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 Introduction of the TEFFIC Educational pilots 

The following presents the educational pilots of the TEFFIC-PROJECT, that have been carried out in 

several courses / iterations in spring and autumn 2020, also under the special situation of the lockdown 

of the pandemic. The output is basing on the Educational Framework of TEFFIC, that expresses the 

educational development approach within the Erasmus+ project Transforming Educational programs 

For Future Industry 4.0 Capabilities (TEFFIC). These pilots address the current challenges of the digital 

transformation and the need to develop new approaches and pedagogical self-images o match the 

progression of technological convergence in the industry, and to develop and qualify students in a 

sustainable way with broad competencies.  

When an educational designer applies this educational framework and the following described pilots 

as a development tool for a specific field, the resulting educational activity should enable the 

interconnected understanding of the topic related to other Industry 4.0 topics: It should be seen as an 

impulse and at the same time as part of the self-examination of current pedagogical practice in relation 

to the course design.  

Courses on the following subjects on academic and higher vocational education have taken place at 

the institutions of the international partners in Denmark, Estonia, Norway, Belgium and Germany: 

 

• Global Business Performance 

• Product Development 

• Global Business Performance 

• Digital Manufacturing 

• Continuing education in Industrial Digitalization for skilled workers 

• Megatronic 

• Digitalisation and 4.0 in the context of TVET and skilled work  

• Virtual Prototyping 

• Thermal simulation integration  

 

The retrospective representations of the pilots and their implementation are based on the 

following structure and ensure an overview of planning, implementation and follow-up / results, 

concerning the developed educational framework of TEFFIC too: 

• Name of Pilot and name of executing institution 

• Description of the pilot – summary 

• KPIs and how they are measured 
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• Implementation of the Educational Framework of TEFFIC 

• Results and Evaluation  

 

In a finalising retrospective summary based on the presentation of the individual TEFFIC-pilots, the 

outcome is qualitatively categorized, assigned and explained as an evaluated summary and outlook, 

with regard to a general design recommendation for 4.0 courses in the European context. All of this 

always happens from the summarized, heterogeneous and interdisciplinary perspective of the 

educational institutions involved and their experiences and collaboration in the TEFFIC-project, basing 

on the execution of the pilots. 
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 Summary and Outlook of the TEFFIC-Pilots 

The quantitative-qualitative document analyzation of the executed TEFFIC-cases and pilots of all 

TEFFIC-partners has come to a successful and gratifying result. In retrospect the TEFFIC-project 

comes to a successful and gratifying result, which gives a heterogenous as well as authentic insight 

into the implementation of the 4.0 pilots. These TEFFIC-cases can be used as well as a forward-

looking impulse for the future design of educational frameworks and educational units in the context 

of Industry 4.0 and innovative cross-sectional topics in different educational environments: To 

prepare future learners / students and teachers / lecturers from different disciplines and with 

different qualification levels (EQF-Level 4 - 7) for current and future transformations and changes in 

the long term, along the relevant and authentic needs of your real professional life.  

For the evaluation, meta-categories were selectively generated along the educational framework and 

the TEFFIC cases carried out in order to make the findings more relevant for the analysis of the 

educational offers and the readers, based on the goals of TEFFIC and the educational framework. The 

individual written segments of all institutions were coded and assigned to their individual piloting 

according to these categories. In order to clarify the following summary of the results of the coding, 

in the sense of the subject-oriented TEFFIC pilots, authentic examples from the implementation in 

the form of quotations or images are added.  

 Results 

The code-systems and the frequency of its coding look like: 

Codes / Categories Quantity of 
Codings 

Total-Code system 866 

  COVID-19 & Lockdown-Situation 24 

  Implementation 3 

    Authentic Use & Practise Base 80 

    Methods and Didactics 123 

  TEFFIC - Educational Framework 0 

    Addressees / Learners 24 

    Addressed Learning Goals - Level 3 77 

    Relevance and Authenticity - Level 4 114 

    Needs of the Industry - Level 5 36 

  Specific Results 22 

    Perspective of Educators / Lecturers 3 

    Perspective of Students 65 

    Quotes 41 

  4.0 Content & Topics 96 

    4.0 Challenges 14 

  4.0 Capabilities & Competences 6 

    Competences 35 
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    Skills 24 

    Knowledge 40 

    21st Century Skills 39 

 

These codes and their sub-codes have been defined by individual colours too, to visualize an 

overview of the coding of all TEFFIC-pilots in total and to present an overview of the relation of the 

coding-result in total: 

 

a) Document portrait of the TEFFIC-pilots coding, sorted by colour: 

 

 

b) Document portrait of the TEFFIC-pilots - codings, sorted by quantity: 
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In the following part the codes are presented as summarized results, combined with some authentic 

insights of categorized quotations:  

 

1) Covid-19 & Lockdown-Situation 

- The pilot was executed as per plan. However, there were some changes in terms 

of organization due to the COVID-19, as our university decided to adopt hybrid 

learning and encouraged the online lectures instead of regular physical studies. 

We turn to online lectures and exercises via MS Teams, students responded the 

change effectively and adopted the online environment quickly. 

- The course was planned and partly completed as on campus training one day per 

week. Due to the Corona outbreak the last third of the course was completed as 

online training according to the “flipped classroom” model. 

- The real problem in gaining authenticity was, that during the COVID-19 

lockdown, students have had no opportunities to visit SMEs or executing classical 

internship @ the vocational schools. Additionally, the possibility to use the 

laboratory-infrastructure at the BIAT-institute still is reduced / minimized. There 

will be no classical analogue course design in the whole university until the 

beginning of 2021. Students are not allowed to be in the university buildings, to 

avoid the mixture of different cohorts. 

- It can therefore be concluded that despite the setbacks with Covid-19, the pilot 

was handled very well and positively.  

- Due to the impact of Covid19 restrictions, lecturers were not allowed to visit students in 

their group rooms. Consequently, the intended level of interaction with the students were 

not achieved. 

 

2) Implementation: Authentic Use / Practice Base 

- The students get more hands-on experience and consequently feel more engaged 

in the course. 

- This includes hands-on work with I4.0 perspectives and managing the 

implications in the mini project. 

- The students had to make a body for the robot. Normally there is a ‘Makerspace’ 

available with (paid by the school) materials on the campus, this way the 

students could have developed the body. Unfortunately, it was closed by COVID-

19. This presented a difficulty with materials. normally a certain material was 

specified per group for the body, this was changed to a certain movie theme 
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steampunk, fantasy, each group was given a specific theme where they could 

choose the material in which they would build it in. this was changed so they 

could choose a material that didn’t cost a lot of money and could work with 

materials that they have at home. This again resulted in very original designs […] 

- Convey practical and professional problems as well as solution models to 

peers, users and partners from a business context, including environment 

and sustainability considerations in product development. 

 

 
3) Implementation: Methods and Didactics 

- The mini project helped tie the Industry 4.0 lecture well into the general product 

development process. 

- Use methods and tools for identification and collection of company data base and on 

that basis contribute to the development and optimization of processes across the 

organization. 

- The courses are completely self-directed by the students with the opportunity to get 

advices; support and collaboration opportunities by different types of staff via 

WEBEX. 

- Blended learning and flipped classroom – the students will receive learning content 

online for completion out of class. This gives room for more reflective feedback. 

 

4) TEFFIC – Educational Framework: Addressees / Learners 
- This case addresses the course Product Development and Production Preparation 

(PPDP) at Aalborg University, which is taught in the bachelor programme “Global 

Business Engineering” (GBE) on the third semester. 

- This pilot represents a course named: Digital Manufacturing that is taught at the 

educational programme of “Product Development and Robotics”. 

- It is for TVET-lecturers. The Cases combines two courses in the in Master-study-

programme. The “Master of Vocational Education at Vocational Schools” is basing on 

relevant academic qualifications, like the Bachelor (EQF 6) Master (EQF 7). 

- Students’ background: Integrated Engineering, Robotics, Mechanical Engineering. 

 

5) TEFFIC – Educational Framework: Addressed Learning Goals – Level 3 
- The aim of this pilot is to introduce new teaching approaches into the course to 

reduce the gap between what is taught theoretically and what can be applied in real 

world problems by the students. 
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- The success criterions of this pilot are to enhance the students’ awareness of Industry 

4.0 technologies, and that the students gain basic knowledge on how industry 4.0 

technologies can support rapid product innovation. 

- The success criterion of the pilot is to enhance the interdisciplinary knowledge 

regarding digital and smart manufacturing, as this field is still relatively new and 

multidisciplinary itself. The competencies among the manufacturing students should 

still be expanded, with topics that they were not familiar beforehand, while also 

bridging the knowledge gaps between the other fields. 

- The success criterion of the pilot is to enhance the interdisciplinary manufacturing 

knowledge for the automation and IT students and at the same time, increase the 

domain-specific skills of the manufacturing students. The competencies among the 

manufacturing students should still be expanded, with topics that they were not 

familiar with beforehand, while also bridging the knowledge gaps between the other 

fields. 

- This goal corresponds with the industrial analysis, which pointed towards digital 

mindset as a major driver, where the ability to conceptualise digital systems is an 

enabler of creating integrated systems rather than isolated stand-alone solutions 

 

6) TEFFIC – Educational Framework: Relevance & Authenticity – Level 4 
- Based on the aim of pilot three focus areas are identified and operationalized, 

thorough KPIs. The three focus areas are: 1) The student's ability to identify new 

learning needs related to robotics, 2) the student's ability to integrate electronics into 

their project, and 3) The student’s capability to convert the theoretical knowledge 

into practical skills. 

- The student’s capability to convert the theoretical knowledge into practical skills. 

- Consequently, the central idea of a humane, ecological, economical and sustainable 

organisation of education, work and technology, that provides a developmental 

understanding of vocational education, serves as a research integration field. 

- The student's ability to identify new learning needs related to product development 

- In this pilot, our aim is to increase the knowledge of the automation- and IT-students 

on the topic manufacturing, namely on product documentation generated and tested 

as a virtual prototype. 

- This goal corresponds with the industrial analysis, which pointed towards 

interdisciplinary knowledge as a necessity (e.g., net competence). This case is defined 

as a typical educational setting for future vocational teachers. To achieve these two 
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success criteria, the awareness of digital possibilities within construction must be 

enhanced. By a higher consciousness, the students will be able to pinpoint possible 

areas of improvement in their own work routines, and thereby increase their ability to 

spot potential areas of improvement when entering the job marked.  

-  Convey practical and professional problems as well as solution models to peers, users 

and partners from a business context, including environment and sustainability 

considerations in product development. 

 

7) TEFFIC – Educational Framework: Needs of the Industry – Level 5 
- The course already exemplifies to the students how production limitations should be 

considered during product development, and how product choices affect the choice of 

production technology. However, with the emergence of industry 4.0 and the 

increasing pace of innovation within manufacturing technologies, this pilot aims at 

explicitly addressing the opportunities (and challenges) imposed by industry 4.0 on 

product development 

- Product Development and Robotics 

- In this pilot, our aim is to develop the knowledge and skills for the applications of 

digital manufacturing principles that can be useful in the enterprises. 

- This goal corresponds with the industrial analysis, the importance of maintaining 

knowledge and implementing it in their own way in a project was a requested skill by 

the industry. 

- Conception of an "additional / extra qualification Industry 4.0" for the vocational 

professions with specification in metal technology 

- […] an understanding of practice, applied theory and method for product 

development processes in all its phases - including the financial consequence of the 

project both during manufacture / construction and operation, and can reflect on 

how they are used in a business context. 

- Recognizing of current research on 4.0-topics and future working settings; visiting 

SMEs or industry or fairs in the region or in the network of the stakeholders of the 

BIAT, to clarify current / future 4.0-settings and needs of companies and vocational 

schools 

- The competencies to use their already-acquired CAD-skills in collaboration with 

parametric simulations aims to act as a demonstration of the capabilities 

of integrated systems.  
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8) Specific Results: Perspective of Educators / Lecturers 
- To assess the goal of using better teaching methods that engages students, several 

aspects can be evaluated. The design of the course asks the students to write 

reflective comments and questions for articles, videos, cases and podcasts during 

their preparation. Here, it was found that on average, 56% of the students had 

answered those questions prior to the start of the lecture. Since the task was not 

asked for 2019, it is difficult to compare, but the experience is that the preparation 

for this semester was significantly higher than in previous years. All lectures had 

elements of blended learning, where students were asked to prepare prior to the 

lecture, with more discussing during the face-to-face/online lecture. One lecture was 

held as a flipped classroom, where each group was assigned reading material and 

would have to present to the other groups during the lecture. Generally, the 

comments from the collected post-its and the semester evaluation reports were 

positive. 

- Corona restrictions, partly virtual lectures, and limited direct interaction with the 

lecturer had reduced the anticipated impact of the mini-project.  

- All lectures had elements of blended learning, where students were asked to prepare 

prior to the lecture, with more discussing during the face-to-face/online lecture. One 

lecture was held as a flipped classroom, where each group was assigned reading 

material and would have to present to the other groups during the lecture. Generally, 

the comments from the collected post-its and the semester evaluation report. 

- To assess the goal of using better teaching methods that engages students, several 

aspects can be evaluated. The design of the course asks the students to write 

reflective comments and questions for articles, videos, cases and podcasts during 

their preparation. Here, it was found that on average, 56% of the students had 

answered those questions prior to the start of the lecture. Since the task was not 

asked for 2019, it is difficult to compare, but the experience is that the preparation 

for this semester was significantly higher than in previous years were positive. 

- I am highly impressed with the learning outcome of this course. However, more 

practices should be organized for visual component and machine vision learning. The 

videos sent to students on visual components simulation and yolo machine vision task 

was quite useful; I will recommend more videos of such be introduced 
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9) Specific Results: Perspective of Students & Quotes 
- We were able to try out some technologies related to Industry 4.0, in this process we 

also learned about the difficulties that can occur during the learning without prior 

knowledge of IT programming. 

-  The knowledge acquired during this lecture has been really important to enrich the 

actual basics of Industry 4.0, I have learnt that the word Digital Manufacturing has a 

really large range of knowledge behind. 

- We were able to try out some technologies related to Industry 4.0, in this process we 

also learned about the difficulties that can occur during the learning without prior 

knowledge of IT programming. 

- I can honestly say that this course shows the sense of Integrated Engineering 

program, because it connects engineering and digitalization.” 

- The lab sessions were always very pleasant! 

- The Master-students are reporting that the 4.0-contect is becoming less abstract, if 

they analyse it in the context of relevant work life (problems or situations), while 

focusing TVET-students or skilled workers. 

- More than half of the students reported that they had strengthened their disciplinary 

and interdisciplinary skills to some or high extent. Furthermore, they also report to 

understand the intersections between the technical, user and business perspectives of 

the product development to some or a high extend. In total, the students have 

expressed a high learning output of the course 

- The students have reported high confidence for job readiness. They feel an increased 

capability to connect the digital tools to the real problems (authentic tasks) which 

exist both within and outside of the education. 

 
 
 

10) 4.0 Content Topics 
- The course currently focuses on process-based improvements and techniques, with 

limited focus on the technical solutions and opportunities that is achievable with the 

introduction of Industry 4.0. The course cases and examples are in need of 

representing the digital reality. The same can be said of the educational methods 

applied, which are outdated in terms of enhancing learning. 

- The course already exemplifies to the students how production limitations should be 

considered during product development, and how product choices affect the choice of 

production technology. However, with the emergence of industry 4.0 and the 

increasing pace of innovation within manufacturing technologies, this pilot aims at 
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explicitly addressing the opportunities (and challenges) imposed by industry 4.0 on 

product development. 

- I4.0 and its implications on product development. 

- Product Development and Robotics. 
 

- The student's ability to identify new learning needs related to digital manufacturing 

- AR/VR basics. Object/person recognition and identification. 3D modelling basics. 

- Example of a student’s assignment related to robotic layout configuration and 
simulation for virtual production environment. 

 

11) 4.0 Content & Topics: 4.0 Challenges 
- However, with the emergence of industry 4.0 and the increasing pace of innovation 

within manufacturing technologies, this pilot aims at explicitly addressing the 

opportunities (and challenges) imposed by industry 4.0 on product development. 

- Learn how to use new software and in which way the industrial processes are getting 

more automatized  

- The student’s ability to identify new learning needs related to robotics 

- It`s their (students) commitment to gain their knowledge and expand professional 

competences on current and future developments in work and technology being able 

to draw up future-oriented teaching and designing authentic tasks. The connotation 

with 4.0 and digitalisation is underlining the sustainable educational mandatory […]. 

- The success criterion of the pilot is to enhance the interdisciplinary product 

development knowledge for the students and at the same time, increase the domain-

specific knowledge of front-end product development of the students. The 

competencies among students should be expanded, with topics that they were not 

familiar with beforehand, while also bridging the knowledge to their specific domains 

(manufacturing, IT and automation).  

- I need more routine with the construction tasks but have a general overview of the 

possibilities with virtual prototyping. 

- I need to investigate how to implement this in daily operation at my employers’ 

company. 

 

12) 4.0 Capabilities & Competences: Competences 
- Identify and diagnose problems with performance management systems in 

contemporary extended enterprises. 
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- Take responsibility for implementation and control of operations performance 

management systems in contemporary extended enterprises. 

- The success criterions of this pilot are to enhance the students’ awareness of Industry 

4.0 technologies, and that the students gain basic knowledge on how industry 4.0 

technologies can support rapid product innovation. 

- The student’s awareness of industry 4.0 technology. 

- Handle innovative, complex and practical-oriented problem solutions for production 

and applications of technology in an industrial setting. 

- Can establish relations to fellow professionals within the field of agile production and 

relevant external stakeholders such as government regulators 

- In the project there is a part robotics, electronics, mechanics and knowledge about 

materials. The students have the ability to work together to merge the topics 

together and learn how to work with each other.  

-  Identify gaps and problems within current education and companies, regarding to 

4.0 relevant topics. 

- Independently enter a professional and interdisciplinary collaboration across the 

organization and current professional boundaries, with a view to implementing 

product development, and assuming responsibility within for the framework of a 

professional ethic. 

- Handle innovative, complex and development-oriented problem solutions for design 

and applications of technology in an industrial setting. 

 

13) 4.0 Capabilities & Competences: Skills 
- Use tools and techniques for measuring and managing performance of activities that 

cross both geographical and organizational boundaries. 

- Initiate performance improvement programs and their implementation in 

contemporary extended enterprises. 

- Use robotics programming tools 

- Coding of an Arduino circuit board 

- Making an own original design for the robot each one in a different material 

- Shaping, design and construction of industrial products or technology problems on 

level of EQF4 and EQF5 

- Communicate challenges and tasks within different types of professions, disciplines 

and qualifications 
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- assess practical and theoretical issues in the meaning and application of concepts 

in context of developments in technical language and technology as well as justify 

and select relevant concepts 

- Convey practical and professional problems as well as solution models to peers, users 

and partners from a business context, including environment and sustainability 

considerations in product development. 

- Use tools and methods to identify and analyse the implications of technological issues 

regarding construction, manufacturing, using this analyse to investigate integration 

of products and systems. 

 

14) 4.0 Capabilities & Competences: Knowledge 
- Understand complexity management principles and tool kits based on systems 

science and systems methodology. 

- Account for various orientations of companies’ operations systems (technology, 

innovation, cost, quality, flexibility) and can explain how these orientations affect 

performance management and control. 

- Understand risk types (both internal and external) and their impacts in extended 

enterprises. 

- Knowledge regarding digital and smart manufacturing, as this field is still relatively 

new and multidisciplinary itself. 

- The need to enrich the interdisciplinary knowledge was concluded from the industrial 

analysis, which pointed towards interdisciplinary knowledge as a necessity, where 

multidisciplinary is the enabler of implementing integrated systems rather than 

isolated stand-alone solutions. Furthermore, the digital mind-set of the 

manufacturing students can expand by the integration between manufacturing 

systems and ICT tools. 

- Applied theory and methods for the applications of digital manufacturing principles 

and industry 4.0 trends, concerning the enterprise organization and systems, and the 

ability to reflect up on the business implications. 

- Practical knowledge in Digitalisation and Automation. 

- In this pilot, our aim is to increase the knowledge of the automation- and IT-students 

on the topic manufacturing, namely on product documentation generated and tested 

as a virtual prototype.  
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- […]to enhance the interdisciplinary manufacturing knowledge for the automation and 

IT students and at the same time, increase the domain-specific skills of the 

manufacturing student. 

 

15) 4.0 Capabilities & Competences: 21st Century Skills 
- The need to enrich the interdisciplinary knowledge was concluded from the industrial 

analysis, which pointed towards interdisciplinary knowledge as a necessity, where 

multidisciplinary is the enabler of implementing integrated systems rather than 

isolated stand-alone solutions. Furthermore, the digital mind-set of the 

manufacturing students can expand by the integration between manufacturing 

systems and ICT tools. 

- The need to enrich the interdisciplinary knowledge was concluded from the industrial 

analysis, which pointed towards interdisciplinary knowledge as a necessity, where 

multidisciplinary is the enabler of implementing integrated systems rather than 

isolated stand-alone solutions. Furthermore, the digital mind-set of the 

manufacturing students can expand by the integration between manufacturing 

systems and ICT tools. 

- Can act professionally in agile production to optimize resource spending and 

economic results based on a holistic perspective and ethical consideration.  

- […] expand the digital mindset of the students, and teach them how to communicate 

with each other to fulfil a project 

- […] to broaden the automation view of the students. expand the digital mindset of 

the students and teach them how to communicate with each other to fulfil a project.  

- The general and continuing motivation of BIAT is basing on the digital skills of the EU, 

to enable learner and educators to be act as an active designer in digital society and 

to strengthen digital skills, linked to lifelong learning of students and educators. 

- Communicate challenges and tasks within different types of professions, disciplines 

and qualifications. 

- Encourage of media / digital literacy. 

- The student’s ability to integrate a digital and business mindset into their projects. 

- Handle innovative, complex and development-oriented problem solutions for design 

and applications of technology in an industrial setting.  
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 Summary and Outlook 

The successes are to be assessed through the presented heterogeneous experiences of the 

implementation and execution of the TEFFIC educational units, in that there are gaps in education in 

the context of Industry 4.0 and digitization between the requirements of authentic content, 

interdisciplinary communication and real needs. The goal of TEFFIC was and remains to prepare the 

learners and teachers for the real developments in a sustainable and practical way. The generation 

and derivation of authentic relevance of 4.0 topics are a basis and necessity for the future-oriented 

design of educational measures, beyond mere simulations and for all qualification levels. 

 

 

In the code hierarchy of heat-map, the quantity of the coded evaluation categories of the TEFFIC 

learning units is visualized by the size of the dots / balls or in the size of the lines (see relational code 

lines). The codes Authentic Use & Practice Base, Relevance and Authenticity Level 4 and 4.0 Content 

and Topics summarize and frame the core needs for future educational frameworks and for  
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the didactization of the 

context of Industry 4.0, that 

always needs to be designed 

in a relevant, authentic and 

practical way in order to 

develop future competencies 

and establish reference 

knowledge for the young 

professionals and lecturers 

too.  

After lemmatizing the 100 

most frequently mentioned 

terms in the written representations and results of the TEFFIC pilots of all TEFFIC-partner institutions, 

the success of TEFFIC can be presented in a word cloud as follows, which can be the qualitative 

ingredients for a successful educational framework for future Industry 4.0 capabilities.  

 

Word Cloud TEFFIC 
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 The TEFFIC Educational pilots 

 Global Business Performance, AAU - Aalborg university DK – [Spring 2020] 

 

 

 

DESCRIPTION OF THE PILOT - SUMMARY 

This case addresses the course Global Business Performance at Aalborg University, which is taught in 

the master programme Operations and Innovation Management on the second semester. This specific 

course focus on addressing business performance issues at various levels (individual performance, firm 

performance and network performance). During the course, various models, theories and tools are 

presented to the students on how to assess and improve performance. 

The GBP course has a workload of 5 ECTS. The course currently covers the following 8 lectures; 1) 

Supply Chain Performance, 2) Individual Performance, 3) Decision-Making in Supply Chains, 4) Activity-

based management, 5) Total Cost of Ownership, 6) Target Costing, 7) Strategic Cost Management, and 

8) LEAN and accounting. 

The course currently focuses on process-based improvements and techniques, with limited focus on 

the technical solutions and opportunities that is achievable with the introduction of Industry 4.0. The 

course cases and examples are in need of representing the digital reality. The same can be said of the 

educational methods applied, which are outdated in terms of enhancing learning. 

The aim of this pilot is to introduce new teaching approaches into the course to reduce the gap 

between what is taught theoretically and what can be applied in real world problems by the students. 

The success criteria are: 

• More relevant and applicable cases and examples 

• Students with enhanced learning and elimination of teaching gaps 

• Better teaching methods, that engages students. 

 

KNOWLEDGE 

Understand complexity management principles and tool kits based on systems science and systems 

methodology 
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Account for various orientations of companies’ operations systems (technology, innovation, cost, 

quality, flexibility) and can explain how these orientations affect performance management and 

control 

Understand risk types (both internal and external) and their impacts in extended enterprises 

Understand the principles of value stream costing, using value stream mapping and business process 

re-engineering 

Understand and can explain value engineering, target costing and chained target costing in 

cooperation between the focal company and its 1st, 2nd, etc. tier suppliers 

Understand total cost of ownership (TCO), differentiated on the basis of product-/supplier type, 

techniques in the form of ‘Monetary-based method’ (Activity Based Cost Systems), ‘Cost-ratio/value-

based method’ and ‘Mathematical programming decision model’ 

Understand and can explain supply chains financial and non-financial performance and its sensitivity 

as a function of the market and selected divide between push and pull operations 

Understand and can explain conflicting and colliding cases of Lean and the company's financial 

management and reporting, as well as possible solutions, including financial reporting that complies 

with Lean's seven waste categories. 

 

SKILLS 

Conduct analysis and evaluation of operations performance in the context of extended enterprises 

Use tools and techniques for measuring and managing performance of activities that cross both 

geographical and organizational boundaries 

Initiate performance improvement programs and their implementation in contemporary extended 

enterprises 

 

COMPETENCES 

Identify and diagnose problems with performance management systems in contemporary extended 

enterprises 

Conceive appropriate performance management system designs 

Take responsibility for implementation and control of operations performance management systems 

in contemporary extended enterprises 
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KPIS AND HOW THEY ARE MEASURED 

• The students’ ability to relate to more applicable examples and cases 

o This is examined by qualitatively assessing the feedback from the prior years (2018/19) 

with the pilot (2020) – i.e., qualitative feedback has been continuously collected 

following each lecture since Spring 2018. 

• The students’ enhanced learning and elimination of teaching gaps 

o Notes from exam (2018/19 compared to pilot 2020) is qualitatively compared towards 

which areas did the students struggle with. 

o Quantitative analysis of grades for 2018/19 to pilot 2020. 

• Better teaching methods that engage students 

o Measured by examining the % of students that have actively answered questions to 

the reading/viewing/listening material prior to classes 

o Number of new teaching methods 

o This is examined by qualitatively assessing the feedback from the prior years (2018/19) 

with the pilot (2020) – i.e., qualitative feedback has been continuously collected 

following each lecture since Spring 2018. 

 

IMPLEMENTATION OF THE EDUCATIONAL FRAMEWORK 

Various methods are used for the different classes 

• flipped classroom,  

• blended learning,  

• group work, 

• cases,  

• and active learning. 

Most one-way communication / lectures are recorded and viewed in advance. 

Increased used of various digital tools: 

• Videos 

• Podcasts 

• Articles (Academic, books chapters, news) 
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RESULTS AND EVALUATION  

The pilot was implemented according to the plan in the Spring of 2020, all changes were implemented 

and tested. Due to the COVID-19 lockdown, half of the courses were held as online seminars, for which 

qualitative feedback was not collected. Thus, the qualitative feedback received after each lecture is 

limited to only four lectures, while the semester reports cover the entire timeline, with one being prior 

to the lockdown, and two conducted during the lockdown. 

The assessment of the goal of increasing the students’ ability to relate to more applicable examples 

and cases, it was found that the students enjoyed the cases, and even requested more. They were 

asked to share their own experiences from their projects with companies, which further added to the 

number of examples presented. The use of videos and podcasts gave another view on the cases and 

was rated higher than standard cases in articles. 

To assess the students’ enhanced learning and elimination of teaching gaps another approach than 

planned was used. Here, three students who due to failed exams took the class in both 2019 and 2020 

were interviewed. During this interview, they were asked about the changes made to the course, and 

how it improved their learnings. The most iterated point was the ability to re-watch the videos at their 

own time as many times needed, as some learning points was difficult to understand the first time. 

They iterated that they might miss some points during the lecture, or forget point prior to the lecture, 

but the ability to re-watch these videos was the key change. Several of the other initiatives were also 

rated highly, the reflective questions they felt forced more people to prepare, which in the end lead 

to better lectures as more people engaged in discussions and this provided additional insights. 

To assess the goal of using better teaching methods that engages students, several aspects can be 

evaluated. The design of the course asks the students to write reflective comments and questions for 

articles, videos, cases and podcasts during their preparation. Here, it was found that on average, 56% 

of the students had answered those questions prior to the start of the lecture. Since the task was not 

asked for 2019, it is difficult to compare, but the experience is that the preparation for this semester 

was significantly higher than in previous years. All lectures had elements of blended learning, where 

students were asked to prepare prior to the lecture, with more discussing during the face-to-

face/online lecture. One lecture was held as a flipped classroom, where each group was assigned 

reading material and would have to present to the other groups during the lecture. Generally, the 

comments from the collected post-its and the semester evaluation reports were positive. 
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Picture from an online video introducing our FESTO CP Factory production line in the lab, and how it 

helps manufacture products with high variance.  

 

 Product Development, AAU - Aalborg University [Fall 2020] 

 

 

 

DESCRIPTION OF THE PILOT – SUMMARY 

This case addresses the course Product Development and Production Preparation (PPDP) at Aalborg 

University, which is taught in the bachelor programme “Global Business Engineering” (GBE) on the 

third semester. The GBE program focuses on operations and supply chain management, but also 

includes several related fields such as marketing, accounting and strategy. The PPDP course has a total 

workload of 5 ECTS with equal distribution between product development and production 

preparation. The course teaches the students a structured method for designing and developing 

products and subsequently how to plan and prepare a production for the product.  

The course already exemplifies to the students how production limitations should be considered 

during product development, and how product choices affect the choice of production technology. 

However, with the emergence of industry 4.0 and the increasing pace of innovation within 
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manufacturing technologies, this pilot aims at explicitly addressing the opportunities (and challenges) 

imposed by industry 4.0 on product development.  

The success criterions of this pilot are to enhance the students’ awareness of Industry 4.0 technologies, 

and that the students gain basic knowledge on how industry 4.0 technologies can support rapid 

product innovation. 

 

KPIS AND HOW THEY ARE MEASURED 

Based on the aim of the pilot, three KPIs have been identified. The three KPI are: 

KPI 1: The student’s awareness of Industry 4.0 implications on product development 

• Measured through multiple choice quiz during the lectures, and/or through question(s) in the 

written exam 

KPI 2: The student’s awareness of Industry 4.0 technology 

• Measured through multiple choice quiz during the lectures 

KPI 3: The students get more hands-on experience and consequently feel more engaged in the 

course 

• Achieved by including a mini-project in the course with sufficient time for guided mini-

project work 

• Enabled by transitioning to a mix of class-room lectures and self-study video lectures.  

• Supports the pilot’s aim to include aspects of Industry 4.0  

• Measured through qualitative interviews with the students 

 

IMPLEMENTATION OF THE EDUCATIONAL FRAMEWORK 

Educational activity sketch: The course consists of 10 lectures, where five lectures are on product 

development (focus of the case). Out of these five lectures, we will assign in this pilot one of these 

lectures to the topic of I4.0 and its implications on product development. The pilot will also introduce 

a mini project serving as a continuous exercise for the students to apply the theory and practice taught 

at each lecture. This includes hands-on work with I4.0 perspectives and managing the implications in 

the mini project.  

To allow one out of five lectures to focus on I4.0 and to offer enough guided interaction time for the 

mini-project, it is necessary to free up time in the ordinary lectures. To accomplish this, some 
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supplementary topics will be moved from class-room lecturing to an online learning format (video 

lectures, flipped classroom, blended learning, etc.). Although not explicitly part of the pilot scope, 

this will be a prerequisite for implementing the pilot.  

The pilot will apply the following elements:  

• Classroom lectures – used to cover the core process of product development and the new 

topic of I4.0 

• Video-lectures – used to cover supplementary topics, allowing students to spend more of the 

instructor time on mini-project work. 

• Flipped-classroom – used to some degree in the teaching of the I4.0 topic.  

• Mini project – used to give the students hand-on experience with product development 

including the implications from I4.0, and furthermore increase their engagement and 

motivation.  

 

RESULTS AND EVALUATION  

KPI 1: The student’s awareness of industry 4.0 implications on product development 

• After the course exam, the students were asked to participate in an online multiple-choice 

quiz. The quiz was designed with five questions addressing KPI 1 and five questions 

addressing KPI 2.  

• The students were asked to take the quiz without any prior preparation, and complete it 

within 5 minutes, prohibiting them from searching for the answer in the course material. 

Thus, the results should reflect the readily available knowledge that they gained from the 

course.  

• Detailed results from the quiz are shown (see table below.)  

• The average score across the five questions and across all participants were: 76,9% correct.  

KPI 2: The student’s awareness of industry 4.0 technology 

• The average score across the five questions and across all participants were: 75,2% correct.  

KPI 3: The students get more hands-on experience and consequently feel more engaged in the course 

• A mixed/blended learning approach was implemented, turning supplementary topics into 

online self-study topics supported by online video lectures. Consequently, the duration of the 
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ordinary class-room lectures was cut down to below 1 hour, giving the student more of the 

allocated time for the lecture to focus on their mini-project.  

• A mini project was introduced, giving the students hands-on experience with developing 

products. The “charter” used was for the students to develop an “intelligent product to aid in 

the fight against Covid19”. In other words, their “product” should 1) address some market 

need created by the Covid19 pandemic (being big or small), and 2) it must include some sort 

of connected/smart solution. 

• Due to the impact of Covid19 restrictions, lecturers were not allowed to visit students in their 

group rooms. Consequently, the intended level of interaction with the students were not 

achieved.  

• In three informal interviews after the course conclusion, the students found that: 

• The mini project increased their motivation to follow the course. 

• The mini project increased their effort in the course. 

• The mini project helped tie the Industry 4.0 lecture well into the general product development 

process. 

• Corona restrictions, partly virtual lectures, and limited direct interaction with the lecturer had 

reduced the anticipated impact of the mini-project.  

 

Table: Results of multiple-choice quiz used in evaluation of KPI 1 and 2 for the pilot in product 

development.  

 

KPI Question highlight Avarage across participants 

1 Which of the following concepts affect the product 
development process? 

93.4 % 

1 Key aspects of "smart products" are … 80.2 % 

1 For a "smart" product to succeed on the market, it must … 76.9 % 

1 Servitization is the concept of ... 49.5 % 

1 The increased pace in technology innovation is like to … 84.6 % 

2 What entails a "Cyber Physical System"? 67.0 % 

2 Which of the following is NOT a technology prospected to be 
a central part of Industry 4.0? 

80.2 % 

2 Which industries are best suited for Industry 4.0? 100 % 

2 The concept of industry 4.0 focus on … 54.9 % 

2 A smart factory must be ... 73.6 % 
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 . Digital manufacturing – TalTech – Tallin University of technology EST [Spring 

& Autumn 2020] 

 

DESCRIPTION OF THE PILOT – SUMMARY 

This pilot represents a course named: Digital Manufacturing that is taught at the educational 

programme of “Product Development and Robotics” in TALTECH. Students from design, 

manufacturing, ICT and logistics (EQF level 5), and secondary school graduates can enrol into this 

educational programme. The education is at EQF level 6 (bachelor’s degree) with a total study load of 

180 ECTS in the nominal study period of six semesters (3 years). This pilot is a 6 ECTS course, taught 

during the 3rd semester under the module of Machine Control.  

In this pilot, our aim is to develop the knowledge and skills for the applications of digital manufacturing 

principles that can be useful in the enterprises. The topics covered during the course are: Industry 4.0 

trends and future technologies, Introduction to Virtual Reality (VR) and Augmented Reality (AR), cyber 

security in digitalization, understanding of automated production systems and layout creation in the 

virtual environment, digital Manufacturing tools to support robotic process simulation, and Machine 

Vision: recognition of technological objects. The pilot includes three hours class per week that 

combines 1.5-hour lecture and 1.5 exercises. Lecturers start with theory part and support with case 

studies and best practices on digital manufacturing.  

The success criterion of the pilot is to enhance the interdisciplinary knowledge regarding digital and 

smart manufacturing, as this field is still relatively new and multidisciplinary itself. The competencies 

among the manufacturing students should still be expanded, with topics that they were not familiar 

beforehand, while also bridging the knowledge gaps between the other fields.  

The need to enrich the interdisciplinary knowledge was concluded from the industrial analysis, which 

pointed towards interdisciplinary knowledge as a necessity, where multidisciplinary is the enabler of 

implementing integrated systems rather than isolated stand-alone solutions. Furthermore, the digital 

mind-set of the manufacturing students can expand by the integration between manufacturing 

systems and ICT tools. 
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The course, Digital Manufacturing, is based on the following learning goals from the curriculum: 

 

KNOWLEDGE:  

Applied theory and methods for the applications of digital manufacturing principles and industry 4.0 

trends, concerning the enterprise organization and systems, and the ability to reflect up on the 

business implications.  

Develop knowledge of the practical and theoretical contents during a group/project work.  

 

SKILLS:  

Use tools and methods to identify and analyse the implications of technological issues regarding 

manufacturing and logistics, and to investigate the integration of product, process and information 

systems.  

 

COMPETENCIES:  

Handle innovative, complex and practical-oriented problem solutions for production and applications 

of technology in an industrial setting.  

Identify own learning needs and develop knowledge skills and competences in their own discipline as 

well as interdisciplinary 

 

KPIS AND HOW THEY ARE MEASURED 

Based on the aim of pilot, three focus areas are identified and consider to be viable, through KPIs. The 

three focus areas are: 1) The student's ability to identify new learning needs related to digital 

manufacturing, 2) the student's ability to integrate the use of digital manufacturing tools into their 

project, and 3) Organization of the course/pilot study.  

Identified KPIs and methods for measuring 

1. The student's ability to identify new learning needs related to digital manufacturing  

o At the start of the course, the students are asked to identify their own learning needs and 

expectation in writing. The students own identified learning needs are afterwards 

compared to the results of a project report (prepared by students) at the end of the course. 

2. The students’ ability to integrate the use of digital manufacturing tools into their project  

o During an evaluation after the course, the students’ ability to integrate the digital 

manufacturing tools in the production process development is evaluated by the lecture 

and/or an examiner with experience from industry. 
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3. Organization of the course/pilot study 

o Through a mandatory institutional evaluation after the semester, the students are asked 

to evaluate, how the course is organized and how it can be improved in future.  

 

IMPLEMENTATION OF THE EDUCATIONAL FRAMEWORK 

Educational activity sketch: The course consists of 16 lectures, a lecture per week. Almost each 

lecture relies on a computer-based classroom, where the students will have to gain knowledge by 

using course relevant software applications, and the lecture will be targeting – discussion, hands-on 

experience of digital tools and supervision.  

In the first lecture, the lecturer introduces the content of the course, including the tasks. 

Furthermore, the self-study for all lectures will be presented, consisting of reading materials and 

videos material.  

In the remaining lectures, the students are expected to have prepared for lecture, and the task of the 

day will be presented. The task will show a detail of the specific digital manufacturing tool and 

technique, and part of the assignment is to describe how these sub-tasks can be applied to them. 

Project. 

 

Relation to Authentic Task Design: The educational framework is implemented through a case with 

an ill-defined output, which the students must integrate into the course project report. The course 

takes place over the 16 weeks, which lets the students investigate the problem field for several 

different perspectives and describe and implement relevant course material into their semester 

projects. 

Groups formed by the students solve the task, concerning both personalities (tested by the Insights 

profile tool) and based on their backgrounds. The case topic is the use of studied digital 

manufacturing tools and techniques to solve the task and compile a report. Students will gain the 

opportunity to implement their domain-specific knowledge into the project report. 

 

Elements: The learning process is iterative, as the students will get an overview in the first lecture, 

and the knowledge will be expanded in each lecture in the same topics.  

• Blended learning and computer-based class – the students will receive learning content online 

through a TalTech Moodle environment so that they can have access to the study material 

during the class. This gives room for more insightful feedback.  

• Supervision and feedback – The reflection will be facilitated through feedback, both in class 

and online TalTech Moodle platform by TalTech SIS – Study Information System. 
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• Simulation with context – The students will meet the context either physically, or through 

TalTech Moodle environment, or in the computer-based class 

 

RESULTS AND EVALUATION  

The pilot was executed as per plan. However, there were some changes in terms of organization due 

to the COVID-19, as our university decided to adopt hybrid learning and encouraged the online 

lectures instead of regular physical studies. We turn to online lectures and exercises via MS Teams, 

students responded the change effectively and adopted the online environment quickly. The course 

included the topics of Introduction to Industry 4.0 and related technologies, Introduction to VR/AR, 

3D layout configuration and simulation, Machine vision – recognition of technological object. Each 

topic associated with an online quiz or a practical assignment (solve a case study – authentic task), 

students need to do the assignments with the help of a particular software application. Hence, there 

is a learning of a software application and task to perform in that application. Finally, students 

combined and linked their all assignments and prepared a report (project report) as a group work. 

TalTech Moodle (e-learning) platform was used to for sharing the study material and assignments. 

The submission of assignment and quizzes attempt were also organized via TalTech Moodle. 

Moreover, TalTech Moodle use to communicate the grading and feedback to the student works 

which was convenient and instant for both teacher and students.  

Students able to learn: how to create a digital environment for virtual reality, how to configure a 

robotic cell layout for production scenarios and simulate them, how to use machine vision 

application for objects detection. Furthermore, they able to gain the knowledge of application and 

importance of Industry 4.0 and related technologies and how it can impact the business of a 

company in future. Computer lab and FMS & robotic demo centre (flipped classroom environment) 

were used to carried out these learning activities. But due to the COVID-19, mostly learning/teaching 

organized online, therefore, students provided the software application license key and other 

sources for the access of required applications to complete their assignments.  

Students showed positive intend to learn different digital tools, taught during the course and able to 

relate those tools for industrial application. Also, students actively participated in the learning of 

digital tools that were used for the organization of the course. 
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1) Identified learning needs related to digital manufacturing course at the beginning 

Students’ background: Product development and robotics  

Students’ expectation and learning needs  

• To get more knowledge about digital manufacturing and Industry 4.0 

• To find some simple and cheap ideas to develop in our company 

• AR/VR basics. Object/person recognition and identification. 3D modelling basics 

• To get new knowledge and have a great teamwork 

• To learn new fascinating skills to use in the future 

• To see machines working with AR/VR 

• Do have better knowledge about digital technology/Industry 4.0 

• I hope, I can understand everything, I learn 

• Learn how to use new software and in which way the industrial processes are getting 

more automatized 

• I would like to learn how to implement new computer technologies into industrial 

manufacturing processes. 

 

Students’ background: Integrated Engineering, Robotics, Mechanical Engineering  

Students’ expectation and learning needs  

• I expect to have more practice than lectures and something connected to robotics  

• To know more about digital technology 

• Learning VR and AI  

• Engineering mind 

• Learn practical things or learn how to use some software etc. hands-on learning. 

• A better understand of digital and manufacturing application 

• I would like to gain some practical knowledge in Digitalisation and Automation 

• Learn how to develop digital system in manufacturing 

• Everything that teachers teach 

• How to make games 

 

2) Students’ ability to integrate the use of digital manufacturing tools into their project 

Students’ background: Product development and robotics 

• Total number of students participated  32 

• Completed the course successfully  28 

• 87.5% positive results 
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• 47% with maximum grades 

 

TalTech Student results Product development and robotics 

 

Students’ background: Integrated Engineering, Robotics, Mechanical Engineering  

• Total number of students participated  41 

• Completed the course successfully  33 

• 80% positive results 

• 73% with maximum grades 

 

3) Organization of the course / pilot study 

Feedback after the course by students. Some comments from students: 

Students’ background: Product development and robotics 

o “The knowledge acquired during this lecture has been really important to enrich the 

actual basics of Industry 4.0, I have learnt that the word Digital Manufacturing has a 

really large range of knowledge behind.” 

o “During the course we learned a lot of new things, it was also quite surprising to see, 

what we can do in manufacturing virtually. It did give us a good experience and overlook 

of how we can save time and do every detail virtually.”  

o “We were able to try out some technologies related to Industry 4.0, in this process we 

also learned about the difficulties that can occur during the learning without prior 

knowledge of IT programming.”  
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o “We would like to say that this course and all the homework topics were interesting and 

useful. We learned a lot of new things and learned how to use several programs.”  

o “My knowledge on Industry 4.0 and digitalization has been enhanced hugely. It has also 

to be said that I did not have any previous knowledge about it and I have discovered 

some tools that I find really useful.” 

o “This course was fun. We have learned so many new things and to use new programs. 

We have done programming, Unity, AI training, robot simulations in Visual components, 

learned about industry 4.0 and many other things.”  

o “The course gave a good overview of digital manufacturing methods that will be useful in 

the future. My recommendation is to assign more lessons to machine vision task, as 

many students who have no IT background had problems to understand.” 

 

Students’ background: Integrated Engineering, Robotics, Mechanical Engineering 

o  “I was able to achieve all the goals of this course and more. It exposed me to what 

integrated engineering is truly about which is the integration of modern technologies 

into modern day engineering.” 

o “I am highly impressed with the learning outcome of this course. However, more 

practices should be organized for visual component and machine vision learning. The 

videos sent to students on visual components simulation and yolo machine vision task 

was quite useful; I will recommend more videos of such be introduced.” 

o “In general, I liked this course as it gives experience in software programs.” 

o “Overall, all of the home assignments were useful due to the fact that they were related 

to very specific places of implementation of technologies.” 

o “Due to the COVID-19 situation, actually visiting the company was not possible this time. 

If available, it would benefit more to understand real world industry issues and 

approach.” 

o “I can honestly say that this course shows the sense of Integrated Engineering program, 

because it connects engineering and digitalization.” 
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Examples & Insights 

 

Example of a student’s assignment related Virtual Reality (VR) 

 

Example of a student’s assignment related to robotic layout configuration and simulation for virtual 

production environment  

 

 

Demo center (lab) for hands-on experience of VR related tasks 
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Example of a student’s task related to Machine Vision – object detection 

 

 

 Continuing education in Industrial Digitalization for skilled workers, FTO 

Kongsberg / Fagskolen Viken NOR [SPRING & Autumn 2020] 

 

Description of the pilot – summary 

The case is a 30 ECTS course in Industrial Digitalization branded as “Industrifagskolen” (“The Industry 

College”). The course was developed in 2019 as a joint project with Norsk Industri (The Federation of 

Norwegian Industries) and Fellesforbundet (The United Federation of Trade Unions) supported by the 

Norwegian government through Kompetanse Norge (Skills Norway). 

The course has three modules of 10 ECTS, and the selected pilot cover the subject “Agile Production”. 

The bordering subjects are “Internet of Things” and “Industrial Intelligence”. It is a part of FTO’s 

department for Industrial Digitalization bordering the regular fulltime and part-time (online) studies.  

The course was planned and partly completed as on campus training one day per week. Due to the 

Corona outbreak the last third of the course was completed as online training according to the “flipped 

classroom” model complemented by synchronous tuition. 
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The course, Agile Production, is based on the following learning outcomes from the syllabus: 

 

KNOWLEDGE: 

• Logistics and communications 

• Machine authonomy and Robotics 

• Material handling 

SKILLS: 

• Use 3D modelling software 

• Use robotics programming tools 

COMPETENCIES: 

• Can establish relations to fellow professionals within the field of agile production and relevant 

external stakeholders such as government regulators 

• Can act professionally in agile production to optimize resource spending and economic results 

based on a holistic perspective and ethical considerations 

KPIs and how they are measured 

The following KPI’s was measured through a survey after the completion of the course: 

• Compliance between experienced and announced learning content  

o After the course the students are asked to rate their opinion of how they experience 

the learning content towards their expectations on a scale from 1 to 5 were 1 is Totally 

agree and 5 is Totally disagree 

• Quality of learning processes 

o After the course the students experience of the learning process was measured by 

seven positive statements regarding aspects of the learning process. The students 

provided feedback by rating their agreement with the statements on a scale from 1 to 

5 were 1 is Totally agree and 5 is Totally disagree 

• Perceived quality of lectures and tutorials 

o After the course the students experience of the learning process was measured by 

three positive statements regarding aspects of lectures and tutorials. The students 

provided feedback by rating their agreement with the statements on a scale from 1 to 

5 were 1 is Totally agree and 5 is Totally disagree 

• Compliance between achieved learning outcome and the learning needs 
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o After the course the students experience of the learning process was measured by 

three positive statements regarding aspects on how the learning outcome have 

contributed towards their professional development. The students provided feedback 

by rating their agreement with the statements on a scale from 1 to 5 were 1 is Totally 

agree and 5 is Totally disagree 

 

Implementation of the Educational Framework 

The educators allocated to the course, a total of 3, was presented with the educational framework. 

First as written articles and the through the e-learning portal. The pilot was planned according to the 

principles of the framework, including the transition to online training due to the corona outbreak. 

The course has consisted of 18 lectures and tutorials. The lectures have been presented as flipped 

classroom and the tutorials have been centred on authentic tasks. The exercises have also been on 

authentic tasks, and the composition of the student teams have been influenced by the principles 

presented in the TEFFIC pedagogic framework. The course was kicked off by a physical gathering of 

four days, the rest of the coursework have been net-based, so the principles of blended learning has 

been applied and simulations have been a part of the exercises. 

Results and Evaluation  

Spring course: 

 

• Feedback from educator: The modules are really well made; informative, structured and not to 

long 

• The results were affected by the corona situation 

Autumn course: 
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Reflection: 

• The autumn course started with a physical convention of four days following online learning 

after a flipped classroom model. Another four days physical convention was planned by 

midterm, but this was replaced by an online convention with synchronous lectures and 

mentoring. 

• The evaluations show a 0,7-point drop in the experienced learning content versus the 

announced (towards the spring results). This may be attributed to a communication breach 

before training, as the content was the same.  

• The quality of the learning process is still reported as high, although there is a 0,1-point drop. 

This is within the error margin, so it may be deemed insignificant. The same is the case for the 

perceived quality of the lectures and tutorials, where there is a 0,1-point increase. 

• The Compliance between achieved learning outcome and the learning needs have a 0,2-points 

increase. 

• In general, the students give the quality of learning process a high score despite the fact that 

it to a large extent takes place online. The focus on authentic tasks, and the application of the 

other elements of the pedagogic framework, is attributed to this success. 

 

 

 MEGATRONICA – TMMA T- THOMAS MORE University of applied siences, BE 

[Spring & Autumn 2020] 

 

DESCRIPTION OF THE PILOT – SUMMARY 

This pilot at Thomas More is a course at the educational programme “Electromechanics”. The 

education is at EQF level 6, with a total extent of 180 ECTS. This pilot is part of a 3 ECTS elective course 

in information technology, during the first semester (the programme is 6 semesters in total).  

In this pilot, our aim is to integrate the basic knowledge of robotics. The students will be getting in 

touch with programming, mechanics and materials. The intention of the project is that the students 

are able to make their own personal robot. The first lessons are an introduction to the theory, followed 

by a hands-on exercise. Later on, they will be able to start working on the project in group. 

The success criterion of the pilot is to broaden the automation view of the students. expand the digital 

mindset of the students and teach them how to communicate with each other to fulfil a project. The 



 

40 

 

competencies to use their acquired knowledge about robotic skills in collaboration with the common 

sense how to assemble certain components together aims to act as a demonstration of the capabilities 

of integrated systems. This is a topic that they were not familiar with beforehand in a construction 

context.  

The students are having a lot of theoretical courses the first semester the main of this project is to 

combine the practical side of every theoretical course. In the project there is a part robotics, 

electronics, mechanics and knowledge about materials. The students have the ability to work together 

to merge the topics together and learn how to work with each other.  

This goal corresponds with the industrial analysis, the importance of maintaining knowledge and 

implementing it in their own way in a project was a requested skill by the industry.  

The course, Megatronics, is based on the following learning goals from the curriculum: 

KNOWLEDGE:  

• Programming  

• Electronics 

• Material properties  

 

SKILLS:  

• Interpret and assemble electronics  

• Coding of an Arduino circuit board  

• Making an own original design for the robot each one in a different material 

 

COMPETENCIES:  

• Acquire knowledge about electronic components and adept in the project 

• Obtain a beginning knowledge of programming, first programming in blocks, later on in text 

• Implementing the cognizance of material properties and mechanics to build the body of the 

robot 

 

KPIS AND HOW THEY ARE MEASURED 

Based on the aim of pilot three focus areas are identified and operationalized, thorough KPIs. The three 

focus areas are: 1) The student's ability to identify new learning needs related to robotics, 2) the 
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student's ability to integrate electronics into their project, and 3) The student’s capability to convert 

the theoretical knowledge into practical skills.  

Identified KPIs and methods for measuring: 

1. The student's ability to integrate electronics into their project 

• The students need to make a working robot that at the end of the semester most 

discard a competition course. If the electronics are not well put together the robot will 

not be able to complete the course so no points can be given.  

2. The student’s ability to identify new learning needs related to robotics 

• At the end of the semester the students will have to discard a not determined in 

advance course. Every obstacle they conquer will be awarded with extra grades.  

3. The student’s capability to convert the theoretical knowledge into practical skills.  

• The students will all have to make a body for the robot. At the end of the semester, 

they hold a presentation about how and why they assembled the robot as they did. 

Afterwards there is a defence where the lector asks questions, and the students can 

show there acquired knowledge and insights. 

 

IMPLEMENTATION OF THE EDUCATIONAL FRAMEWORK 

Educational activity sketch: The course will consist of 12 lectures. The first lectures will rely on the 

lector that guides the student through the electronic components, and they are showed the basic 

principles of programming. Afterwards they are put together for a project work where the students 

will have to gain knowledge themselves through research. The lecture will be targeting discussion, 

reflection and supervision.  

In the first lecture, the lecturer introduces the program, and hands over the components to be used. 

Furthermore, the self-study during all lectures will be guided by a lector, videos and provision of 

computers in the classroom. 

In the remaining lectures, the students are expected to work in group on the project. They will have to 

give feedback about how the groupwork is progressing. 

 

Relation to Authentic Task Design: The educational framework is implemented through blended 

learning. The students will have to do research online to be able to acquire knowledge how to finish 

the project. This will take place in a classroom where a teacher is able to guide the students if there is 
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something wrong. But the main goal is to search in group how they to implement the obtained 

knowledge through other courses and research online and in the library.  

Groups formed in collaboration between the lecturer and the students solve the task, concerning both 

electronics and programming.  

The output will be a line follower robot, which is a finished product on its own. It will be evaluated in 

the half of the semester and at the end. Reflections and feedback will be continuously be given. The 

students will assess each other during the project, allowing for competing products.  

 

Elements: The learning process is iterative, as the students will get an overview in the first lecture, and 

the knowledge will be expanded in each lecture in the same topics.  

Blended learning – the students will have to do their own research and implement it in the project. 

Supervision and feedback – The reflection will be facilitated through feedback and an interim exam 

that way the students are already rewarded and encouraged. 

Creation of groups – Students will have the opportunity to work on a certain social level, while also 

having the required skills to solve a given task.  

Context of simulation – Before the students will build the robot, they must put the electronics together 

in a simulation. In that way they are double thinking about the assembly. 

 

Results and Evaluation 

Through Covid the pilot was not executed as planned but took nevertheless a positive spin. Normally 

the students had to work together in the classroom and would have been able to execute test trails 

for their robot car. Due Covid the student could exercise the first 5 (out of 12) weeks. After that 

everything went in lockdown. The classroom environment was replaced by an online classroom and a 

replacement track was provided. Besides the provided track the students could choose to create their 

own track, this led to some really creative input/outlet of the students. They were also obliged to be 

present in the online meeting between class hours. It turned out that they find this structure very 

pleasant and that they could work in a more organized way.  
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The students had to make a body for the robot. Normally there is a ‘Makerspace’ available with 

(financed by the school) materials on the campus, this way the students could have developed the 

body. Unfortunately, it was closed by COVID-19. This presented a difficulty with materials. normally a 

certain material was specified per group for the body, this was changed to a certain movie theme 

steampunk, fantasy, each group was given a specific theme where they could choose the material in 

which they would built it in. this was changed so they could choose a material that didn’t cost a lot of 

money and could work with materials that they have at home. This again resulted in very original 

designs as you can see in the pictures. 
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It can therefore be concluded that despite the setbacks with Covid-19, the pilot was handled very 

well and positively.  

furthermore, the students themselves were also questioned about what they thought of the subject 

content itself. the questions are divided into three categories. The subject content, the teacher and 

open fill-in questions with what was found positive and negative. I’ll translate the questions bellow. 

The first part is together with another subject so it can sometimes give wrong images, this is then 

clarified in the third part where students can write freely. The part of the teacher herself is only 

about the subject of mechatronics. The average score of the entire training has also been 

implemented. The orange bar is the subject average and the blue bar represents the entire program. 

 PART 1: SUBJECT CONTENT 

  0. General  

1. During the course it was made clear what I had to know and be able to do at the end of this 

course. 

2. The different themes in this course were well coordinated. 

3. The study materials were good. 

4. The degree of difficulty of this course was acceptable. 

5. In this course there was no possibility to check to what extent I already mastered in the subject 

matter. 

6. The content of this course was relevant to the training. 
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7.  
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PART 2: EVALUATION TEACHER 

0. General 

1. The teacher prompted me to think about the course content. 

2. The Teacher’s explanations during the contact moments were clear. 

 

 

PART 3: free fill-in questions (parts CS does not apply on the pilot but provides more clarity with regard 

to feedback from part 1 & 2).  

a) Which aspects did you find negative about this course and should be changed? 

 

 

 

 

- Mechatronics: It was difficult to see what we did wrong on the test, it would have been 

nice to have broader feedback. 

CS: We had no lessons. 
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- Mechatronics: it has demanded more time from me than usual due to corona measures, 

among other things. That in combination with CS was not a positive experience for me. 

- CS: the professor has only taught 2 lessons before lockdown and has not taught anymore 

after that. 

- CS: From November onwards, lessons were no longer taught for computer systems and 

we had to do self-study. 

- CS: CS was a very difficult subject to study because we only had 1 lesson on this and the 

rest was self-study. During the lesson things are said/discussed that do not occur in a 

PowerPoint. 

 

b) Which aspects did you find positive about this course and should certainly be retained? 

 

- Mechatronics: The first lesson was told what we had to be finished the last day, a plan had 

been made, and each part was very clear on how many points it was and how it was 

assessed. 

- Mechatronics: The self-evaluation on canvas, the PowerPoints. 

CS: The short summary of the teacher. 

- Mechatronics: Project with robot cars. 

- Mechatronics: Project work. 

- CS: That we didn’t have to know certain parts of the course because of corona. 

- CS: Pleasant PowerPoint with computer systems 

Mechatronics: Good follow-up at mechatronics. 

- Mechatronics: The lab sessions were always very pleasant! 
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 Digitalisation and 4.0 in the Context of TVET and Skilled Work, Europa-

universität flensburg GER (Spring and Autumn 2020) 

 

 

DESCRIPTION OF THE PILOT – SUMMARY 

The case for the TEFFIC-project at the biat at the Europa-Universität Flensburg (Berufsbildungsinstitut 

Arbeit und Technik (short: BIAT)/ Institute of Vocational Education, Work and Technology) combines 

two courses in the in Master-study-programme. The “Master of Vocational Education at Vocational 

Schools” is basing on relevant academic qualifications, like the Bachelor (EQF 6), Master (EQF 7) or” 

old”-Diploma (EQF 7).  

The pilot consists of two courses are going to be developed / updated within the 4.0-domain and 

capabilities of the skilled workers (EQF 4) (see: EQF – European Qualification Framework for Lifelong 

Learning / CEDEFOP). In the case the students will get sensitized to focus the needs of 4.0-Changes 

(digitalisation and information, ICT, cross-disciplinary and international communication) at the 

companies, where skilled workers are employed or Vocational Schools.  

The currently described case for TEFFIC and the focus on topics in the context of 4.0 is not only tied to 

the project TEFFIC. It is a logical consequence of maintaining the quality of the academic education of 

vocational teachers and thus also the vocational training and education of skilled work itself. As the 

definition of the areas of research show, we identify areas of study that are relevant to vocational 

training / skilled labour at the same time. Consequently, the central idea of a humane, ecological, 

economical and sustainable organisation of education, work and technology, that provides a 

developmental understanding of vocational education, serves as a research integration field. 

This goal corresponds with the industrial analysis, which pointed towards interdisciplinary knowledge 

as a necessity (e.g., net competence). This case is defined as a typical educational setting for future 

vocational teachers. It`s their commitment to gain their knowledge and expand professional 

competences on current and future developments in work and technology being able to draw up 

future-oriented teaching and designing authentic tasks. The connotation with 4.0 and Digitalisation is 

underlining the sustainable educational mandatory of the BIAT, regarding to the current and future 

needs and challenges of TVET and the relevant work life of skilled workers. 

The master-student should be able to reduce didactics and address learning-content for their future 

learners – regarding to new technologies, cross-linked and interdisciplinary settings and ongoing 

changes within networking and digitalisation in work-life and society.  
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The case is about two courses / pilots / outcomes about the student experience and reflection of 4.0-

Work and authentic work environments of their future TVET-students. Mainly the students will end up 

with a report, that is basing on their vocational scientific findings. 

 

There have been executed two different type of two courses, its results and outcomes will be combined 

presented. Both have been executed in winter/spring 2019/20 and autumn 2020: four courses in total. 

 

Pilot 1 / Course 1 - Vocational-Specialisation-Project 4.0, is based on the following operative goals: 

• Focusing the working load of skilled workers in the current and the future digitalised 

working world of skilled workers / in companies, to develop their 4.-0mindset in the 

sphere of their future vocational students (e. g. to modify a FESTO-Unit (IoT and Smart 

Industry or Augmented Reality or modifying it with add RFID-Trackers, adding an APP 

or robotic etc.) 

• Recognizing of current research on 4.0-topics and future working settings; visiting 

SMEs or industry or fairs in the region or in the network of the stakeholders of the biat, 

to clarify current / future 4.0-settings and needs of companies and vocational schools 

(physically meetings have not been possible, due to the pandemic). 

 

The framing case and this course goals are to sensitise the master-students for 4.0-needs and 

to handle them as normal content for their future teaching of future skilled workers at 

vocational schools. It will be about enabling the teaching and design competence of an 

authentic task design for the teaching at TVET-colleges. For a sustainable education of 4.0-

settings in the work- and learning-life of skilled workers the master-students should able to 

switch perspectives from engineer to skilled workers to develop authentic settings in their 

TVET-practice at the vocational schools. 

 

Pilot 1 / Course 2 - Vocational-Training-Study 4.0, is based on the following learning goals from the 

curriculum: 

• Focusing the teaching of TVET-teachers: 

(e.g. a special task to create, execute and reflect an innovative competence-oriented teaching-

and learning-arrangement with their class of electricians, mechatronics etc. – regarding to 

relevant authentic 4.0-content) 

• Optimally, students analyse relevant 4.0 work and link it into a possible design of lessons, while 

describe the future needs of this element for TVET certain fields of skilled work (their future 

TVET-students) in the field of 4.0 and digitalisation 
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The general and continuing motivation of biat is basing on the digital skills of the EU, to enable learner 

and educators to be act as an active designer in digital society and to strengthen digital skills, linked to 

lifelong learning of students and educators. This intention, and the BIAT-reinterpretation of Net 

competence for 4.0, are basing on the key competences for LLL of the European reference framework 

for the personal fulfilment and development, through all eight competences (2006/962/EC : 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:32006H0962; 22.02.21). In the case-

courses biat-students focus one or some of these key competences / fields of sustainable 

competences, by linking to practical conversions of the all-day working world of their future vocational 

students and skilled work.  

 

KPIS AND HOW THEY ARE MEASURED 

KNOWLEDGE ABOUT 

• Future of vocational education and needs for TVET-Lecturers 

• 4.0 -Impact on academic and non-academic work and education of TVET 

• 4.0-Processes 

 

SKILLS WITHIN 

• Shaping, design and construction of industrial products or technology problems on level 

of EQF4 and EQF5 

• Reducing and didactization of content for TVET-students  

• Estimate theoretical and practical problems within the profession and propose solutions 

• Communicate challenges and tasks within different types of professions, disciplines and 

qualifications 

•  

COMPETENCIES TO:  

• Reducing and understanding complex, innovative and design-oriented problems and 

tasks in the real work life of skilled workers 

• Identify gaps and problems within current education and companies, regarding to 4.0 

relevant topics 

• Filling gaps with competence-oriented learning-units and content 

• Authentic task design for TVET 
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IMPLEMENTATION OF THE EDUCATIONAL FRAMEWORK 

Courses begin it a guidance of the professor, concerning the framing and introduction of the 

importance of authentic tasks and analyzation of skilled work, concerning to their future being as 

TVET-lecturers: 10 Units each course, but students need to present an outcome (report) until the end 

of the course via WEBEX to the course. The courses are completely self-directed by the students with 

the opportunity to get advices; support and collaboration opportunities by different types of staff via 

WEBEX:  

 

• Professor 

• Research Associates (pedagogics, engineers or experienced vocational schoolteachers) 

• Laboratory-engineers of the assignment is to describe how these sub-processes can be 

applied to their project. 

• TVET teachers  

• Possibilities of the biat-laboratories (analogy & digital). 

 

They students design their own groups and tasks, concerning to 4.0 and curricula of TVET. The 

students are fully responsible and in charge of their outcome. This must be a report / a product 

within the TVET-sector and concerning digitalisation, 4.0-developments and relevant working tasks. 

The lecturers do assist them, comparable with the concept of inverted classroom in the end they 

have to present their outcome, regarding the vocational sciences topics of: 

 - Scientific questions on authentic work life / needs 

 - methodology 

 - content 

 - process  

 - implementation and need for the TVET-sector / Task design for vocational students 

 

The courses are framed by the continuing challenges of the TVET-teachers: 

• Close link between labour market and VET 

• Delimitation between academic and nonacademic work 

• Continuing Need of rearrangement of methods for skills enhancement of TVET-lecturers 

• Qualifications research to develop / review / modernize TVET-curricula and strengthen TVET 

• Arrangement of learning facilities 

• Arrangement of classroom implementation / lesson planning 
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RELATION TO THE AUTHENTIC TASK DESIGN: Authentic Task Design is the core of the courses and 

linked to the self-definition of the BIAT-institute and didactization in TVET 

The educational framework, especially the Authentic task design approach, is going to get 

implemented by groups or single master-students. Their task is to analyse relevant work of skilled 

work, in the context of digitalisation and 4.0. The have to analyse relevant work and problems and 

/or design relevant tasks of the skilled work, concerning the EQF-level and the vocational 

specialisation of the skilled work / TVET-students at vocational schools. They need to put their 

analyses to the next and most relevant level of reflecting, concerning an authentic relevance for 

TVET. 

The output of the students will be broad as the vocational specialisations or the heterogeneous 

TVET-sector itself are.  

 

ELEMENTS: The learning process is iterative, as the students will get an overview of the need of 

authentic task design for their future work as TVET-teachers, concerning the TEFFIC-Framework, the 

theory of Netcompetence and 4.0 and their knowledge about skilled work and didactics of task 

design. 

Webinars: Support by the institutional lecturers and laboratory staff, regarding problems with 

content, equipment etc., concerning the task of designing their own authentic cases / tasks. 

Supervision and feedback – The reflection will be facilitated through feedback, both in the 

laboratories, but also in the webinars as well as during the presentation of the outcome of the 

students. The output will get evaluated by the responsible staff (professor, lecturers and laboratory 

engineers). Some of the outcomes of the students can also lead to the design and execution of 

master-thesis. 

 

RESULTS AND EVALUATION  

The two TEFFIC-pilots have been conducted according to the modified plan, due to the COVID-19 

lockdown of public institutions in Germany and the state of Schleswig-Holstein. The lecturers switched 

to online Webinars. But those have had the same function than the analogue courses at the institute: 

giving a first input about authentic task design and 4.0-context for the TVET-sector.  

The master-students reported positively towards both the content and the organisation of the course 

and the use of open assignments where they could implement their solutions to a real case (authentic 

tasks). During this Lockdown-semesters the students needed to analyse authentic work life of skilled 

workers or to design authentic task for vocational students.  
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The Master-students are reporting that the 4.0-contect is becoming less abstract, if they analyse it in 

the context of relevant work life (problems or situations), while focusing TVET-students or skilled 

workers.  

The real problem in gaining authenticity was, that during the COVID-19 lockdown, students have had 

no opportunities to visit SMEs or executing classical internship @ the vocational schools. Additionally, 

the possibility to use the laboratory-infrastructure at the biat-institute still is reduced / minimized. 

There will be no classical analogue course design in the whole university until the beginning of 2021. 

Students are not allowed to be in the university buildings, to avoid the mixture of different cohorts. 

 

Some topics of the student outputs: 

Some outputs / reports of the master-students are still in process. They timetable and deadline have 

changed in times of the COVID19-Lockdown. Here are some of the topics the students a researching 

for and still working at. Mainly they are all oriented to authentic task and needs or challenges of the 

TVET-sector: 

• Barriers at the learning venues of dual vocational training - A vocational science study on the 

challenges for refugees in the vocational specialisation of electrotechnology 

• Conception of an "additional / extra qualification Industry 4.0" for the vocational professions 

with specification in metal technology 

• Encourage of media / digital literacy in the context of vocational training in the professional 

field of information technology 

• Jump height measurement using the "Arduino" microcontroller system  

• Project report on the use of a Cisco wireless LAN bridge in the biat computer network of the 

University of Flensburg  

• Use of software-based IP-telephones as a learning vehicle in project teaching according to the 

learning theory approach of the Berlin model  

• Installation of a new Siemens Logo 8 in an existing, but not yet completed, automation system  

• Self-directed learning with TVET-students in information technology with ontologies as a tool 

and method 

• An empirical study on the relevance of communicative ability in trainees in the training 

profession "Information Electronics Technician" in English  

• Installation of the USB camera on the PRob2 and integration into the software 

• Digitalization in the sector of electrical craft 

• TVET-colleges and the challenge of decentral learning during times of Covid-19 
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EXAMPLES & INSIGHTS OF BOTH COURSES 

 

Development of a Smart Home Training Board for TVET, using Arduino Components 

 

Development of an App to Control a Smart Home Training Board by using App Inventor 
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Design of a digital instrument / cases for TVET-students with ET-specialisations: Authentic task: 

Programming of traffic lights 

 

 

 Product Development, UCN – university college northern Denmark DK 

(Autumn 2020) 

 

 

DESCRIPTION OF THE PILOT – SUMMARY 

This pilot at UCN is a course at the educational programme “Product Development and Technical 

Integration”. Students from manufacturing, IT and automation (EQF level 5) can enroll into the 

education. The education is at EQF level 6, with a total extent of 90 ECTS. This pilot is a 5 ECTS 

course, during the first semester (3 semesters in total).  

In this pilot, our aim is to increase the knowledge of the students on the topic of product 

development, namely on the front end of product development, including problem understanding. 

Each lecture consists of an introduction to the theory, and a research paper, introduced by the 

lecturer. The students give inputs and bring a) examples from their profession and b) literature to 

share with the class.  

The success criterion of the pilot is to enhance the interdisciplinary product development knowledge 

for the students and at the same time, increase the domain-specific knowledge of front-end product 

development of the students. The competencies among students should be expanded, with topics 
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that they were not familiar with beforehand, while also bridging the knowledge to their specific 

domains (manufacturing, IT and automation).  

To achieve these two success criteria, the awareness of learning competencies among the students 

must be enhanced. By a higher consciousness, the students will be able to pinpoint their own 

learning needs, and thereby increase their ability to bridge knowledge gaps with related fields.  

This goal corresponds with the industrial analysis, which pointed towards interdisciplinary knowledge 

as a necessity, where interdisciplinary is the enabler of implementing integrated systems rather than 

isolated stand-alone solutions. Furthermore, the goal is to give the students a more holistic 

understanding of product development, emphasizing a digital and business mindset into their 

project.  

 

The course, Product Development, is based on the following learning goals from the curriculum: 

KNOWLEDGE 

The student has:  

Research based knowledge of the practical and theoretical methodological structure in project work. 

an understanding of practice applied theory and method for product development processes in all 

its phases - including the financial consequence of the project both during manufacture / 

construction and operation, and can reflect on how they are used in a business context. 

 

SKILLS 

The student can: 

• Use methods and tools for identification and collection of company data base and on that 

basis contribute to the development and optimization of processes across the organization. 

• Master the planning of the development work, testing of the product / solution (proof of 

concept) and identify the quality of a technological project work in terms of results, validity, 

reliability and relevance. 

• assess practical and theoretical issues in the meaning and application of concepts in context 

of developments in technical language and technology as well as justify and select 

relevant concepts 

• Convey practical and professional problems as well as solution models to peers, users and 

partners from a business context, including environment and sustainability considerations in 

product development. 
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COMPETENCES 

The student can: 

• Handle both business and technologically appropriate product development and build a 

project design for a technological project work based on selection, analysis and delimitation 

of an issue. 

• Independently enter a professional and interdisciplinary collaboration across the 

organization and current professional boundaries, with a view to implementing product 

development, and assuming responsibility within for the framework of a professional ethic. 

• Identify own learning needs and develop own knowledge, skills and competencies in relation 

to product development 

 

KPIS AND HOW THEY ARE MEASURED 

Based on the aim of pilot three focus areas are identified and operationalized, thorough KPIs. The 

three focus areas are: 1) The student's ability to identify new learning needs related to product 

development, 2) the student's ability to integrate a digital and business mindset into their 

project, and 3) the student's readiness for future jobs.  

Identified KPIs and methods for measuring: 

1) The student's ability to identify new learning needs related to product development. After 

the course, the students are asked to identify their own learning needs in writing. The 

students own identified learning needs are afterwards compared to the results of a multiple-

choice test held at the end of the course.  

2) The student’s ability to integrate a digital and business mindset into their projects. During an 

evaluation/examination after the course, the student's ability to integrate a digital and 

business mindset into the product development process is evaluated by the examiners.  

3) The student's readiness for future jobs. At a mandatory institutional evaluation after the 

semester, the students are asked to evaluate their own readiness for future jobs. 

 

IMPLEMENTATION OF THE EDUCATIONAL FRAMEWORK 

Educational activity sketch: The course will consist of 5 lectures, with a week in between. Each 

lecture will rely on a flipped-classroom approach, where the students will have to gain knowledge 

themselves before the lecture, and the lecture will be targeting discussion, reflection and 

supervision.  

In the first lecture, the lecturer introduces the program, including the task. Furthermore, the self-

study for all lectures will be presented, consisting of reading materials, videos and audio material.  
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In the remaining lectures, the students are expected to have prepared for lecture, and the task of the 

day will be presented. This task will show a detail of the product development process, and part of 

the assignment is to develop a product concept.  

 

Relation to Authentic Task Design: The educational framework is implemented through a case with 

an ill-defined problem, which the students must produce a solution to during their semester project. 

The course takes place over one 7 weeks, which lets the students investigate the problem field form 

several different perspectives and describe and implement relevant course material into their 

semester projects.  

Groups formed by the students solve the task, concerning both personalities (tested by the Insights 

profile tool) and qualifying EQF 5 education. The case topic is product development (a wheelchair), 

which can relate too, personally.  

Elements 

The learning process is iterative, as the students will get an overview in the first lecture, and the 

knowledge will be expanded in each lecture in the same topics.  

Blended learning and flipped classroom – the students will receive learning content online for 

completion out of class. This gives room for more reflective feedback. 

Supervision and feedback – The reflection will be facilitated through feedback, both in class, but also 

in an extended, online session with written or audio feedback available in extended timeslots.  

The students will meet the context either physically, or in the flipped classroom environment.  

The output will be a concept presentation of a product, which is a finished product on its own. It will 

be evaluated continuously within each lecture, and reflection upon integration within work-life 

routines are required. The students will assess each other during the project, allowing for competing 

products.  

 

RESULTS AND EVALUATION  

The pilot was conducted according to the plan. The only change, due to the COVID-19 lockdown of 

our institution, was an online flipped classroom setting. The students reported positively towards 

both the content and the organisation of the course based on the feedback received through the 

lecturing. Even though they found the cross-disciplinary work and the open-ended assignment 

difficult to handle, they recognized the protentional of learning. The mixed technical educational 

backgrounds of the students allowed the students to gain a preliminary insight into related fields, 

also strengthening their understanding of their own discipline. On that basis, the students reported 

several learning-needs within both the content of the course (product development) and the 
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interfaces between their own and related disciplines. This includes learning needs within both the 

human, business and technical perspective.  

More than half of the students reported that they had strengthened their disciplinary and 

interdisciplinary skills to some or high extent. Furthermore, they also report to understand the 

intersections between the technical, user and business perspectives of the product development to 

some or a high extend. In total, the students have expressed a high learning output of the course. 

 

 

 Virtual Prototyping, UCN – university college northern Denmark DK (Spring 

2020) 

 

 

DESCRIPTION OF THE PILOT – SUMMARY 

This pilot at UCN is a course at the educational programme “Product Development and Technical 

Integration”. Students from manufacturing, IT and automation (EQF level 5) can enrol into the 

education. The education is at EQF level 6, with a total extent of 90 ECTS. This pilot is a 5 ECTS 

course, during the first semester (3 semesters in total).  

In this pilot, our aim is to increase the knowledge of the automation- and IT-students on the topic 

manufacturing, namely on product documentation generated and tested as a virtual prototype. Each 

lecture consists of an introduction to the theory, and a research paper, introduced by the lecturer. 

The students give inputs and bring a) examples from their profession and b) literature to share with 

the class.  

The success criterion of the pilot is to enhance the interdisciplinary manufacturing knowledge for the 

automation and IT students and at the same time, increase the domain-specific skills of the 

manufacturing students. The competencies among the manufacturing students should still be 

expanded, with topics that they were not familiar with beforehand, while also bridging the 

knowledge gaps between the other fields.  

To achieve these two success criteria, the awareness of learning competencies among the students 

must be enhanced. By a higher consciousness, the students will be able to pinpoint their own 

learning needs, and thereby increase their ability to bridge knowledge gaps with related fields.  

This goal corresponds with the industrial analysis, which pointed towards interdisciplinary knowledge 

as a necessity, where interdisciplinary is the enabler of implementing integrated systems rather than 
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isolated stand-alone solutions. Furthermore, the digital mindset of the manufacturing students can 

expand by the integration between a 3D model and other IT systems.  

 

The course, Virtual Prototyping, is based on the following learning goals from the curriculum: 

Knowledge:  

• Applied theory and methods for product development and innovation, concerning the 

enterprise organization and systems, and the ability to reflect up on the business implications 

of this.  

• Development-based knowledge of the practical and theoretical work in project work.  

Skills:  

• Use tools and methods to identify and analyze the implications of technological issues 

regarding construction, manufacturing, using this analyze to investigate integration of 

products and systems.  

Competencies:  

• Handle innovative, complex and development-oriented problem solutions for design and 

applications of technology in an industrial setting.  

• Identify own learning needs and develop knowledge skills and competences in their own 

discipline as well as interdisciplinary.  

 

KPIS AND HOW THEY ARE MEASURED 

Based on the aim of pilot three focus areas are identified and operationalized, thorough KPIs. The three 

focus areas are: 1) The student's ability to identify new learning needs related to virtual prototyping, 

2) the student's ability to integrate the use of virtual prototyping into their project, and 3) the student's 

readiness for future jobs.  

Identified KPIs and methods for measuring 

1. The student's ability to identify new learning needs related to virtual prototyping 

After the course, the students are asked to identify their own learning needs in writing. The 

students own identified learning needs are  afterwards compared to the results of a multiple-

choice test held at the end of the course.  

2. The student’s ability to integrate the use of virtual prototyping into their project  

During an evaluation/examination after the course, the student's ability to integrate the use 

of virtual prototyping in the product  development process is evaluated by the lecture and 

an external examiner with experience from industry.  

3. The student's readiness for future jobs  
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At a mandatory institutional evaluation after the semester, the students are asked to evaluate 

their own readiness for future jobs. 

 

IMPLEMENTATION OF THE EDUCATIONAL FRAMEWORK 

Educational activity sketch: The course will consist of 5 lectures, with a week in between. Each 

lecture will rely on a flipped-classroom approach, where the students will have to gain knowledge 

themselves before the lecture, and the lecture will be targeting discussion, reflection and 

supervision.  

In the first lecture, the lecturer introduces the program, including the task. Furthermore, the self-

study for all lectures will be presented, consisting of reading materials, videos and audio material.  

In the remaining lectures, the students are expected to have prepared for lecture, and the task of the 

day will be presented. This task will show a detail of the virtual prototyping process, and part of the 

assignment is to describe how these sub-processes can be applied to their project.  

 

Relation to Authentic Task Design: The educational framework is implemented through a case with 

an ill-defined output, which the students must integrate into the semester project of the students. 

The course takes place over one month, which lets the students investigate the problem field for 

several different perspectives and describe and implement relevant course material into their 

semester projects.  

Groups formed by the students solve the task, concerning both personalities (tested by the Insights 

profile tool) and qualifying EQF 5 education. The case topic is 3D CAD environment product 

development, which is most familiar for the manufacturing students, but the IT- and automation 

students will gain the opportunity to implement their domain-specific knowledge into the 

environment.  

The output will be a stand-alone digital representation of a product, which is a finished product on its 

own. It will be evaluated continuously within each lecture, and reflection upon integration within 

work-life routines are required. The students will assess each other during the project, allowing for 

competing products.  

Elements: The learning process is iterative, as the students will get an overview in the first lecture, and 

the knowledge will be expanded in each lecture in the same topics.  

Blended learning and flipped classroom – the students will receive learning content online for 

completion out of class. This gives room for more reflective feedback. 

Supervision and feedback – The reflection will be facilitated through feedback, both in class, but also 

in an extended, online session with written or audio feedback available in extended timeslots.  
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Simulation with context – The students will meet the context either physically, or in the flipped 

classroom environment.  

 

RESULTS AND EVALUATION  

The pilot was conducted according to the plan, though with minor modifications. The only change 

was, due to the COVID-19 lockdown of our institution, an online flipped classroom setting. The 

students reported positively towards both the content and the organisation of the course and the 

use of open assignments where they could implement their solutions to a real case (authentic tasks). 

The mixed technical educational backgrounds of the students allowed, e.g., the IT and automation 

students to gain insights into the 3D CAD environment from the students within manufacturing. At 

the same time, the more programming-oriented approach of parametric design allowed a discussion 

of principles and tasks among the entire class.  

The students reported several learning-needs both within parametric drawing as well as FEM 

simulation, CAM and implementation approaches. At the same time, the multiple-choice test 

revealed that the students were confident that they could contribute to the digital product 

development process in the future. Furthermore, they reflected on their barriers for virtual 

prototyping within their own work-life and hence demonstrated digital awareness of the interaction 

between the organisation and technology.  

The virtual prototyping technology was the main topic within 4 of the 18 student projects during the 

semester and was furthermore touched upon in an additional four of the student projects. The 

student projects demonstrated an increased capability to use the presented material, compared to 

the earlier semester where only 1-2 projects would include the technology, and this to a minor 

degree. Moreover, projects not directly concerning virtual prototyping technology was also to a 

higher extend digitally minded, especially towards data management, and hence, the digital mindset 

of the students have overall been expanded.  

The students have reported high confidence for job readiness. They feel an increased capability to 

connect the digital tools to the real problems (authentic tasks) which exist both within and outside of 

the education.  

 

The identified learning needs for the production students included:  

• “I need more routine with the construction tasks but have a general overview of the 

possibilities with virtual prototyping”.  

• “I need to investigate how to implement this in daily operation at my employers’ company.” 

• “I need to look into generative design, and the possibilities that the algorithms provide 

towards shape optimisation.” 
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The identified learning needs for the IT and Automation students included:  

• “As an IT professional, I would like to understand the industrial processes within virtual 

prototyping, which also allows me to gain further insights into other knowledge areas. I will 

look more into broadening of my knowledge in the future.”  

• “I need to practise more, and perform more advanced exercises.”  

 

In combination, these statements demonstrate that the students have been able to sensitize learning 

needs based on the course activity. Hence, their digital mindset has expanded, as they are both able 

to acknowledge their obtained knowledge and reflect upon further learning requirements.  

 

 Thermal simulation integration – university college northern 

Denmark DK (Spring and autumn 2020) 

 

 

DESCRIPTION OF THE PILOT – SUMMARY 

This pilot at UCN is a course at the educational programme “Production Technologist”. The education 

is at EQF level 5, with a total extent of 120 ECTS. This pilot is part of a 15 ECTS elective course in 

mechanical construction, during the third semester (the programme is four semesters in total).  

In this pilot, our aim is to integrate the knowledge of, and ability to perform, thermal transfer 

simulations within a CAD environment. Each lecture consists of an introduction to the theory, 

followed by a hands-on exercise. The students give inputs and bring examples from their profession.  

The success criterion of the pilot is to expand the digital mindset of the students, and at the same 

time, increase the thermodynamical skills. The competencies to use their already-acquired CAD-skills 

in collaboration with parametric simulations aims to act as a demonstration of the capabilities 

of integrated systems. This is a topics that they were not familiar with beforehand in a construction 

context.  

To achieve these two success criteria, the awareness of digital possibilities within construction must 

be enhanced. By a higher consciousness, the students will be able to pinpoint possible areas of 

improvement in their own work routines, and thereby increase their ability to spot potential areas 

of improvement when entering the job marked.  
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This goal corresponds with the industrial analysis, which pointed towards digital mindset as a major 

driver, where the ability to conceptualise digital systems is an enabler of creating integrated systems 

rather than isolated stand-alone solutions. 

 

The course, is based on the following learning goals from the curriculum: 

 

Knowledge:  

• Material properties  

 

Skills:  

• Use 3D modelling software  

• Assess product dimensions  

• Identify, analyse and solve problems related to products 

 

Competencies:  

• Handle and structure the development process in a business perspective and collaborate 

with other professional domains  

• Within own professional domain obtain knowledge and skills related to technical problems, 

constructional principles and development or improvement of physical products 

 

KPIS AND HOW THEY ARE MEASURED 

Based on the aim of pilot three focus areas are identified and operationalized, thorough KPIs. The 

three focus areas are: 1) The student's ability to identify new learning needs related to simulation of 

thermal systems, 2) the student's ability to integrate the use of parametric design into their 

project, and 3) the student's readiness for future jobs. Identified KPIs and methods for measuring 

1. The student's ability to identify digital improvements within own work routine 

After the course, the students are asked to identify their own improvement 

opportunities in writing. The students own identified learning needs are afterwards 

compared to the results of a multiple-choice test held at the end of the course.  

2. The student’s ability to identify digital opportunities within their project  

During an evaluation/examination after the course, the student's ability to identify 

and implement parametric simulations in the product development process is 

evaluated by the lecture and an external examiner with experience from industry.  

3. The student's readiness for future jobs  
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At a mandatory institutional evaluation after the semester, the students are asked to 

evaluate their own readiness for future jobs 

 

IMPLEMENTATION OF THE EDUCATIONAL FRAMEWORK 

Educational activity sketch: The course will consist of 4 lectures. Each lecture will rely on a flipped-

classroom approach, where the students will have to gain knowledge themselves before the lecture, 

and the lecture will be targeting discussion, reflection and supervision.  

In the first lecture, the lecturer introduces the program, including the task. Furthermore, the self-

study for all lectures will be presented, consisting of reading materials, videos and audio material.  

In the remaining lectures, the students are expected to have prepared for lecture, and the task of the 

day will be presented. This task will show a detail of the thermal simulation process, and part of the 

assignment is to describe how these sub-processes can be applied to their project.  

Relation to Authentic Task Design: The educational framework is implemented through a case with 

an ill-defined output, which the students must integrate into the semester project of the students. 

The course takes place over one month, which lets the students investigate the problem field for 

several different perspectives and describe and implement relevant course material into their 

semester projects.  

Groups formed in collaboration between the lecturer and the students solve the task, concerning 

both personalities (tested by the Insights profile tool) and qualifications.  

The output will be a stand-alone model of a cooling device, which is a finished product on its own. It 

will be evaluated continuously within each lecture, and reflection upon integration within work-life 

routines are required. The students will assess each other during the project, allowing for 

competing products. 

Elements: The learning process is iterative, as the students will get an overview in the first lecture, 

and the knowledge will be expanded in each lecture in the same topics.  

Blended learning and flipped classroom – the students will receive learning content online for 

completion out of class. This gives room for more reflective feedback.  

Supervision and feedback – The reflection will be facilitated through feedback, both in class, but also 

in an extended, online session with written or audio feedback available in extended timeslots.  

Simulation with context – The students will meet the context either physically, or in the flipped 

classroom environment.  

 

RESULTS AND EVALUATION SPRING 

The pilot was conducted according to the plan, though with minor modifications. The only change 

was, due to the COVID-19 lockdown of our institution, an online flipped classroom setting. The 
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students reported positively towards the content but had major issues with the organisation of the 

course, which lead to modifications of the lecturing approach, going from a supervising setting 

towards more lecturing.  

The students reported several learning-needs both within parametric drawing as well as 

thermodynamics.  

No student reported to use the content within their projects, but also said that this was due to 

scheduling; the they had finished their drawing within their semester project.  

The students have reported high confidence for job readiness. They feel an increased capability to 

connect the digital tools to the real problems (authentic tasks) which exist both within and outside of 

the education. 

• The student's ability to identify digital improvements within own work routine 

o The students point towards implementing automated drawing as a part of their 

work-routine if the products are customized on the same template. Furthermore, 

they describe an increased awareness of modular design.  

• The student’s ability to identify digital opportunities within their project  

o Few students used parametric design in the project work. They contribute this to the 

late date of learning in the semester.  

• The student's readiness for future jobs  

o At a mandatory institutional evaluation after the semester, the students are asked to 

evaluate their own readiness for future jobs. Not performed yet.  

 

RESULTS AND EVALUATION AUTUMN 

The pilot was conducted according to the initial plan, but with an increased focus on the narrative of 

how the digital tools could aid the students in future jobs. It was still conducted as an online flipped 

classroom setting. The students reported positively towards the content, but suffered minor IT-issues 

as Autodesk had a server breakdown, prohibiting the students from acquiring Nastran. Hence, the 

parametric modelling got an increased focus.  

The students reported several learning-needs both within parametric drawing as well as 

thermodynamics.  

No student reported to use the content within their projects, but also said that this was due to 

scheduling; the they had finished their drawing within their semester project.  

The students have reported high confidence for job readiness. They feel an increased capability to 

connect the digital tools to the real problems (authentic tasks) which exist both within and outside of 

the education.  
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• The student's ability to identify digital improvements within own work routine 

o “I have obtained a lot of insights into inventor parameters, which I will continue to 

explore on my own”, was the quote form one of the students. In general, the 

students got it working, and compared to the first test of this course, the students 

had more advanced ideas to solve the tasks of the course, and also to implement in 

their own projects.  

• The student’s ability to identify digital opportunities within their project  

o Few students used parametric design in the project work. They contribute this to the 

late date of learning in the semester.  

• The student's readiness for future jobs  

o At a mandatory institutional evaluation after the semester, the students are asked to 

evaluate their own readiness for future jobs. Not performed yet.  


