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Abstract 

Under the concept of "Industry 4.0", production processes will be pushed to be increasingly interconnected, 
information based on a real time basis and, necessarily, much more efficient. In this context, capacity optimization 
goes beyond the traditional aim of capacity maximization, contributing also for organization’s profitability and value. 
Indeed, lean management and continuous improvement approaches suggest capacity optimization instead of 
maximization. The study of capacity optimization and costing models is an important research topic that deserves 
contributions from both the practical and theoretical perspectives. This paper presents and discusses a mathematical 
model for capacity management based on different costing models (ABC and TDABC). A generic model has been 
developed and it was used to analyze idle capacity and to design strategies towards the maximization of organization’s 
value. The trade-off capacity maximization vs operational efficiency is highlighted and it is shown that capacity 
optimization might hide operational inefficiency.  
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1. Introduction 

The cost of idle capacity is a fundamental information for companies and their management of extreme importance 
in modern production systems. In general, it is defined as unused capacity or production potential and can be measured 
in several ways: tons of production, available hours of manufacturing, etc. The management of the idle capacity 
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Abstract 
The absence of real-world experiences is a lasting challenge in the field of higher engineering education. Therefore, learning-
scenarios, which are highly reliant upon the students’ powers of imagination alone, would not be promising at all. Particularly with 
regard to the increasing complexity of information-, material- and workflow networks in a digitized industry, future manufacturing 
engineers need to be trained towards an ability to act and within situated contexts similar to shop floor conditions. Hence, scenarios 
enabling a sustainable anchorage of theoretical knowledge through the link between thinking and action are a necessity. 
In response to increased dropout rates and as a result of repealing the compulsory pre-study internship for bachelor candidates in 
mechanical engineering, first year students receive the opportunity to gain their experiences and get a so-called ‘machining license’. 
In the spirit of a holistic ‘hands-on engineering’-approach, the students will run through the entire process – from idea to product 
– and experience various manufacturing processes in a mechanical workshop – the ‘Technikum’: a 500 square meter production 
facility at the Hochschule Ruhr West. The developed scenario has been derived from a cooperation with the TU Dortmund 
Universities’ professorship for Engineering Didactics, where the course design was used for teaching woodcraft to adults. 
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1. Introduction 

Bologna again – while discussing drop-out rates for German Higher Education Institutions (HEIs) a reliable 
approach could be the exploration of motifs that decides the Learners to quit their studies, another is analyzing the 
determinants – here, Bolognas’ aftermath and the desideratum of today’s competencies claim comes in [1], [2]. With 
some certainty, the structural absence of experiences that foster tangible (engineering) abilities will be a lasting 
challenge in the field of higher education for the time being at least. Not only since Bologna, but also during this 
course of competence-orientation, the degree of abstraction needed to focus towards the broader goal of academic 
literacy during the studies, appeared at least indistinct to learners [3], [4], [5].  

While in recent years several research projects and meta studies identified the ’nature of engineering competencies’ 
(see e.g.: [6], [7], [8], [9], [10], [11]), those innovative learning opportunities, which offer settings adjustable to the 
working environments of Industry 4.0 while promoting development of activity-oriented learning processes, are still 
quite rare. In this context ‘learning factories’ offer an excellent opportunity to provide method learning with practical 
attitude in situated learning scenarios. Current learning factories are mostly rooted in the field of industrial engineering 
and production optimization, which would result in a very complex setting for first year students and does not provide 
the necessary reduction of complexity for them to reflect their study choices [4], [12], [13]. 

In response to increased dropout rates and as a result of repealing the compulsory pre-study internship for bachelor 
candidates in mechanical engineering, first year students at the ‘Hochschule Ruhr West’ will receive the opportunity 
to gain their experiences and get a so-called ‘machining license’ for metal processing. This action-oriented approach 
derived from a cooperation with the professorship for Engineering Didactics at TU Dortmund University, where the 
‘machining license - woodcrafts’ is a continuing education offer for school teachers in technical subjects. The Institute 
of Mechanical Engineering at the ‘Hochschule Ruhr West’ (University of Applied Sciences), the professorship for 
Engineering Didactics of the TU Dortmund University and the Junior professorship of Technical Training and 
Learning at the University of Siegen each contribute to academic and vocational education, research and application 
in the field of manufacturing and engineering. 

The paper at hand provides a concept progressing from the identification of fundamental competences necessary 
within mechanical engineering curricula of the future, comparing two didactical frameworks to foster engineering 
experiences in terms of the ‘Conceive-Design-Implement-Operate’(CDIO) notion – which offers a framework, that is 
oriented towards continuous improvement of engineering education curricular by dint of a self-assessment instrument. 

2. Methodology 

2.1. To the understanding of ‘competence’@ German HEIs - including a brief assessment of Learning Factories 

Considering the current landscape of teaching and training in Germany, concepts of competence generally describe 
competence as a disposition to independent action (see e.g.: [14], [15], [16], [17], [18], [19]). From a more technology-
specific point of view, competencies are those human dispositions, which are fundamental for a successful 
management of variable requirement situations in a domain [20]. Figure 1 shows an example of such a domain specific 
competence profile – based on the competence model of Erpenbeck and Rosenstiel [18] – that emerged from a Meta-
analysis regarding the afore mentioned studies concerning (future) engineering competences. The direction of the 
arrows indicates that personal competences depend acquisition, development and linkage of the three further partial 
competences in action situations dispositive from a meta level. In a specific situation of action, personal competences 
appear only indirectly, but they in fact are essential for being capable to act creative, independent and responsible –  
these includes processing of experienced situations creatively towards new emotions and motivations. Ultimately, the 
(evaluable) execution within a specific context becomes visible by means of the performance [21]. A subsequent 
content analysis carried out in the course of 2016 regarding mechanical engineering curricula of Federal Universities 
showed very little in comparison with the requirements projected [22]. First approaches of competency-oriented 
learning environments for engineers were shown in the context of the so-called ‘hands-on engineering’ in the Anglo-
American engineering education [23]. 
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Fig. 1. Competency profile I4.0 [22] based on [18] 

Penn State University looked for ways to support the theory-heavy teaching formats with practical implementation 
and application phases. The learner should reflect on the previously discussed topics in realistic contexts and concrete 
action situations [24]. Since the late 2000s, these learning scenarios were then used in the form of learning factories 
at European universities in teaching. In the field of mechanical engineering, several so-called learning factories were 
implemented recently [25]. In this context, the pioneers of these treatments organized themselves, for example, 
through the Initiative on European Learning Factories [26], the collaborative Working group ‘Learning Factories for 
future oriented research and education in manufacturing’ within the International Academy for Production 
Engineering (CIRP) or the ‘Network of innovative Learning Factories’ (NIL).  

In the German university landscape, roughly 25 learning factories can be identified, which often also have a specific 
content orientation [13]. It is noticeable that only around half of these 25 learning factories are externally visibly 
documented and that the other half cannot be shown as accessible for assessment purposes [22]. To describe and 
cluster the different applications and orientations of learning factories e.g. [27] or [26] made recommendations. An 
explicit focus on production technology (e.g.: resource efficiency, lean production and quality management) can be 
identified in 2/3 of the learning factories. In about one third of the learning factories aspects of digitization are taken 
into account, and this proportion will increase in the foreseeable future in response to the mega-trend of Industry 4.0.  
2.2. Including the Idea of ‘CDIO’ 

Due to the demands regarding competence profiles fitting future work environments, it is a necessity to educate 
future engineers, that are willed to act flexible concerning new (and yet unknown) challenges. The idea behind CDIO 
is to foster such learning-scenarios right from the start of the academic education [28]. (Digitalized) Industry will ask 
for high(er) process performance, autonomous systems, energy-efficient machines and plants, integrated information 
and communication systems and finally for skilled employees aware of these changes.  

Here, the „CDIO Initiative is an innovative framework for producing the next generation of engineers. The 
framework provides students with an education stressing engineering fundamentals set in the context of Conceiving, 
Designing, Implementing and Operating real-world systems and products.” [29]. CDIO is a model underlying the 
typical engineering lifecycle, which is the ‘central engineering task’ [30].  

Currently students learn something about construction in one lecture and about assembly in another. Most of the 
theoretical explanations remain abstract without reference to a context and relationships can hardly be clear. The 
CDIO can enable a holistic education. The strict separation between individual subjects and disciplines is dissolved 
and they are linked together. The theoretical basics are not replaced but systematically integrated by real actions and 
experiences in the lifecycle phases conceiving, designing, implementing and operating. 

On the one hand, CDIO is a continuous self-assessment concerning 12 standards focusing on improvement of 
conditions for making progress towards a holistic engineering syllabus, on the other hand, it can be described as an 
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