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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 
Evaluation tools for learning factories in manufacturing education are scarce and there is lack of research in this field. Simulations used as 
a learning approach have long traditions in many different educational fields as well as manufacturing education. Learning factories is one 
of these approaches. Nursing education has also focused on development of evaluation tools for learning with use of simulations. The 
following article discusses possibility of transferring this knowledge to manufacturing education and developing adaptable evaluation tools 
for our context. A case study has been conducted where the aim was to learn how evaluation questionnaires used in nursing education 
could be applicable for learning factories. A group of master students attended a one-day workshop in  Leanlab – learning factory. Three 
separate evaluation tools from nursing hospitals were used for self-evaluation. The students were also asked to meta-analyse the tools 
themselves. In the next phase a merged and revised beta-tool was tested on students as well as participants from industry. Another project, 
where development of a learning factory from scratch was the case, gave insight in connecting learning outcomes and learning activities 
in a learning factory, which then provided possibility to explore how to look at learning activities, learning outcomes and assessment in 
learning factories according to the theory of constructive alignment. The beta tool will be subject of further research for validation and 
revision but is shortly presented in this paper. Moreover, challenges in designing an evaluation tool for debriefing will be discussed. 
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1. Introduction 
Simulation as a learning approach where the aim is to transfer theoretical knowledge into a practical context and 

thus contribute to bridging the theory-practice gap[1, 2], can be useful approach when real life training is costly and 
of some risk for companies. High fidelity, real life like, simulation settings[3] such as learning factories can be found 
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globally, and knowledge on using these facilities as learning platforms are widely spread[4-7]. Quality criteria for 
measuring learning effect is hard to find [8, 9], and as Xu et al.[10] discusses, “knowledge”, as a result of learning 
processes, is difficult to objectify and it is relevant explore methods that can describe concrete knowledge activities 
and evaluate knowledge effects. Thus evaluation of learning outcome and knowledge on how and whether learning 
factories are efficient tools for learning manufacturing processes need more exploration. Is there a value transfer to 
i.e. to companies on both long term and short term through taking part in learning processes in these facilities? 
Educational practice must be knowledge-based[1], this inclines the manufacturing education institutions to continue 
working on creating knowledge on what actually works regarding wanted effect of learning activities.  

This article presents part of a process of developing an evaluation tool for students and other participants in a 
learning factory simulation. The aim was to develop a generic beta - tool for manufacturing education, which both 
measures/indicates usefulness of the simulation training as feedback to the trainers/teachers, but more importantly, 
help students create awareness of their own learning process and possible learning outcome after training in a 
simulator. This was divided in three main goals: (I) Test questionnaires from a nursing education simulation context 
in a Norwegian manufacturing learning factory context. (II) Translate and merge questionnaires from a nursing 
education simulation context and thus make an evaluation tool fit for learning factory simulations in manufacturing 
education and industry training settings. (III) Make a tool that can aid manufacturing students’ in creating awareness 
of, and describe their experiences in a learning factory simulation. In our high-fidelity simulators set up for different 
processes of a production chain, the aim is often to create new organizational knowledge, but the individuals’ cognitive 
learning processes are key elements and “instructors and learners need tools that provide organized objective 
feedback”[11] 

Manufacturing education can learn from experience the field of nursing has acquired when it comes to simulation 
as a learning approach, and especially when it comes to evaluation of learning outcome[2]. This work aims to learn 
from health sciences, and we hereby describe a process of using instruments developed in nursing education context 
for testing and further development within the field of simulation in manufacturing education to see whether a useful 
tool for evaluation of learning outcome can be developed. Manufacturing originates from natural sciences, and 
evaluation of and reflection on cognitive processes is less common and more new ground for this field. But it is 
noteworthy that research on simulation in the field of nursing and health simulations in general also say there has been 
“little investment ... in developing suitable measures for the assessment of learning outcomes, particularly those 
relevant for a practice discipline”, stated by Tanner (2011) in[12]. 

Simulation as a learning approach in manufacturing education has developed over years. We see a lack in 
evaluation of actual learning outcome of simulation training, so called aligned assessment where learning outcome, 
instructional activities and assessment is part of a didactic whole aimed to find out whether the students are learning 
what we initially intended[13]. The focus is still leaning more towards practice-oriented learning processes [4, 14-20], 
but tools for reflection and assessment of learning outcome are missing, although there is an ever increasing focus[5, 
21]. Feedback from teachers, peer review and self-evaluation are quality criteria well founded in research regarding 
effect on learning outcome, but quantitative feedback does not necessarily give the same as qualitative feedback; 
students should have the opportunity to evaluate and reflect on their individual performance [22]. 

1.1. Background projects 

Department of Manufacturing and Civil Engineering at NTNU in Gjøvik was involved in two projects related to 
development and implementation of learning factories. The first project is LeanLab learning factory (Figure 1), where 

Fig.2. Students working at the roller skis learning factory Fig.1. Simulation session at leanlab.no 
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participants are to apply theoretical knowledge related to lean management techniques for improvement of assembly 
process of toy houses. The learning factory consists of two separate assembly lines, where two teams of participants 
are using their knowledge to increase efficiency and effectiveness of the proposed assembly process.  

The second project is development of Roller Skis learning factory (students working on the roller skis LF are shown 
on Figure 2), which was completed by two master students at NTNU in Gjøvik as their master theses. “The learning 
factory was planned as a copy of an assembly line for roller skis used for skis production at ABC company with minor 
changes necessary for enhancement of the learning process”.[13] The assembly line consists of four stations, which 
correspond to four parts of the overall assembly process. Development of the learning factory was based on application 
of such concepts as serious games, game-based learning and experience-based learning. “Main aim of the developed 
educational activity is to increase practical skills and theoretical knowledge on such topics as kaizen, waste reduction, 
efficiency and push/pull production systems through use of the factory” (ibid.).  

These projects provided understanding of need for evaluation tools for learning factories and allowed to test 
preliminary and edited versions of evaluation forms. 
1.2. Debriefing in simulation-based learning 

Debriefing is considered a core component in simulation-based learning [2], and a more and more recognized 
element in nursing education. A debriefing phase shall give the participants in a simulation the opportunity to critically 
reflect on their experience i.e. in a learning factory training simulation. As opposed to “learning analytics” [23] a 
debriefing phase is important for creating awareness and knowledge in the learners themselves about their own 
learning, learning process and knowledge creation. Analytical models of how we learn is on a generic level, and the  

 

aim there is to acquire general knowledge on how humans learn and thus being able to create learning systems 
adaptable to the individuals. In this context, using technology to enhance learning processes does not refer to collection 
of digital data, but having an actual tool aiding the process of self-evaluation in the debriefing phase, see Figure 3. 
The activities in a debriefing phase can find its natural place in the “Teaching Factory cycle for knowledge transfer” 
described by Chryssolouris et al[24], but adding the individual reflection as a dimension in the cycle as a part of the 
learning process. 

 The meaning is to evaluate the performance and give an understanding of acquired knowledge, skills, and attitudes 
[11]. Debriefing evaluation tools are critical in identifying areas to improve practice and optimize learning. [11] 
Debriefing is considered very important in nursing education and technology advancement can aid in creating 
reflective students[25, 26]. Debriefing is defined as “...an activity that follows a simulation experience and is led by a 
facilitator. Participants' reflective thinking is encouraged, and feedback is provided regarding the participants' 
performance while various aspects of the completed simulation are discussed. Participants are encouraged to explore 
emotions and question, reflect, and provide feedback to one another. The purpose of debriefing is to move toward 
assimilation and accommodation to transfer learning to future situations” [p.5 in 26]. 
1.3. Instruments from National League for Nursing  

The tools used for testing and development in this case study is The National League for Nursing (NLN), and use 
and adaption of questionnaires is developed by the partners in NLN[27]. The forms in question are "Educational 
Practices Questionnaire” (a), "Student Satisfaction and Self-Confidence in Learning" (b), "Simulation Design Scale 
(Student Version)"(c) and "Debriefing Experience Scale"(d). These instruments are all developed in order to reinforce 
knowledge on effect of simulations as learning methods. 

Fig. 4. Experiential learning cycle Fig. 3. The relation between learning analytics and learning evaluation. 
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