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Abstract

:

Engineers of today require a holistic understanding of the lifecycle of products and processes, from conceptualization to operations. Maintenance and reliability are areas receiving increased attention due to the contribution to sustainable industry practices. The related literature describes ways to strengthen the education with respect to curricula and teaching, but studies on the extent and content of maintenance-related education in engineering programs are lacking. The purpose of this study is to describe the maintenance-related education content in Swedish engineering programs. The main objects of study are the curricula and courses of engineering programs in Sweden. In total, 123 Bachelor of Engineering and 119 Master of Engineering programs were studied, as well as 36 maintenance-related courses. It was found that 12% of the engineering programs include one or more maintenance-related course, either mandatory or elective. On the Master of Engineering level, only 4% of the programs include mandatory maintenance-related courses. The corresponding number for Bachelor of Engineering programs is 15%. The courses are typically of 6–7.5 credits, but as low as under one credit worth of maintenance-related content is seen, as well as two specialized programs offering up to 60 credits. Of the 36 courses, 20 have a distinct maintenance focus, 2 are degree thesis courses, and 2 are within reliability engineering, while the rest have a focus in other areas. The lack of maintenance-related education makes future engineers less prepared to make good decisions and judgments that might affect the operational phase of the product or system.
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1. Introduction


The engineers of today require a holistic understanding of the conceptualization, design, implementation, and operation of products and processes. Consequently, engineering education should provide the possibility to acquire these kinds of competences in a comprehensive manner. However, it is claimed that the required industrial competencies are not adequately met in academia today [1]. This calls for the reformation of engineering programs and curricula, for instance by implementing problem-based learning (PBL) or the conceive-design-implement-operate (CDIO) syllabus [2], which both are systematic approaches to curriculum development. PBL provides students with real-life resembling experiences during the study time and trains the personal as well as interpersonal skills, such as critical thinking, teamwork, and communication [3]. The CDIO initiative is a collaboration between academia, industry, and students for the development of modern engineering education [4], and the CDIO syllabus is a support in building a curriculum that integrates competencies in depth (core engineering competencies) and width (personal and interpersonal competencies). Attempts to integrate different competence requirements on course level have been reported in the literature, such as in [5] where design is studied from an interdisciplinary and sustainability perspective or the PBL-based approach to learning Industry 4.0 through a product lifecycle management software environment in [6]. Moreover, several designs and redesigns of engineering curricula are found; see for instance [6,7,8,9,10]. Furthermore, according to CDIO [2,4], the engineering students should acquire basic knowledge in engineering fundamentals as well as the full product lifecycle, from the conceiving of an idea to the operations of the finished product. This includes the understanding of modification, operations, and maintenance, as well as how to assure safety, reliability, and availability of production.



Maintenance is an industrial area receiving increased attention due to the contribution to sustainable industry practices [11]. Nevertheless, maintenance is given a small role in mechanical and industrial engineering education according to the study in [12], and few-related studies are found within the area of maintenance-related training and education. A comprehensive literature review using the keyword combinations “maintenance engineering” and “competencies/syllabus/curriculum” resulted in fewer than 20 journal and conference articles. The findings reveal that previous studies mainly investigate competence requirements or describe program and course development within the maintenance area. Maintenance-related competence and training requirements are explored using the survey methods in [13,14,15]. The main conclusion from these surveys is a strong industrial interest in maintenance training and education. In [16,17], the competence requirements for persons working in hazardous environments are discussed, and a set of competencies are suggested for certification. In [18], the industry-collaborative work at Cranfield University with regards to training and education in hidden failure or no fault found (NFF) events is described. Examples of courses in the topics of fault diagnostics and condition monitoring are found in [19,20]. In [21], a course in software maintenance based on a reverse-engineering approach is described, and learning material for a maintenance course was developed and evaluated in [22]. Distance-based and PBL learning are often used in the courses, and hands-on experiences in the form of laboratories are perceived as important. The author of [23] describes a postgraduate education program on maintenance at University of Exeter, comprising teaching in mathematics of maintenance, maintenance analysis, reliability and safety, maintainability and supportability engineering, maintenance management and economics, design for maintenance, and maintenance integration and lifecycle engineering. The systematic work with conforming the Aircraft Maintenance Engineering degree program at Saint Louis University with ABET accreditation is described in [24]. The authors of [25,26,27,28] propose curricula for maintenance education in engineering. In [25], a curriculum for housing maintenance is suggested for the Chinese civil engineering education system. The authors want to strengthen the engineering education with new curricula, learning material, and increased practical teaching and suggest a National Housing Maintenance Technical Training Centre. A curriculum based on a PBL approach is proposed by [26] for engineering programs on the first cycle level. It includes basic engineering knowledge and specific subjects in maintenance, such as reliability, maintainability and safety, physical asset and lifecycle cost analysis, risk analysis, and human resources and knowledge-based management. In addition, knowledge of information and communication technologies is perceived as important for complying with requirements according to Industry 4.0. The digital transformation of industry is the main driver for the curriculum developed in [28], and a set of competence requirements for Maintenance 4.0 is suggested based on the international standard EN15628 Maintenance—Qualification of maintenance personnel. In [27], a curriculum for maintenance-related education in engineering programs is suggested based on the same standard and the CDIO syllabus, and a generic maintenance course for engineering programs is proposed.



While the literature highlights ways to strengthen the engineering education by distance-based teaching and modern technologies, PBL and practical understanding, interdisciplinarity and lifecycle understanding, and an integrated curriculum where personal and interpersonal competences are trained in parallel with learning the knowledge content, the reality might be quite different. Thus, there is a need to study the real-life context of engineering education and thereafter being able to propose possible future directions. The purpose of this study is to describe the maintenance-related education content in engineering programs both quantitatively and qualitatively. The quantitative perspective focuses on number of programs with maintenance-related content and estimated number of credits that are included. The qualitative perspective focuses on course content as well as on teaching and examination forms. The study is delimited to the conditions in Sweden.




2. Materials and Methods


2.1. Theoretical Framework


For the Swedish context, two main standardization bodies within the area of maintenance are of importance. The first is the European Committee for Standardization (CEN), which coordinates the national standardization bodies of European countries [29], and the second is the European Federation of National Maintenance Societies (EFNMS), which acts as an umbrella organization for the nonprofit National Maintenance Societies in Europe [30]. The standard EN15628 Maintenance—Qualification of maintenance personnel [31] defines nine competence areas of a maintenance engineer: (1) to ensure the implementation of maintenance strategies and policies; (2) to plan the maintenance tasks within his or her area of responsibility, defining and organizing the necessary resources; (3) to organize, manage, and develop the maintenance resources: personnel, materials, and equipment; (4) to ensure compliance with regulations and procedures related to safety, health, and environment; (5) to ensure technical and economic efficiency and effectiveness of maintenance tasks based on current state of technology; (6) to participate in the technical aspects of contracts and procurement process and manage the performance of the contractors; (7) to communicate to all necessary partners such as staff, contractors, customers, and suppliers; (8) to use their technical/engineering knowledge and the organizational tools to improve maintenance tasks and plant efficiency in terms of availability and reliability; (9) to fulfil organizational and economical obligations in the field of his undertaken tasks.



EFNMS has developed curricula for maintenance training for the maintenance technician as well as for the maintenance manager [32,33]. The curricula form the basis for the certification exams for the level of maintenance technician and maintenance manager, respectively. Moreover, an e-training platform has been developed for this purpose, see [34,35]. According to EFNMS, a maintenance manager should be skilled in the following main topics: Management, Reliability performance of production plants, Maintenance information systems, and Maintenance methods and techniques. The curriculum of EFMNS is based on the standard EN15628, but some differences do occur: the EN15628 covers competence requirements for three different roles, maintenance technician specialist, maintenance supervisor/engineer, and maintenance manager, while EFNMS only covers the roles of the technician and manager. In addition, competence requirements are expressed in EFNMS as a set of knowledge requirements while EN15628 define key competencies as well as essential knowledge, and different headings are used.



Both standards have previously been used as a basis for developing curriculum content of engineering programs, e.g., [14,27,28], and are seen as relevant for building the theoretical framework of this study. Table 1 summarizes the knowledge requirements of a maintenance engineer according to the standard EN15628 [31] and the maintenance manager according to the EFNMS certification as a European Expert in Maintenance Management [32]. The knowledge requirements are divided into ten main knowledge categories: (1) Terms and standards, (2) Maintenance concepts, tools, and methods, (3) Management and organization, (4) Maintenance planning and logistics, (5) Maintenance information systems, (6) Maintenance contracting and economics, (7) Asset management /lifecycle engineering, (8) Reliability engineering, (9) Heath, safety, and environment, and (10) Others. The knowledge categories form the theoretical basis for the investigation carried out in this paper.




2.2. Study Design


The main objects of study are the curricula and courses of engineering programs in Sweden. Swedish higher education follows the Bologna structure [36]: first cycle comprises years 1–3, second cycle years 4–5, and third cycle years 6–9. For engineering education, however, there are differences in the national system with regards to the Bologna structure, see Figure 1.



One year of study corresponds with 60 credits, which equals 60 credits worth of studies according to the European Credit Transfer System (ECTS). However, as the Swedish grading system differs from the ECTS-grading system, the terminology of the Swedish academic credit system is used in the paper to avoid confusion. Academic merit is thus referred to in terms of “credits”. In Sweden, most engineering students undertake either a three year program resulting in a Bachelor of Engineering, or a five year program resulting in a Master of Engineering. These programs have different entry requirements, whereas the prerequisites especially in mathematics are higher for the five year program. The program contents are regulated in one curriculum for the Bachelor of Engineering and one for the Master of Engineering [37]. Students with a Bachelor of Engineering degree could enter a one year or two year program on the second cycle, earning a Master of Science. The Master of Science and Master of Engineering are not equivalent, even if the number of study years are the same. The curricula as well as knowledge content differ, as the outcomes for the “three plus two” path follow the curriculum for Bachelor of Engineering plus a general Master of Science, while the five-year path follows the Master of Engineering curriculum.



The universities are responsible for the establishment of programs and courses. The programs and courses are formally regulated in program and course syllabuses stating the prerequisites, objectives, and content. For courses, the teaching methods and reading material is often mentioned in the syllabus as well.



For collecting information regarding available Swedish engineering programs in this study, the search engine provided by Swedish Council for Higher Education at antagning.se [38] was used. Antagning.se is the official website for admission to higher education in Sweden. The search engine is an integrated part of the national admission system, with content regularly updated by the universities. Consequently, it is an accurate source for searching available programs and courses but also convenient, as the search could be delimited, e.g., to specific degrees. The search engine was used for finding available engineering programs starting in the autumn semester 2019. Two searches were conducted in June 2019, one delimited to Bachelor of Engineering programs, and one delimited to Master of Engineering programs. This resulted in a list of totally 242 programs; 123 within Bachelor of Engineering and 119 within Master of Engineering; see Figure 2 and Figure 3. The education programs in Figure 2 and Figure 3 are sorted by main subject area. Multidisciplinary programs, covering two or more main areas, and specialized programs are found under the rubric “Other engineering”. At the bachelor’s level, Computer Engineering, Civil engineering, and Mechanical Engineering are the top programs, while Computer Engineering, Engineering Physics, and Industrial Engineering are top programs at the master’s level. The master’s level contains a higher number of specialized programs as well.



The official university web pages were thereafter visited in September 2019 for the collection of program and course specific information. The program syllabuses were identified and downloaded, and a first text search within the program syllabus was made using the key words “maintenance”, “availability”, and “reliability” (In Swedish, “underhåll”, “driftsäkerhet”, and “tillförlitlighet”). Searching the full documents ended up in 55 hits. The hits were located to general program descriptions as well as to specific courses within the program. It could be noted that a total of 66 maintenance-related courses were identified, spanning from program courses to elective courses and industrial training courses. Further, only the courses directly connected to an engineering program either as mandatory or elective course were investigated. The courses accounted for in Figure 2 and Figure 3 are thus courses that were found in the program syllabus.



In total, 30 programs (of 242) included courses within the maintenance area. Of these, 23 included mandatory courses, and 7 included elective courses; see Figure 2 and Figure 3. The number of unique courses identified were 36. These programs are mostly found within Civil Engineering, Mechanical Engineering, Industrial Engineering, and Other Engineering. In the category Other Engineering Programs, two Bachelor of Engineering programs were found with specialization in maintenance. According to the first program description, the program is developed in close collaboration with industry and gives the students the opportunity to work with real-life problems, such as how industry could reduce its climate impact. The program provides knowledge in technology and production maintenance that is needed to develop safe and long-term sustainable production. The second program highlights the technological industrial advancements, such as artificial intelligence, sensors, and big data. According to the program description, the education provides foundations and tools in maintenance engineering, so that the students could be part of the journey toward a sustainable industry and infrastructure.



The course syllabuses were retrieved from the university web pages and downloaded locally to create the main study database. Moreover, a search on the university web pages using the key words mentioned above was made for identifying relevant single-subject courses. Further investigation by inquiring the program responsible through phone or mail was conducted in case a program syllabus claimed that students after taking the program would acquire knowledge in the maintenance area, but no maintenance-related courses were listed in the course list.



Basic data regarding the 36 courses were first extracted: name, level, credits, subject area, forms of teaching, forms of examination, program type and level, and whether the course was obligatory or elective. This information is found in Appendix A. Thereafter, the course content was mapped with respect to the categories in Table 1 using conceptual content analysis. The courses were also classified according to whether the course was a general maintenance-related course or a course within a specific maintenance domain.





3. Results


It was found that 12% of the engineering programs include one or more maintenance-related courses, either mandatory or elective, as seen in Figure 2 and Figure 3. Mandatory maintenance-related courses are found in 23 out of 242 programs, or 9.5% of the total programs. These courses are more common at the Bachelor of Engineering level, at 19%, of which 15% are mandatory. By contrast, only 6% of the Master of Engineering programs include maintenance-related courses, of which 4% mandatory.



Of the 36 courses in total, 33 are first-cycle courses, and three courses second-cycle courses, as seen in Table 2. There is no direct correlation between course level and program level; two of the second-cycle courses are mandatory in the Bachelor of Engineering programs. Similarly, five of the six courses offered at Master of Engineering programs are first-level courses. The typical length of a course is 7.5 credits, which corresponds to 1/8 of a year full-time study. Looking at the number of credits within a program, the span is 6–60 credits. The main part of the programs includes one course of 6 or 7.5 credits. Some programs offer two courses or longer courses of 10–15 credits. Two Bachelor of Engineering programs are specialized in maintenance engineering, and these programs comprise 57 and 60 credits, respectively (out of 180 credits in total). The number of credits does not fully reflect the maintenance-related content that is taught, as some courses combine maintenance topics with other topics. We are going to discuss this matter under the Discussion section. Of the 36 courses in total, 20 are courses with distinct maintenance focus, 2 are degree thesis courses, and 2 are within reliability engineering, while the rest (12 courses) have a main focus in other areas, such as facilities management or quality management but with maintenance-related content.



Longer courses are project courses or degree courses, with two exceptions: one course of 10 credits covers both quality and maintenance subjects, and one 15 credits course is mainly in the area of facility management, where maintenance planning forms a smaller part. The subject area of the course corresponds to high degree with the program in which the course is taken. For example, the course Building Services and facility management is within the subject area Civil Engineering and is taken by the students at the Bachelor of Science Program in Civil Engineering, and the course Maintenance Technology with subject area Mechanical Engineering is read by students in the Mechanical Engineering, Industrial Engineering and Management, and Automation Engineering programs. Most courses are based on traditional teaching in the form of lectures, exercises, and laboratories and are assessed with written examination, assignments, and exercises. Two courses use a flipped classroom approach and are offered as distance-based alternatives. Some courses include project work in addition to traditional teaching methods, and a few are entirely project based.



The content analysis showed that 33% of the courses covered only one maintenance knowledge category; see Figure 4 and Table 2 for details. These courses are found in the categories of Maintenance engineering, Maintenance planning and logistics, Maintenance information systems, and Reliability engineering. In most of these courses, the maintenance-related content forms a minor part of the total course content. The typical content is maintenance connected with the specific subject area, such as: “Conduit maintenance (renovation, renewal and improvement)”, “Road and street operation and maintenance”, and “Maintenance of roads, streets and bridges”, or basic maintenance and reliability knowledge, expressed, e.g., as: “Basic (concepts in) maintenance technology, Preventive and corrective maintenance”, “Maintenance planning”, “Total Productive Maintenance”, and “Reliability engineering: definitions, theories, tools, methods, models and concepts”.



This is also seen in the classification of the maintenance-related content in the courses: the courses are either general, i.e., teach general maintenance knowledge, or specialized with respect to the system to be maintained, such as infrastructure systems, production systems, software systems, or chemical systems. The three courses did not cover any of the knowledge categories, which is explained by their nature: two are degree thesis project courses and one a project course, where the topics are chosen individually for each project. An interesting observation is that one course covered all knowledge categories. This is a mandatory course for students at two Electrical Engineering programs at a bachelor’s level. The course name indicates that it is specialized for hydropower, but the course content is expressed in general terms except for the formulation: “Maintenance within hydropower, for example inspection routines”.



In Figure 5, the frequency of knowledge categories is displayed. The knowledge category Maintenance engineering is covered in 75% of the courses. Reliability engineering and Maintenance information systems are topics covered in 33% of the courses. Less frequent topics are Terms and standards, Asset management/Lifecycle engineering, and Health, safety, and environment. From Table 2, the most frequent topic combinations for each knowledge category could be extracted. The category Terms and standards is mainly combined with Maintenance engineering and Maintenance information systems. Maintenance engineering is combined with Management and organization, Maintenance information systems, Maintenance contracting and economics, and Reliability engineering. This correlation is double directed, i.e., the topics of Management and organization, Maintenance information systems, Maintenance contracting and economics, and Reliability engineering are mainly combined with Maintenance engineering. In addition, Health, safety, and environment is also mainly combined with Maintenance engineering. Maintenance planning and logistics is combined with Maintenance engineering, Maintenance information systems, and Asset management/lifecycle engineering is combined with the topics Maintenance engineering and Management and organization. Maintenance engineering is thus a common denominator when a topic is combined with other topics, with one exception. The exception is a course named Management and Maintenance of Buildings that covers the knowledge categories Management and organization, Maintenance planning and logistics, and Health, safety, and environment. The course is within property management, covering methods and tools, guidelines, and standards in the area of property management as well as planning, implementation, and follow-up of the condition assessment of buildings. It includes a major project work where the student develops a plan for the management and maintenance of a building.



The knowledge coverage of the two Bachelor of Engineering programs with a specialization in maintenance is rather good according to the content in the course syllabuses, as seen in Table 2 (the courses within the two programs with specialization in maintenance engineering are #24–30 and #31–36, respectively). The first program has good coverage in both engineering and management-related topics but lacks content regarding Terms and standards and Asset management and lifecycle engineering. The other program covers engineering topics to a high degree but lack content in the areas of Maintenance planning and logistics and Health, safety, and environment. It should be noted that these are results based on the formal content of the course syllabuses, while the knowledge content could be implicitly included in one of the courses or found in other courses taught in the program; see the next section for a discussion.




4. Discussion


According to the course syllabuses that comprise the education programs, only around one-tenth of the programs include maintenance-related topics. The percentage is somewhat higher for three year Bachelor of Engineering programs, while only about 5% of the five year Master of Engineering programs include maintenance-related topics. Computer engineering, electrical engineering, chemical engineering, and product development engineering programs are examples of programs with limited or no maintenance-related elements. The difference between the Bachelor of Engineering and Master of Engineering programs in Sweden is sometimes expressed in terms of future work roles. While a Bachelor of Engineering often obtain positions at a supervisor level, a Master of Engineering often ends up in a managerial position. From this perspective, it is quite unfortunate that the Master of Engineering students do not retrieve basic knowledge regarding the maintenance of assets, as they will be responsible for decisions regarding the assets.



The total amount of teaching in maintenance-related topics for a single student is somewhat hard to estimate as the maintenance-related content does not conform with the total number of credits in a specific course. By estimating the content distribution from the course content descriptions, some students acquire as low as less than one credit’s worth of studies within maintenance-related topics, while others have 7.5 credits, with a mean of around four credits (not taking into account the two programs specialized in maintenance). According to [4], all engineers should retrieve a basic understanding of the different phases in the lifecycle of a product or a system. Moreover, engineers have a driving role in the development and innovation of the industry and society. Therefore, understanding how this development impacts the societal, enterprise, and individual levels forms part of the core engineering competence requirements, namely engineering ethics [39]. The lack of maintenance-related education makes the future engineers less prepared to make good decisions and judgements that might affect the operational phase of the product or system.



The knowledge categories covered in the 36 courses are mainly core maintenance or reliability engineering topics. As seen in the analysis of topic combinations, maintenance engineering forms a basis and is often combined with knowledge of planning, economics, information systems, or reliability engineering. The courses thus tend to be either technical or managerial in nature. Typical technical courses cover maintenance and reliability engineering topics, while managerial courses cover maintenance engineering topics in combination with knowledge regarding maintenance planning, contracting and economics, or information systems (for the management of maintenance). Moreover, the course content is often correlated with specific subject areas, such as the maintenance of infrastructure, production systems, or energy systems. Engineering education in Sweden has strong focus on industry collaboration, employability, and sustainability; see for instance [40,41]. In the context of this study, this is seen in the two Bachelor of Engineering programs aimed at educating maintenance engineers and asset experts, which are both developed in cooperation with industry fulfilling regional needs, as well as national needs [42]. The two programs have both a strong focus in advanced technology and sustainability. The technology focus is clearly reflected in the courses within maintenance and reliability engineering; the first program has one course dedicated to condition-based maintenance, sensor technology, and maintenance-related information systems, and another course within the topic of Industry 4.0 and its applications. The second program includes a project course in sensor technology, condition monitoring, and data analysis, and a course in eMaintenance covering the whole process from data acquisition to decision making. The latter covers contemporary topics such as big data management and cloud computing. The sustainability aspect is, in the first program, covered in several courses, both general and related to different topics such as production economy and maintenance. Sustainability is covered in several courses in the second program but as noted in the results above, not explicitly in the maintenance-related courses. From a maintenance competence perspective, the two programs offer good coverage either in the specific maintenance-related courses or in other courses that are included in the programs.



Offering specialized programs is one way to strengthen the maintenance-related engineering competencies, but for the main part of the engineering programs, other means are required. One reason to the poor coverage of maintenance-related training and education could be the lack of resources and competence [12]. More support is needed for maintenance-related education, for instance in the form of syllabuses, teaching material, and textbooks. For the Swedish context, this could be strengthened by providing teachers with easy-to-use or easily accessible material. Basic textbooks in the native language and online courses that could be incorporated into the engineering programs without the necessity to hire teachers with specific maintenance competences are two examples of such material. Another option is industry collaboration, for instance using the experiences and knowledge of maintenance engineers as basis for lectures and seminars or creating industry-related projects that give the students the necessary knowledge and competence.



In this study, the program curricula and course syllabi that explicitly include maintenance-related content was explored using a theoretical framework based on industry standards. Using the industry standards in the higher education leads to benefits as well as drawbacks. The standards reflect the industry needs for specific knowledge and skills, which ensures that relevant competencies are covered. The main drawback is the potential that the standards operationalize the knowledge content on too detailed of a level or cover areas that are less relevant in the higher education context. To handle this issue, the standards EFNMS and EN15628 were used to create relevant categories of coding for the content analysis, rather than for mapping on a detailed level. The nine categories used are all directly related with maintenance and reliability topics and thus are relevant for the purpose of the study. However, several categories could be seen as general topics put into the specific context of maintenance and reliability. Engineering economics, for instance, might cover lifecycle costs, and the topic of health, safety, and environment might be covered in courses within sustainable development. With a strong emphasis on sustainability and sustainable development in Sweden, several engineering programs include courses in sustainability topics. It could be argued that generic knowledge of this kind could be transferred into a specific context. This logic assumes that the students have gained the basic understanding of maintenance and reliability, and according to the findings, few programs offer this. Although several programs, especially within civil engineering and energy engineering, mention that the program aims at providing knowledge and skills covering the whole-system lifecycle, from conceptualization to operation and maintenance, they do not include a specific course in maintenance and reliability. The knowledge of maintenance might be included in one of the core courses, such as building technology or energy technology. To explore this further, a survey study would be appropriate.



As the number of similar studies is limited, it is hard to do a thorough comparison of the findings in an international context. The study of industrial engineering and mechanical engineering programs in Sweden and Finland reported in [12] found that less than 15% of the programs offered maintenance courses, i.e., similar findings as in this study. In [14], a nonsystematic review of maintenance-related education in mechanical engineering, industrial engineering, and production engineering fields of study is found, focusing on course content, and not on the extent of maintenance education offered. The results in [14] correspond with the findings of this study with respect to knowledge categories covered but differ with respect to frequency of categories covered, in that most courses covered three or more categories. A cross-case analysis of maintenance-related education, e.g., in the European context would be an interesting extension of this study.



The focus of this study is maintenance-related education in Swedish engineering programs, and therefore, the implications are valid beforehand within the study framework. However, some generic conclusions could be drawn upon the study design. (1) The program curricula and course syllabi were comprehended as relevant sources for the study, as they reflect the content as well as the intentions of the programs. This approach could be applied for other areas of education than engineering, and for studies of education content in other countries, allowing for crosscase analysis. (2) Finding relevant coding categories when conducting deductive content analysis is important, and the available standards provide a good basis. Several studies use either industry standards and certifications, or national and international standards in specific educational contexts as the theoretical basis, e.g., [7,16,21,28]. However, if industry standards are used for the purpose of content analysis, the fitness-of-use for the level and type of education has to be taken into account when developing the coding categories.
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Appendix A




	
Course #

	
Level

	
Credits

	
Subject Area

	
Forms of Teaching

	
Forms of Examination

	
Program Type

	
Bachelor or Master

	
Obligatory or Elective




	
1

	
First cycle

	
7.5

	
Civil and Environmental Engineering

	
Lectures, literature studies, seminars, exercises, and tutorials

	
Project work

	
Civil Engineering

	
B

	
O




	
2

	
First cycle

	
7.5

	
Industrial Engineering

	
Lectures, exercises and written assignments

	
Written examination, individual assignments

	
Energy/Environmental Engineering

	
B

	
O




	
3

	
First cycle

	
7.5

	
Mechanical engineering

	
Lectures, lessons

	
Written examination, written assignment

	
Mechanical Engineering, Industrial Engineering, Automation Engineering

	
B

	
O




	
4

	
First cycle

	
7.5

	
Industrial economics

	
Lectures, seminars, labs and project work

	
Written examination, laboratory, project work

	
Industrial Engineering

	
B

	
O




	
5

	
First cycle

	
6

	
Industrial Engineering

	
Lectures, group assignments

	
Written examination, written assignment

	
Other Engineering

	
B

	
O




	
6

	
First cycle

	
6

	
Building Technology

	
Lectures, exercises

	
Written examination

	
Civil Engineering

	
B

	
O




	
7

	
First cycle

	
6

	
Building Technology

	
Lectures, exercises

	
Written examination, exercises

	
Civil Engineering

	
B

	
O




	
8

	
First cycle

	
7.5

	
Building Technology

	
Lectures, exercises, laboratory work

	
Written examination

	
Civil Engineering

	
B

	
O




	
9

	
Second cycle

	
7.5

	
N.a.

	
Lectures, exercises, laboratory work, project work

	
Project reports, oral examination, written examination

	
Civil Engineering

	
B

	
O




	
10

	
First cycle

	
7.5

	
Energy Technology/Chemical Engineering

	
Lectures, study visits, project work

	
Web based examination, written assignment, study visit

	
Automation Engineering, Energy/Environmental Engineering

	
B

	
O




	
11

	
First cycle

	
15

	
Civil Engineering

	
Lectures and tutoring in connection with laboratory work, group work andprojects

	
Exercises, presentations, written examination

	
Civil Engineering

	
B

	
O




	
12

	
First cycle

	
10

	
N.a.

	
Lectures, seminars, workshops, study visits, major project work, tutoring

	
Participation in study visits and seminars, assignments, written and oral presentation of project assignments

	
Civil Engineering

	
B

	
O




	
13

	
First cycle

	
7.5

	
Maintenance Engineering

	
Lectures, case study, assignments, study visit

	
Written examination, assignments

	
Electrical Engineering

	
B

	
O




	
14

	
First cycle

	
7.5

	
Mechanical engineering

	
Lectures, seminars, exercises, individual-/group-based work

	
Written examination, practical exercises/laboratory, project work

	
Industrial Engineering, Mechanical Engineering

	
B

	
O/E




	
15

	
First cycle

	
7.5

	
Mechanical engineering

	
Lectures, exercises, seminar

	
Written examination, assignments

	
Industrial Engineering

	
B

	
E




	
16

	
First cycle

	
7.5

	
Technology

	
Lectures, exercises

	
Written examination, exercises

	
Civil Engineering

	
B

	
E




	
17

	
First cycle

	
7.5

	
Technology

	
N.a.

	
Report, exercises

	
Computer Engineering

	
B

	
E




	
18

	
First cycle

	
7.5

	
Industrial Management, Mechanical Engineering

	
Lectures, laboratory sessions, study visits, case studies, seminars

	
Written examination, literature seminars, laboratory sessions, assignments, case report

	
Mechanical Engineering

	
B/M

	
E




	
19

	
First cycle

	
6

	
Technology

	
N.a.

	
Written examination, exercise, project work

	
Mechanical Engineering

	
M

	
O




	
20

	
First cycle

	
7.5

	
Maintenance Engineering

	
Lectures, group discussion and homework

	
Written examination, Group work/assignment report

	
Civil Engineering

	
M

	
O




	
21

	
First cycle

	
7.5

	
Chemical Engineering

	
Lectures, study visits, tutoring, laboratory work

	
Project work, oral presentation, laboratory report, written examination

	
Chemical Engineering

	
M

	
O




	
22

	
First cycle

	
10

	
Mechanical Engineering

	
Lectures, hands-on exercises, laboratory

	
Written examination, assignments

	
Other Engineering

	
M

	
O




	
23

	
Second cycle

	
7.5

	
Mechanical Engineering

	
Lectures, seminars

	
Home examination, assignments

	
Product development/Design Engineering

	
M

	
O




	
24

	
First cycle

	
6

	
Technology

	
N.a.

	
Assignments, written examination, exercise

	
Other Engineering

	
B

	
O




	
25

	
First cycle

	
6

	
Technology

	
N.a.

	
Project work, written assignment

	
Other Engineering

	
B

	
O




	
26

	
First cycle

	
7.5

	
Technology

	
N.a.

	
Assignment, laboratory work, project work, written examination

	
Other Engineering

	
B

	
O




	
27

	
First cycle

	
7.5

	
Technology

	
N.a.

	
Project work, exercise

	
Other Engineering

	
B

	
O




	
28

	
First cycle

	
7.5

	
Technology

	
N.a.

	
Assignment, seminars, written examination

	
Other Engineering

	
B

	
O




	
29

	
First cycle

	
7.5

	
Technology

	
N.a.

	
Assignments, seminars

	
Other Engineering

	
B

	
O




	
30

	
First cycle

	
15

	
Technology

	
N.a.

	
Thesis project

	
Other Engineering

	
B

	
O




	
31

	
First cycle

	
7.5

	
Maintenance Engineering

	
Recorded lectures, discussion sessions (flipped classroom)

	
Written examination, assignments

	
Other Engineering

	
B

	
O




	
32

	
First cycle

	
7.5

	
Maintenance Engineering

	
N.a.

	
Written examination, assignments

	
Other Engineering

	
B

	
O




	
33

	
First cycle

	
7.5

	
Maintenance Engineering

	
Recorded lectures, discussion sessions (flipped classroom), study trip

	
Written examination, assignments

	
Other Engineering

	
B

	
O




	
34

	
First cycle

	
15

	
Maintenance Engineering

	
Decide on a case by case basis

	
Project report

	
Other Engineering

	
B

	
O




	
35

	
Second cycle

	
7.5

	
Maintenance Engineering

	
Lectures, lessons, practices and laboratory work, project work, tutoring

	
Assignments, laboratory work

	
Other Engineering

	
B

	
O




	
36

	
First cycle

	
15

	
Maintenance Engineering

	
Degree project, tutoring

	
Written and oral presentation

	
Other Engineering

	
B

	
O




	
Courses within the two programs with specialization in maintenance engineering are #24–30 and #31–36, respectively.









References


	



Witt, E.; Lill, I.; Malalgoda, C.; Siriwardena, M.; Thayaparan, M.; Amaratunga, D.; Kaklauskas, A. Towards a framework for closer university-industry collaboration in educating built environment professionals. Int. J. Strateg. Prop. Manag. 2013, 17, 114–132. [Google Scholar] [CrossRef]

	



Edström, K.; Kolmos, A. PBL and CDIO: Complementary models for engineering education development. Eur. J. Eng. Educ. 2014, 39, 539–555. [Google Scholar] [CrossRef]

	



Quinn, A. Incorporating Problem-Based Learning Skills into Graduate and Professional Student Classes: The University of Michigan Law School’s Problem Solving Initiative. J. Probl. Based Learn. High. Educ. 2020, 8, 115–128. [Google Scholar]

	



Crawley, E.F.; Malmqvist, J.; Lucas, W.A.; Brodeur, D.R. The CDIO Syllabus v2.0 An Updated Statement of Goals for Engineering Education. In Proceedings of the 7th International CDIO Conference, Technical University of Denmark, Copenhagen, Denmark, 20–23 June 2011. [Google Scholar]

	



Seif, M. Design Case Studies: A practical approach for teaching machine design. In Proceedings of the Frontiers in Education, 27th Annual Conference. Teaching and Learning in an Era of Change, Pittsburgh, PA, USA, 5–8 November 1997; Volume 3, pp. 1579–1582. [Google Scholar]

	



Vila, C.; Ugarte, D.; Rios, J.; Abellan, J.B. Project-based collaborative engineering learning to develop Industry 4.0 skills within a PLM framework. Procedia Manuf. 2017, 13, 1269–1276. [Google Scholar] [CrossRef]

	



Loyer, S.; Muñoz, M.; Cárdenas, C.; Martínez, C.; Cepeda, M.; Faúndez, V. A CDIO Approach to Curriculum Design of Five Engineering Programs at UCSC. In Proceedings of the 7th International CDIO Conference, Technical University of Denmark, Copenhagen, Denmark, 20–23 June 2011. [Google Scholar]

	



Buyurgan, N.; Kiassat, C. Developing a new industrial engineering curriculum using a systems engineering approach. Eur. J. Eng. Educ. 2017, 42, 1263–1276. [Google Scholar] [CrossRef]

	



González, A.; Patino, D.; Roldán, L.; Pena, J. Challenges in the implementation of a CDIO curriculum for a program in electronics engineering. In Proceedings of the 15th International CDIO Conference at Aarhus University, Aarhus, Denmark, 25–27 June 2019. [Google Scholar]

	



Qu, Z.; Huang, W.; Zhou, Z. Applying sustainability into engineering curriculum under the background of “new engineering education” (NEE). Int. J. Sustain. High. 2020, 21, 1169–1187. [Google Scholar] [CrossRef]

	



Durán, O.; Durán, P.A. Prioritization of Physical Assets for Maintenance and Production Sustainability. Sustainability 2019, 11, 4296. [Google Scholar] [CrossRef]

	



Kans, M.; Metso, L. Maintenance Education in Engineering Programs on Bachelor and Master Leve: Evidence from Finland and Sweden. In Engineering Assets and Public Infrastructures in the Age of Digitalization, Proceedings of the 13th World Congress on Engineering Asset Management, Stavanger, Norway, 24–26 September 2018; Springer: Cham, Switzerland, 2020; pp. 465–474. [Google Scholar]

	



Lai, J.H.K. Building operation and maintenance: Education needs in Hong Kong. Facilities 2010, 28, 475–493. [Google Scholar] [CrossRef]

	



Nerland, A.S. Competence within Maintenance. Master’s Thesis, Norges Teknisk-Naturvitenskapelige Universitet, Fakultet for Ingeniørvitenskap Og Teknologi, Institutt for Produksjons-Og Kvalitetsteknikk, Trondheim, Norway, 2010. [Google Scholar]

	



Heilmann, P.; Heilmann, J. Competence management in maintenance: Case—Finnish forest company. Manag. Res. Rev. 2011, 35, 4–13. [Google Scholar] [CrossRef]

	



Cole, M.; McManama, K. IECEx assessment and certification of personnel competencies for individuals working in hazardous locations. In Proceedings of the Record of Conference Papers Industry Applications Society 58th Annual IEEE Petroleum and Chemical Industry Conference, Toronto, ON, Canada, 19–21 September 2011; pp. 1–20. [Google Scholar]

	



Jones, M.; Bennett, P. Competency—Are We Taking It Seriously? In Proceedings of the IEEE Petroleum and Chemical Industry Committee Conference, Vancouver, BC, Canada, 9–12 September 2019; pp. 505–510. [Google Scholar]

	



Khan, S. Research study from industry-university collaboration on “No Fault Found” events. J. Qual. Maint. Eng. 2015, 21, 186–206. [Google Scholar] [CrossRef]

	



Upadhyaya, B. Web Based Development and Delivery of Course Material on Maintenance Engineering. In Engineering Library Division Papers; Association for Engineering Education: Atlanta, GA, USA, 2003; pp. 8.1292.1–8.1292.6. [Google Scholar]

	



Antonino-Daviu, J.; Pons-Llinares, J.; Climente-Alarcon, V. Educational experiences in electric machine fault diagnosis teaching. In Proceedings of the IEEE Global Engineering Education Conference, Berlin, Germany, 13–15 March 2013; pp. 1070–1075. [Google Scholar]

	



Perez-Castillo, R.; Garcia-Rodriguez de Guzman, I.; Garcia, F.; Piattini, M. A teaching experience on software reengineering. In Proceedings of the IEEE Global Engineering Education Conference, Berlin, Germany, 13–15 March 2013; pp. 1284–1293. [Google Scholar]

	



Ardian, A.; Irwantoro, A.R.; Sasongko, B.T. Development of the maintenance and repair module for mechanical engineering education courses. J. Phys. Conf. Ser. 2020, 1446, 12025. [Google Scholar] [CrossRef]

	



Knezevic, J. Industry driven postgraduate maintenance education: MIRCE approach. J. Qual. Maint. Eng. 1997, 3, 302–308. [Google Scholar] [CrossRef]

	



Cowin, A.; Kelly, T. Modernization of an Aircraft Maintenance Curriculum: Measuring up to the Tac of Abet. In Engineering Library Division Papers; Association for Engineering Education: Atlanta, GA, USA, 2001; pp. 6.726.1–6.726.11. [Google Scholar]

	



Xu, Y.; Gao, L. Study of the ability and the education system of professionals on Housing Maintenance Engineering. In Proceedings of the IEEE International Conference on Industrial Engineering and Engineering Management, Macao, China, 7–10 December 2010; pp. 692–695. [Google Scholar]

	



Marcos-Acevedo, J.; Diaz-Cacho, M.; Sanchez-Real, J.; Chikh, S. Training in Maintenance Engineering. Curricula Proposal. In Proceedings of the IEEE International Conference on Industrial Engineering and Engineering Management, Bangkok, Thailand, 16–19 December 2018; pp. 331–335. [Google Scholar]

	



Kans, M. Maintenance Knowledge Requirements for Engineering Education: A Curriculum for the Modern Engineer. In Proceedings of the 4th International Conference on Maintenance Engineering, Dubai, United Arab Emirates, 24–25 April 2019; pp. 17–27. [Google Scholar]

	



Kans, M.; Campos, J.; Håkansson, L. A remote laboratory for Maintenance 4.0 training and education. In Proceedings of the 4th IFAC Workshop on Advanced Maintenance Engineering, Services and Technologies—AMEST, Cambridge, UK, 10–11 September 2020; pp. 101–106. [Google Scholar]

	



European Committee for Standardization. Available online: https://www.cen.eu/Pages/default.aspx (accessed on 6 July 2021).

	



European Federation of National Maintenance Societies. Available online: http://www.efnms.eu/ (accessed on 6 July 2021).

	



CEN-European Committee for Standardization. EN 15628 Maintenance—Qualification of Maintenance Personnel; CEN-European Committee for Standardization: Brussels, Belgium, 2014. [Google Scholar]

	



European Federation of National Maintenance Societies. The Requirements and Rules to Achieve an EFNMS Certificate as a European Expert in Maintenance Management. 1998. Available online: http://www.efnms.eu/wp-content/uploads/2016/08/M_Req.pdf (accessed on 6 July 2021).

	



European Federation of National Maintenance Societies. The Specifications of a European Maintenance Technician Specialist. 2001. Available online: http://www.efnms.eu/wp-content/uploads/2016/08/T_Req.pdf (accessed on 6 July 2021).

	



Emmanouilidis, C.; Papathanassiou, N.; Pistofidis, P.; Labib, A. Maintenance Management e-Training: What we Learn from the Users. IFAC Proc. Vol. 2010, 43, 36–41. [Google Scholar] [CrossRef]

	



Papathanassiou, N.; Pistofidis, P.; Emmanouilidis, C. Competencies development and self-assessment in maintenance management e-training. Eur. J. Eng. Educ. 2013, 38, 497–511. [Google Scholar] [CrossRef]

	



European Commission/EACEA/Eurydice. The European Higher Education Area in 2018: Bologna Process Implementation Report; Publications Office of the European Union: Luxembourg, 2018. [Google Scholar]

	



Swedish Council for Higher Education. The Swedish Higher Education System. 2013. Available online: https://www.uhr.se/globalassets/_uhr.se/bedomning/diploma-supplement/the_swed_high_system.pdf (accessed on 11 August 2021).

	



Swedish Council for Higher Education Sök utbildning på alla Sveriges Universitet och Högskolor—Antagning.se. Available online: https://www.antagning.se/se/start (accessed on 24 September 2019).

	



Nair, I.; Bulleit, W. Pragmatism and Care in Engineering Ethics. Sci. Eng. Ethics 2020, 26, 65–87. [Google Scholar] [CrossRef] [PubMed]

	



Enelund, M.; Knutson Wedel, M.; Lundqvist, U.; Malmqvist, J. Integration of Education for Sustainable Development in the Mechanical Engineering Curriculum. Australas. J. Eng. Educ. 2013, 19, 51–62. [Google Scholar] [CrossRef]

	



Asplund, C.-J.; Bengtsson, L. Knowledge Spillover from Master of Science Theses in Engineering Education in Sweden. Eur. J. Eng. Educ. 2020, 45, 443–456. [Google Scholar] [CrossRef]

	



Association of Swedish Engineering Industries. Vinna Eller Försvinna—Kompetensbehov, Utmaningar och Strategier i Teknikföretag. 2018. Available online: https://www.teknikforetagen.se/nyhetscenter/rapporter/2018/vinna-eller-forsvinna---kompetensbehov-utmaningar-och-strategier-i-teknikforetag/ (accessed on 9 September 2021).








[image: Education 11 00535 g001 550] 





Figure 1. The Swedish higher education system for engineering sciences. 
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Figure 2. Bachelor of Engineering programs included in the study (programs starting in autumn 2019). 
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Figure 3. Master of Engineering programs included in the study (programs starting in autumn 2019). 
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Figure 4. Knowledge categories covered. 
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Figure 5. Frequency of categories covered. 
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Table 1. Knowledge requirements according to [31,32].
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	Category
	EFNMS (1998)
	EN15628 (2014)





	Terms and standards
	Actual European standards within maintenance

Maintenance terms in the English language
	Legislation and technical standards



	Maintenance engineering
	Maintenance Methods and Techniques

-The theory of the failure patterns

-Types of wear and tear

-Improvement techniques (aiming at reducing failure rates and down times)

-Preventive techniques

-Inspection techniques

-Condition monitoring techniques

-Methods of life extensions

-Measurement methods

-Control systems

-Performance improvement techniques

-Repair techniques

The mathematical and statistical formulas to be used in the specifications and for verifications
	Maintenance methods and technologies

Maintenance and diagnostic techniques

Materials and equipment technologies

Maintenance and diagnostic techniques

Methods and tools of engineering maintenance

Principles, logic, and parameters ofoperation and utilization of assets and items

Principles and techniques of design, construction, and maintainability

Legislation and technical standards



	Management and organization
	Goals, strategy, and result

-How to set up a company management policy in order to be able to participate in its definition as far as maintenance is concerned

-How to formulate the maintenance policy within a company

-How to formulate the maintenance goals

-Different maintenance strategies and how to choose the right strategy

-How to specify the requirements for the maintenance activities

-How to measure and analyze the results of the maintenance activities, e.g., efficiency and economy

Economy

-How to define the future maintenance needs of a company

Organization, competence

-How to organize the maintenance activities, how to choose a suitable organization and assure the right competence within the organization

-How to determine the human and material resources in order to implement the organization

-How to define and implement human resources development policy
	Maintenance strategies and policies

Methods and techniques of organization

Principles, logic, and parameters of operation and utilization of asset and item in combination with wear and damage mechanisms

Business job descriptions and roles

Business objectives

Legal constraints related of the management of resources, equipment and tools

Skills of employees

Training and coaching techniques and methods

Tools and techniques for technical, organizational, and economic monitoring

Technical training and coaching

Concepts/methodologies, techniques, and tools of continuous improvement

Process re-engineering techniques

Organizational responsibilities

Productivity measurement and improvement methodsMethodologies and tools to develop fit-for purpose organizations

Management tools to conduct combined teams of own and third party forces



	Maintenance planning and logistics
	Logistics support, material and store handling, methods for spare part calculations

Supportability
	Procedures

Methods and techniques of organization, planning and project management

Principles, logic, and parameters of operation and utilization of asset and item

Standards and operational methods of work



	Maintenance information systems
	Maintenance Information Systems

-Maintenance management information systems

-Technical documentation/information systems

-Technical process control systems

-Expert systems

-Basics concerning the computer support for the topics above
	Fundamentals of data acquisition and control management

Features and capabilities of computerized maintenance management systems and tools

Documentation and knowledge management



	Maintenance contracting and economics
	How to develop and use key-figures for the economical control

LCC/LCP techniques/methods
	Maintenance contracting

-Methods and policies for the procurement of materials, materials

and spare parts logistics, and the management of materials and warehouses

-Contractors policies and management systems

-Contractual general conditions and technical specifications

Economical decision options

Cost calculation methods and schemes



	Asset management /lifecycle engineering
	The maintenance activities in the development and procurement of new production equipment

The essential contribution from the maintenance activities to achieve good product quality and good production performance

Quality assurance
	Quality management system



	Reliability engineering
	Reliability

Maintainability

Supportability

Availability

Improvements of the availability performance

Human reliability

Production safety

Risk analysis

Laws and regulations (technical aspects)
	Reliability analysis methods and techniques



	Heath, safety and environment
	How to assure (by maintenance activities) the health and safety and the right environment conditions (inside and outside the company)

Production safety

Risk analysis
	Legislation, technical standards and integrated management systems for safety, health, and environmental protection

Techniques and methods for risk assessment

Sustainability principles



	Others
	Laws, regulations

-Laws and regulations regarding labor, liability, guarantee environment, energy, etc.
	Basic principles of the communication

-Sound capability of customers language, needs and requirements

-Negotiation techniques

-Communication and presentation

Techniques

Problem-solving methods
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Table 2. Summary of the conceptual content analysis.
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	Course #
	Level
	Classification
	Terms and Standards
	Maintenance Engineering
	Management and Organization
	Maintenance Planning and Logistics
	Maintenance Information Systems
	Maintenance Contracting and Economics
	Asset Management/Lifecycle Engineering
	Reliability Engineering
	Heath, Safety, and Environment





	1
	First cycle
	Infrastructure (Buildings)
	x
	x
	
	x
	x
	
	
	
	



	2
	First cycle
	Production systems
	
	x
	
	
	
	
	
	
	



	3
	First cycle
	Production systems
	
	x
	x
	
	
	x
	x
	
	x



	4
	First cycle
	General
	
	
	
	
	
	
	
	x
	



	5
	First cycle
	General
	x
	x
	x
	
	
	x
	
	
	



	6
	First cycle
	Infrastructure (Wastewater)
	
	x
	
	
	
	
	
	
	



	7
	First cycle
	Infrastructure (Roads)
	
	x
	
	
	
	
	
	
	



	8
	First cycle
	Infrastructure (Roads)
	
	x
	
	
	
	
	
	
	



	9
	Second cycle
	Infrastructure (Roads)
	
	x
	
	
	x
	x
	
	
	x



	10
	First cycle
	General
	
	x
	
	x
	x
	x
	
	
	



	11
	First cycle
	Infrastructure (Buildings)
	
	
	
	x
	
	
	
	
	



	12
	First cycle
	Infrastructure (Buildings)
	
	
	x
	x
	
	
	
	
	x



	13
	First cycle
	General (Hydropower)
	x
	x
	x
	x
	x
	x
	x
	x
	x



	14
	First cycle
	General
	
	x
	x
	x
	x
	x
	
	x
	



	15
	First cycle
	General
	
	
	
	
	
	
	
	x
	



	16
	First cycle
	Infrastructure (Roads, Wastewater)
	
	x
	
	
	
	x
	
	
	



	17
	First cycle
	Software systems
	
	x
	x
	
	
	
	x
	
	



	18
	First cycle
	Production systems
	
	x
	
	
	
	
	
	
	



	19
	First cycle
	General
	
	x
	
	
	x
	
	x
	x
	



	20
	First cycle
	General (Building, Road)
	x
	x
	x
	x
	x
	x
	
	x
	



	21
	First cycle
	Chemical systems
	
	x
	
	
	
	
	
	
	



	22
	First cycle
	Production systems
	
	x
	
	
	
	
	
	x
	x



	23
	Second cycle
	General
	
	x
	
	x
	x
	x
	
	x
	



	24
	First cycle
	Production systems
	
	x
	x
	
	
	
	
	
	x



	25
	First cycle
	Production systems
	
	x
	
	x
	
	
	
	x
	



	26
	First cycle
	General
	
	x
	x
	x
	x
	x
	
	x
	



	27
	First cycle
	Production systems
	
	
	
	
	
	
	
	
	



	28
	First cycle
	Production systems
	
	
	
	
	x
	
	
	
	



	29
	First cycle
	Production systems
	
	x
	
	
	x
	
	
	
	



	30 1
	First cycle
	Production systems
	
	
	
	
	
	
	
	
	



	31
	First cycle
	General
	x
	x
	
	
	
	x
	
	x
	



	32
	First cycle
	General (Production)
	
	x
	x
	
	
	
	x
	
	



	33
	First cycle
	General
	
	
	
	
	
	
	
	x
	



	34
	First cycle
	General
	
	x
	
	
	
	
	
	
	



	35
	Second cycle
	General
	
	x
	
	
	x
	
	
	
	



	36 1
	First cycle
	General
	
	
	
	
	
	
	
	
	







1 Degree course.
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