed in the plenum. Subsequently, the lecturer offers the learners the possibility to ask
further questions. Then, one or two student state graphs are
discussed in the plenum before the students implement the
control program using their laptop in a collaborative form.
The lecturer is ready to answer upcoming questions observing
the students’ traffic lights via the LS. Occasionally, the lecturer
asks the students to update their progress. When the students
are finished, they simulate their program in the development
environment. If necessary, they correct syntax errors and small
logical errors. One or two students present their programs to
the plenum. They check the program executing the control
system on the PLC. Via the remote lab’s webcam and a beamer
the execution is visible for all students. The students and the
lecturer discuss alternatives and suggestions for improvement
in the plenum. Furthermore, the students reflect the problemsolving process on the basis of reflection questions (e.g.
dealing with the methodical approach). From home, every
student can test their own programs. Here you can find a video,
that shows the exemplary learning situation and the remote
labs https://youtu.be/ 3KuKA vBX0.
IV. E VALUATION
A. Research Design
The presented didactic concept was tested for the first time
in summer semester 2019 within the scope of the named
course. This cohort is the EG in this survey. The CG is formed
by the students, who participated in the same course in summer

Fig. 6. Use of the AR-App

semester 2018. EG and CG answered a pre- and post-test on
the first and last date of the course. The questionnaire contains
eleven questions (variables) to factors, which may lead to a
drop-out. The variables are the same as identified in [1]. The
evaluation is limited to the variables performance problems
(F1), lack of motivation to study (F2) and practical reference
(F3), factors the lecturer can directly influence. Every variable
is rated on a scale from one to five. In the pre-test the questions
refer to the experience gained during the studies so far (table
II). In the post-test the questions refer to the course industrial
control systems and real time systems.
The questionnaire for the CG has been given as a hand out
in paper. Using an anonymized code the pre- and post-test
were assigned to a certain person. The pre- and post-tests of
n = 34 persons can be assigned clearly. The EG’s questionnaire
has been evaluated anonymously via the LS. Thus, a clear
assignment is possible. Since some of the questionnaires have
not been filled in seriously, only those questionnaires are
used, for the answer of which the person needed more than
one minute and had attended at least two appointments. On
this basis, n = 19 relevant questionnaires can be taken into
consideration.
For every student the difference (d) post value minus pre
value is calculated for every question. The next step is to
calculate and compare the mean value and standard deviation
for each factor for CG and EG. The last step is to examine,
using the u-test, if the mean values differ significantly.
B. Results
First, the variables for the factor performance problems are
examined. Table III shows the results. The mean values for
the variables F1.1 to F1.4 of the EG are higher than the
values obtained for the CGs. The first three are significant.
This means, that the performance amount to be attained, the
performances’ level and the pressure to perform is experienced
as lower by the CG, than by the EG. The standard deviation
and the significances value of variables F1.4 and F1.5 allow
no reliable statement. Table IV shows the results for the
factor motivation to study. As a consequence, it is obvious

TABLE II
P RE - TEST QUESTIONNAIRE FOR THE FACTORS F1, F2 UND F3
no.
F1.1
F1.2
F1.3

F1.4
F1.5
F2.1
F2.2
F2.3
F2.4
F2.5
F3.1

variable
The workload during the studies (quantity of content, number of home exercises,
examinations, laboratory tests, ...) I found
The performance level during the studies (complexity and abstraction of tasks)
I found ...
The pressure to perform during the studies (15 ECTS per semester, limited
number of attempts at examination, frequency of course and examination) I
found ...
The courses I have taken during my studies have influenced my choice of subject
...
If I lack previous knowledge for a course, I can usually...
My expectations (content, independent study organisation, own ability to
perform) with regard to the studies have been ..
My interest in future jobs available on thenbasis of my study course is...
My interest in the contents ... during my studies
I estimate my job market chances after completion of my studies to be ...
During my studies I discovered that science (e.g. mathematical modelling) ...
The teacher has established links between theory and practice.

that the motivation to study variables can be increased. The
interest in future employments related to the content of the
course increased significantly. The interest in scientific work
is slightly better for the EG compared to the CG, but not
significantly. Every other variable is rated better by the CG
compared to the EG, but not significantly.
TABLE III
R ESULTS OF THE QUESTIONNAIRE FOR F1
No.
F1.1
F1.2
F1.3
F1.4
F1.5

CG
EG
CG
EG
CG
EG
CG
EG
CG
EG

M

SD

-0.56
0.58
-0.35
0.21
-0.34
0.21
0.18
-0.47
0.0
0.0

1.02
0.96
0.73
0.86
0.77
0.92
1.55
1.07
1
1

Mean
Rank
21.56
36.74
23.79
32.74
24.07
33.82
28.59
22.87
4.5
4.5

Sum of
Ranks
733
698
809
622
842
842
943
934
22
13

Z
-3.59

Asymp. Sig.
(2-tailed)
< 0.001

-2.32

0.03

-2.33

0.019

-1.34

0.18

0

1

TABLE IV
R ESULTS OF THE QUESTIONNAIRE FOR F2

No.
F2.1
F2.2
F2.3
F2.4
F2.5

CG
EG
CG
EG
CG
EG
CG
EG
CG
EG

M

SD

-0.6
-0.16
-0.31
1.58
-0.31
-0.63
-0.54
-0.58
-0.03
-0.21

1.28
1.26
1.16
1.71
1.26
1.17
1.09
1.02
1.04
0.918

Mean
Rank
27.54
27.43
21.49
38.58
29.03
24.68
28
26.6
4.5
4.5

Sum of
Ranks
964
521
752
733
1016
469
979
505
22
13

Z
-0.028

Asymp. Sig.
(2-tailed)
0.978

-3.89

< 0.001

-1

0.315

-0.32

0.75

0

1

1
too little

2

3
just right

4

5
too much

too low

just right

too high

too low

just right

too high

not all

unaffected

to agreat extent

not compensate
not confirmed
low
decreased
very bad
is not my thing
strongly agree

compensate
confirmed
unchanged
unchanged
unchanged

high
increased
very good
is my thing
strongly disagree

TABLE V
R ESULTS OF THE QUESTIONNAIRE FOR F3
No.
F3.1

CG
EG

M

SD

0.5
0.84

1.38
1.07

Mean
Rank
24.6
31.29

Sum of
Ranks
836
594

Z
-1.58

Asymp. Sig.
(2-tailed)
0.12

Finally, the results for the third factor are presented. Table
V shows the results for the variable wish for more application
orientation. The EG’s mean value is higher than the CG’s. The
students experience a better application orientation. However,
due to a low significance, this conclusion is not reliable.
C. Discussion
Not all variables which influence a drop-out are better
rated by the EG. In particular, the specific workload during
the semester seems to be too much. Due to the shift of
tasks to the HS the individual efforts increase (FC approach).
This is confirmed by other surveys and is expressed by the
lecturers noticing that more content can be explained in the
same period of time [22]. This is also clearly identified by
student comments generally evaluating the course at the end
of the semester. The EG students rate the task performance
level higher than the CG. We, however, do not consider
it as too high based on evaluating the following aspects:
In another evaluation the students have been asked for the
reasons why they did not prepare for the US (multiple-choice).
The most common reasons were high workload caused by
other courses (42 %) and private appointments (39 %). Only
24 % were incapable to solve the tasks. Another indicator for
the level not being too high, ist the fact that examination
results are significantly better for the EG, than the CG [26].
Furthermore, an increased interest in future employments in
consequence of the didactic concept has been shown. This
can be explained by the problem-solving oriented tasks and

the industry-oriented model system. The fact, that there is no
clear difference between the EG and CG results according
to the variables “wish for practical relevance”, “expectation
regarding the course” and “content-based interest” might have
something to do with the fact that some students did not use
the remote lab. In higher semesters the students are used to
specifically learn for their exams. Since it is no obligatory
part of the examination to use the remote lab, some of the
students consider it superfluous. Additionally, some of them
came to the US unprepared. They did not provide information
about the problem or solved the quiz. They attended the course
like a course with traditional approach. The exam, however,
demonstrated significantly better results for those students who
had efficiently fullfilled the problem-oriented tasks.
In conclusion, it can be said that the factor performance
problems could not be improved. In particular, the amount of
problem based tasks has to be adjsuted. The factors motivation
to study and wish for practical relevance improved partially,
though the wish for practical relevance only insignificantly.
D. Future Work
Based on the obtained results, the didactical concept will be
expanded. The aim is to improve acceptance and motivation.
We found that the student workload is too high. Because
of this, we adapted the problems. The content-related quantity
of material stays the same. Some subtasks, however, are left
out, because they are not required to achieve the learning
goals. The level of the task difficulty remains the same and
is appropriate. This is verified by significantly better EG’s
examination results, compared to the CG’s results. These are,
for instance, problem sections which repeat learning content
and are low in performance level. Furthermore, the evaluation
sheets for every exercise will be complemented by a question
on the precise time spent on the task. Thus, it should be
possible to verify, whether the assumed time frame is adequate.
Thereby the timing requirements can be adjusted accordingly.
Not every student prepared for the HS has actually used the
Remote Lab. Therefore, it is planned to introduce a bonus
system to increase the respective cohorts. During the semester,
the students can collect points for their final examination for
processing quizzes and using the remote lab. This intervention
is supposed to motivate the students to engage themselves in
this didactical concept. The examination results are expected
to improve.
The optimized concept will be put to the test in the summer
semester 2020. On the basis of the newly generated data,
the following research questions will be investigated: Do the
students spend more time on the tasks, if they use the Remote
Lab and do they actually obtain better examination results?
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