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Abstract 

Observations made at the Ravensburg-
Weingarten University (RWU), have shown that 
interdisciplinary students entering the first semester 
face major challenges, particularly in the STEM 
(science, technology, engineering and mathematics) 
fields. Field investigations have identified two 
significant indicators for these difficulties: abstract 
teaching contents and missing links to their later 
application.  

To overcome this, an interlinked curriculum was 
introduced at the RWU, where a “lead example” 
leads the teaching. The key objective is to improve the 
reflective, practice- and problem-oriented learning in 
order to strengthen the competencies of the students. 
To consolidate their understanding of the educational 
content, the “lead example” is integrated throughout 
several courses, depending on the lecture priorities. 
There is a continuous exchange between theoretical-
knowledge teaching and problem-oriented learning, 
so that student motivation is improved, as well as, 
their ability to implement and reflect upon what they 
have learned in a more effective way.  

1. Introduction

Today, in Germany students begin studies with a
diversified heterogeneous educational background 
[1]. This is evident in cognitive as well as in socio-
economic and ethnological terms and it illustrates at 
the same time the heterogeneous ways to study. It is 
often the task of higher education institutions to 
compensate differences in learning levels and lack of 
study skills in the introductory phase of study. 

In combination with the increasing digitization and 
use of new media, major challenges for modern 
university teaching arise. However, media diversity 
also offers opportunities to meet with different 
learning behavior of students by the selection of 
suitable teaching materials. New teaching materials 
are required in order to connect and communicate the 
continuously growing knowledge from theory and 
practice in a didactically meaningful way. 
Therefore the RWU is participating in an innovative 
teaching project, called "WILLE – Wissenschaft 
lernen und lehren".  

2. Problem Statement and Analysis

Various observations at the faculty of mechanical
engineering have shown, that students in the first 
semesters have difficulties with their learning 
behavior, self-organization and the engineering-
scientific perspective on problems. The transition to 
the university is a major challenge for these students. 
Quite a few of them fail, which is reflected in 
increasing numbers of dropouts, especially for 
Universities of Applied Sciences [2]. 

In addition to “learning and performance 
problems” the “lack of study motivation” seems to be 
the second most common reason for an early study 
termination [3]. According to Derboven, especially in 
engineering studies, isolated theoretical knowledge 
with a lack of professional relevance and practical 
examples demotivate students [4].  Links between the 
content of teaching and the later professional field are 
often hardly visible, because of too less practical 
examples and a missing relevance of teaching content 
for the later occupation. Also the use of scientific 
formulas without a specific understanding of the 
usability leads to a loss of motivation among the 
students. 

The project of the RWU is based on different 
empirical studies, including the research of the 
student’s motives for their study, as well as their 
motivation in the basic subjects, the visibility of links 
in these basic subjects, the use of educational 
materials and the impact on self-directed learning of 
students.  

Heublein et al. speak of a heterogeneity in the 
motives of the study choice. At the same time, 
however, the various reasons for choosing a course 
also reflect, to a certain extent, the subject 
identification and expectations of the students [5]. 
According to Heublein et al., extrinsic motives are 
emphasized more in the choice of studies and that 
although a strong identification with the subject is 
such an important component for the successful 
completion of the study [5]. In order to reduce the 
increased probability of a dropout for primarily 
extrinsically motivated students, it could be one 
possible approach to reduce the dropout by measures 
which increase the interest and the identification with 
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the course contents in the introductory phase of the 
study. 

In addition, own studies on the courses also 
showed that there are differences in applicability of 
the learned knowledge and the abstractness of the 
respective lecture. Especially in the field of material 
science, the analysis indicated that for the surveyed 
students the contents of the lectures are closer to the 
application and thus the applicability of the learned 
knowledge is more comprehensible for the students. 

It is assumed that students with training can better 
identify with, as well as access the abstract elements 
of this lecture by combining it with previous and 
practical knowledge [6]. 

Interviews at the RWU, conducted at the end of the 
last three semesters with a cohort of about 15 
mechanical engineering students from the second 
semester, showed that there is a difference by the 
students in the use of teaching and learning materials 
and in the accepting of the methods, which are used 
by the teachers. Across the board, the type of student 
learning behavior revealed that there was a clear 
heterogeneity regarding learning/working behavior, 
motivation and teaching/learning materials for the 
follow-up. In the interview, the students were also 
asked about the characteristics that a lead example 
should have. This revealed that a lead example must 
be innovative and technologically demanding, and 
adapted to the age group, as well as being compact, 
tangible and easy to understand. It is important for the 
students to have a regular presence over the semester 
as well as the integration into all courses. Here, the 
desire was frequently expressed for consistency with 
possibly further examples. When asked for alternative 
lead examples, the vehicle was often cited, especially 
with an internal combustion engine. By investigating 
why students in the undergraduate studies would like 
to deal with this more closely, it turned out that a car 
is an everyday object which is present everywhere and 
depending on the mark and model, arouses emotions 
in the students, which apparently play an important 
role to them. As an example, the comparison between 
a large-displacement V8 engine and a very quiet, 
electrified car was mentioned.  

This statement of the interviewed students 
correlated with observations of lecturers from RWU, 
who noted that the students prefer the chainsaw with 
the combustion engine in front of the electric motor 
chainsaw. According to the students, the type of 
integration also seems to play an important role in 
terms of acceptance. Here, the majority of all 
respondents put a considerable emphasis on 
authenticity in the chosen lead example as well as in 
concrete tasks which come from the real engineer 
field of responsibility. It is all the more 
understandable why the students consider the 
development project, which is taking place at the end 
of the second semester, as an important completion of 
the courses. This is because students have the 

opportunity to apply, enhance and expand their 
acquired knowledge in a constructive project in which 
they have to develop or optimize a real component of 
the chainsaw during a whole semester. 

3. Linked lectures and competencies

A prominent requirement to enhance the key
competencies of the students is indicated by studies 
concerning the competence of graduates of 
engineering schools [7]; in this frame of reference 
competencies are understood as more than just 
knowledge and skills. These competencies involve the 
capability to meet complex demands, by exploiting 
and mobilizing psychosocial resources which include 
skills and attitudes.  

Through educational policy efforts (e.g. Bologna 
Process) "to focus the study more on occupationally 
utilizable competences and clearly defined learning 
outcomes" [8], the competence-oriented design of 
teaching and learning interests has found its way into 
university teaching. 

Students of engineering courses need to dispose of 
a wide range of competencies in order to be able to 
deal with the complex challenges of current product 
development and production processes. This wide 
range of competencies which enable an independent 
acting can be arranged into four categories called key 
competencies: 

• social competence
• self-competence
• methods competence
• subject-specific competence

Each of these categories dispose of a specific focus, 
all categories are interrelated, and collectively they 
form a basis for the further development of 
engineering curricula. The importance of 
"competencies to act", as a superordinate concept of 
the abovementioned competencies, lies in the ability 
of aspiring engineers to act purposefully and task-
oriented. It does not only mean the ability to act, but 
also the use of learned knowledge, social norms and 
logical considerations to use thoughtful and efficient 
thinking about considerations and decisions to act 
responsibly.

For example, the ability to apply existing 
knowledge to new problems in order to solve these 
problems, are an important part of the methods 
competence, why in addition to a gradual 
enhancement of the capacity for abstract, the lead 
example should show the students, which processes 
play a role in the development of a technical products 
and which teaching contents can be assigned to these 
processes. The lead example shows how broad the 
knowledge spectrum can be as an engineer with only 
one product and on the other, why supposedly 
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uninteresting subjects have their entitlement to study. 
In order to make the relevance of the study contents 
more recognizable for later working life, the lead 
example establishes links between lectures and 
practical applications. 

After various investigations a chainsaw has been 
selected as a suitable lead example. In Figure 1 the 
linking of the courses is shown. 

Figure 1. Linking the lectures based on the lead 
example „chainsaw” 

Besides the chainsaw allows a linking of 
competences as well as a reflection of different 
teaching contents and an abstraction of the basic 
knowledge to a practical example. More advantages 
of the chainsaw are the compact design and the 
resulting possibility of a demonstration in the lecture 
hall. 

4. Didactic Concept to avoid
“inert knowledge”

As a result of the Bologna reform, the university's
focus has shifted. It has gone from a purely academic 
teaching, to a teaching with the mediation of 
"scientifically based competence for future 
occupational fields of action" [9]. In recent years, 
although the universities have partially focused their 
attention on vocational orientation with the 
appropriate competence, but according to Gruber, 
Mandel & Renkl usually still rather "inert 
knowledge", is mediated. This will allow the students 
to pass exams, but they will not be able to solve 
realistic, complex problems, as Gruber, Mandel, and 
Renkl clearly suggest [10]. On the one hand, 
metacognitive deficits are crucial for students not 
being able to use knowledge descriptively and 
meaningfully in case situations, on the other hand, 
motivational deficits can also be crucial for students if 
lectures are too theoretically so that the students lose 
their interest in relevant topics and appropriate 
knowledge is not available as needed. 

By designing the didactic model, which is used to 
link the curriculum, the demand of the students for a 
diversification of teaching materials, a stronger 

linking between theory and practice and teambuilding 
activities were considered and continuously adapted 
to the lead example. The didactic concept founding on 
this project follows the constructivist, holistic, action-
oriented learning approach and is primarily oriented 
at the method of problem-based learning. In problem-
based learning (PBL) real problems from the student’s 
future professional field are used in teaching and 
learning processes.  

The problems should be solved most 
independently by the students [11]. The complex, 
realistic problems serve as cognitive and motivating 
incentives for the learning process. By networking 
different teaching contents, interdisciplinary 
competence development can be further promoted. 
For example Stetter et al. showed, that students in the 
interdisciplinary project “formula student”, where 
they build student racecars by their own, can better 
reflect and implement scientifically teaching contents 
[12]. 

Statements of the interviewed students also 
confirm this. Through the gradual transition from 
problem-based learning to methods of "pure" 
knowledge transfer, the learning conditions for 
students of the first semesters should be improved 
(compare Figure 2). 

Figure 2. Continuous transition of theory and 
practice teaching in the basic studies 

A high quantity of problem-based learning should 
promote intrinsic motivation as well as personal, 
methodological and social competences. With a 
gradual reduction of the concrete practical part, the 
abstract theoretical part of the lecture increases to the 
desired theory level. By the continuous transition 
between fundamental knowledge and problem-based 
learning the learned knowledge should be solidified 
with the help of job-related exercises. It is the aim, 
that this knowledge can be used at the next lecture by 
a kind of reminders on the basis of the lead example 
and bring out a shift in the level of abstraction.  

After Renkl and in addition to a better applicability 
and a higher basic level, the intrinsic motivation of 
undergraduates should be further increased, especially 

International Journal of Innovative Business Strategies (IJIBS), Volume 5, Issue 1, June 2019

Copyright © 2019, Infonomics Society 201



in abstract subjects such as mathematics, technical 
mechanics and thermodynamics [13]. This should 
help to increase the self-directed learning of the 
students, too. 

6. Implementation into the curriculum

The findings of the field examination serve the
development of didactically adapted, multimedia 
teaching materials for the improvement of teaching at 
the RWU. The materials are developed for different 
learning types and oriented to the lead example. 

In the course technical mechanics (statics), for 
example, the calculation of the center of gravity will 
be taught through the chainsaw (Figure 3). 

Figure 3. Problem-based learning by the example of 
technical mechanics 

Mathematics as well as technical mechanics offer 
methods for calculating the center of gravity. These 
cross-connections help to link the lectures. 

By taking into account that a task only becomes a 
problem when certain boundary conditions are 
incomplete or even contradictory, whereby the task 
becomes a certain complexity, the method of 
problem-oriented learning is used [14]. As a 
prospective engineer, students must be able to analyze 
a problem from an engineering point of view and 
make sensible assumptions about missing sizes, 
which is often the case in the initial launch of 
products.  

According to Riedl the retention performance can 
be increased by addressing various sensory channels 
(read, hear, see, speak, act) [15]. 

During the lecture the students have the 
opportunity, through suitable hardware of the lead 
example, to compare the calculated values of the 
center of gravity with haptic perception. After 
Weinert motivational, volitional and social 
competences should also mediated through concrete 
extracurricular relationships to internalize the holistic 
approach of the engineering-scientific and mind-set 
[16]. 

For example events at the beginning and during the 
semester like a product demonstration (Figure 4) or 
the student’s possibility to research a product in a 

computerized reality, are implemented. These should 
arouse student’s curiosity about "mechanical 
engineering" through direct contact with the lead 
example and should help to increase the student’s 
intrinsic motivation.  

Figure 4. Product demonstration at the beginning of 
the semester by forestry expert 

Students should be able to visualize the 
significance of mechanical engineering in the past, 
present and future and to rethink their partly primarily 
extrinsic motives for taking up the studying. 

Unfortunately, the time which the students spent in 
lectures and tutorials is limited. Consequently, it is 
nearly impossible to alter the form of education in 
every lecture in order to enhance key competencies. 
Thus, a promising possibility to integrate the efforts 
aimed at supporting the development of key 
competencies was identified: the parts of the curricula 
that were already different from other part of the 
curriculum - the projects intended to learn engineering 
design. 

7. Development Project

Several internationally recognized educators and
researchers agree that teaching engineering design is 
the most challenging and simultaneously the least 
straight forward part of the curricula in engineering 
studies [17]. Evans et al. [18] specify: [engineering 
design] “seems to occupy the top drawer of a 
Pandora’s box of controversial curriculum matters, a 
box often opened as accreditation time approaches”. 
The general insight that the most promising form to 
teach engineering students the ability to design (not 
theoretical knowledge about design) are realistic, 
open ended problems to be solved in teams, i.e. 
project based learning, is stated in several publications 
[e.g. 17, 19]. The central characteristic of this kind of 
design projects is that they lead to experiences in 
accordance to Kolb’s model of experiential learning 
[20].  

As part of the so called development project, a 
practice-related task is performed by the students. The 
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goal is a simple, possibility to start a chainsaw. The 
importance of this goal is illustrated during an 
introductory kick-off meeting with forestry experts. 
The importance of poor starting behavior and its 
effects are not only demonstrated, but also tested by 
the students.  

The methodological material selection takes place 
with the help of the CES EduPack, which provides a 
comprehensive database of materials and process 
information and can be visualized depending on the 
exact boundary conditions. Students are encouraged 
to contribute to their learning by defining 
requirements and boundary conditions, as well as 
commenting on the sustainability of their materials 
selection.  

Figure 5. Apply the construction methodology 

Finally, students prototype their solution using 
additive manufacturing (Figure 6). In the course of 
regular project meetings, results and prototypes are 
presented and discussed with the forestry experts. 

Figure 6. Additive manufactured student solutions 

This interdisciplinary teaching concept promotes 
the connection and comprehension of key engineering 
competences such as mechanical design, material 
science and advanced mathematical concepts with the 
real end users’ problems. 

8. Conclusion

In order to improve the teaching in the field of
mechanical engineering at the RWU, a new concept is 
currently being applied to reduce the abstractness of 
the basic subjects by integrating a lead example in 
teaching. Through the targeted transition from 
practice (e.g. problem-based learning) to theory (basic 
mediation) and vice versa, the lead example is 
intended to improve a gradual transition between the 
capacity for abstract and an engineering-scientific 
mind-set. Regular evaluations, continuous quality 
assurance procedures and the inclusion of the latest 
research results serve to develop a didactic concept 
with adapted, diversified teaching materials. The lead 
example is broken down to individual learning 
modules and contributes to connect the curriculum of 
the university. 

Through enthusiasm the lead example is intended 
to increase the intrinsic motivation of students in the 
undergraduate studies and provide above all, in 
addition to critical thinking and the teaching of skills, 
a strong basis for their further study. 

First research results have shown that the lead 
example is mainly positive perceived by the students 
and that there is a demand for a stronger presence and 
further lead examples. The so called “red line”, which 
is drawn by the lead example through the 
undergraduate studies, helps the students to establish 
links between the lectures and the teaching contents.  
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