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1 Executive Summary

WP1 aims to provide a comparative analysis of the actual situation concerning the MSc curricula in Industrial
Engineering offered in Thai and EU partner countries universities, the identification of the gaps between the
real needs of the industry, the student needs and the actually offered curricula. Based on a wide analysis of
the target group needs, the identified gaps and on world trends and developments in Industrial Engineering,
the factors that will provide a competitive advantage to the curriculum were identified and presented in the
previous outcome. These competitive factors were analysed and transformed in specific recommendations
for the curriculum in this report. The main recommendations is to develop a curriculum supporting
sustainable smart industries characterized by smart production and co-created product design &
development, enhanced with big data and real-time data. MSIE4.0 will mainly support industries with the
development of both technical and transversal competences through active learning, experiential learning,
and problem and project-based approaches involving industries. Additionally, the curriculum should be able
to personalise the offer, supporting different profiles of students through thematic learning and flexible
learning formats. Finally, this outcome also present target curricular specifications aiming to support the
development of an integrated and uniform two-year curriculum, characterised by program and course
learning outcomes.

2 Introduction

The most important outcomes of WP1 will be reports with the main conclusions concerning the gap analysis,
the identification of competitive factors and the recommendations for developing a proposed curriculum for
a Master in Industrial Engineering aligned with the Industry 4.0 needs.

Task 1.6 is the final activity of WP1 intending to provide a recommendation to WP2 and WP3 for next phase
of the project on curriculum development. The main inputs for this task came from the result of the prior
task, which in this case is the competitive factors for the curriculum (Outcome 1.6).

“Personalizing Your Learning Experience to Support Sustainable Smart Industry” is the summary from the
Outcome 1.6. This MSIE 4.0 curriculum will focus on building both technical and transversal competences for
graduates with thematic active learning activities, especially those immersing students into practical, real-
world problems. For technical competences, the priority will be on smart production and on smart products
and co-create design, with a focus on big data and real-time data/sensors. Last but not least, the curriculum
will be developed with a modular concept to provide flexibility to different groups of students.

3 Recommendations for specifications

This section summarizes the mains recommendations for developing the MSIE4.0 curriculum proposal, which
are based on a few target curricular specifications and inspired by the competitive factors in the way
represented by Figure 1.
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Support Sustainable Smart Industry
* Big Data
* Real-Time Data

* Smart Production
* Co-created Product Design & Development

Through Competence Development

* Technical Competence
* Transversal Competence

with Active Learning Experience

* PBL-Type Learning Activities
* Student-Centered Learning

that allows Personalization

* Thematic Learning
* Flexible Learning Formats

Figure 1. Summary of recommendations for MSIE4.0 curriculum

3.1 Support Sustainable Smart Industry

Progress towards gap analysis within WP1 has led to identifying smart products, smart factory, smart
operations and data driven services as a key features of MSIE4.0 approach to Industry 4.0 concept. These
features have been considered from the point of view of MSIE student competence building within domain
specific supporting technologies and areas of application. The main application areas that should be
supported by MSc in IE curricula are advanced manufacturing processes, smart production concept and co-
created product design and development. The technologies that could enhance the development within
these domains of application in the most efficient manner, according to industry needs analysis, are big data,
real time data with sensor and mobile. Therefore, with the contribution of teams’ insights, the competitive
factors for the MSIE4.0 curriculum are identified as:

e Supporting smart production concept,
e Supporting co-created product design and development concept,
e Supporting advanced manufacturing processes,

These competitive factors are closely linked with the industry needs as:

e Competences in big data,
e Competences in real time data and sensors,
e Competences in mobile application.

In order to transform these competitive factors into recommendations on specifications of MSIE curriculum
and proposals on the areas of its specialization it is necessary to give a proper background on curriculum
specific recommendations. These type of recommendations could be formulated as program and course
learning outcomes, types of courses and their contents, number of course hours and their structure, leading
topics and areas of specialization, learning and teaching methods, internal and external stakeholder
involvement in the educational process and coherence and integrity of curriculum. These are certainly not
all the factors important in curriculum development but they certainly should be addressed with issues on
technology and its application areas.

Technology specific integrative approach in curriculum is not enough for Industry 4.0 challenges. The
integration should also refer to economic and market aspects of business. Therefore, the recommendation
is to provide students with appropriate knowledge, competences and skills that would enable them to assess
the economics of technological breakthrough of products, processes and solutions. This skill set should be
built upon both technical and transversal competences required within IE field. The curriculum should
I —
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provide specific courses but also opportunities within more technology oriented courses to use and develop
competences on economic analysis and feasibility studies, market research, marketing and sales,
entrepreneurship and finance. These competences should gain IE, and specifically, Industry 4.0 context,
through their integration within curriculum.

The important outcome of WP1 gap analysis is also the valuation of technologies and their application areas
and their potential importance for MSIE curriculum development. It is crucial in defining the PLOs and course
structure of MSIE curriculum, enabling the purposeful division of PLOs, course workload and related course
specific learning outcomes. The recommendation is to use that valuation directly as a measure for curriculum
structure. Since, the number of PLOs and course hours are clearly defined for MSc type of studies, the
valuation and significance of technologies and their application areas could be also used as cut-off frontier
for topic selective approach to curriculum development. This is also the case for areas of specialization that
could have been defined on technology / area of application nexus. Figure 2 shows the matrix of technologies
and their possible application areas with IE related valuation. Possible outcomes within red marked area
should be regarded as a key source in defining PLOs, building course structure and learning and teaching
methods coupling.

| Outcomes of the Implementation
- Weight for IE Linkage | of Selected Technology in Areas of Interest

9 6 3
Big Data Better Solutions for
Various Industry Utilization of Data for
Practical Problems | Better Responsiveness | Data Management
Top-three
Technology 6 4 2
Needed to Sensor Real Time Data for
Enh'ance Operation Rapid Development of
Business Management (Smart) Product Tracking System
Competitiveness 3 5 1

Mobile Devices

Accessibility to

_j Information Customer Engagement Data Transfer
Production IT-based
Industrial \ Technology Product Development Integrated System

Survey

Top-three Areas to Attain Industry 4.0

Figure 2. Valuation of technologies and application areas

The expectations of smart and sustainable industry towards MSIE graduates are certainly on high applicability
of their knowledge and competences. It is very true for technology and their application areas and it implies
strong orientation on practical issues within MSIE curriculum. This could be only achieved with well-equipped
laboratories and project and problem oriented approaches within the course of the MSIE studies. This could
be also achieved through building and exploiting strong partnership with industry and its active participation
in providing both content and space for training. Curriculum development and implementation process
should be realized with active and meaningful engagement of industrial partners. This process should be
regarded as continuous process based on flexible and thematic approaches to the curriculum that would
enable inputs from industry. Curriculum implementation should be partially based on industry driven tasks
and projects and use of industry related training ground.
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3.2 Competence development

Technical competences are the core competences of a professional activity, and it is what makes a person
identifiable as being able to execute activities from specific professions. Thus, it is normal that courses
implementation give a strong emphasis to the definition of these type of competences. Nevertheless, in the
last decades, a stronger emphasis is being put on the need to develop professionals able to perform with
higher efficiency and efficacy right from the beginning of their professional activity. Due to this, global Higher
Education systems have been stressing the importance of defining the expected transversal competences
that graduates should be developing in their degrees. Thus, the following recommendation is that MSIE4.0
give the due importance to the development of transversal competences, which are required by the
professional activities. The development of competences needs the implementation of specific educational
strategies to be effective, and this should be considered in the curriculum development.

Taking into account the curriculum and teaching methods analysis, employers’ needs, the students' needs,
and global Higher Education frameworks like the ABET norms explained in GD-T1.3_01.4 or the European
Qualifications Framework - EQF, it is recommended that the expected graduates’ competences are
formulated as learning outcomes for the program as a whole and also for each course of the program.

The formulation of learning outcomes should take into account a few basic principles:

1. Competences should be formulated into two broad categories: Technical (or core) competences and
transversal competences.

2. Competences should be formulated by harmonizing three categories of outcomes: Knowledge, skills
(abilities), and attitudes (e.g., responsibility and autonomy).

3. The degree of depth of the two categories mentioned in point 1 must correspond to the master level of
complexity. An example of the description of this level of complexity is presented in the EQF.

3.3 Active Learning Experience

Active Learning is related to all learning environments and approaches that create meaningful learning
experiences. These learning experiences should be based on relevant experiences related to the professional
practice, using adequate learning environments that give context to learning, and in that way create energy
and motivation for the engagement of students. Finally, real deep learning will happen when students are
able to critically analyse their own learning (Bonwell & Eison, 1991; Christie & de Graaff, 2017; Felder & Brent,
2003; Prince & Felder, 2006). The increased interest in Active Learning is related to the fact that strong
evidences support the effectiveness of the application of these principles, when supporting learning
processes and development of competences (Freeman et al., 2014; Prince, 2004). Thus, the master program
should be developed with Active Learning environments and approaches such that the Industry 4.0
competences can be developed in an effective way.

Active Learning environments are based on a set of principles and implemented in a multitude of ways. One
of the approaches with a higher number of references in Engineering Education is Project-Based Learning
approaches. These approaches can be implemented in many different ways regarding type of objectives,
typologies, areas of knowledge, team dimensions and level of interaction with companies. Nevertheless, high
levels of interaction with companies, solving interdisciplinary problems may increase the cognitive
complexity of the learning process, taking advantage of the nature of profession related problems.

The multitude of approaches of Problem and Project-Based Learning (PBL) demonstrates one of the
characteristics of PBL: its ability to deal with open-ended problems and make the curriculum more flexible.
The need for a flexible curriculum was one of the recommendations of previous outcomes, and PBL can make
a contribution to this goal. Thus, the utilization of PBL as an element of flexibilization of the curriculum,
may contribute for integrating interdisciplinary areas for the development of future expected, or
unforeseen, competences.
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Another emerging global trend in Engineering Education is the need to create explicit curricular links with
external agents, namely with industrial companies. The European Union initiative, University-Business
Cooperation (UBC) (Davey, Baaken, Muros, & Meerman, 2011) describes the need to develop graduates’
competences aligned with the needs of the labour market. The interaction between master programs and
external agents and industrial companies can be developed by visiting industries, invite professionals or key
agents of the society to deliver seminars, integrate internships and work-based learning in the curricula, or
developing projects to deal with real industrial or society problems (Lima, Dinis-Carvalho, Sousa, Arezes, &
Mesquita, 2017). A strong recommendation would be to create close connections with external agents and
in particular with industrial companies. These approaches contribute for effective development of
competences of the graduates, by either analysing and solving real industrial problems, or developing
innovative solutions to society needs and challenges.

3.4 Personalization

Flexible formats for thematic learning is highly recommended. Flexibility in learning is value creation in
supporting equal opportunity of learning. Flexible format opens up an opportunity for many prospective
students who may be at a distance or may not be able to take leave from their job duty, in entering the
process without sacrifice of academic quality. Flexibility in learning includes but not limited to reconfiguring
course structure to be modular, allowing students to take a similar course from partner universities and
relaxing learning time and place.

Thematic learning will ease student learning by connecting several fragmented subjects covered under a
curriculum together with a common theme. This way of learning not only avoids the isolation of subjects or
even down to topic or subtopic levels but also allows students to see a holistic picture as well as the roles of
elements and their interactions throughout the learning period. Once the students build up their
understanding with the theme, they will become active learners and be able to participate more and more
in learning activities.

Good preparation of thematic learning also allows a curriculum to be flexible to serve different local needs
which can be varied from region to region as well as to serve different industry sectors with different specific
requirements. When a curriculum equips with both thematic learning and flexibility in learning, learning will
never end.

3.5 Target curricular specifications

The mission of the MSIE4.0 proposed master program subscribes to the Universities' missions and aims at
developing a learning and research process that will enable the development of Industrial Engineers able to
adapt to the requirements of the market economy and new specific transdisciplinary fields and qualifications
of Industry 4.0. These master engineers should have a deep technical, economic and managerial knowledge,
and should promote the principles of sustainable development and environmental protection, performing
professional and research activities with a wide range of autonomy, trained in teamwork and prepared for
lifelong learning.

The integrative approach in curriculum development should be implemented by designing it as a whole
organism. With regard to technology related competences and areas of its application, the recommendation
is to provide comprehensive knowledge competences and skills that would allow to develop them
simultaneously within different courses and modules of educational process. That would imply the use of
program learnings outcomes (PLO) as a stimulator of content development, course specific learning
outcomes and learning and teaching methods selection. It would be possible to cover abovementioned
technologies and their application areas within a set of PLOs related to competences, knowledge and
transversal skills.
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Graduates of the MSIE4.0 proposed master program must be compatible with both the national labour
market and regional and international labour market requirements. Therefore, the following objectives can
be recommended for the program:

1. To provide learning in accordance with the requirements of the national regulations and with the
demands of regional and international labour market. In this sense, the training provided is structured in
accordance with the needs of the employers and with the requirements of Industry 4.0.

2. To deepen the specialized knowledge and to develop new competences in the field of Industrial
Engineering related with Industry 4.0, in accordance with the strategic development directions
established at national level.

3. Harmonize the curriculum structure of the master's program with that of similar courses in the Higher
Education Institutions in Europe, in such a way that, in the future, both exchanges of visiting master
students and teachers may be achieved, as well as mutual recognition of diplomas by partner universities.

To design the curriculum of the Master Program it is necessary to formulate three categories of specifications:

Curriculum content and structure specifications;

Specifications regarding the conditions for carrying out the didactic activities and the endowment of
the laboratories;

Specifications regarding the formal conditions for accreditation of the study program in accordance
with the regulations of the national authorities.

I. Curriculum content and structure specifications;

Include 4 semesters of studies. At least two semesters with four courses each of 3 credits / hours.
Contain an adequate number of course hours in classrooms, laboratories, and visits to companies, in
accordance to the active learning teaching and learning methods recommended above.

Define, for the program level and for each course, Learning Outcomes (LO) and ensure its
development, in accordance with the expected competences of the graduates at the master level.
Ensure a logical succession of disciplines and interchangeability of optional subjects.

Has recommended above, ensure flexibility by organizing modules (not all dependent) on basic,
intermediate and advance levels.

. Specifications regarding the conditions for carrying out the didactic activities and the endowment of the
laboratories

1.

The learning environments should be equipped in accordance with the recommended active learning
and PBL activities.

Laboratories have the necessary equipment for specific experiments related with Industry 4.0.

The library and computerized information system shall be appropriate to the activities of the study
program.

There are enough resources for the operation and maintenance of all the technical facilities
necessary for the study program.

[ll. Specifications regarding the formal conditions for accreditation of the study program in accordance with
the regulations of the national authorities.

1.

The Master's program must meet the curriculum conditions imposed by the national accreditation
authorities.

The Master's program must meet the administrative and endorsement conditions imposed by the
national accreditation authorities.
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