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Abstract

:

Industry 4.0 is originally a future vision described in the high-tech strategy of the German government that is conceived upon information and communication technologies like Cyber-Physical Systems, Internet of Things, Physical Internet, and Internet of Services to achieve a high degree of flexibility in production (individualized mass production), higher productivity rates through real-time monitoring and diagnosis, and a lower wastage rate of material in production. An important part of the tasks in the preparation for Industry 4.0 is the adaption of the higher education to the requirements of this vision, in particular the engineering education. In this work, we introduce a road map consisting of three pillars describing the changes/enhancements to be conducted in the areas of curriculum development, lab concept, and student club activities. We also report our current application of this road map at the Turkish German University, Istanbul.
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1. Introduction


Digitalization is one mega trend of the century and holds the potential to drastically transform various industries and production techniques [1]. Based on this trend, the term “Industry 4.0” has emerged, which is defined as digitization of the manufacturing sector, with embedded sensors in virtually all product components and manufacturing equipment, ubiquitous cyber-physical systems, and analysis of all relevant data [2]. Industry 4.0 is originally a future vision described in the high-tech strategy of the German government that is conceived upon the information and communication technologies including initiatives such as the Industrial Internet, Factories of The Future, Internet of Things, Physical Internet, Internet of Services, and Cyber-Physical Systems, to achieve a high degree of flexibility in production, higher productivity rates through real-time monitoring and diagnosis, and a lower wastage rate of material in production. Cyber-connected manufacturing systems improve efficiency and optimize operations, but also have the potential to change the way manufacturers and industrial companies run their business.



Industry 4.0 took up a pioneering role in industrial IT, which is currently revolutionizing the manufacturing engineering. Many industrialized countries also have already begun with adapting their industrial infrastructure to meet the requirements of the Industry 4.0 vision. An important part of the tasks in the preparation for Industry 4.0 is the adaption of the higher education to the requirements of this vision, in particular the engineering education. As Turkish German University (TGU) within this changing industry environment, our ultimate aim is to educate outstanding engineers who will contribute and grow with the digitalized world of the future. In this work, we introduce a road map consisting of three pillars describing the changes/enhancements to be conducted in the areas of curriculum development, laboratory concept, and student club activities. We also report our current application of this road map at the Turkish German University, Istanbul. According to this, first pillar is the implementation of the Industry 4.0 concept in the curriculum of various engineering and science departments, which reveals synergistic benefits of different expertise areas and helps the application and improvement of Industry 4.0 concept in numerous areas. Second, a Laboratory (Lego-Lab) is to be realized, where the students work on Industrial Lego Designs using Lego Mindstorms and understand the application of the Industry 4.0 concept by simulating real production lines. Additionally, Kolb’s Experiential Learning Theory is integrated into this part in order to improve student learning experience in Lego-Lab. This theory is designed around four phases: (i) Concrete experience, (ii) reflective observation, (iii) abstract conceptualization, and (iv) active experimentation. The final and complementary pillar is the establishment of a student club, where students work on different aspects of Industry 4.0. In addition, this club serves as an intermedium for various student and research projects, organization of conferences, and events to introduce and disseminate the Industry 4.0 vision.



The goal of this work is to present a generic road map to adapt engineering education to the requirements of Industry 4.0 by specifying needed changes to the curriculum, laboratories, and student club activities.



The rest of the article is organized as follows. Section 2 gives an account of the recent research on the education in the Industry 4.0 context. Section 3 presents a generic method that was used to transform engineering education at the Turkish German University according to the requirements of future Industry 4.0 production environments. Finally, in Section 4, we discuss our conclusions.




2. Related Work


This work is an extended version of the conference paper [3]. The paper was improved mainly by details about the curriculum, initial lab projects, and related works. We also discuss our choice of theoretical framework and methods more extensively.



In the recent few years, a great number of works has been published on the subject of the education in the context of Industry 4.0. Some of the works focus on the new qualification requirements, while some others emphasize particular subject areas to be included in curricula to adapt them to Industry 4.0. Another group of papers concentrate also on the transformation of the education itself in a similar manner to Industry 4.0 while teaching about it (Academia 4.0, Education 4.0). Lastly, a series of works demonstrate new lab concepts to enable students to experience Industry 4.0-like production environments.



Following works discuss new qualification requirements in the Industry 4.0 era. Ref. [4] reports about new requirements: Interdisciplinary thinking, decision and problem solving, cultural and intercultural competency, and lifelong learning. They define the main challenge as enabling employees to implement cyber physical systems successfully. Ref. [5] examines the requirements of the Industry 4.0 era for the engineering education from the perspective of Slovakian higher education system. They stress the increased need for flexibility (interdisciplinary collaboration, soft skills), university-industry cooperation, and open learning systems such as online learning platforms and free access courses at “open” universities.



In the following works, subject areas of great importance for Industry 4.0 are highlighted. Ref. [6] emphasize the important role of artificial intelligence as an enabler for Industry 4.0. Ref. [7] examines the challenges of digitization and value creation process in the age of Industry 4.0. In parts of the work, the importance of MINT (mathematics, IT, natural sciences, and technology) subjects is stressed. Furthermore, interdisciplinary platforms for collaboration between research communities and the industry are proposed and elaborated with successfully applied examples. Ref. [8] examines the knowledge and skill-set requirements of Industry 4.0 for industrial engineers and their impact on the industrial engineering curricula in South Africa. They stress the need for competences like big data analytics and novel human-machine interfaces.



Another work relevant for the curriculum development is [9]. They present a methodology for evaluating study programs according to the Reference Architecture Model Industry 4.0. They also use this methodology to assess two study programs of the Faculty of Technology of the University of Applied Sciences Emden/Leer and show the usability of the methodology.



A number of works examine ways to transform the education itself according to the principles of Industry 4.0, while simultaneously teaching about it. Ref. [10] focuses on transforming higher education in a similar manner to the Industry 4.0 vision. They propose a list of measures to individualize education experience of students efficiently. Ref. [11] reports about the acceptance of digital education technologies especially in the vocational education. They emphasize the role of digital media as a means to individualize education in a manner similar to Industry 4.0. In our opinion, their findings can be transferred to engineering education in a considerable extent. Ref. [12] discusses how the technical education can be adapted according to requirements of the Industry 4.0. They created a model of condition variables for Education 4.0, which is comprised of changing technologies and processes, changing teaching and learning, changing economic interests and models, and socio-professional discourse. Intelligent machines, machine to machine communication (M2M), data security, big data, support systems like mixed-reality systems are areas they emphasize in changing technologies. In changing teaching and learning, they consider individualization of learning, learning on demand, cloud learning, and innovative learning environments like mixed-reality simulation, augmented reality, and remote laboratories. Ref. [13] discusses and analyzes the effects of Industry 4.0 mainly on the vocational education. They come to the interesting conclusion that the adoption of Industry 4.0 could result in decreasing the share of vocational education in favor of higher education if necessary measures are not taken to transform vocational education fundamentally. In the context of our work, this could be interpreted in the way that the engineering education in the era of Industry 4.0 cannot be imagined without its relation to the practice and hands-on work, since there is the risk of lacking adequate technical support sourcing from vocational education. Ref. [14] examines the use of mixed-reality systems and virtual teaching and learning systems especially for the vocational education in the context of Industry 4.0. In our opinion, their approach could also be transferred to the practical parts of the engineering curricula.



A hot spot in the research about the adaptation of education to the Industry 4.0 vision has been new lab concepts in recent years. We observe virtual, decentralized, realtime, and immersive laboratories emerging. A very early example of a virtual automation lab for engineering students was reported in [15]. They had developed an integrated learning environment for computer science and automation engineering students, where they could access and control a variety of devices via the Internet. Ref. [16] presents a concept to teach Industry 4.0 vision to students coming from non-IT fields (such as mechanical or industrial engineering) using a simulation game. They created a method to modify the conventional simulation games to impart key aspects of Industry 4.0 to students. By involving real industrial technologies like an ERP system and barcodes/RFID chips, they could create a near-Industry 4.0 environment. Ref. [17] elaborates concepts related to Industry 4.0 and delineates them in comparison to each other. Furthermore, they define four design principles to identify and evaluate Industry 4.0 design principles, namely; technical assistance (virtual/physical), decentralized decisions, interconnection (collaboration, standards, security), and information transparency (data analytics, information provision). They also apply these principles to an Industry 4.0 scenario in a case study. We find the results interesting, since these principles could potentially be transferred to laboratory scenarios in engineering education as well. Refs. [18,19] emphasize the role of hybrid teams consisting of humans and machines that work together in virtual and decentralized (or international) Industry 4.0 production environments. Having this perspective, they derive requirements for the engineering education of future, e.g., collaboration and problem solving in virtual environments and human-robot teams. They also design and implement an empirical study to investigate influences on the task performance of human-robot teams. In addition to other important results, they show why intercultural soft skills will gain importance. We see this as a confirmation of our intrinsically intercultural engineering education at the Turkish German University. Ref. [20] addresses the problems faced by SMEs adopting technologies related to Industry 4.0 because of lacking skills and proposes a lab concept for universities of applied sciences to educate needed highly skilled human resources for the local SMEs. They design and implement an Industry 4.0 learning factory as their lab concept, where the processes at the shop floor level and the top floor level (ERP level) are integrated transparently. Ref. [21] proposes immersive virtual learning environments in the manner of Industry 4.0, which enable international teams to collaborate remotely. They emphasize the advantages of the use of such learning environments as hazard-free, explorative learning, visualization of invisible processes, the slow-motion of fast processes, and the immersion on virtual worlds on the basis of natural user interfaces. Ref. [22] focuses on the use of mobile learning applications in the vocational and engineering education in the Industry 4.0 context in contrast to e-Learning. They propose the use of competence snippets that are available through QR-Codes, NFC, or process data instead of comprehensive material. Ref. [23] presents how industrial networks are thought at the School of Engineering Technology at McMaster University in the context of Industry 4.0. They discuss teaching methods of industrial networks and their applications within manufacturing plant and electrical grid. Several works discuss and show, how Industry 4.0 concepts and competencies can be integrated in engineering education using learning factories [24,25,26,27].




3. Methods


In this part, a generic framework of Industry 4.0 engineering education at Turkish German University as seen in Figure 1 is presented. The framework consists of three main stages, namely curriculum, laboratory and student club. These pillars are interrelated and even dependent on each other. Furthermore, they are surrounded by the theory of Kolb’s Experiential Learning Theory as well as Industry 4.0 technologies and methods which are conducted along with scientific research including developed ideas and prototypes, running projects at Turkish German University.



3.1. Curriculum


The Industry 4.0 vision is implemented with a content of curricula into existing courses and new study modules are designed in order to adapt this vision into the engineering education. The module specifications of existing courses are explicitly documented and intersection areas to the Industry 4.0 vision are determined. Finally, the courses are connected with the practical exercises in the laboratory. Teaching materials for courses with regard to Industry 4.0 are prepared in order to train the students. Bringing together theoretical and practical units, the curriculum enables students to obtain basic knowledge of Industry 4.0 relevant themes and experience real business cases in order to provide hands-on exercises for laboratory stage. Primarily, the curricula of all manufacturing related engineering programs are to be adapted in this manner, but also programs like computer science/engineering or material science/engineering should be enhanced with elective courses or study tracks relating to Industry 4.0.



In Table 1, we list courses taught at the Turkish German University, which are related to Industry 4.0, or which are subject to change in order to be adapted to the requirements of Industry 4.0. The table comprises data about five different engineering programs at TGU, namely Computer Engineering (CE), Mechatronic Systems Engineering (MSE), Industrial Engineering (IE), Electrical and Electronic Engineering (EET), and Mechanical Engineering (MEC). We indicate with a plus sign that the course is being offered in the respective curriculum. We have not included the Civil Engineering program in the table, since we find that a separate analysis needs to be carried out, in order to define requirements for the adaptation of this discipline to the Industry 4.0 requirements. As one of the reasons of this, it can be stated that civil engineers diverge from the engineering disciplines above in their use of construction methods and their laboratory needs greatly.



Even a first glance at the table shows us that more computer science/engineering courses are now part of other engineering disciplines’ curricula. The entry programming course for engineers is now not only a mere programming course, but also an introductory course into the computer science as is attended by computer engineering students. In our opinion, syllabi for programming courses in engineering faculty should be changed in a way that they introduce not only low level programming languages, but also new programming languages that are more common in artificial intelligence and data science communities like Python and R. In the following term, programming skills of engineering students are to be improved in object-oriented programming in a common course for all engineering disciplines. A software engineering project for all engineering students is conceived in order to enable the students from different engineering disciplines to define and work on the same project. As a cross-program course, this course requires the collaboration of lecturers from different engineering programs, so that the students can create project teams containing students from different disciplines. In that way, it is possible to realize projects that are much more realistic and interesting. Also, a better organization of teamwork is effectively enabled, since the division of work can now be done having team members already coming from different disciplines. This is one of the key changes to the curricula of the engineering programs to adapt them to Industry 4.0, since the projects related to Industry 4.0 virtually always need to be implemented in an interdisciplinary manner.



Other relatively common courses are Statistical Methods of Data Analysis and Database Systems. Both of these courses impart also key competences to the students in regard to Industry 4.0. The course Statistical Methods and Data Analysis lays foundations for the understanding of subjects like machine learning and artificial intelligence. In an Industry 4.0 manufacturing environment, a tremendous amount of data flow occurs between production resources and cloud systems. The sensor data coming from the production resources need to be analyzed and evaluated in a correct and efficient manner. The course Database Systems gains also importance because of the same reason. The order of magnitude of the data to be analyzed obligates the use of state of the art database systems. The syllabus of the course is also adapted to these requirements, by including subjects like big data, no-SQL databases, MapReduce, and data management in the cloud.



On the other hand, computer engineering curriculum has also been enhanced with three specialization tracks: Intelligent systems, IT security, and hardware systems (industrial applications). All of three specialization areas has been designed to prepare students for challenges of Industry 4.0. In the track of intelligent systems, there are courses like machine learning, artificial intelligence, methods of data analysis, knowledge representation and reasoning, and recommender systems. In IT security track, we have courses like security systems and protocols, cryptology, network security, data privacy and security, and security management. Hardware systems track involves courses like embedded systems, industrial automation technology, industrial robotics, and realtime systems. As the Industry 4.0 systems will mature, we will see more and more manufacturing environments that are smart and autonomous in a way that they will be able to analyze their own state and the environment and handle autonomously according to their analysis. In order to design and implement such systems, engineering students must be competent in methods of artificial intelligence and machine learning. Regarding the data flow needed for the analysis, and its confidentiality and business value, it is obvious that one of the tracks should be about IT security. This track is designed in a manner that the emphasis must be placed on the wireless communication security and cloud systems security. Differing from the conventional computer engineering tracks, the hardware systems track had to have an emphasis on the industrial automation and robotics subjects. The students must acquire hands-on experiences on industrial applications before they graduate, so that they can understand and follow problems and challenges in implementing Industry 4.0 applications while they are still studying.




3.2. Laboratory


The practical units are completed with visualization software tools or with simulators at the laboratory. The foundation of a “Visual Production Lab”, where computer-aided design and manufacturing (CAD/CAM) with enterprise resource planning (ERP) are to be carried out, Materials and Logistics determined and 3D printed factories generated, will be one of the most important pillars when adapting the engineering education to Industry 4.0. The aforementioned Lego Design Concept would also be used to optimize factory design, since it enables dynamic simulation of different production entities with moving parts and supports the static 3D printed factory model.



Lego Mindstorms systems provide programmable brick computers, modular motors and sensors, and a variety of Lego Technic elements, which can be used to simulate real production lines. Sensors like touch, light, distance, sound, and servo motor/rotation sensors and programmable brick computers provide the components needed for the development of intelligent manufacturing models and concepts that are central to the Industry 4.0 vision. With the Lego factory to be established within the scope of this study, sample production lines for different products will be set up and alternative production plans will be designed. according to the Industry 4.0 concept.



A drone will be used to investigate a real-life landscape and capture the overlapping images while in motion, images are converted to georeferenced (i.e., geographical information system-GIS) 2D data maps and 3D models via using drone-based mapping software for the foundation of a real factory. This drone-based factory inspection helps measure the stockpiles, efficiency of factory layout, performance of assembly lines, etc. As a result, all the simulation data will be compared to real data and the obtained feedback will be used to consummate the whole design. For this purpose, a 3D Printing Lab in the Visual Production Lab is to be established. Here, realistic models of digitally designed factory will repeatedly be created and the obtained feedback will be used to remedy the flaws of the design. In addition to that, production of non-standard Lego parts will be carried out and accordingly mass production scenarios specific to different demands will be realized. Moreover, a research on material properties used in 3D printing (and also 3D pen) can also be carried out. The main aim in material research should be to develop a strong, durable and low melting temperature polymer, which as a result might lead to rapid manufacturing beside rapid prototyping (RP). The rapid prototyping refers to a process used in various industries for rapidly creating a representative system or part before final release or commercialization.



Additive manufacturing (AM) is the formalized term for what used to be called rapid prototyping and what is nowadays popularly called 3D Printing. In mass customization, one of the key concepts is the capability of flexible production, i.e., production of individualized products on the same line subsequently, at the costs near that of mass production. In order to achieve that, additive manufacturing has been proposed as a flexible production model. So, the developments in 3D printing technology might lead the transformation from rapid prototyping to rapid manufacturing and ultimately to ideal mass customization. As a result, the synergetic efforts of the students and also researchers in Visual Production Lab and Lego-Lab will make a significant contribution for the adaption of the engineering education to Industry 4.0, since an ideal engineering education should contain the combination of scientific research and industrial application.



3.2.1. Implementing Kolb’s Theory to Laboratory


According to Kolb (Kolb, 1984), learning is “the process whereby knowledge is created through the transformation of experience”. Experiential and simulation learning techniques are used in a wide range of fields from quality [28] to product development [29], process re-engineering [30], and supply chain management [31]. They contribute to the creation of a learning and practicing environment that maximizes learners’ skills by learning from their own experience. The full potential for learning can be realized, moreover the costs during the learning process in case of failures can be avoided. Basically, learning comes from three principal sources: Learning from content, learning from experience and learning from feedback [32,33]:

	
learning from content: The discovery of new ideas, principles and concepts;



	
learning from experience: An opportunity to apply content in an experiential environment;



	
learning from feedback: The results of actions taken and the relationship between the actions in the experiment and performance








In the literature, different theories of learning are listed [34], but some learning methods are more commonly used for engineering education [35,36,37]: Kolb’s experiential learning theory [32], Felder and Silverman learning theory model [38], Honey and Mumford learning theory model [39], VARK learning theory model [40], Cognitive Theory of Multimedia Learning [41], and so on. These methods could be used as the viewing lens to better understand learning and, more so, how applicable it is to information and communication technologies within the frame of Industry 4.0 vision in the current stage of the engineering learning institutions. The experiential learning method creates an environment that requires the participant to be involved in some type of personally meaningful activity. Such an environment allows the participant to apply prior knowledge of theory and principles while developing commitment to the exercise and experiencing a real sense of personal accomplishment or failure for the results obtained [42]. In order to bring change in behavior, attitudes and knowledge, a circular four-stage experiential learning cycle model developed by Kolb [32] is used. This model is selected as a most suitable learning theory to adapt engineering education in Industry 4.0 vision. Kolb’s Experiential Learning Theory depicted in Figure 2 provides a framework for designing active, collaborative, and interactive learning experiences that support this transformational process and puts emphasis on sensory and emotional engagement in the learning activity. Effective learning is seen when a person progresses through a cycle of four stages: (i) having a concrete experience followed by (ii) observation of and reflection on that experience which leads to (iii) the formation of abstract concepts (analysis) and generalizations (conclusions) which are then (iv) used to test hypothesis in future situations, resulting in new experiences. Not only do these four stages allow students to comprehensively investigate a topic through different activities and views, they also allow for the accommodation of different learning styles [35]. According to Kolb [32], knowledge results from the interaction between theory and experience and learning can commence at any of the four stages. Learning styles are a product of two pairs of variables, doing vs. watching, and thinking vs. feeling. Each stage can be mapped to these variables [35].



At Turkish German University, the learning process at the laboratory in the frame of Industry 4.0 engineering education is provided by implementation of Kolb’s Experiential Learning Theory. Engineering students are divided into the groups at the laboratory and each group needs to get a certain task from the instructor about Industry 4.0, for example, designing an assembly line of digital car factory. The steps are listed as follows: (i) Concrete experience: Which means direct practical experience by performing a new task. In our activities, concrete experience corresponds to a set of step-by-step instructions demonstrating a new concept. Originally, all activities in Lego-Lab are designed based on this approach. In the illustrative example, students follow step-by-step instructions to learn and get a broad understanding of Industry 4.0 and its applications such as assembly line planning with mixed-model scenarios. The activity instructions are written for novice users and are very descriptive so that the students can complete the activity even though they have in previous experience in the field. (ii) Reflective observation: Which includes activities such discussion and reflective questions that require students to reflect on their hands-on experiences (hands-on exercises) that enable students to work in Industry 4.0-conform environments. Our strategy is to divide an activity into smaller sections and include reflective activities for each section. This strategy also helps the instructor phase the activity across multiple groups. In the illustrative example, after completing the first section, students are asked to analyze components of assembly line and discuss questions such as why and what kind of robotics they have to put into the assembly line. Reflective observation activities should foster student-to-student interaction in order to achieve a higher level of reflection. Group work is a particularly effective strategy to promote meaningful reflection in short classroom activities. For example, instead of asking students to analyze their own response individually, asking them to compare the responses with group members and list similarities and differences may lead to a higher level of reflection. (iii) Abstract conceptualization: Through abstract conceptualization, students are expected to create a theoretical model and generalization of what was performed. Generally, this stage could be difficult to achieve in short hands-on activities. Class or peer-to-peer discussions are helpful to connect the learning experience to the overall theory. At this stage, instructor intervention is important. In the illustrative example, students are asked to create a digitalization scenario by applying robotics technologies based on the steps that they perform. In this part, also brainstorming applications such as mind-mapping software, etc. are used. After this question, a class discussion led by the instructor may help students solidify a mental picture of robot configurations at the assembly line. Another useful strategy is the utilization of generalization questions. For example, in the illustrative example students are asked to compare what they performed in an earlier activity about robotics (i.e., kinematics) and to list the advantages and disadvantages of a type of robot (i.e., articulated robot, parallel arm robot, SCARA robot etc.). Such generalization questions can be combined with the next stage of active experimentation. (iv) active experimentation: At this stage, the student is ready to plan and try out another concrete experience. We use two strategies in this stage. The first strategy is to give students a new task, albeit similar to what was performed in the concrete experience stage, but without providing step-by-step instructions. For example, students are asked to configure a SCARA robot by applying some program comments. By this time, they should be able to achieve this task without detailed instructions. The second strategy is to combine a few related topics in the same activity such that the later topics build on the former ones.




3.2.2. Student Club


A student club will enable the students to study the different aspects of Industry 4.0. It is considered that the activities of the club should be conducted under the roof of an Open Innovation Office or research lab, which will operate in parallel with the student club and focus on scientific developments on the topic “Industry 4.0”. The objectives of the student club will include realization of student and research projects, organization of conferences, and events to introduce and disseminate the Industry 4.0 concepts. One of the first projects that will be carried out by the club is considered to be the application of the Industry 4.0 scenarios to the production models at a Lego-Lab. The Lego-Lab will be so designed that the students can work on Industrial Lego Designs using Lego Mindstorms and understand the application of the Industry 4.0 concept by simulating real production lines.



An example application on a Lego factory model would be a scenario, where a car product variant is produced individually according to its order code, which is read by robots as it proceeds through the production line. Order codes can be encoded as color sequences that can be recognized by a standard Lego color sensor. Alternatively, a barcode/QR-code scanner could be used to read order codes. The data coming from the sensor will be then processed by a Lego intelligent brick coordinating the individual robot actions. At the end, the production line should function as fast as in the batch production but produce completely individualized cars. Similar to this example, different scenarios can be realized or simulated using the Lego Design Concept. The fact that this approach is very user-friendly and easy to understand makes it an ideal asset for students to embrace and benefit from.



The Lego-Lab will provide a production line consisting of multiple modules. Lego computer bricks that control each robot on the production line are programmable and support i.e., C/C++, Java, Python and Visual Basic. The following can be realized as first projects by the student club:

	
Integration of the Lego production modules with a cloud server in order to be monitored and managed through this server [43]. In the project, data from the active sensors on the Lego production modules are transferred to the cloud server and then stored in suitable data structures for further analysis. As database technology, a No-SQL database should be used, since sensor data can accumulate very fast and high in amount, which makes a relational approach unfeasible considering the query performance.



	
Printing new Lego parts using a 3D printer to enable the variant rich production of a certain product. As the first product example, transport vans can be chosen. These vehicles are especially suitable for a lab application in Industry 4.0, since they provide a very high number of variants.



	
Transformation of Lego production modules from mass production model (Industry 3.0) to individualized mass production model (Industry 4.0). At the end of this project, the code on a chassis that enters the production line will be scanned by a sensor and the production order belonging to this code will be queried on the cloud server. This inquiry will be processed for each of the modules in the production line as the chassis check in. According to the response from the server, robot will decide immediately from which feeder it should take parts to continue with the montage. Thus, the production line will be working on a speed comparable to the mass production but allowing the line to put out a new vehicle configuration each time.



	
Design of an optimal production line according to the product tree. Again, here transport vans can be chosen as a variant rich product. Students will analyze this product starting from the chassis taking in account different variants that can arise in the montage process using a product tree. According to the results of this analysis, they will redesign the fabric layout by rearranging modules, robots, stations and feeders optimally. The resulting new layout design will be applied on the Lego modules and production time results from the new and the old layouts will be compared.



	
Addition of new Lego modules. Students will enhance the Lego production line with new Lego Mindstorm parts that will be procured and so will enable the production of new product examples.











4. Conclusions


In this work, we proposed a generic framework for Industry 4.0 education that consisted of curriculum, laboratory, and student club components to adapt engineering education to the Industry 4.0 vision. In the curriculum component, we determined new study modules to be introduced, and changes to the existing study modules. In the next step, we designed two main labs to address the changes we made on the curricula, namely the Visual Production Lab, and the Lego-Lab. While defining the relation between the course hours and hands-on laboratory units, and how these laboratory units are to be conducted, we used Kolb’s Experiential Learning Theory. In the last step, we showed how a student club can complement the changes defined in the first two steps. Students can take initiative for Industry 4.0 related projects under the roof of a student club, which in turn supports the implementation of the active experimentation stage of the Kolb’s Experiential Learning Theory. The preliminary results from our implementation of this framework at the Turkish German University showed that it was feasible to apply such a framework and the adopted underlying theory of Kolb to adapt the engineering education to Industry 4.0 vision.
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Figure 1. Generic framework of Industry 4.0 engineering education. 
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Figure 2. Kolb’s learning styles model and experiential learning theory. 
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Table 1. Industry 4.0-related courses at the Turkish German University.






Table 1. Industry 4.0-related courses at the Turkish German University.














	Course Code
	Course Title
	CE
	MSE
	IE
	EET
	MEC





	INF101
	Introduction to Computer Science and Programming
	+
	+
	+
	+
	+



	INF102
	Object-oriented Programming
	+
	+
	+
	+
	+



	INF303
	Software Engineering Project
	+
	+
	+
	+
	+



	MAT204
	Statistical Methods of Data Analysis
	+
	+
	+
	+
	+



	INF205
	Database Systems
	+
	+
	+
	
	



	MEC308
	Industrial Robotics
	+
	+
	
	+
	+



	MEC313
	Industrial Automation Technology
	+
	+
	
	
	+



	INF307
	Machine Learning
	+
	+
	
	+
	



	INF006
	Self-organizing Maps
	+
	+
	
	
	



	INF203
	Algorithms and Data Structures I
	+
	+
	
	
	



	INF305
	Artificial Intelligence
	+
	+
	
	
	



	ETE102
	Principles of Electrical Engineering
	+
	
	
	
	+



	INF103
	Logic for Computer Science
	+
	
	
	
	



	INF206
	Communication Networks and Distributed Systems
	+
	
	
	
	



	INF207
	Operating Systems
	+
	
	
	
	



	INF304
	Programming Paradigms
	+
	
	
	
	



	INF306
	Knowledge Representation and Reasoning
	+
	
	
	
	



	INF308
	Cryptology
	+
	
	
	
	



	INF309
	IT Security
	+
	
	
	
	



	INF401
	Methods of Data Analysis
	+
	
	
	
	



	INF402
	Recommender Systems
	+
	
	
	
	



	INF403
	Security Systems and Protocols
	+
	
	
	
	



	INF404
	Information Retrieval Systems
	+
	
	
	
	



	INF405
	Network Security
	+
	
	
	
	



	INF406
	Data Privacy and Security
	+
	
	
	
	



	INF407
	Embedded Systems
	+
	
	
	
	



	INF408
	Security Management
	+
	
	
	
	



	INF410
	Realtime Systems
	+
	
	
	
	



	MEC207
	Materials Technology
	
	+
	+
	+
	+



	MEC208
	Measurement Technology
	
	+
	+
	+
	+



	MEC107
	Design Theory I: Technical Drawing and CAD
	
	+
	+
	
	+



	MEC319
	Mechatronics Project
	
	+
	
	+
	+



	MEC421
	Industrial Robotics II
	
	+
	
	+
	+



	ETE303
	Signals and Systems
	
	+
	
	+
	



	ETE456
	System Identification and Intelligent Control
	
	+
	
	+
	



	INF412
	Human-Machine Interaction
	
	+
	
	
	



	MAB302
	Production Technology
	
	+
	
	
	



	MEC001
	Industrial Information Systems and Data Analysis
	
	+
	
	
	



	MEC004
	Automation Technology II
	
	+
	
	
	



	MEC005
	Speech Signal Processing
	
	+
	
	
	



	MEC321
	Image-supported Automation I
	
	+
	
	
	



	MEC324
	Image-supported Automation II
	
	+
	
	
	



	MEC423
	Robotics Project I
	
	+
	
	
	



	MEC424
	Robotics Project II
	
	+
	
	
	



	MEC425
	Production Automation Project I
	
	+
	
	
	



	MEC426
	Production Automation Project II
	
	+
	
	
	



	MEC427
	Intelligent Systems Project I
	
	+
	
	
	



	MEC428
	Intelligent Systems Project II
	
	+
	
	
	



	MAB201
	Design Theory II: Construction of Mechanic Parts
	
	
	+
	
	+



	MAB302
	Manufacturing Technologies
	
	
	+
	
	



	MEC402
	Industrial IT and Virtual Product Development
	
	
	+
	
	



	WIN306
	Information Systems for Production and Logistics
	
	
	+
	
	



	WIN316
	Operations Research II—Stochastic Models
	
	
	+
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