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 The rapid advances in a range of technology, globalization, the fourth 
industrial revolution, employability, and sustainability, are the major challenges for 
engineering education. These challenges will require new types of engineering 
programs, to help students develop skills in cross-disciplinarily, complexity, and 
contextual understanding. Future engineering students should be able to understand 
the needs for technological solutions in context, with sustainable solutions, be able to 
act in complex situations with the appropriate skills and competencies. 
 Professional competencies are growing critical, particularly in engineering 
education, due to constant progress in multidisciplinary and globalization. The need 
to include professional competencies in the engineering curriculum is currently a 
challenge for curriculum designers. The universities should adjust the educational 
goals of undergraduate programs to address some of the professional competencies, 
including using PBL and co-curricular and extracurricular activities or utilizing 
dedicated courses with the belief that specific courses on professional competencies 
may help students improve their required competencies for their future career.
 Universities have faced challenges in preparing students who are competitive 
both in the domestic and global labor markets. This places new demands on the 
context, structure, and content of curriculums and educational materials and the need 
to explore various aspects of the social dimension and sustainability. Second, as the 
labor market needs ever more specific technical skills, but it is also increasingly 
becoming in need of professional skills. The development of professional skills in 



 iv 

higher education students can be considered a key factor to ensure an effective 
transition from higher education into the labor market.  
 However, engineering education around the world is confronted with the 
question that how they can improve the engineering education system more effectively 
and how to prepare engineering students for the jobs of the future? 
 Therefore, this dissertation provides the contributions to engineering 
education with the following strategies for preparing engineering students and 
education systems fit for the future;  
 1) Surveys on the needs competencies/skills for an engineering graduate to 
excel both in the domestic and global labor markets and diversity challenges for 
preparing engineering students and education systems fit for the future. The study 
investigated the importance of global competencies and skills, provided by Warnick, 
from the perspective of well-known Thai and multinational companies based in 
Thailand. The findings indicated that global competency is an important requirement 
for global engineer employment. Following that, the set of global competencies was 
verified to be the most critical competencies for engineers to develop based on higher 
education institutions' perspectives. After that, the study determined the future 
competencies for three demanding careers, and the findings indicated a broad mix of 
needed competencies in the present Industry 4.0 environment. 
 2) Survey on the competency of engineers working at global companies in 
Thailand to illustrate the gap between the competency expected for engineers by 
companies and the competency of working engineers measured by PROG test. The 
findings highlight the essential generic competencies for preparing engineering 
students for professional engineering employment and career success. 
 3) Identify an integrated learning strategy for building professional 
competency in engineering education to bridge the gap between engineering education 
and professional practice. The study found that using STEAM-PBL in engineering has 
a beneficial impact on students, making learning more engaging. Students have also 
been able to acquire a variety of skills and competencies. 
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Chapter 1    
 
Introduction 
 
 This chapter introduces the overall of the study, which includes the overall 
discussion on the ideas that led to this study which entitle “Surveys and analyses of 
professional engineering competencies for education fit for the future”. The main 
objectives and contributions are described to clearly outline the scope of this study. 
Finally, the organization of this dissertation is presented. 
 

1.1     Statement of problem and purpose   
 
 Engineering education around the world is being challenged by the impact of 
rapid advances in a range of technology, globalization, the fourth industrial revolution, 
employability, and sustainability. These challenges have affected the nature of 
professional engineering work and the implications for education programs. Engineers 
of the future will require greater abilities to find and define problems before creating 
solutions. Problem definition and solution will require a deeper ability to communicate 
and empathize with a broader range of stakeholders than what has been recognized 
in the past. A greater focus on the human dimensions of engineering work and 
increasing complexity is also anticipated. Hence, expanding the diversity of 
professional engineering work and expectations of graduates will require a greater 
diversity of competencies, educational outcomes, programs, and career pathways.  
 It is acknowledged that the importance for engineering students to acquire and 
learn to apply theoretical knowledge to real problems is a critical concern. Authentic 
problems help students understand the range of industrial and societal practices they 
will encounter. In the development of an education program, based on an integrated, 
hybrid learning approach, the curriculum has to integrate or combine the various 
challenges with already existing development trends, such as teaching and learning 
approach, contextual and practice experiences, professional skills, and competencies, 
and digital tools [Hardgraft & Kolmos, 2020]. 
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 Since the beginning of this century, competency-based approaches have been 
promoted in several studies that emphasize the benefits of global instruction. The 
engineering curriculum must be designed to provide students with the solid 
fundamental knowledge and to teach them how to learn. It is more important to have 
a curriculum that integrates knowledge and competencies to be applied in new 
situations. 
 Professional competencies are growing critical, particularly in engineering 
education, due to constant progress in multidisciplinary and globalization. The need 
to include professional competencies in the engineering curriculum is currently a 
challenge for curriculum designers. The universities should adjust the educational 
goals of undergraduate programs to address some of the professional competencies, 
including the use of PBL and co-curricular and extracurricular activities or utilizing 
dedicated courses with the belief that specific courses on professional competencies 
may help students to improve their required competencies for their future career. 
 Moreover, universities as institutions of higher education are critically 
considered concerning delivering education for sustainable development by raising 
awareness and providing the necessary competencies to cope with complex problems 
such as sustainable development through effective forms of higher and continuing 
education as well as training. 
 However, universities have faced challenges related to the preparation of the 
future engineering workforce. The first challenge is to prepare students who are 
competitive both in the domestic and global labor markets. This places new demands 
on the context, structure, and content of curriculums and educational materials and 
the need to explore various aspects of the social dimension and sustainability. 
Particularly, partnerships with the community and industry will help engineering 
educators reform engineering education with practical information, knowledge 
applicable, and competencies suitable for a diverse environment. Hence, the need to 
tailor an engineering curriculum with the requests coming from the labor market and 
the necessity to explore various aspects of the social dimension and sustainability is 
one of the strategic actions for university curricula development. Second, as the labor 
market needs ever more specific technical skills, but it is also increasingly becoming 
in need of professional skills. The development of professional skills in higher 
education students can be considered a key factor to ensure an effective transition 
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from higher education into the labor market. Nonetheless, while technical skills are 
visible in many academic curricula, the character and formation of soft skills still need 
to be examined and highlighted among academics and students. Therefore, designing 
engineering programs in universities for enabling better inclusion of professional 
skills into the changing labor markets needs to be discussed. 
 Nonetheless, there is a lack of research identifying the critical professional 
engineering competencies from industry and academic viewpoints for preparing 
engineering students and Thai engineering programs for the future. 
 This dissertation aims to address the demands for a skilled workforce by 
identifying the needed competencies/skills for excel both in the domestic and global 
labor markets and diversity challenge for preparing their students and education 
systems fit for the future and bridge the gap between engineering education and 
professional practice by identifying an integrative learning approach for fostering 
professional competency in engineering education.  
 
1.2     Research questions 

 

 Research questions 1: What are the professional engineering competencies 
that are required to prepare engineering students for their future? 

a. Is global competency an important consideration for global engineering 
jobs in multinational companies in Thailand? 

b. Is there a mismatch between academic perspectives and engineering 
industry expectations regarding the importance of global competencies 
in engineering education? 

c. What are the future competencies for three high-skilled jobs in Industry 
4.0: robotics engineers, data scientists, and food designers? 

d. What are the key generic competencies for preparing engineering 
students for professional engineering work and career success? 

 Research questions 2: What is the most effective integrated learning 
approach for achieving professional competency in engineering education? 
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1.3     Structure of this dissertation 

 

 This dissertation is composed of two parts, as shown in Figure 1.1, the first 
part discusses the needed competencies/skills for engineering graduates and the 
diversity challenge for preparing students and education systems fit for the future. 
Chapter 2 discusses the literature review of related studies in engineering education 
and the essential competency aspects. Next, Chapter 3 investigates the importance of 
global competencies and skills required from engineering graduates from the 
perspective of well-known Thai and multinational companies based in Thailand. 
Chapter 4, investigates the perceptions of higher education institutions concerning 
the importance of the vital global competencies comparing with the perspective of the 
industry and also examines the mismatch between the two potential groups. Chapter 
5 identifies the future competencies for three demanding careers representative of the 
high-skilled requirements of Industry 4.0: robotics engineers, data scientists, and food 
designers. Chapter 6 measures the generic competency of Thai working engineers, as 
a recent graduate, by utilizing the Progress Report on Generic Skills (PROG) 
assessment tool to assess their current competency and to analyze the key factors of 
Thai engineers’ competency development in their careers. The results of this study 
provide guidelines for future work on the development and assessment of generic skills 
within the education of future engineering professionals.  
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Figure 1.1  Structure of this dissertation 
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 In the second part, chapter 7 examines the use of an integrative learning 
approach, which is called STEAM project-based learning (STEAM-PBL) for fostering 
professional competency in engineering education, and presents a STEAM-PBL 
framework with three interrelated dimensions: (1) the learning approach, (2) the social 
approach, and (3) the content approach. This chapter also presents some examples of 
engineering programs in two Asian universities, King Mongkut’s University of 
Technology Thonburi (KMUTT) in Thailand and Shibaura Institute of Technology 
(SIT) in Japan, where the professional skills and competencies of students are 
developed through an integrative learning approach which university-industry 
collaborations model and various pedagogies that have the potential to support the 
delivery of the T-shaped engineering graduate and the greater breadth of graduate 
outcomes that will be required in future. 
           Finally, chapter 8 concludes the study along with the discussion regarding 
future works opportunity of this study. 
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Chapter 2 
 

Related Studies 

 
2.1   The challenge of engineering education  

 
 Engineering education faces three major challenges that impact its future. The 
first challenge is sustainability. For the 17 Sustainable Development Goals (SDGs) 
formulated by the UN, the engineering profession is central to achieving sustainable 
development [UNESCO, 2017]. Society demands that engineers be able to co-creating 
sustainable development.  
           The second challenge is the fourth industrial revolution which is posed by the 
industry demand, involving widespread integration of technologies such as 
automation, artificial intelligence (AI), the Internet of Things (IoT), additive 
manufacturing, advanced material, and so on. This challenge demands engineers to 
have a set of skills in project management and the ability to learn and adapt quickly, 
to handle the fourth industrial revolution. Both the SDGs and industry 4.0 have re-
strengthened the need for interdisciplinarity as a set of key skills, including systems 
thinking and design thinking. Empowerment and human values are also key elements 
in future development. 
           The third challenge is the employability and innovation competencies, posed by 
the gap between engineering education and work readiness. The integration of 
engineering education and professional practice with industry through diverse 
approaches such as problem/project-based learning will be the solutions to help 
students acquire specific skills needed for their future employment.  
 These three challenges call for increased emphasis on the integration of societal 
context and interdisciplinary, combined with professional competencies and generic 
skills. 
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 In today’s education, identifying the specific competencies and skills that can 
develop students and fulfill the demands of the employers is crucial. Also, engineering 
graduates usually face many challenges in many aspects of their jobs and lives, so 
proper engineering education is crucial to provide them with the necessary 
competencies for an interdisciplinary workplace [Martin et al., 2005]. 
 Also, many universities are consequently confronted with questions concerning 
the future employability of their graduates and how they can prepare graduates for 
the workplace. Engineering graduates today are thus expected to be equipped with 
not only a whole set of technical skills to keep pace with rapid technology 
developments but also with various competencies so that they are able to meet the 
expanding responsibilities of their professions. 
 Since universities play a significant role in producing graduates who are 
absorbed by their relevant industries, gaining insights into the expectations of these 
industries when it comes to the students’ competencies seems important and 
necessary. However, a comparative perspective of the universities and the industries 
can seldom provide the universities with the necessary solutions, but it can still help 
them provide valuable multiple perspectives that can facilitate the identification of 
the essential competencies so as to improve the existing curriculums. 
 
2.2   The twenty-first century engineering education  

 

 The statement “education for the twenty-first century” signifies that nowadays, 
people live in a rapidly changing era in an increasingly globalized environment. 
Educational systems must adapt to these rapid changes, not just through one-off 
reforms, but on a continuous basis. The urgent need for graduates to develop 
professional competencies and skills is increasingly evident. Globalization has enabled 
greater connectivity among people from different cultures and backgrounds. It has 
also increased cross-border economic activity and labor force mobility, as evidenced by 
Wolf [Wolf, 2014]. However, many researchers have cited that a large number of 
higher education graduates are not well-prepared to work in a global environment. 
International engineers must be able to adjust to new environments, work in 
multicultural teams, and speak multiple languages. Therefore, a re-examination and 
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updating of the engineering curriculum in light of societal changes and challenges is 
required.  
 The Engineering Criteria 2000—the accreditation criteria established by the 
Accreditation Board for Engineering and Technology (ABET)—emphasize the need to 
prepare graduates for successful entry and long-term careers in engineering. It is the 
responsibility of the institutions and higher education to satisfy these criteria. The 
ABET states that all engineering baccalaureate graduates should possess a set of 11 
outcomes, according to Criterion 3. These outcomes can be divided into two categories: 
five “hard” technical skills and six “professional” skills [Shuman et al.,  2005]. In 
addition to these skills, the new engineering criteria should focus on the essential 
global skills that help engineering professionals work in multicultural and global 
environments. Recent studies in engineering education also emphasize that 
engineering graduates should possess a set of competencies and skills necessary for 
their professional careers in industry, in addition to fundamental knowledge in 
mathematics, science, and engineering theory [Esparragoza et al, 2016]. Therefore, 
the participation of industry professionals in engineering education must be an 
integral part of the engineering curriculum. 
 
2.3   Professional Engineering Competency 

  
 According to recent studies, engineering education is continuously evolving 
[National Academy of Engineering, 2004; Conlon, 2008]. Industrial leaders and 
multinational companies are looking for engineering graduates who have professional 
skill sets. However, various studies have indicated that engineering graduates tend to 
have poor professional skills and do not have the required ability to work with people 
from different backgrounds [Wellington et al, 2002]. 
 The Accreditation Board for Engineering and Technology (ABET) states that 
all engineering baccalaureate graduates should possess a set of 11 outcomes according 
to Criterion 3. These outcomes can be divided into two categories: five “hard” technical 
skills and six “professional” skills [Shuman, 2005]. 
 In addition to the essential “hard” and “professional” skills, new engineering 
criteria should focus on essential global skills that can help engineering professionals 
work in multicultural and global environments. 
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2.4   Global competency in engineering education 

 
 Generally, global competence can improve organizational and individual 
effectiveness in learning and career success at a multinational workplace. Moreover, 
awareness of international communication-related knowledge and skills is considered 
to guarantee career success in a global context. In the globally integrated labor 
market, striving to achieve global competence can ensure organizational and 
individual competitiveness and effectiveness. Therefore, it seems plausible to 
encourage students to utilize their global competence to cope with different issues in 
response to different foreign tasks. Many studies have argued that engineers should 
develop global competence. While the term “global competence” has been used 
extensively, its meaning is not very apparent. 
 Based on literature analysis, a good summary of definitions of global 
competence is provided by Warnick [Warnick, 2010]. In his survey, Warnick 
summarized critical elements of global competence in engineering and provided 
appropriate supporting evidence from the literature as follows: 
 
  1) Exhibit a global mindset – the ability of individuals to establish self-
 awareness, understand culture norms and expectations, and realize that they 
 are part of a global world; 
  2) Appreciate and understand different cultures – a developed 
 awareness, appreciation, and understanding of, as well as adaptability to 
 diverse cultures, perceptions, and approaches with an ability to interact with 
 people from other cultures and countries; 
  3) Demonstrate world and local knowledge – an ability to understand 
 the major currents of global change and its implications, and demonstrate 
 knowledge within a global and comparative context; 
  4) Communicate cross-culturally – an ability to interact with and 
 understand people from different cultures and recognize the importance of both 
 appropriate verbal and nonverbal communication, including the ability to 
 communicate and interact in a globally interdependent world; 
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  5) Speak more than one language including English – an ability to 
 communicate in the international business language of English both orally and 
 in writing, and the ability to speak another language; 
  6) Understand international business, law, and technical elements – an 
 ability to understand the different cultural contexts of how business, law, 
 engineering, and technology might be approached and applied, and the 
 implications of each within an international environment; 
  7) Live and work in a transnational engineering environment – an 
 ability and awareness to live and work effectively in international settings; 
  8) Work in international teams – an ability to collaborate and contribute 
 to multicultural work environments either in person or in geographically 
 distributed teams with people of different cultures and linguistic backgrounds, 
 where diverse ways of thinking, being, and doing are the basis of practice. 
  
 In this context, various lists of necessary skills have been developed for 
professional engineers. According to the ABET Criterion 3, the following technical 
competencies are essential for engineers: 
  1) An ability to apply knowledge of mathematics, science, and 
 engineering; 
  2) An ability to design and conduct experiments, as well as to analyze 
 and interpret data; 
  3) An ability to design a system, component, or process to meet desired 
 needs within realistic constrains such as economic, environmental, social, 
 political, ethical, health and safety, manufacturability, and sustainability; 
  4) An ability to identify, formulate, and solve engineering problems; 
  5) An ability to use the techniques, skills, and modern engineering tools 
 necessary for engineering practice. 
  
 Moreover, Grade Point Average (GPA) and work experience are considered to 
be essential elements for sorting and assessing candidates for employment in today's 
workplace as follows: 
  1) A high GPA; 
  2) Pertinent applicable work experience.  
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 However, many studies have reported that there is a mismatch between the 
graduate students’ skills developed during their course studies and the essential skills 
required in a global workplace [Nicolescu & Paun, 2009; Herna ́ndez-March et al., 
2009; Koppi et al., 2009]. 
 
2.5   The Industry perspective of global competencies 

  
 In higher technical education systems, the industry is considered as an 
external customer, whereas students are considered internal customers. It is essential 
to understand the perspective of industry executives regarding the skills required 
from engineering graduates. Recently, many engineering organizations have 
emphasized the importance of global engineering competencies and skills for 
engineering program graduates. Mohammad [Mohammad, 2004] pointed out that 
excellent academic degrees alone are inadequate; employers require professional 
engineers to have competencies and professional skills because globalization demands 
companies to be competitive in their management systems. Morell [Morell & Trucco, 
2012] also highlighted the impact of engineering education on a knowledge-based 
economy from an industry perspective. His research noted that the industry had been 
involved in a process of engineering curriculum innovation to make it more suitable 
to its needs. In this way, the integration of engineering professional skills and an 
awareness of business constraints through practice-based projects with real industry 
issues can be achieved. 
 Multinational companies seek engineering graduates able to work in 
multinational teams, which cross-temporal, geographical, and disciplinary boundaries 
[Levonisova, et al., 2015]. The industry also seeks graduates, who can collaborate 
within a diverse culture workforce, and who possess in-depth expertise within a single 
domain [Agrawal & Harrington-Hurd, 2016]. However, recent research has revealed 
that the skills and competencies of university graduates are not aligned with the needs 
of the industry sectors [Nicolescu and Paun, 2008; Hernández-March et al., 2009; 
Koppi et al., 2009]. There is a wide gap between industry requirements and graduates' 
ability to meet these requirements [Almi et al., 2011]. Many researchers have worked 
to expand the knowledge concerning global competencies and their importance to 
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engineers. Nowadays, the development of global competences and skills has become 
essential for engineers to allow them to participate professionally in a multinational 
environment. Parkinson [Parkinson, 2009] proposed 13 dimensions of global 
competence and surveyed results from engineering educators and industry leaders 
regarding the importance of these dimensions. The five most influential global 
competency attributes for engineers were: (1) ability to appreciate other cultures; (2) 
proficiency to work in or direct a team of ethnic and cultural diversity; (3) ability to 
communicate across cultures; (4) chance to practice engineering in a global context; 
and (5) effective dealing with ethical issues arising from cultural or national 
differences. Warnick [Warnick, 2011] conducted research to determine whether 
multinational companies consider global competence a critical skill for mechanical 
engineering graduates when making hiring decisions, and the implications for higher 
education engineering programs. His research focused on evaluating standard hiring 
technical engineering competencies with respect to eight global competencies. The top 
global competencies valued by employers were the ability to communicate cross-
culturally, followed by an appreciation and understanding of different cultures, and 
the ability to work in international teams. According to the authors' findings, it is 
crucial that engineering graduates’ competencies match the features and qualities 
demanded by the industry. 
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Chapter 3 
 

Global Competencies for 

Engineering Program Graduates 

from An Industry Perspective  
 

3.1     Background and purpose of the study 

 

 Nowadays, people live in an era of globalization, in which the world is 
enormously interconnected and interdependent. These new developments have 
resulted in an increase in the frequency of interaction among people of diverse cultural 
and ethnic backgrounds. They have also resulted in a rise in international trade and 
investment, growing transnational communications, and an expansion of cross-border 
alliances for businesses and industries.  
 The role of education has expanded from a local to a global level in the twenty-
first century. Nowadays, education plays a significant role in connecting students with 
the global community and raising awareness about global issues. This means that 
universities must prepare their students to join a globalized workforce by enhancing 
students' global competency levels [Fantini et al., 2001; DiBenedetto and Myers, 2016; 
UNESCO, 2015; Chu et al., 2017]. Global competency has been increasingly 
acknowledged as an essential prerequisite for newly graduated engineering students 
preparing to join multinational companies [EL-Sakran and Awad, 2012; Streiner, 
2015]. It is also regarded as a core skill that all students must acquire [Fantini et al., 
2001]. In particular, global collaborative environments in the corporate world require 
engineers with global professional competencies and skills. The need to identify and 
assess these competencies and skills has been the focus of industry leaders [Bourn and 
Neal, 2008] and is an essential undertaking for organizations operating in a global 
context.  
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 For this reason, it is crucial for educators in engineering education programs 
to provide high-quality, targeted engineering education that encompasses the 
technical engineering skills and global competencies required by the industry [Male, 
2010]. Moreover, as engineering education is required by both the industry and society 
as a whole, it is essential to consider the requirements and expectations for 
successfully integrating all the necessary skills and competencies into the 
undergraduate engineering curriculum.  
 The purpose of this study was to assess the importance of global competencies 
and skills required from engineering graduates wishing to work globally from the 
perspective of well-known Thai and multinational companies based in Thailand. The 
results of this study are expected to help engineering departments at universities in 
Thailand, Japan, and other countries enhance their current engineering curriculum.  
 

3.2     Research question 

 

 Research Question 1a: Is global competency an important consideration for 
employment in multinational companies in Thailand? 
 Specifically, the objectives of this study are:  
 1. To identify crucial global competencies and skills through an in-depth 
literature review;  
 2. To investigate the perceptions of well-known Thai and multinational 
companies with respect to the importance of these global competencies and skills;  
 3. To compare the necessary skills and competencies required from engineering 
professionals among three group countries.  
 
3.3     Methodology 

 

 The goal of this research was to evaluate the relevance of global competencies 
and abilities required of engineering graduates who want to work worldwide from the 
perspective of well-known Thai and multinational organizations in Thailand. 
However, there is a shortage of industry research on how multinational companies 
view global competencies in comparison to traditional technical skills. 
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 For this reason, an investigation based on multinational company respondents 
has been developed to help encourage discussion on how professional engineers view 
engineering global competencies and skills. We investigated well-known Thai and 
multinational company perceptions regarding the importance of these vital global 
competencies for Thai and Japanese engineering students wishing to work globally by 
asking the question: “how important is it for engineering students wishing to work 
globally to possess each of the listed global competence items?” We created a Thai 
version of the competence items required from technical personnel in Warnick's survey 
with the permission of Dr. Gregg Warnick. Based on the “hard” technical skills section 
in the ABET Criterion 3 shown in Table 3.1, we identified 15 competencies. These 
include eight global competencies and five technical engineering competencies. For 
comparison, GPA and work experience were also included.  
 The survey was designed to determine and prioritize the competencies and 
skills, which are desired and valued by well-known Thai, Japanese, and other 
multinational companies.  
 The survey contained questions related to employment (job title, industry type, 
and headquarters location) and global competencies (skills to be rated on a Likert 
scale). For the global competences section, the respondents were asked to rate the 
importance of and their satisfaction with each of the following competence item:  
 1) Not Important; 
 2) Not Very Important; 
 3) Quite Important; 
 4) Very Important; 
 5) Extremely Important. 
 The survey was distributed among the alumni of a Thai university engineering 
program, which included employees from well-known Thai companies (such as CPF, 
TTCL, TKK, and GFPT), Japanese companies (such as Yamaha, Nissan, Sony, and 
Sumitomo), and other multinational companies (such as Delta, Baxter, and BIGL).  
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Table 3.1  Engineering global competency items and definitions 

Competency Definition 

Exhibit a global mindset 
Self-awareness, understanding of cultural 
norms and expectations, and appreciation of 
being part of a global world 

Appreciate and understand 
different cultures 

Developed awareness, appreciation, 
understanding of and adaptability to diverse 
cultures, perceptions, and approaches, as well 
as ability to interact with people from other 
cultures and countries 

Demonstrate world and local 
knowledge 

Understanding of the major trends in global 
change and their implications, and 
demonstrative knowledge of the global and 
comparative context 

Communicate cross-culturally 

Ability to interact with and understand people 
from different cultures and recognize the 
importance of appropriate verbal and nonverbal 
communication, including the ability to 
communicate and interact in a globally 
interdependent world 

Speak more than one language 
including English 

Ability to communicate in the international 
business language of English both verbally and 
in writing, and ability to speak another 
language 

Understand international 
business, law, and technical 
environment 

Understanding of different cultural contexts on 
how business, law, engineering, and technology 
can be approached and applied, and their 
implications within an international 
environment 

Live and work in a 
transnational engineering 
environment 

Ability to live and work effectively in 
international settings 
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Work in international teams 

Collaborative approach and ability to 
contribute professionalism in multicultural 
work environments either in person or in 
geographically distributed teams with people of 
different cultures and linguistic backgrounds, 
where diverse ways of thinking, being, and 
doing are the basis of practice 

Apply knowledge of 
mathematics, science and 
engineering 

The ABET 2000 Criterion 3 Student outcome A 

Design and conduct 
experiments, as well as to 
analyze and interpret data 

The ABET 2000 Criterion 3 Student outcome B 

Design a system, component, or 
process to meet desired needs 
within realistic constraints, 
such as economic, 
environmental, social, political, 
health and safety, 
manufacturability, and 
sustainability  

The ABET 2000 Criterion 3 Student outcome C 

Identify, formulate, and solve 
engineering problems 

The ABET 2000 Criterion 3 Student outcome E 

Use the techniques, skills, and 
modern engineering tools 
necessary for engineering 
environment 

The ABET 2000 Criterion 3 Student outcome K 

A high-grade point average 
(GPA) 

Grade point average; an indication of a 
student's academic achievement at university 

Pertinent applicable work 
experience 

Work experience is considered an essential 
element for sorting and assessing candidates 
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 The survey was conducted from February to March 2019. It was addressed to 
individuals in managerial positions in the technical division of their respective 
companies. One-hundred and sixteen engineering employees participated in this 
survey.  
 
3.4     Analysis and results 

 

 The survey respondents provided information regarding their age, education 
level, employment period, job title, industry type, and their company’s nationality and 
a number of employees. 
 The majority (59%) of the respondents were in the 30–39 age group, 25% were 
in the 20–29 age group, 12% were in the 40–49 age group, 3% were in the 50–59 age 
group, and 1% were in the 60 or over age group, as shown in Table 3.2. 
 

Table 3.2  Age groups of the survey respondents 

Age group Responses Percentage 

20–29 years 29 25 

30–39 years 69 59 

40–49 years 14 12 

50–59 years 3 3 

60 or over 1 1 

Total 116 100 

 
 The survey respondents were asked to provide their education degrees. The 
majority (61%) of the respondents had completed a bachelor’s degree, 34% had 
completed a master’s degree, 2% had completed an associate’s degree and high-school 
certificate, and 1% had a doctoral or professional degree, as indicated in Table 3.3. 
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 The survey respondents were asked to provide their employment period. At the 
time of the survey, the majority (60%) of the respondents had been employed by a 
company for 1–5 years, 26% had been employed for 6–10 years, 10% had been 
employed for 11–20 years, 3% had been employed for 21–30 years, and 1% had been 
employed more than 30 years, as shown in Table 3.4. 
 

Table 3.4  Employment period of the survey respondents 

Employment Level Responses Percentage 

1–5 years 70 60 

6–10 years 30 26 

11–20 years 12 10 

21–30 years 3 3 

Over 30 years 1 1 

Total 116 100 

 

Table 3.3  Education degrees of the survey respondents 

Education Degree Responses Percentage 

High-school graduate 2 2 

Associate’s degree 2 2 

Bachelor's degree 71 61 

Master’s degree 40 34 

Doctoral or 
Professional degree 

1 1 

Total 116 100 
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 The survey respondents also provided their job titles. At the time of the survey, 
the majority (56%) of the respondents worked as engineers, 13% as engineering 
supervisors, 12% as engineering managers, 6% as CEOs/presidents/owners, 1% as 
directors, and 12% in other positions, including production supervisors, technical staff, 
and consultants. These results are shown in Table 3.5. 
 

Table 3.5  Job title of the survey respondents 

Job Title Responses Percentage 

CEO/President/Owner 7 6 

Director 1 1 

Engineering Manager 14 12 

Engineering Supervisor 15 13 

Engineer 65 56 

Other 14 12 

Total 116 100 

 
 Next, the respondents were asked to identify the type of industry that most 
closely matched their current employment. The top five industries were automotive 
(25%), other (24%), food and beverage (14%), electronics (10%), and automation and 
robotics (9%), as indicated in Table 3.6. 
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 Subsequently, the survey respondents were asked to provide their company’s 
headquarters location or company nationality. As shown in Table 3.7, the majority 
(61%) of the respondents worked in Thai companies, 22% worked in Japanese 
companies, and 17% worked in other multinational companies. 

Table 3.6   Industry types of the survey respondents 

Industry Type Responses Percentage 

Automotive 29 25 

Food and Beverage 16 14 

Electronics 12 10 

Medical Hub 3 3 

Agriculture and Biotechnology 8 7 

Automation and Robotics 11 9 

Aviation and Logistics 2 2 

Biofuels and Biochemicals 1 1 

Digital 5 4 

Affluent, Medical and Wellness 
Tourism 

1 1 

Other 28 24 

Total 116 100 

Table 3.7  Company nationality of the survey respondents 

Company’s nationality Responses Percentage 

America 11 9 

China 1 1 

Germany 1 1 
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 The number of employees within the respondents’ companies was also included 
in the survey. The majority (25%) of the survey respondents worked for large 
companies, which employ more than 10,000 employees, 23% worked for companies 
with 1,000–4,999 employees, 22% worked for small companies with fewer than 100 
employees, and 14% worked for companies with 100–499 employees, as shown in Table 
3.8. 
 

Table 3.8  Number of employees of the survey respondents 

Number of employees Responses Percentage 

Less than 100 25 22 

100 to 499 16 14 

500 to 999 8 7 

1,000 to 4,999 27 23 

5,000 to 10,000 11 9 

More than 10,000 29 25 

Total 116 100 

 
  
 
 
 

Singapore 1 1 

Thailand 71 61 

Japan 25 22 

Other 6 5 

Total 116 100 
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 As the purpose of this study was to assess the importance of global 
competencies and skills required from engineering graduates wishing to work globally 
from the perspective of well-known Thai and multinational companies based in 
Thailand. The following research questions were utilized to address this purpose: 
 Research Questions 1a: Is global competency an important 

consideration for employment in multinational companies in Thailand? 

 This question was answered using survey results from well-known Thai, 
Japanese, and multinational companies. The respondents were asked to evaluate 15 
competence items in a survey, which consist of eight global and five engineering 
competencies from the ABET Criterion 3, in addition to GPA and work experience. 
 The comparison of the survey results among well-known Thai, Japanese, and 
multinational companies was conducted by rating 15 different competencies on a 5-
point Likert scale based on the question “how important is it for engineering students 
wishing to work globally to possess each of the listed global competence items?” Each 
competence item, its average (mean) rating score, standard deviation, and the one-
way analysis of variance (ANOVA) across the three groups of countries are presented 
in Table 3.9. 

 The one-way ANOVA (α ＝ 0.05) was performed to determine whether there 

are any statistically significant differences among the means of each competence item 
of the three country groups. As shown in Table 3.9, the P-values are larger than 0.05 
and there is no significant difference among groups for all competence items. It is 
evident that the nationality factor does not affect the evaluation of the importance of 
global competencies for engineering students, since all nations of the world have 
entered a new era of globalization. Therefore, global competencies are considered as 
vital skills for living in a globalized society. 
 In Table 3.9, the five high-importance satisfaction items of the average value 
of each group are shaded. The results illustrate that all three country groups consider 
that both the standard engineering technical competencies from ABET Criterion 3 and 
global competencies are essential for engineering students wishing to work globally.  

 



 25 

 
 The results show that well-known Thai companies value global competencies 
equally to standard engineering technical competencies. The following three out of 
eight global competencies are considered to be critical for engineering students by 
well-known Thai companies: ability to work in international teams, exhibit a global 
mindset, and speak more than one language, including English. 
 Well-known Thai companies consider that two out of five standard technical 
engineering competencies are substantially similar to Japanese and other 
multinational companies in Thailand: ability to identify, formulate, and solve 
engineering problems, and ability to use the techniques, skills, and modern 
engineering tools necessary in an engineering environment. 

Table 3.9  Comparison of ratings of the considered competence items 

Global Competency Item 

Thai 

(n = 71) 

Japanese 

(n = 25) 

Others 

(n = 20) 
ANOVA 

Mean SD Mean SD Mean SD F P 

1. Ability to exhibit a global mindset 4.04 0.85 4.00 0.76 4.00 0.97 0.03 0.97 

2. 
Ability to appreciate and understand 
different cultures 

3.97 0.91 4.00 0.87 3.90 1.02 0.07 0.93 

3. 
Ability to demonstrate world and local 
knowledge 

3.93 0.83 3.92 0.81 3.95 0.76 0.01 0.99 

4. Ability to communicate cross-culturally 3.94 0.95 4.00 0.76 3.95 0.89 0.04 0.96 

5. 
Ability to speak more than one language, 
including English 

3.99 1.02 3.96 1.14 4.20 0.89 0.39 0.68 

6. 
Ability to understand international 
business, law, and technical elements 

3.68 0.87 3.68 0.63 3.65 0.88 0.01 0.99 

7. 
Ability to live and work in a transnational 
engineering environment 

3.90 0.94 3.88 0.67 3.95 0.76 0.04 0.96 

8. Ability to work in international teams 4.11 0.90 4.32 0.75 4.00 0.73 0.88 0.42 

9. 
Ability to apply knowledge of mathematics, 
science and engineering 

3.99 0.93 4.12 0.67 4.20 0.77 0.59 0.56 

10. 
Ability to design and conduct experiments, 
as well as to analyze and interpret data 

3.97 0.89 4.16 0.69 4.10 0.85 0.53 0.59 

11. 

Ability to design a system, component, or 
process to meet desired needs within 
realistic constraints, such as economic, 
environmental, social, political, health and 
safety, manufacturability, and 
sustainability 

3.83 0.83 3.92 0.76 3.75 0.91 0.24 0.79 

12. 
Ability to identify, formulate, and solve 
engineering problems 

4.04 0.85 4.16 0.75 4.15 0.88 0.25 0.78 

13. 
Ability to use the techniques, skills, and 
modern engineering tools necessary for 
engineering environment 

4.04 0.89 4.08 0.76 4.05 0.89 0.02 0.98 

14. High GPA 2.90 1.02 2.84 0.55 2.85 0.93 0.05 0.95 

15. Pertinent applicable work experience 3.72 0.93 3.64 0.91 3.55 0.89 0.28 0.75 
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 It is evident that well-known Thai companies tend to value global competencies 
because Thailand has an open market-oriented economy and encourages international 
direct investment as a means of promoting economic development, employment, and 
technology transfer.  
 Thailand continues to welcome international investment and seeks to avoid 
dependence on any specific country as a source of investment. Therefore, the country 
has to develop skill sets that enable employees to compete in an ever-expanding global 
environment. In particular, well-known Thai and Japanese companies rate the ability 
to work in an international team as an essential competency for engineering students.  
 The majority of the survey respondents from well-known Thai and Japanese 
companies work in the automotive and food and beverage manufacturing industries, 
respectively, as indicated in Figures 3.1–3.2, where the need for effective teamwork, 
in addition to leadership skills, is critical. As evident in Lingard’s research, teamwork 
is recognized as an essential skill for engineering professionals [Lingard and 
Barkataki, 2011].  
 

 

 
 

Figure 3.1  Industry type of well-known Thai companies 
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Figure 3.2  Industry type of Japanese companies 
  
 Working in an international team is a skill that can be taught and improved 
through practice, feedback, and experience. Active listening, being attentive to 
international context and stakeholders, deferring early judgment, leadership, and 
managing projects are crucial for those who work in multinational teams. 
 Furthermore, well-known Thai and other multinational companies value the 
ability of engineering students to speak more than one language, including English 
because fluency in the English language is regarded as crucial to becoming a 
professional global engineer. 
 This study also indicated that all three country groups regard the following as 
the most crucial core competencies, because they are useful and commonly applied in 
a practical industrial environment: ability to identify, formulate, and solve 
engineering problems; ability to use the techniques, skills, and modern engineering 
tools necessary for an engineering environment; ability to apply mathematics, science, 
and engineering. 
 According to all three country groups, GPA and pertinent applicable work 
experience are considered essential for engineering students, as previously pointed 
out in Warnick’s and Oda’s survey [Warnick, 2010; Oda et al., 2018]. However, they 
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are not considered as necessary criteria for engineering graduates seeking to work in 
multinational companies in Thailand. This is because engineering graduates can 
acquire new knowledge related to their roles and the necessary experience once they 
are in the workplace. 
 These results indicate that standard engineering technical competencies are 
essential, and global competencies are vital for engineering students seeking to work 
in a global environment. 
 
3.5    Conclusion 

 

 The study presented in this work highlighted the necessity of equipping 
engineering graduates with global competencies. In today’s global context, engineers 
are not only required to demonstrate their technical competencies, but they must also 
have acceptable global competencies to excel in the international workplace. New 
engineering criteria in the twenty-first century education should focus on the essential 
global skills that can help engineering students become globally competent engineers. 
However, significant evidence reveals that many graduate engineers fall short of 
meeting these industry requirements. It is crucial to understand the perspectives of 
industry executives regarding the competencies required from engineering graduates.  
 The study was to assess the importance of global competencies and skills 
required from engineering graduates wishing to work globally from the perspective of 
well-known Thai and multinational companies based in Thailand. The following 
research questions were utilized to address this purpose: 
 Research Questions 1a: Is global competency an important 

consideration for employment in multinational companies in Thailand? 

 Fifteen different competencies were evaluated by survey respondents, which 
consist of eight global and five engineering competencies from the ABET Criterion 3, 
in addition to GPA and work experience. Survey respondents rated each competency 
on a five-point Likert scale based on the question “how important is it for engineering 
students wishing to work globally to possess each of the listed global competence 
items?” Each competence item, its average (mean) rating score, standard deviation, 
and the one-way analysis of variance (ANOVA) across the three groups of countries 
are presented. 
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 The results show that possessing and showing standard engineering technical 
capabilities is required for employment as an engineer, whether the engineer works 
in an international context or not. Global competence, on the other hand, is an 
essential criterion for employment, and engineers should pay special attention to 
developing the ability to work in international teams, ability to exhibit a global 
mindset, and ability to speak more than one language, including English. 
 Therefore, preparing engineering students to be effective in a multinational 
workplace, engineering education systems should aim at improving engineering 
programs and providing an accurate systems approach to future global engineers. 
They should also aim at reforming the engineering curriculum to better reflect 
industry needs by preparing students for multicultural teamwork with the 
appropriate and essential global skills that will enable graduates to work in 
multicultural and global environments. 
 This study can be useful to engineering students, university faculties, and 
engineers with the necessary competencies to succeed in the workplace and contribute 
to the wider economic progress of the country. 
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Chapter 4 
 

A Comparative Study of Industry 

and Academic Perspectives on 

The Important of Global 

Competencies for Engineering 

Education 
 

4.1     Background and purpose of the study 

 

 In the past several years, engineering education increasingly focused on the 
necessary critical skills for new engineering graduates [Dotong et al., 2017; Wood et 
al., 2013]. The rapid changes in technology and the globalization of engineering 
education led to a greater attention to professional engineering skills. Thus, a need to 
include global competencies together with hard and soft competencies in educational 
engineering programs exists, especially since engineering graduates are now required 
to work within multicultural and multinational workplaces. Moreover, the necessary 
requirements for engineering professionals to work across different cultures and 
disciplines have been recognized by the National Academy of Engineering in their 
report on the future of engineering [National Academy of Engineering, 2004] and by 
the Accreditation Board for Engineering and Technology (ABET) accreditation criteria 
[ABET, 2016] 
 Generally, global competencies are increasingly acknowledged as crucial skills 
for newly graduated engineering students who want to join global workplaces and 
work in diverse national and cultural contexts [Polukhima and Doskovskaya, 2018] In 
addition, multinational organizations are now more selective when employing 
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professional engineers. As such, the expectations of the skills of new candidates are 
now much higher than before, particularly for engineering graduates. Hence, 
understanding the perspectives of the industry executives who regard such skills as 
vital for hiring new engineering graduates is essential so as to gain insight into the 
perceptions of educational stakeholders. 
 Various studies focused on the gaps between the engineering competencies 
earned during academic years and those needed in engineering industries. Also, many 
industries noted that recent graduates exhibit competency gaps. Therefore, it is 
essential that new measures need to be planned to bridge such gaps in order to make 
engineering students more able to succeed in global markets. Thus, some 
collaborations between academia and engineering industries are working on practical 
improvements to engineering education. 
 The purpose of this study was to identify the gaps between academia and 
engineering industries by investigating the perceptions of higher education 
institutions when it comes to the importance of global competencies for engineering 
graduates who aim to work globally and then comparing them with the perspectives 
of multinational Thai companies in Thailand. The results of this study are expected to 
help the engineering departments in many universities in Thailand, Japan, and other 
countries to enhance their current engineering curriculum so it can match the 
industry requirements. 
 

4.2     Research question 

 

 Research Question 1b: Is there a gap between academic perspectives and 
engineering industries' expectations on the importance of global competencies for 
engineering education?  
 Specifically, the objectives of this study are:  
 1. To investigate higher education institutions' perspectives on the value of 
global competencies for engineering graduates who do want to work globally; 
 2. To compare the requisite skills and competencies for engineering graduates 
to the viewpoints of multinational Thai companies in Thailand. 
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4.3     Methodology 

 
 The previous research surveyed the importance of global competencies from the 
perspectives of well-known Thai and multinational companies in Thailand [Rawboon 
et al., 2019a]. However, a lack of research from an academic perspective still exists.  
 For this reason, we investigated the perceptions of higher education 
institutions concerning the importance of these vital global competencies for Thai and 
Japanese engineering students who aim to work globally so as to examine the 
mismatch between the two potential groups by asking the following question: "How 
important is it for engineering students who will work globally to possess each of the 
listed global competency skills?" We also created a version of the required 
competencies from technical personnel in Warnick's survey with the permission of Dr. 
Gregg Warnick. Based on the "hard" technical skills section in the ABET Criterion 3, 
as shown in Table 4.1, we identified 15 competencies, including eight global 
competencies and five technical engineering competencies. For comparison purposes, 
we also included the grade point average (GPA) and work experience. 
 
Table 4.1  Engineering global competency items 

Set of competencies 

G
lo

ba
l c

om
pe

te
nc

ie
s 

Exhibit a global mindset 

Appreciate and understand different cultures 

Demonstrate world and local knowledge 

Communicate cross-culturally 

Speak more than one language including English 

Understand international business, law, and technical 
Environment 

Live and work in a transnational engineering environment 

Work in international teams 

Te
ch

ni
c

al
 

co
m

pe
t

en
ci

es
 Apply knowledge of mathematics, science and engineering 

Design and conduct experiments, as well as to analyze and interpret data 
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Design a system, component, or process to meet desired needs within 
realistic constraints, such as economic, environmental, social, political, 
health and safety, manufacturability, and sustainability 

Identify, formulate, and solve engineering problems 

Use the techniques, skills, and modern engineering tools necessary for 
engineering environment 

O
th

er
 A high-grade point average (GPA) 

Pertinent applicable work experience 

 
 The survey comprised of questions related to personal and employment (age 
group, education degree, employment period, job position, and major/department) and 
global competencies (skills to be rated on a Likert scale). For the global competencies 
section, the respondents were asked to rate the importance of each competency item 
and their satisfaction with it as follows: 
 1) Not Important; 
 2) Not Very Important; 
 3) Quite Important; 
 4) Very Important; 
 5) Extremely Important. 
 
 The survey was distributed among the educational stakeholders and leaders of 
a Thai university engineering program. The survey was conducted from August to 
September 2019, and 129 engineering educational stakeholders took part in it. 
 
4.4 Analysis and results 

 
 The survey respondents provided information concerning their age, education 
level, employment period, job title, and department.  
 The majority of the respondents (49%) were in the 40–49 age group, 31% were 
in the 30–39 age group, 15% were in the 50–59 age group, 4% were in the 20–29 age 
group, and 2% were in the 60 or over age group, as shown in Table 4.2. 
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Table 4.2  Age group of the survey respondents 

Age Groups Response Percentage 

20–29 years 5 4 

30–39 years 40 31 

40–49 years 63 49 

50–59 years 19 15 

60 or over 2 2 

Total 129 100 

 
 The survey respondents were asked to indicate their education degree. The 
majority of the respondents (74%) completed a doctoral degree, and 26% completed a 
master’s degree, as indicated in Table 4.3. 
 
Table 4.3  Education degree of the survey respondents 

Education Degree Response Percentage 

Master’s degree 34 26 

Doctoral or 
Professional degree 

95 74 

Total 129 100 

 
 The survey respondents were asked to indicate their employment period. The 
majority of the respondents The majority of the respondents (35%) were employed in 
the university for 11–20 years at the time of the survey, 23% were employed for 21-30 
years, 19% were employed for 1–5 years, 18% were employed for 6–10 years, and 5% 
were employed more than 30 years, as shown in Table 4.4. 
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Table 4.4  Employment period of the survey respondents 

Employment Period Response Percentage 

1–5 years 24 19 

6–10 years 23 18 

11–20 years 45 35 

21–30 years 30 23 

Over 30 years 7 5 

Total 129 100 

 
 The survey respondents also included their teaching and research positions. As 
shown in Table 4.5, the majority of the respondents (31%) worked as lecturers at the 
time of the survey, 30% as engineering assistant professors, 16% as associate 
professors, 15% as researchers, 3% as program responsible lecturers, 2% as learning 
facilitator/educational developers and in other positions, including teaching 
assistants, and 1% as professors. 
 
Table 4.5  Teaching and research positions of the survey respondents 

Teaching and Research Position Response Percentage 

Professor 2 1 

Associate Professor 26 16 

Assistant Professor 49 30 

Lecturer 51 31 

Researcher 24 15 

Program Responsible Lecturer 5 3 

Learning Facilitator/Educational Developer 4 2 
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Other 3 2 

Total 164 100 

 
 The survey respondents also added their academic management positions. As 
shown in Table 4.6, the majority of the respondents (26%) worked as heads of 
departments at the time of the survey, 19% as vice-deans, and 16% in other positions, 
including instructors, curriculum committee’s organizers, members of academic 
committees, secretaries of departments, and deputy heads of departments. Also, 11% 
worked as directors, 10% as vice-directors, 8% as assistants to the president, 6% as 
assistants to the dean, and 2% were the president and the dean. 
 
Table 4.6  Academic management positions of the survey respondents 

Academic Management Position Response Percentage 

President 1 2 

Assistant to the President 5 8 

Dean 1 2 

Vice-Dean 12 19 

Assistant to the Dean 4 6 

Director 7 11 

Vice-Director 6 10 

Head of Department 16 26 

Other 10 16 

Total 62 100 

 
 The respondents were asked to identify their major/department. The top five 
departments were mechanical engineering (19%), production engineering (14%), 
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electrical engineering, civil engineering (10%), and tool and materials engineering 
(9%), as indicated in Table 4.7. 
 
Table 4.7  Major/Department of the survey respondents 

Major/Department Response Percentage 

Chemical Engineering 8 6 

Civil Engineering 13 10 

Computer Engineering 7 5 

Control Systems and Instrumentation 
Engineering 

2 2 

Electrical Engineering 14 11 

Electronics and Telecommunications 
Engineering 

7 5 

Environmental Engineering 4 3 

Mechanical Engineering 24 19 

Production Engineering 18 14 

Tool and Materials Engineering 11 9 

Food Engineering 2 2 

Biological Engineering 5 4 

Other 14 11 

Total 129 100 

 
  
 
 



 38 

 As the purpose of this study was to identify the gaps between academia and 
engineering industries by investigating the perceptions of higher education 
institutions when it comes to the importance of global competencies for engineering 
graduates who aim to work globally and then comparing them with the perspectives 
of multinational Thai companies in Thailand. The following research questions were 
utilized to address this purpose: 
 Research Questions 1b: Is there a gap between academic perspectives 

and engineering industries' expectations on the importance of global 

competencies for engineering education? 

 This question was answered using survey results from the perceptions of 
higher education institutions comparing them with the perspectives of multinational 
Thai companies in Thailand from the previous research. The respondents were asked 
to evaluate 15 competency items that consist of eight global and five engineering 
competencies from the ABET Criterion 3 in addition to the GPA and work experience. 
 The comparison of the survey results between the Thai universities and the 
well-known Thai companies was conducted by rating 15 different competencies on a 
5-point Likert scale based on the question: “How important is it for engineering 
students who will work globally to possess each of the listed global competency items?” 
The competencies, along with the average (mean) rating score and standard deviation, 
were rank-ordered from the most important to the least important based on the 
responses of the two groups of respondents who took the survey, as shown in Tables 
4.8–4.9. 
 The results illustrate that each group considered both the standard 
engineering technical competencies from the ABET Criterion 3 and the global 
competencies essential for engineering students aiming to work globally.  
 Both groups rated the ability to work in an international team as an essential 
competency for engineering students. As many university programs tend to encourage 
students to work as a team through various programs [Rawboon et al, 2019b], which 
was also demonstrated in the previous research, the majority of the survey 
respondents from the industries that worked in the automotive and food and beverage 
industries, respectively, stated that the need for effective teamwork and leadership 
skills is critical [Rawboon et al, 2019a]. 
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Table 4.8  Importance ranking of the competencies by the academia 

Rank Competencies 

Academia 

(n=129) 

Mean SD 

1 An ability to work in international teams 4.30 0.89 

2 
An ability to design and conduct experiments, as 
well as to analyze and interpret data 

4.29 0.89 

3 
An ability to identify, formulate, and solve 
engineering problems 

4.26 0.96 

4 
An ability to use the techniques, skills, and modern 
engineering tools necessary for engineering 
environment 

4.23 0.84 

5 An ability to communicate cross-culturally 4.22 0.96 

6 An ability to exhibit a global mindset 4.21 0.86 

7 
An ability to apply knowledge of mathematics, 
science and engineering 

4.20 0.83 

8 
An ability to appreciate and understand different 
cultures 

4.13 0.90 

9 

An ability to design a system, component, or process 
to meet desired needs within realistic constraints 
such as economic, environmental, social, political, 
health and safety, manufacturability, and 
sustainability 

4.12 0.87 

10 

An ability to speak more than one language 
including English 

4.02 1.05 

An ability to demonstrate world and local knowledge 4.02 0.82 

11 
An ability to live and work in a transnational 
engineering environment 

3.92 0.85 

12 
An ability to understand international business, law, 
and technical elements 

3.68 0.88 

13 Pertinent applicable work experience 3.66 0.86 

14 A high GPA 2.99 0.94 
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Table 4.9  Importance ranking of competencies by industry 

Rank Competencies 

Industry 

(n=116) 

Mean SD 

1 An ability to work in international teams 4.14 0.84 

2 
An ability to identify, formulate, and solve 
engineering problems 

4.09 0.83 

3 

An ability to apply knowledge of mathematics, 
science and engineering 

4.05 0.85 

An ability to use the techniques, skills, and modern 
engineering tools necessary for engineering 
environment 

4.05 0.85 

4 
An ability to design and conduct experiments, as 
well as to analyze and interpret data 

4.03 0.84 

An ability to exhibit a global mindset 4.03 0.85 

5 
An ability to speak more than one language 
including English 

4.02 1.02 

6 
An ability to appreciate and understand different 
cultures 

3.97 0.91 

7 An ability to communicate cross-culturally 3.96 0.90 

8 An ability to demonstrate world and local knowledge 3.93 0.81 

9 
An ability to live and work in a transnational 
engineering environment 

3.91 0.85 

10 

An ability to design a system, component, or process 
to meet desired needs within realistic constraints 
such as economic, environmental, social, political, 
health and safety, manufacturability, and 
sustainability 

3.84 0.82 

11 
An ability to understand international business, law, 
and technical elements 

3.67 0.82 

Pertinent applicable work experience 3.67 0.91 

12 A high GPA 2.88 0.92 
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 Further analysis, based on independent samples t-test, was performed to test 
if there are significant differences between academic perspectives and engineering 
industries' expectations on the importance of global competencies for engineering 
education. Statistical significance was set at standard 95 percent and the high-
importance satisfaction items of the average value of each group are shaded. 
 

 

Table 4.10  Comparison of ratings of the considered competence items 
 

Global Competency Item 

Academia 

(n = 129) 

Industry 

(n = 116) T P 

Mean SD Mean SD 

1. Ability to exhibit a global mindset 4.21 0.86 4.03 0.85 1.67 0.09 

2. 
Ability to appreciate and understand 
different cultures 

4.13 0.90 3.97 0.91 1.43 0.15 

3. 
Ability to demonstrate world and local 
knowledge 

4.02 0.82 3.93 0.81 0.88 0.38 

4. Ability to communicate cross-culturally 4.22 0.96 3.96 0.90 2.25 *0.03 

5. 
Ability to speak more than one language, 
including English 

4.02 1.05 4.02 1.02 0.01 0.99 

6. 
Ability to understand international 
business, law, and technical elements 

3.68 0.88 3.67 0.82 0.09 0.93 

7. 
Ability to live and work in a transnational 
engineering environment 

3.92 0.85 3.91 0.85 0.16 0.87 

8. Ability to work in international teams 4.30 0.89 4.14 0.84 1.48 0.14 

9. 
Ability to apply knowledge of mathematics, 
science and engineering 

4.20 0.83 4.05 0.85 1.39 0.17 

10. 
Ability to design and conduct experiments, 

as well as to analyze and interpret data 
4.29 0.89 4.03 0.84 2.34 *0.02 

11. 

Ability to design a system, component, or 
process to meet desired needs within 
realistic constraints, such as economic, 
environmental, social, political, health and 
safety, manufacturability, and sustainability 

4.12 0.87 3.84 0.82 2.66 *0.008 

12. 
Ability to identify, formulate, and solve 
engineering problems 

4.26 0.96 4.09 0.83 1.53 0.13 

13. 
Ability to use the techniques, skills, and 
modern engineering tools necessary for 
engineering environment 

4.23 0.84 4.05 0.85 1.67 0.10 

14. High GPA 2.99 0.94 2.88 0.92 0.95 0.34 

15. Pertinent applicable work experience 3.66 0.86 3.67 0.91 0.12 0.91 
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           As demonstrated in Table 4.10, there are statistically significant differences 
between group for “Ability to communicate cross-culturally”, “Ability to design and 
conduct experiments, as well as to analyze and interpret data”, and “Ability to design 
a system, component, or process to meet desired needs within realistic constraints, 
such as economic, environmental, social, political, health and safety, 
manufacturability, and sustainability” at the 0.05 significance level.  
 The mean ratings on academic perspectives were examined in two dimensions: 
employment period and academic management position. 
 

 
Figure 4.1 The mean ratings by employment period 

 
 According to the findings, academic personnel with more than 21 years of 
experience rated the ability to identify, formulate, and solve engineering problems as 
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an essential competency for engineering students, followed by the ability to design and 
conduct experiments, analyze and interpret data, and ability to communicate cross-
culturally. Academic employees with 1-10 years of experience regarded ability to 
design and conduct experiments, as well as analyze and interpret data, as the most 
important skill for engineering students, followed by ability to work in international 
teams. 
 

 
Figure 4.2 The mean ratings by academic management position 

 
 Academic persons in non-academic management positions regarded cross-
cultural communication as a crucial skill for engineering students, whereas academic 
persons in academic management positions ranked ability to work in multinational 
teams as a vital talent for engineering students. 
 In particular, the following two out of eight global competencies are considered 
by Thai universities critical for engineering students: the ability to work in 
international teams and the ability to communicate cross-culturally. However, Thai 
industries considered two out of eight global competencies: the ability to work in 
international teams and the ability to exhibit a global mindset (Fig. 4.1). It was evident 
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that the respondents tended to value global competencies because Thailand is 
committed to building the ASEAN community and expand cross-border alliances 
between academics, businesses, and industries. Also, to be mutually recognized, Thai 
universities tend to standardize education and prepare their students to be successful 
in global and diverse environments. 
  

 
 Figure 4.3  GAP values between the academia and industry perspectives on 

the importance of global competencies for engineering education 
 
 This study also shows that both groups considered the following technical 
engineering knowledge and competencies as the most crucial core competencies, as 
they are useful and commonly applied in practical industrial environments (Fig. 4.2). 
 1. The ability to design and conduct experiments as well as to analyze and 
interpret data;  
 2. The ability to identify, formulate, and solve engineering problems;  
 3. The ability to use the techniques, skills, and modern engineering tools 
necessary for engineering environment. 
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Figure 4.4  GAP values between the academia and industry perspectives on the 

importance of technical competencies for engineering education 
 
 The GPA and work experience were also deemed vital for engineering students, 
and the graduation requirements were shown in Warnick and Oda's survey [Warnick, 
2010; Oda et al., 2018]. Nonetheless, according to both groups, the GPA and work 
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obtain their university degrees, especially for those who seek to work in Thailand, as 
engineering graduates can learn more efficiently about their roles and acquire the 
necessary experience in the workplace (Fig. 4.3).  
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Figure 4.5  GAP values between the academia and industry perspectives on the 

importance of GPA and work experience 
 
4.5    Conclusion 
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 Research Questions 1b: Is there a gap between academic perspectives 

and engineering industries' expectations on the importance of global 

competencies for engineering education? 

 The reported research findings here provide some insights into the perspectives 
of the educational stakeholders and leaders (deans, faculties, educators, lecturers, and 
others) of the engineering departments in Thai universities regarding the importance 
of global competencies for engineering graduates aiming to work globally. Also, as part 
of the new engineering graduates’ building programs, these perspectives were 
compared with those of the well-known and multinational Thai companies that are 
based in Thailand.  
 The results summarized that both the standard engineering technical 
competencies of the ABET Criterion 3 and the global competencies are considered 
essential for engineering students. In particular, the ability to work in international 
teams, the ability to communicate cross-culturally, the ability to exhibit a global 
mindset, and the ability to speak more than one language including English are 
important competencies for engineers to develop. 
           Higher education engineering institutions throughout the world are 
encouraged to identify opportunities within each course they teach to facilitate the 
interaction of engineers within a global environment. Efforts to develop global 
competence among engineering students may include team-based projects, work-
focused projects in different countries, the interaction of engineers in a multicultural 
environment, international educational partnerships among colleges and universities 
throughout the world, and the use of technology to develop cross-cultural competence 
through virtual teams. Students’ involvement in a global environment throughout 
their education versus a single study abroad experience will greatly enhance the 
capabilities of engineering graduates to succeed in a global environment. Based on 
this study, particular focus should be placed on incorporating each of the required 
global competencies into the curriculum. 
           As the respondents in many Thai universities have been efficiently 
collaborating with the industry sector, therefore, the perspectives of the educational 
university sector concerning the vital satisfaction competency items tend to be almost 
the same as the industry sector. Thus, these results will exhibit a positive impact on 
the development of future professional engineers in the educational sector in 
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Thailand. Overall, stakeholders and leaders should determine the necessary global 
visions in the engineering education field to set up directions for new pedagogy 
approaches and curriculum reforms. As a result, engineering students can compete 
and excel in global environments and also meet the international market and 
globalization demands that link the whole world socially and economically.  
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Chapter 5 
 

Future Competencies for The 

Demanding Careers of Industry 

4.0 

 
5.1    Background and purpose of the study 

 
 The fourth industrial revolution, also known as Industry 4.0, is the convergence 
of several emerging concepts and new technologies, such as the Internet of things, 
artificial intelligence (AI), cloud computing, autonomous vehicles, robots, and machine 
learning (Deloitte Development LLC, 2020). In the context of Industry 4.0, these new 
technological systems will be linked with organizational processes to transform 
industries, enabling real-time connections between humans, machines, and smart 
objects (Kohnová et al., 2019). 
 The transformations that have occurred since the first industrial revolution 
substantially impacted human employment. Currently, a significant gap exists 
between present human resource capabilities and prospective industrial needs. Hence, 
new roles must be devised, and new skills must be inculcated to align with the 
emergent technological advancements (Drath & Horch, 2014). The fast-changing work 
environment influenced by Industry 4.0 will generate new categories of jobs and 
occupations. Some research has indicated that low-skilled jobs will be eliminated; 
however, the demand for higher-skilled workers will grow. Thus, the job losses for low-
skilled workers will be offset to a great extent by creating new, highly skilled job 
opportunities (BRICS Business Council, 2017). The current workforce must now 
acquire discrete and more technically advanced knowledge and skillsets. In particular, 
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university graduates forming the future workforce must imbibe multidisciplinary 
skills to satisfy industry demands (Cicek et al., 2019). 
 The university discharges a vital role in the development of the knowledge, 
skills, attitudes, and values that can empower people to contribute to an inclusive and 
sustainable future and benefit from it. For those working in a rapidly changing world, 
learning how to devise clear and purposeful goals, coordinate and work with people 
with different perspectives, discover challenging opportunities, and identify multiple 
solutions for the resolution of complex problems will be essential. Universities and 
other higher education institutions must prepare students to not only focus on 
knowledge and technical abilities but also hone their nontechnical abilities and thus 
meet the demands of changing workplaces and societies. 
 The Asia Pacific region is currently transmogrifying from the global 
manufacturing hub to the innovation center for the new knowledge economy. 
Simultaneously, this region remains a major foreign direct investment target. Many 
European and US companies are relocating their assembly lines and manufacturing 
plants to this region to leverage the lower cost base, the abundant availability of 
workers, and proximity to a growing marketplace. Nevertheless, low-cost labor will 
not be enough to ensure the region’s competitiveness in the decade ahead. 
Infrastructure, workforce skills, and productivity will be critical determinants of the 
region’s projected growth. All industry value chains now increasingly rely on R&D and 
innovation. Combined with the evolution of manufacturing and emerging 
technologies, these shifts signify that countries across Asia must amend investment 
priorities and develop new types of skillsets to compete in a more knowledge-intensive 
trade landscape. 
 The Asian region has become a pivotal driver of global economic growth. Thus, 
new demands vis-à-vis qualifications, broader knowledge, and skillsets must urgently 
be addressed to meet the new industrial revolution and face these emerging 
challenges. The roles discharged by education and universities must be discussed from 
the perspective of research into new job opportunities and skill requirements. 
Southeast Asian countries can be pivotal to the growth of some future industries (ITRI, 
2019). Scholars must conduct surveys of competencies that global industries are likely 
to require as they promote their businesses in Southeast Asian nations. This task is 
crucial not only for Asian universities but also for higher educational institutions in 
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other regions because a large percentage of university graduates will probably shortly 
work in the Asian region. Thus, universities across the globe should reform their 
educational strategies and consider the competencies that will be required in the 
future by industries associated with this part of the world. 
 Studies on the key competencies required for crucial professions for Industry 
4.0 are currently scant. Therefore, this investigation aimed to review the extant 
literature on capabilities required by employers from graduates to handle future 
technology and market demands as future workers. In so doing, this review identified 
the future competencies for three demanding careers representative of the high-skilled 
requirements of Industry 4.0: robotics engineers, data scientists, and food designers. 
Quantitative data were collected, and the results of the conducted analyses reflected 
real industry-based needs. This paper will benefit universities by making them aware 
of market-related circumstances and facilitating their endeavors to modify curricula. 
Further, students can use the current study’s findings to prepare themselves for the 
novel challenges and opportunities that will evolve over the next decade. 
 

5.2     Research Question 

 

 Research Question 1c: What are the future competencies for three high-skilled 
jobs in Industry 4.0: robotics engineers, data scientists, and food designers?  
 Specifically, the objectives of this study are to identify the competencies of three 
positions that are expected to be in high demand in Industry 4.0: robotics engineers, 
data scientists, and food designers. 
 
5.3     Defining Industry 4.0 

 

 The term Industry 4.0 was coined in 2011 at the Hanover Fair. Subsequently, 
the German government adopted the term in 2013 as a strategic initiative to 
revolutionize the manufacturing industry (Li, 2017; Xu, 2018). The suffix 4.0 indicates 
that this development continues the three previous industrial revolutions and 
designates the current technological thrust as the fourth transformation in industrial 
production. Lately, Industry 4.0 has attracted increasing interest because of the 
discrete advantages it offers to the manufacturing organizations. As a concept, 
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Industry 4.0 describes a new phase of manufacturing operations that combines a set 
of emergent and convergent technologies to add value to the entire product lifecycle 
(Dalenogare et al., 2018). These novel technologies aim to offer ameliorated conditions 
to workers to enhance productivity (Kagermann et al., 2013). Thus, humans and 
machines are considered an integrated socio-technical mechanism in the conception of 
Industry 4.0 (Thoben et al., 2017). 
 The European Union governments have prioritized Industry 4.0 and have 
adopted large-scale Industry 4.0 policies to ensure inclusive growth that can create 
productive employment and decent jobs (European Commission, 2017). As the newly 
industrialized nation of Southeast Asia, Thailand must prepare for the next stage of 
growth; it is currently implementing the Industry 4.0 concept. Recently, Thailand has 
attuned its economic model to the world economy by announcing a new national 
innovation-driven economic development policy called Thailand 4.0 (The National 
Reform Council, 2016). As a concept, Thailand 4.0 is closely related to Industry 4.0 
idea and is expected to lead Thailand out of the middle-income trap. It is designed to 
make Thailand a stable, wealthy, and sustainable economy in the dynamic global 
context. 
 However, the biggest challenges for newly industrialized countries, such as 
Thailand, India, Pakistan, Indonesia, Brazil, Malaysia, and Nigeria, particularly 
concern the shortage of qualified technical and skilled workers (Bahrin et al., 2016; 
Jones & Pimdee, 2017; Berawi, 2018). 
 Consequently, students’ readiness for the Industry 4.0 must be investigated, 
especially at universities and higher education institutions that will shortly produce 
the workforces of such nations. Essential modifications are thus anticipated to occur 
because of the Industry 4.0 revolution. 
 
5.4     Industry 4.0: The emerging challenges and career opportunities 

 

 Change is faster and more unpredictable in the current global scenario. 
Enterprises and organizations must react very quickly to the challenges and 
opportunities presented by the business world (Saniuk et al., 2014). The 
implementation of emerging technologies is expected to bring certain transformations 
in social, economic, environmental, technical, legal, and political systems (Hecklau et 
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al., 2016; Hinton, 2018). Undoubtedly, lower-skilled workers confront a high risk of 
becoming unemployed or underemployed. Low-skilled and routine jobs are shortly 
likely to be replaced by automation and robots. In 2015, McKinsey predicted that 
automation could displace 45% of the jobs currently performed by human labor and 
that technology would probably substitute 5% of the full-time jobs in the developing 
world. In 2016, the World Bank projected that 66.6% of the existing manual jobs could 
also be replaced by automation and robotics. However, the increased productivity 
attained using Industry 4.0 technologies could exert other effects on an industry’s 
value chain that would generate novel job prospects in targeted industries such as 
architecture, engineering, computers, and mathematics (Balliester & Elsheikhi, 
2018). The World Economic Forum has tracked the labor market impact of Industry 
4.0 and has reported new roles that are likely to open at the forefront of the data and 
AI economy. It has also divulged new functions that could evolve in the engineering, 
cloud computing, and product development domains. This set of emerging professions 
reflects the continuing importance of human interaction in the new economy (WEF, 
2020). 
 The ongoing COVID-19 pandemic has certainly fast-tracked digital 
transformation across all sectors. Digitalization has been crucial to the achievement 
of organizational transformations, and the current pandemic has accelerated 
industry-based demands for a more skilled workforce. The challenges concern how 
employers can match employees to new roles and responsibilities and ensure that their 
employees acquire the new skillsets demanded by a digitally transforming world. 
 The demand for highly skilled human resources in target industries is 
increasing as Thailand moves toward an innovation-driven economy. The knowledge 
and skill-based requirements for future industries are also becoming more complex. 
To respond to this new demand during its digital transformation and in the post-
COVID era, the Thai workforce development agencies nominated the Office of 
National Higher Education Science Research and Innovation Policy Council (NXPO) 
to survey the demand for high-skilled human resources and key functional 
competencies for 12 targeted S-curve industries. These industries include next-
generation automotive manufacture, smart electronics, affluent medical and wellness 
tourism, agriculture and biotechnology, food for the future, automation and robotics, 
logistics and aviation, biofuels and biochemicals, the digital sector, medical services, 



 54 

defense, and education development (NXPO, 2020). These industries are expected to 
represent the business strengths of Thailand and will become the foundation that 
tethers both education and business in congruence with the Thailand 4.0 policy. In 
this manner, Thailand hopes to achieve economic prosperity, social well-being, 
increased human value, and environmental protection. 
 Interestingly, the NXPO’s survey report revealed an existing demand for 
nearly 180,000 new graduates to serve in highly demanded positions in the country’s 
12 key industries: engineers, data scientists, technicians, developers, and marketing 
personnel. The survey also highlighted that the digital industry would tender the 
highest demand for personnel over the next five years. This sector will expectedly need 
a total of 30,742 workers, particularly 5,767 data scientists. Moreover, the robotics 
industry is projected to require 10,020 critical positions to be filled even though the 
country’s robot production is still minimal and most of the robots used in Thailand are 
imported from countries such as Japan and Germany. However, the country’s demand 
for robots continues to increase. Thus, the robotic industry is estimated to demand 
2,697 data scientists, 1,869 robotic control engineers, and 1,862 mechanical engineers. 
Meanwhile, the developing food industry sector will probably require 12,458 
employees between 2020 and 2024 (NXPO, 2020). 
 Thailand’s current predominant challenges are vested in the fact that its small- 
and medium-sized enterprises (SMEs) lack the technological know-how and the 
requisite science, technology, and innovation capabilities. Their skill base must shift 
to more sophisticated, higher value-added activities. In addition, Thailand must foster 
innovation in research and development (R&D) and undertake economic activities to 
upgrade its technological levels, enhance organization, encourage innovation, and 
introduce new products and services. 
 Therefore, Thailand should focus on developing a highly skilled workforce 
capable of satisfying the job-skill requirements of Industry 4.0 technologies. The 
country should also prepare its graduating youth and future workers to cope with new 
challenges posed by Industry 4.0. Only then can Thailand successfully manage 
sustainable organizational performance and accomplish its transition to Industry 4.0.
 However, studies on the key competencies required by Industry 4.0 players for 
the crucial professions are only a few. Hence, this study intended to identify the 
competencies projected for the most demanded careers of the Thai version of Industry 
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4.0: robotics engineers, data scientists, and food designers. These careers are thought 
to be representative of the highly skilled workers required for the industries with the 
most potential according to NXPO’s report on the projected demands for high-skilled 
human resources: automation and robotics, the digital sector, and food for the future. 
 
5.5     The identification of key competencies for the future 

 
 The currently evolving Industry 4.0 has entirely transformed how industries 
or businesses function and develop. Thus, industry players must constantly confront 
new challenges. Jobs created by Industry 4.0 will require higher-level skills that will 
mandate novel qualifications and skillsets. In this sense, the importance of soft skills, 
such as communication, self-organization, management, and teamwork skills is likely 
to increase (Kergroach, 2017). 
 Such changes will dramatically affect the job market, more specifically in terms 
of the aptitudes in demand and recruitment criteria. The World Economic Forum 
(2020) recommends several major changes in how businesses regard and manage their 
employees, both immediately and in the longer term. Further, this report projects a 
significant shift in the required skills in 2025 and lists the demanded top five skills 
will encompass analytical thinking and innovation, active learning and learning 
strategies, complex problem-solving, critical thinking and analysis, and creative 
originality and initiative. 
 Most studies involving human competencies attend to the effects of 
technologies, for example, the ability to engage in e-commerce, or digital competence. 
Ferrari (2013) defined digital competence as a set of knowledge, skills, and attitudes 
required for the use of information and communication technology (ICT) and digital 
media to perform tasks (e.g., problem-solving, communication, managing information, 
collaboration, the creation and sharing of content, and the effective, efficient, 
appropriate, critical, creative, autonomous, flexible, ethical, and reflective 
construction of knowledge for work, leisure, participation, learning, socializing, 
consuming, and empowerment. 
 NXPO has outlined the required functional competencies for critical positions 
in 12 targeted S-curve industries in Thailand. The following set of functional 
competencies are needed for robotics engineers: robot programming and programming 
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pendant; robot troubleshooting; embedded systems; servo motor controller; digital 
signal processing; hydraulics and pneumatics; robotics maintenance and installation; 
sensor technology; and error compensation (NXPO, 2020). 
 NXPO already provides the important knowledge and required technical 
competencies for future careers of Industry 4.0. From them, researchers have 
increasingly discovered that social, personal, and methodological competencies are 
more frequently mentioned than technical abilities. Thus, we can assert that technical 
capabilities are necessary but not as critical as other nontechnical aptitudes (Rahmat 
et al., 2020). Therefore, this study focused on the exploration of three crucial categories 
of professional competencies. The literature review revealed that most capabilities are 
the criteria expected to be required by industry players. Table 5.1 summarizes these 
aptitudes. 
 First, social competencies include social values, and motivations and 
encompass skills such as intercultural interaction, communication, networking, 
teamwork, the ability to transfer knowledge, and leadership. Social competency is 
defined as the ability to communicate and cooperate with others (Hecklau et al., 2016) 
and effectively handle social interactions. 
 Second, personal competencies comprise personal traits and abilities and may 
be exemplified by attributes such as flexibility, ambiguity tolerance, motivation to 
learn, ability to work under pressure, sustainable mindset, and compliance (Hecklau, 
2016). Personal capabilities are related to individual characteristics that fit into 
organizations that direct behavioral choices and decision-making [Barrick, 2000]. 
 Third, methodological competencies denote generic skills and abilities 
necessary primarily for general problem-solving and decision-making (Hecklau et al., 
2016) and incorporate qualities such as creativity, entrepreneurial thinking, problem-
solving, conflict solving, decision-making, analytical skills, research skills, and 
efficiency orientation. 
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5.6     Methodology 

 

 The methodology proposed for the present study comprised five stages for the 
identification of future competencies in implementing Industry 4.0. The needed 
competencies for the three careers in demand were identified at the first stage based 
on the literature review. The second stage involved the intensive investigation of the 
required competencies through individual interviews with senior specialists to expand 
the scope of the literature review. In the third stage, the literature review and expert 

Table 5.1  The competencies essential for industry 4.0 
 

Categories Key Competencies Reference 

Social 
Competencies 

Intercultural skills, language 
skills, communication and 
networking skills, leadership 
skills, ability to compromise and 
cooperate, ability to work in 
teams, ability to transfer 
knowledge, and acceptance of 
change 

Hecklau et al., 2016; Sallatia et al., 
2019; Suleman & Laranjeiro, 2018; 
Katarzyna & Anna, 2017; Fitsilis et 
al., 2018; Popkova & Zmiyak, 2019; 
Hollister et al., 2017; Ahmed et al., 
2012; Rahmat et al., 2019; 
Supjarerndee et al., 2002; Asonitou, 
2015. 

Personal 
Competencies 

Flexibility, ambiguity tolerance, 
motivation to learn, ability to 
work under pressure, 
sustainable mindset and 
compliance, communication 
skills, adaptability, emotional 
intelligence, and willingness to 
learn 

Hecklau et al., 2016; Sallatia et al., 
2019; Katarzyna & Anna, 2017; 
Fitsilis et al., 2018; Motyl et al., 2017; 
Hollister et al., 2017; Ahmed et al., 
2012; Miao et al., 2017; Rahmat et 
al., 2019; Supjarerndee et al., 2002; 
Jameson et al., 2016; Asonitou, 2015; 
Cortellazzo et al., 2020. 

Methodological 
Competencies 

Creativity, entrepreneurial 
thinking, problem-solving, 
conflict solving, decision-
making, analytical skills, 
research skills, efficiency 
orientation, and critical 
thinking. 

Hecklau et al., 2016; Katarzyna & 
Anna, 2017; Fitsilis et al., 2018; 
Aluko, 2014; Akman & Turhan, 2018; 
Abbasi et al., 2018; Fareri et al., 
2020; Pinzone et al., 2017; Popkova & 
Zmiyak, 2019; Finch et al., 2013; 
Motyl et al., 2017; Hollister et al., 
2017; Ahmed et al., 2012; Rahmat et 
al., 2019; Supjarerndee et al., 2002; 
Jameson et al., 2016; Kinnunen & 
Parviainen, 2016; Asonitou, 2015. 
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inputs were evaluated, and the listed competencies were analyzed through focus group 
discussions with highly qualified managers and key players at the forefront of Thai 
and multinational companies in Thailand. The focus group members included 
lecturers with previous experience in companies or with numerous years of teaching 
experience at university in related domains. After a consensus was achieved, a 
questionnaire survey and in-depth interviews were conducted with selected experts in 
the automotive, digital, and food industry domains and the lecturers in related 
disciplines to confirm the essential future competencies for the three future careers. A 
final analysis was then accomplished to verify the robustness of the accomplished 
evaluation. Figure 5.1 presents the proposed framework for identifying the future 
competencies for the stated careers toward the implementation of Industry 4.0.  
 

 

Figure 5.1  Research methodology stages 

 
 The literature review of relevant texts and previously conducted research at 
the first stage allowed us to attain information pertinent to the study using the 
keyword “competency” for the three future careers. This also allowed us to explore the 
needed skills and aptitudes. 
 The literature review was extended at the second stage via an intensive 
investigation of the required competencies through individual interviews with three 
senior experts in related fields. The criteria for selecting experts were defined to obtain 
appropriate data as highly qualified specialists who had accrued previous experience 

Step 1 Step 2 Step 3 Step 4 Step 5 

 
Research Methodology Stages 

 

Literature 
Review 

Expert 
Inputs Focus Group 

In-depth 
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and Survey 

Confirmation 
and Data 
Analysis 
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in companies or had accumulated numerous years of university-level teaching or 
education-related experience in the pertinent areas of engineering, information 
systems, information technology, and food. The required competencies for future 
careers in Industry 4.0 businesses were listed and sorted by category. 
 To evaluate the literature review and expert inputs, we analyzed the listed 
competencies at the third stage via focus group interviews with highly qualified 
participants in relevant domains. The focus group interviews were conducted as 
recommended by Krueger and Casey (2000) and three focus group discussions were 
held with an aggregate of 33 participants. The focus group participants were currently 
employed and highly qualified managers and key players at the forefront of Thai and 
multinational companies in Thailand. They also included lecturers with previous 
experience in companies or numerous years of university-level teaching or education-
related experience in the areas of engineering, information systems, information 
technology, and food. Lecturers command a general understanding of competencies 
and apply competency-targeted teaching; hence, we targeted this group. Most 
educators are also involved in research and are therefore aware of Industry 4.0, its 
relevance, and the importance of building competencies for future employees. 
 The participants were also accorded time to deliberate and think about 
Industry 4.0 related topics during the focus group discussion and were thus positioned 
in the appropriate mindset for the contemplation and construction of ideas. The given 
group dynamics and workshop settings encouraged the inclusion of lecturers and 
professors. Most of the educators who participated could offer practical insights from 
their previous jobs and represented recognized representative bodies and official 
voices of Thai tertiary education tasked with producing the most employable 
graduates. 
 The researcher moderated all focus groups, and identical semi-structured 
guidelines were applied for all the focus groups to ensure that the findings were 
comparable. The design thinking process was applied to the focus group guidelines to 
derive the competencies apt for Industry 4.0. The participants were presented with 
typical work scenarios and the challenges of Industry 4.0. Questions were 
subsequently asked about the competencies that robotics engineers, data scientists, 
and food designers should bring to their jobs in such a scenario. 
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 The supporting team recorded the focus groups. The competencies gleaned from 
the literature review, and the first group interview was collated as the set of initial 
data. If a subsequent focus group mentioned a new competency that was not part of 
the initial data, it was recorded in the list as a new competency. The lists were finally 
compared, and the differences were discussed until a common decision could be 
achieved on the critical competencies. The required competencies for each group were 
analyzed, categorized, and collected at the end of this stage for the design of the 
questionnaire survey administered at the next stage. 
 To evaluate the set of essential competencies determined at the third stage for 
the three future careers, we conducted a questionnaire survey and in-depth interview 
at the fourth stage with selected experts and lecturers from the automotive, digital, 
and food industries and related disciplines. Respondents were asked to indicate the 
importance of the selected competencies on a 5-point Likert-lime scale to augment 
validity and reliability (Spooren et al., 2007). The final collated list included 20 
required proficiencies for robotics engineers, 22 aptitudes for data scientists, and 14 
required abilities for food designers. Six experts from each group completed the 
survey. Subsequently, all data obtained from the respondents were analyzed to 
determine the convergence of participant opinions and to provide controlled feedback. 
The fifth stage aimed to invite the respondents to discuss their scoring in light of the 
group response and decide whether they would like to modify their original choices. 
The individual respondent scores and central tendencies (mean, median, and mode) 
were provided to the respondents so they could assess the diversity of responses. This 
step also allowed the experts to confirm that the researchers had accurately recorded 
their responses. 
 
5.7     Analysis and results 

 

 This paper aimed to identify the future competencies for three careers that are 
representative of the demand for highly-skilled personnel needed in potential 
industries during Industry 4.0: robotics engineers, data scientists, and food designers. 
The following research questions were utilized to address this purpose: 
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 Research Questions 1c: What are the future competencies for three 

high-skilled jobs in Industry 4.0: robotics engineers, data scientists, and food 

designers? 

 
 Three careers projected to be in demand in Industry 4.0 were selected for the 
study: robotics engineers, data scientists, and food designers. The results obtained 
from the first to the final stage were analyzed and are reported in three distinct 
sections to display most of the competencies that should be inculcated into the three 
groups of future graduates who wish to undertake the stated careers. The 
competencies, along with the average (mean) rating scores and standard deviations 
(SD), were ordered ranking from the most important to the least important ability 
derived from the assessment of the survey responses. 
 
 5.7.1 Competencies for Robotics Engineers 

 
 Robots have become an essential part of our world in recent years. Hence, there 
now exists a significant demand for robotics engineers who can design and develop 
solutions for every anticipated problem. Robotics engineering is a multidisciplinary 
field. Robotics engineers are responsible for the design, testing, and construction of 
robots that are productive and safe to operate as well as economical to purchase and 
maintain. Robotics engineers also create an integrated environment between people 
and machinery. 
 Moreover, non-technical competencies are crucial for robotics engineers, who 
must work with team members across multiple departments. Table 5.2 displays 20 
competencies listed by experts in the automation and robotics sector and by lecturers 
in related disciplines. The most important competencies were patience and 
persistence, active learning with a growth mindset, analytical thinking and 
innovation, creative integration, design thinking, and systems thinking. The 
competency of patience and persistence was identified as a specific requirement of 
paramount importance because robotics engineers must proficiently handle work tools 
and analytical instruments. They must master the qualities of patience and 
persistence to resolve difficult problems and to provide creative solutions to technical 
challenges. Such processes require much hypothesizing and experimentation before 
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the best results are discovered. Hence, robotics engineers must be able to work long 
hours, weeks, months, and even years before a finished project is actualized. 
 
Table 5.2  The assessment of competencies for robotics engineers 
 

Competencies Mean SD Ranking 

Patience and persistence 5.00 0.00 1 

Active learning with a growth 
mindset 4.83 0.41 

2 Analytical thinking and 
innovation 4.83 0.41 

Creative integration 4.83 0.41 

Design thinking 4.67 0.52 
3 

Systems thinking 4.67 0.82 

Creativity, originality, and 
initiative 4.50 0.55 

4 Effective negotiation and 
persuasion skills 4.50 0.84 

Observation skills and curiosity 4.50 0.84 

Adaptability to change 4.50 1.22 

Complex problem-solving  4.33 0.82 

5 

Critical thinking 4.33 0.82 

Team-building 4.33 1.21 

Emotional intelligence 4.33 1.21 

Leadership and social influence 4.33 1.21 

Project and engineering 
management 4.17 1.17 

6 

Time management 4.17 1.33 

Effective communication 4.00 1.10 
7 

Coordinating with others 4.00 1.10 

Customer orientation 3.33 1.37 8 
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 5.7.2  Competencies for Data Scientists 

 
 Data scientists must collaborate closely across different job roles because of the 
interdisciplinary and complex nature of data science and machine learning tasks. 
They need diverse expertise in many complex data science projects. A data scientist is 
a professional responsible for the collection, analysis, and interpretation of extremely 
large amounts of data. In businesses, data scientists typically work in teams to mine 
big data for information that can be used to identify new products and services to fit 
the behaviors and needs of their customers. The industry demand for data scientists 
has grown significantly over the years. As has been noted above, the NXPO report 
highlighted that the digital industry would display the greatest workforce demand 
and 5,767 data scientists are expected to be inducted over the next five years. 
 Table 5.3 evinces a total of 22 competencies derived for data scientists during 
this study. Data visualization and presentation, associative skills, applicative 
thinking, and great data intuition represented the most desired proficiencies. Data 
visualization and presentation denoted the competency most frequently mentioned for 
data scientists and all the respondents from this sector considered this ability to be 
crucial for data scientists in the Industry 4.0 era. In business terms, data scientists 
must be proficient at the evaluation of data and must be able to explain their findings 
clearly and fluently to both technical and non-technical audiences. This critical 
element helps to promote data literacy across the organization and amplifies the 
ability of data scientists to make an impact. 
 
Table 5.3  The assessment of competencies for data scientists 
 

Competencies Mean SD Ranking 

Data visualization and 
Presentation 5.00 0.00 1 

Associative skills 4.83 0.41 

2 Applicative thinking 4.83 0.41 

Great data intuition 4.83 0.41 
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Effective communication 4.67 0.52 

3 

Ability to present ideas in a clear 
and concise manner 4.67 0.52 

System analysis and evaluation 4.67 0.52 

Research skills 4.67 0.52 

Curiosity 4.67 0.52 

High integrity and ethics 4.67 0.52 

Complex problem-solving 4.50 0.55 

4 Active learning and development 4.50 0.55 

Adaptability to change 4.50 0.55 

Creative thinking 4.33 0.52 

5 

Teamwork 4.33 0.82 

Project management 4.33 0.82 

Emotional intelligence 4.33 0.82 

Critical thinking 4.33 1.63 

Coordinating with others 4.17 0.75 
6 

Business acumen 4.17 0.75 

Storytelling 4.00 0.63 7 

Customer orientation 3.83 0.41 8 
 
 
 5.7.3  Competencies for Food Designers 

 
 Food design is a recent discipline that includes the process of design studies 
and research that generates new food-related products. This discipline forms part of 
industrial design and is charged with the creation and design of food or of parts of 
complex food products. Food designers require the expertise of managing and leading 
invention projects from ideation through the scaling-up of new products and services, 
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the improvement of product quality, value transformation savings, and production 
capacities for global operations. The role requires them to discover, develop, and apply 
new ingredient technologies enabling the development of innovative new foods and the 
creation of compelling culinary experiences for a wide variety of consumers toward the 
creation and promotion of a more delicious, healthy, and sustainable future. 
 Table 5.4 exhibits the survey results obtained from the responses of experts in 
the “food for the future” sector and from the lecturers in relevant disciplines regarding 
the essential competencies for food designers. An aggregate of 14 competencies was 
ultimately listed, of which the topmost included the knowledge of the trends of food 
analytics, food innovation thinking, food designing expertise, continuous learning, 
effective communication, and understanding the contexts of food. Three of the 
competencies, the trends of food analytics, food innovation thinking, food designing 
expertise were recognized by experts to be key determinants of the development 
potential of food designers. Such thinking probably emanated from the view that the 
mentioned three competencies were deemed critical for increased efficiency and for 
the acquisition of strategic advantages. An innovative mindset and the knowledge of 
trends of food analytics are critical for the discovery, advancement, and evaluation of 
new technologies in food or for the processing of R&D initiatives toward the provision 
of innovative, timely, and cost-effective improvements to new or existing products or 
processes. Moreover, food designers also require leadership competencies and internal 
and external expertise in specific disciplines. Further, they must remain updated with 
the latest developments and technologies. 
 
Table 5.4  The assessment of competencies for food designers 
 

Competencies Mean SD Ranking 

Knowing the trends of food 
analytics 4.80 0.45 

1 
Food innovation thinking 4.80 0.45 

Food designing expertise 4.80 0.45 

Continuous learning 4.40 0.89 2 
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Effective communication 4.20 0.84 

3 Understanding the contexts of 
food 4.20 0.84 

Entrepreneurship 4.00 1.22 
4 

Consulting 4.00 1.22 

Leadership 3.80 0.45 

5 Service mindset 3.80 1.64 

Storytelling 3.80 1.64 

Partnering 3.60 1.14 6 

Negotiation skills 3.20 1.30 7 

Adaptability 3.00 1.58 8 
 
 Another widely known method of defining competency is to classify it into 
personal, social, and methodological elements. Personal competencies comprise 
personal traits and abilities and include motivations, attitudes, as well as social 
values. Social competencies encompass attitudes, abilities, and skills that allow people 
to easily form social relationships and cooperate and communicate with others. These 
competencies enable people to reasonably achieve common goals in social interactions. 
Finally, methodological competencies include the abilities and skills for general 
problem-solving and decision-making. They enable workers to independently and 
purposefully resolve new and complex problems using learned thinking and working 
methods. 
 The World Economic Forum has also highlighted that the demand for 
technology-related and non-cognitive soft skills is rising faster than ever before 
because of rapid advances in technologies and shifts in job roles and occupational 
structures [WEF, 2018]. These changes will gradually enhance new types of education 
and training to assist young people to attain the critical requisite skills for personnel 
at risk of their jobs becoming obsolete. Such expectations necessitate the development 
of appropriate employment and skill expansion policies. 
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 The literature review yielded three categories of crucial competencies as an 
increasing number of researchers were found to emphasize social, personal, and 
methodological competencies in higher frequency than technical competencies. 
Despite the diverse aspects described by the listed capabilities, the three groups 
displayed some identical competencies as summarized in Table 5.5 
 The results revealed that most of these competencies should be inculcated in 
all three groups of graduates aiming to fill the emergent demand for the stated careers. 
These competencies are marked in blue and include effective communication, active 
learning, adaptability to change, and leadership. Interestingly, these competencies are 
expected to form the core abilities for all future personnel. 
 Hence, employees of the future should imbibe these competencies at advanced 
levels to work successfully in the Industry 4.0 era, which is primarily centered on tasks 
that are multidisciplinary. Communication skills are critical because of the increase 
of virtual work with globalized teams and facilitate individuals to persuade and 
inspire people toward the achievement of common goals [Hecklau et al., 2016]. Some 
previously conducted studies have demonstrated that communication skills form one 
aspect of the generic aptitudes required for the employability and job-related success 
of fresh graduates because they equally benefit the employee and the organization 
[Morreale & Pearson, 2008; Conrad & Newberry, 2011]. The extant research has also 
shown that communication skills are deemed extremely important by academic 
faculty and administrators to the eventual career-based success of their students 
[Gray, 2010; Behn et al., 2012]. This competency also was addressed by the 
Accreditation Board for Engineering and Technology, European Network for 
Accreditation of Engineering Education: discrete accreditation systems most 
frequently repeated the terms “effective communication” or “the ability to 
communicate effectively” vis-à-vis the desired outcomes for students [ABET, 2017; 
European Network for Accreditation of Engineering Education, 2015]. 
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TABLE 5.5  Comparison of Future Competencies for Three Demanding Careers of Industry 4.0 

Category Definition Required Competencies 

Robotics Engineers Data Scientists Food Designers 
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«« Complex problem-solving  

«« Critical thinking  

«« Project management  

«« Systems thinking  

« Creativity, 
originality, and 
initiative 

« Creative thinking « Understanding 
the contexts of food 

« Analytical thinking 
and innovation  

« Applicative 
thinking  

« Knowing the 
trends of food 
analytics 

« Design thinking « Associative skills « Food innovation 
thinking 

« Creative 
integration « Research skills  

« Time management « Business acumen  

««« Competencies in demand for three types of jobs  
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 The ongoing sweeping transformations that are introduced into societies 
because of digitalization make adaptability to change a critical competence for youth 
who will become the employees of the future. They must be able to respond quickly to 
changing trends, innovations, destabilizations, industry shifts, and other unforeseen 
circumstances.  
 Moreover, prospective workers must quickly assess situations and learn what 
they need to make effective decisions. Continuing to learn new things can broaden 
one’s experience and provide a person with more potential opportunities. Hence, active 
learning is recognized as an important competency for future employees in the long 
term, especially for those open to novel opportunities. Such individuals may be 
accorded access to a variety of career paths in the future. 
 Future employees in increasingly technology-driven and data-centered work 
environments will have to undertake more responsible tasks and must take on 
activities that are more related to decision-making and data analysis. Leadership 
skills would thus become the most recommended competency for every employee 
required to spearhead a team [Liboni et al., 2019]. 
 Coordinating with others and customer orientation are competencies recorded 
in green to indicate that they must be inculcated in both robotics engineers and data 
scientists. Future workplaces will become more complex and will involve personnel 
spanning multiple generations and nationalities. The management of varying time-
zones, work-patterns, and cultural attitudes given the impact of AI, and the 
coordination of divergent groups will become even more demanding than they 
currently are. 
 On the other hand, the competency of storytelling will become the common 
critically required competency for data scientists and food designers. Data scientists 
are extremely good with numbers; however, numerical skills are not sufficient on their 
own to convey outcomes of analyses to end-users. Being a good data storyteller ensures 
that the results of data analyses and modeling are accurately and legibly transmitted 
to the appropriate audience. The practice and application of storytelling also help food 
designers to create more compelling content to promote their businesses. 
 These results have demonstrated the existence of different requirements for 
competencies by the three occupation groups. Hence, the demands and needs of 
discrete industrial areas for competencies should be considered for the modification 
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and reform of university education and curricula. Such changes should be based on 
frequent surveys that probe future societal and industry-related transformations 
because long-term technological and social developments of the future cannot be 
predicted. 
 
5.8    Conclusion 

 

 The present study aimed to identify the competencies that are likely to be 
expected from those wishing to occupy three positions that are estimated to be in great 
demand in Industry 4.0: robotics engineers, data scientists, and food designers. These 
three professions are deemed to represent the projected requirements for high-skilled 
workers by Thai and multinational companies that currently form the vanguard of 
Thailand’s growth industries. This study also underlined the significance of the crucial 
competencies for university graduates to become workforce-ready for the future. The 
following research questions were utilized to address this purpose: 
 Research Questions 1c: What are the future competencies for three 

high-skilled jobs in Industry 4.0: robotics engineers, data scientists, and food 

designers? 

 This study described the insights attained through a literature review, which 
was subsequently expanded through the intensive investigation of the required 
competencies through individual interviews with senior experts and focus group 
interviews with highly qualified managers and educators. After a consensus was 
achieved, a questionnaire survey and in-depth interviews were further conducted with 
selected specialists in the automotive, digital, and food industries and lecturers in 
related disciplines to confirm the essential future competencies of the three stated 
future careers. Finally, the robustness of the analysis was verified. 
 The findings revealed a diverse mix of demanded competencies in the current 
Industry 4.0 environment and will be desired soon. Industry 4.0 focuses 
predominantly on multidisciplinary tasks. Hence, effective communication, active 
learning, adaptability to change, and leadership should be inculcated in all three 
groups of graduates aiming to fill the emergent demand for the stated careers, and 
employees of the future should imbibe these competencies at advanced levels to work 
successfully in the Industry 4.0 era. The results of this study indicate that universities 
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and higher education institutions must contemplate ways to inculcate the skill sets in 
demand within their graduates to prepare the youth for the world of work. 
 Asia is widely recognized as a hub that is pivotal for global economic growth. 
Therefore, the nations of this region must urgently explore crucial advanced 
technologies and changing competencies that could influence the future opportunities 
of university graduates. Mastery over new capabilities may accord a competitive 
advantage to the region’s young graduates. The upskilling of other capabilities 
including social, personal, and methodological abilities before youngsters graduate 
from tertiary educational institutions can also open extensive opportunities for the 
region’s graduates to compete with other, more experienced, candidates.  
 However, higher education institutions’ training methods substantially 
influence students’ abilities to develop competencies effectively. Hence, to ensure that 
this goal is reached, higher education institutions must brainstorm and investigate 
effective educational programs and methodologies to enhance the in-demand skillsets 
among its graduates and prepare them for future employment. 
 Industry 4.0, as previously reported, has resulted in a transition from a 
knowledge-based curriculum (with a focus on knowledge) to competency-based 
instruction (an emphasis on competencies). Creating an intergraded curriculum that 
provides potential competencies, for example, would provide students with 
opportunities for advancement within the work system after they graduate and 
continue working in the field, as these skills train them to be forward thinkers, which 
promotes upward mobility. 
 As a result, combining the importance of hands-on pedagogy with competency-
based education is in the long-term best interests of both students and employers, and 
a competency-based model would emerge as an effective teaching platform for 
producing professional potential learners. Furthermore, incorporating competency-
based education is thought to increase active and immersive teaching approaches. Not 
only students but also teachers, appear to have more options to control their actions 
in order to attain learning goals 
 Competency-based instruction should use instructional approaches that enable 
students to be self-directed learners, exercise what they have learned, and undergo 
educational opportunities that complement their learning style. Notably, these 
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practices necessitate continued practice, as competency acquisition is a continuous 
phase [Robinson et al., 2015]. 
 However, the present study was conducted for three job positions projected to 
be in demand in Thailand: robotics engineers, data scientists, and food designers. 
Therefore, the results represent an overall perspective of crucial competencies for 
these three future careers in the digital era and hold true to a limited organizational 
sample. The context of additional careers could be explored by future studies, which 
could also focus in more detail on the additional aspects and challenges of the current 
dynamic world. Future studies will be conducted by the authors of this investigation 
to intensively probe the competency requirements of organizations separated by 
business sizes and types. Prospective research endeavors will also attempt to identify 
the gaps between demand and supply. 
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Chapter 6 
 

The Assessment of Generic 

Competencies of Thai Working 

Engineers using PROG Test  
 
6.1     Background and purpose of the study 

 

 The technological transformation is affecting almost every area of the economy, 
society, culture, and environment. It was realized that business and industry have 
changed drastically as small and large firms alike have adopted advanced 
technological and total quality management practices. Firms across industries now 
demand broadly-trained employees with cross-functional competencies to compete in 
highly dynamic markets. Technological progress also has brought about growth in 
customers’ sophistication and enhanced competitiveness. Today’s employers are 
increasingly seeking generic skills alongside technical skills as a means of developing 
a workforce that can cope with: increasingly complex work practices; team working; 
reduced supervision; greater job flexibility and rotation and increased interaction with 
customers. Generic skills are important because present jobs need flexibility, 
initiative, and multitasking ability. 
 Governments and other stakeholders are increasingly interested in assessing 
the skills of their adult populations to monitor how well prepared they are for the 
challenges of the current knowledge-based society. Adults are expected to use 
information in complex ways and to maintain and enhance their literacy skills to adapt 
to ever-changing technologies. Literacy is important not only for personal development 
but also for positive educational, social, and economic outcomes. 
           The recent social, economic, and environmental trends pose new requirements 
to higher engineering education. For a decade, Industry 4.0 has triggered a notable 
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educational challenge, bringing the need to create a new type of engineer, so-called T-
shaped engineers. The T-shaped individual is a professional having both in-depth 
knowledge  (the vertical part of “T”) of at least one discipline and one domain and 
transversal knowledge and skills (the horizontal part of “T”); such as communication 
and collaboration within multidisciplinary teams, ability to work in a team, 
leadership, project management, critical thinking, systematic thinking, languages, 
adaptation and flexibility, multiculturalism, etc. The potential benefits of T-shaped 
engineers to organizational performance are quite significant; hence, the demand for 
T-shaped professional engineers in knowledge-intensive, service-oriented economies 
is increasing. The engineering community agreed that the concept of T-shaped is ideal 
for the training of engineering graduates for successful practice in the global economy. 
We can find the usefulness of the T-shaped concept everywhere and every field will 
require a T-shaped professional for development [Uhlenbrook & Jong, 2012]. 
 Despite widespread agreement on the relevance of generic skills in engineering 
practices and engineering students, the research demonstrates a mismatch between 
employer expectations and the performance of new engineers. Hence, the need to 
inculcate the wide variety of knowledge and generic skills into graduates to meet these 
demands has been of concern to stakeholders in education and the world of work. 
However, the challenge of engineering education is not only to simultaneously prepare 
students for their first job but they need to prepare them for lifelong learning and 
career success. 
 In this study, we focused on measuring the generic competency of Thai working 
engineers as recent graduates using the Progress Report on Generic Skills (PROG) 
assessment tool to assess their current competency and to analyze the key factors of 
Thai engineers' competency development in their careers, as well as investigating the 
key generic competencies for preparing engineering students for professional 
engineering jobs and career success. The results of this study provide guidelines for 
producing T-shaped graduate engineers for the fast-changing industrial world and 
future work on the development and assessment of generic skills within the education 
of future engineering professionals. 
 
 
 



 75 

6.2     Research Question 

  

 Research Question 1d: What are the key generic competencies for preparing 
engineering students for professional engineering work and career success? 
 Specifically, the objectives of this study are: 

1) To measure the generic competencies of Thai working engineers; 
2) To examine the critical components influencing Thai engineers' competency 

improvement throughout their careers; 
3) To investigate the key generic competencies for preparing engineering 

students for professional engineering jobs and career success. 
 
6.3     Generic skills in engineering education 

          
 The term generic is used to refer to attributes, competencies, or skills for 
graduates and working people across all disciplines. Generic skills which are also 
referred to as key skills or core competencies are significantly used in the present 
conversations in society, working life, and education [Virtanen and Tynjälä, 2018].  
           Generic skills have become an important focus of educational systems around 
the world. The main challenge of engineering education is to foster initial 
competencies that prepare students for their first job. Therefore, the responsibility of 
universities and institutions is to develop and embed these competencies in their 
engineering curriculum and determine specific learning outcomes for students.  
           From a detailed review of the research literature on generic skills in 
engineering, as shown in Table 6.1., [e.g., ABET, 2013; Hong Kong Institution of 
Engineers, 2013; Male et al., 2010, 2011; Passow, 2012; Scott & Yates, 2002; Spinks 
et al., 2006; Halliday, 2000; and Liu & Schonwetter, 2004], there are 12 domains of 
generic skills identified as important to the engineering context: 
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Table 6.1 Generic skills in engineering context 
 

Generic skills Definition 

Interpersonal Skills the ability to engage in the building and maintenance of 
relationships 

Communication Skills the ability to communicate effectively in a wide range of 
settings, both orally and writing 

Teamwork Skills the ability to work with others, particularly in 
multidisciplinary teams, which are common in the 
engineering working environment 

Problem-solving Skills the ability to identify, analyze, and solve engineering 
problems 

Critical Thinking the ability to think critically and independently as well 
as creatively 

Self-Management the ability to self-reflect, organize things, and manage 
time 

Professional 
Effectiveness 

the ability to understand professionalism in terms of 
professional conduct, ethics, and responsibility in 
engineering practices 

Adaptability Skills the ability to be flexible and to keep an open mind when 
facing unexpected situations and problems 

Information Literacy the ability to manage information by identifying relevant 
information and researching information 

Leadership the ability to play multiple roles of a leader in 
coordination and planning, motivating and supervising 
team members, and building team cohesion  

Academic/Learning 
Skills 

the ability to demonstrate and apply mathematics, 
science, and engineering knowledge and skills; for 
engineers, these skills include computer skills such as 
programming 

Community and 
Citizenship Knowledge 

the awareness of political, social, economic, and 
environmental issues  



 77 

 Interpersonal, communication, teamwork, and problem-solving skills are most 
frequently identified and rated as highly important by engineers [e.g., Male et al., 
2011; Passow, 2012; Spinks et al., 2006]. Although there is general agreement on the 
importance of these skills in engineering practices and engineering students, 
nevertheless the literature reveals that a gap exists between the expectations of 
employers and the performance of fresh engineers. 
   
6.4     PROG Assessment Tool 

 

 Progress Report on Generic Skills, so-called PROG, was launched in 2012 and 
it has been one of the most widespread assessment tools to measure learning outcomes 
of college students among institutions of higher education in Japan. 455 higher 
education institutions which are more than 1,000,000 Japanese students and the 
graduates in higher education institutions took this test by 2019 [Matsumura & 
Tanabe, 2019]. PROG is available in English, Japanese, and Thai language. 
          PROG aims to evaluate two elements of generic skills: literacy and competency. 
The term literacy is defined as the capacity to use, understand, and evaluate 
technology as well as to understand technological principles and strategies needed to 
develop solutions and achieve goals. Competency is recognized as the capability of 
using specific skills, abilities, and knowledge essential to successfully perform a 
specific task in a defined work setting. In PROG, as shown in Figure 6.1, literacy is 
defined as the ability to utilize knowledge (cognitive ability), which is composed of 
problem-solving skills set e.g. data collection, data analysis, problem-solving, and 
conceptual thinking skills. While competency is the action tendency and decision-
making style derived from one’s experience (non-cognitive ability), which is composed 
of three categories’ essential skills set; teamwork skills, personal skills, and problem-
solving skills that are also included in literacy. The components of PROG; literacy and 
competency, were identified as required generic skills by industry in Japan. As generic 
skills are crucially required for high-performing business leaders and work teams.   
 To measure the literacy and competency using the PROG test, 45 minutes are 
allocated for the Literacy section with 30 questions and 40 minutes for the Competency 
section with 195 two-alternative forced-choice questions, 30 short-situation questions, 
and 5 long-situation questions. PROG competency test is evaluated from level 1 to 7 
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for skills in literacy and competency parts. Assessment for literacy part indicates 
problem-solving skill based on the knowledge, while the competency part evaluates 
attributes for communication, self-management, and problem-solving. 
 

 
  

Figure 6.1  Components of PROG 

 
6.5    Methodology 

  
 In this study, the aspect of competency was used to measure the current’s 
competencies of Thai engineering workers and to analyze the key factors of Thai 
engineers’ competency development in their future growth, and to provide guidelines 
for future work on the development and assessment of generic skills within the 
education of future engineering professionals.  The result of competency was provided 
to the respondents by analyzing 3 categories, 9 components, and 33 elements (Fig. 6.2).  
           The survey was distributed to Thai working engineers in various fields and 
industry sectors. The survey was conducted from December 2020 to February 2021, 
and 107 Thai working engineers took this test.  
           The personal information survey contained questions related to demographics 
and employment such as age, gender, academic background, job category, job position, 
and industry sector. For the competences section, there are 195 two-alternative forced-
choice questions, 30 short-situation questions, and 5 long-situation questions for 
approximately 40 minutes.  
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Figure 6.2  Skill categories, components, and element of PROG 
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 6.6    Analysis and results 
 

 In this study, the respondents provided information regarding their age, 
gender, education degree, academic discipline, academic background, company’s 
nationality, number of employees at their company, industry types, job category, and 
job position. Consequently, PROG competency results were analyzed to measure the 
generic competency of Thai working engineers, with consist of 3 categories, 9 
components, and 33 elements, and to analyze the key factors of Thai engineers’ 
competency development in their careers.  
 
 6.6.1 Characteristics of survey respondents 

 

 The majority (55.1%) of the respondents were in the 20–29 age group, 39.3% 
were in the 30–39 age group, 4.7% were in the 40–49 age group, and 0.9% were in the 
50–59 age group, as shown in Table 6.2. 
 
Table 6.2 Age groups of the survey respondents 
 

Age group Responses Percentage 

20-29 59 55.1 
30-39 42 39.3 
40-49 5 4.7 
50-59 1 0.9 

Total 107 100 

 

 The majority (76.6%) of the respondents were male, 22.4% were female, and 
0.9% were other gender, as shown in Table 6.3. 
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Table 6.3 Gender of the survey respondents 
 

Gender Responses Percentage 

Male 82 76.6 
Female 24 22.4 
Other 1 0.9 

Total 107 100 

 
 The survey respondents were asked to provide their education degrees. The 
majority (76.6%) of the respondents had completed a bachelor’s degree, 22.4% had 
completed a master’s degree, and 0.9% graduated vocational college, as indicated in 
Table 6.4. 
 
Table 6.4 Education degrees of the survey respondents 
 

Education degrees Responses Percentage 

Master’s degree 24 22.4 
Bachelor’s degree 82 76.6 
Vocational college 1 0.9 

Total 107 100 

 
 The survey respondents also provided their academic discipline. The majority 
(56.1%) of the respondents were engineering, 36.4% were computer science, 4.7% were 
business, and 0.9% were education. These results are shown in Table 6.5. 
 
Table 6.5  Academic discipline of the survey respondents 
 

Academic discipline Responses Percentage 

Business 5 4.7 
Computer science 39 36.4 

Education 1 0.9 
Engineering 60 56.1 
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Other 2 1.9 

Total 107 100 

 
 The majority (92.5%) of the respondents took science and engineering, 2.8% 
took arts and humanities, and 4.7% took other academic fields, as shown in Table 6.6. 
 

Table 6.6  Academic background of the survey respondents 
 

Academic background Responses Percentage 

Science and Engineering 99 92.5 
Arts and Humanities 3 2.8 

Other 5 4.7 

Total 107 100 

 
 Subsequently, the survey respondents were asked to provide their company’s 
nationality. As shown in Table 6.7, the majority (89.7%) of the respondents worked in 
Thai companies, 3.7% worked in United States companies, 2.8% worked in Japanese 
companies, 1.9% worked in Singapore companies, and 0.9% worked in United 
Kingdom company and a Chinese company. 
 

Table 6.7  Company’s nationality of the survey respondents 
 

Company’s nationality Responses Percentage 

Thailand 96 89.7 
Japan 3 2.8 
China 1 0.9 

Singapore 2 1.9 
United States 4 3.7 

United Kingdom 1 0.9 

Total 107 100 
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 The number of employees within the respondents’ companies was also included 
in the survey. The majority (37.4%) of the survey respondents worked for companies 
with 100–299 employees, 29% worked for companies with 300–999 employees, 22.4% 
worked for small companies with fewer than 100 employees, 7.5% worked for 
companies with 1,000–2,999 employees, and 3.7% worked for companies with 3,000– 
9,999 employees, as shown in Table 6.8. 
 
Table 6.8  Number of employees of the survey respondents 
 

Number of employees Responses Percentage 

Less than 100 24 22.4 
100 to 299 40 37.4 
300 to 999 31 29.0 

1,000 to 2,999 8 7.5 
3,000 to 9,999 4 3.7 

Total 107 100 

 
 Next, the respondents were asked to identify the type of industry that most 
closely matched their current employment. The top five industries were IT, ICT, and 
IoT (44.9%), manufacturing, including machinery and electronics (24.3%), and 
manufacturing, including materials, chemicals, food, cosmetics, pharmaceuticals 
(13.1%), other (5.6%), and finance, transportation, logistics, energy, and public service 
(2.8%), as indicated in Table 6.9. 
 
Table 6.9  Industry types of the survey respondents 
 

Industry types Responses Percentage 

IT, ICT, IoT 48 44.9 
Manufacturing  

(e.g. Machinery, Electronics) 
14 13.1 

Manufacturing  
(e.g. Materials, Chemicals, Food) 

26 24.3 
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Finance 3 2.8 
Transportation, Logistics, Energy 3 2.8 
Construction, Plant, Real estate 2 1.9 

Entertainment, Tourism, Leisure 2 1.9 
Public service 3 2.8 

Other 6 5.6 

Total 107 100 

  
 The survey respondents also provided their job category. The majority (21.5%) 
of the respondents were programmers, 19.6% were software engineers, 13.1% were 
mechanical engineers, 8.4% were production and quality control engineers, and 6.5% 
were sale engineers. These results are shown in Table 6.10. 
 
Table 6.10  Job categories of the survey respondents 
 

Job categories Responses Percentage 

Systems engineer 3 2.8 

Programmer 23 21.5 

Software engineer 21 19.6 

IT consultant 3 2.8 

Sales engineer 7 6.5 

Mechanical engineer 14 13.1 

Electronic engineer 1 0.9 

Electrical engineer 3 2.8 

Production / Quality control engineer 9 8.4 

Plant engineer 2 1.9 

Construction / Civil engineer 2 1.9 

Sales representative 1 0.9 

Designer 2 1.9 

Product developer / Marketer 3 2.8 

Financial specialist 1 0.9 

Other 12 11.2 

Total 107 100 
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 Finally, the survey respondents were asked to provide their job position. At the 
time of the survey, the majority 42.1% of the respondents were in a staff position, 
17.8% were in a senior staff position, 12.1% were in supervisor/section chief, 5.6% were 
in manger and section manager, and 0.9% were in executive director and general 
manager. These results are shown in Table 6.11. 
 
Table 6.11  Job position of the survey respondents 
 

Job position Responses Percentage 

Executive director 1 0.9 

General manager 1 0.9 

Manager 6 5.6 

Section manager 6 5.6 

Supervisor / Section chief 13 12.1 

Senior staff 19 17.8 

Staff 45 42.1 

Other 16 15.0 

Total 107 100 

 
 6.6.2  PROG competency results of survey respondents 

 
 In this study, we focused on measuring the generic competency of Thai working 
engineers as recent graduates using the Progress Report on Generic Skills (PROG) 
assessment tool to assess their current competency and to analyze the key factors of 
Thai engineers' competency development in their careers, as well as investigating the 
key generic competencies for preparing engineering students for professional 
engineering jobs and career success. To accomplish this goal, the following research 
questions were used:  
 Research Questions 1d: What are the key generic competencies for 

preparing engineering students for professional engineering work and 

career success? 
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 The PROG competency results were analyzed to measure the generic 
competency of Thai working engineers, which consists of three categories, nine 
components, and thirty-three elements, and to analyze the key factors of Thai 
engineers' competency development in their careers, as well as to investigate the key 
generic competencies for preparing engineering students for professional engineering 
jobs and career success. 
 According to the findings, the highest level of skills possessed by Thai 
engineers are “Problem-solving skills” (M=5.13), “Personal skills” (M=4.94), and 
“Teamwork skills” (M=4.29), as shown in Table 6.12. 
 
Table 6.12  PROG competency results of the survey respondents 
 

Competencies Mean SD 

Teamwork skills 4.29 1.43 

 • Relating to others 4.05 1.61 

 • Collaborating with others 4.76 1.41 

 • Team management 3.83 1.46 

Personal skills 4.94 1.27 

 • Self control 5.23 1.46 
 • Self confidence 4.65 1.18 

 • Behavior control 4.35 1.30 

Problem solving skills 5.13 1.53 

 • Problem identification 4.93 1.39 

 • Planning solutions 4.85 1.71 
 • Implementing solutions 5.09 1.42 

 
 As seen in Figure 6.3, the highest level of skill held by Thai engineers is “Self-
control” (M=5.23), followed by “Implementing solutions” (M=5.09), “Identifying 
problems” (M=4.93), and “Planning solutions” (M=4.85), all of which are problem-
solving abilities. “Team management” (M=3.83) is the lowest level of expertise. 
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Figure 6.3  Competency level of Thai working engineers 

 
 Mean scores on the skills possessed by Thai working engineers were compared 
in 2 dimensions; job position and company size.  
 
 1) Job position 

 In comparison, Thai working engineers in managerial positions performed 
marginally better in all three components: "Teamwork skills," "Personal skills," and 
"Problem-solving capabilities." Thai working engineers in non-management positions, 
on the other hand, scored higher on “Behavior control” as a component of “Personal 
skills.” 
 Further analysis, based on independent samples t-test, was performed to test 
if there are significant differences in the competency level of Managerial positions and 
Non-managerial positions. Statistical significance was set at standard 95 percent.  
 As demonstrated in Table 6.13, there are statistically significant differences in 
the competency level of managerial positions and non-managerial positions in 
“Planning solutions” at the 0.05 significance level. Planning is a fundamental skill 
that forms part of executive functions and is described as the capacity to "think about 
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the future" or mentally predict the best approach to carry out a task or achieve a 
specified goal. These findings imply that good leaders must be skilled in all aspects of 
planning, including goal setting, scenario modeling, plan assessment, and risk 
analysis, as well as make decisions, direct teams, and oversee all corporate 
responsibilities. 
 
Table 6.13  Comparison of competency level by job position 
 

 
Managerial 

positions 

(n=27) 

Non-Managerial 
positions  
(n=80) 

T P 

Competencies Mean SD Mean SD 

Teamwork skills       

 • Relating to others 4.37 1.71 3.94 1.57 1.24 0.22 
 • Collaborating with others 4.93 1.38 4.70 1.43 0.72 0.47 
 • Team management 3.93 1.36 3.80 1.50 0.38 0.70 

Personal skills       

 • Self control 5.48 1.40 5.15 1.48 1.02 0.31 
 • Self confidence 4.93 0.92 4.56 1.25 1.61 0.11 
 • Behavior control 4.30 0.99 4.36 1.40 0.27 0.79 

Problem solving skills       

 • Problem identification 5.33 1.14 4.80 1.44 1.74 0.08 
 • Planning solutions 5.74 1.23 4.55 1.75 3.88 0.0002* 

 • Implementing solutions 5.41 1.34 4.99 1.45 1.33 0.19 

* Significant at the .05 level 

 
 2) Company size 

 In comparison, Thai working engineers in small businesses scored higher in 
“Team management”, “Self control”, and “Self confidence”. Thai working engineers in 
medium-sized firms performed better in terms of “Relating to others”, “Collaborating 
with others”, “Behavior control”, “Problem identification”, and “Implementing 
solutions”. Thai engineers working in large companies, on the other hand, did 
somewhat better in “Planning solutions”. 
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 Additional analyses were conducted to test if there are significant differences 
in the competency level of company size. Statistical significance was set at standard 
95 percent.  
           As demonstrated in Table 6.14, there are statistically significant differences in 
the competency level of a small company, medium company, and large company in 
“Collaborating with others” at the 0.05 significance level. Small and medium company 
has the ability to collaborating with others more than employees in the large company 
because working in a small team helps them to increase engagement, make more 
effective communication and stronger support network and collaboration. Moreover, 
smaller teams allow for greater accountability, autonomy, and flexibility, both in 
terms of scheduling and idea-based changes. They foster greater trust among team 
members and less fear of failure. 
 
Table 6.14  Comparison of competency level by company size 
 

 
Small 

Company 

(n=24) 

Medium 
Company 

(n=71) 

Large 
Company 

(n=12) 
F P 

Competencies Mean SD Mean SD Mean SD 

Teamwork skills         

 • Relating to others 4.08 1.47 4.11 1.68 3.58 1.62 0.56 0.57 

 
• Collaborating with 

others 
4.71 1.27 4.87 1.45 4.17 1.40 4.90 *0.01 

 • Team management 4.04 1.49 3.82 1.48 3.50 1.38 0.55 0.58 

Personal skills         

 • Self control 5.50 1.59 5.21 1.40 4.83 1.59 0.85 0.43 
 • Self confidence 4.83 1.46 4.63 1.11 4.42 1.00 0.52 0.59 
 • Behavior control 4.38 1.21 4.45 1.30 3.67 1.44 1.90 0.16 

Problem solving skills         

 
• Problem 

identification 
4.79 1.32 5.04 1.38 4.58 1.62 0.72 0.49 

 • Planning solutions 4.88 1.80 4.83 1.71 4.92 1.68 0.02 0.98 

 
• Implementing 

solutions 
5.13 1.73 5.18 1.29 4.50 1.51 1.19 0.31 

* Significant at the .05 level 
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 However, the findings indicate that Thai working engineers in all positions and 
companies of all sizes scored worse in terms of "Team management skills." Team 
management refers to a manager's or organization's ability to lead a group of people 
in completing a task or achieving a common goal. Effective team management is 
encouraging, interacting with, and supporting team members so that they may 
perform to the best of their ability and continue to improve as professionals. 
 Thailand is one of the ASEAN countries where Buddhism is practiced by the 
majority of the population. Buddhism has strong roots in Thai culture and has a direct 
impact on their managerial style. Thai management places the most emphasis on 
harmony in business. In their organization, they always aim to prevent squabbles and 
disagreement. It is a phenomenon that affects providing orders, creating objectives, 
and making judgments based on top bosses/managers' directives. Because business in 
Thailand is more formal than in many Western nations, foreign managers operating 
in Thailand will most likely need to modify their management style in order to lead 
effectively [Chaidaroon, 2003; Chong, 2008; Malikhao, 2017].  
 In general, team management style of Thais, like that of many other Asian 
nations, is inspired by the notion of hierarchy. Thais place a high value on courtesy 
and respect for elders and those in positions of power. They are taught to respect 
superiors, parents, teachers, and the elderly from a young age. Many Thai workers, in 
particular, have learned not to raise questions. As a result, in Thailand, management 
style frequently results in employees who do not inquire, question, or confront. It is 
difficult to elicit their critical thinking and leadership since they do not want to be 
deemed impolite. However, if they work for a manager/boss who can encourage and 
promote teamwork to increase productivity, employees will feel less isolated and more 
involved with their job [Pandey and Chairungruang, 2020]. Thai employees may be 
highly hardworking and committed to completing the task. Having techniques in team 
planning and management, on the other hand, is useful for enhanced human resource 
management. 
 According to the previous study (Chapter 3), which highlighted the necessity of 
equipping engineering graduates with global competencies, indicated that well-known 
Thai and Japanese companies rate the ability to work in an international team as an 
essential competency for engineering students, as the result of well-known Thai 
companies tend to value global competencies because Thailand has an open market-
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oriented economy and encourages international direct investment as a means of 
promoting economic development, employment, and technology transfer. Thailand 
continues to welcome international investment and seeks to avoid dependence on any 
specific country as a source of investment. Therefore, the develop skill sets that enable 
employees to compete in an ever-expanding global environment, such as 
multidisciplinary teamwork skill, is required [Rawboon et al., 2021].  
           As engineers increasingly need to be able to work in cross-disciplinary teams to 
solve problems and pursue opportunities [Engineers Australia, 2019], and cross-
disciplinary skills are needed to address the new challenges engineers face in their 
learning and work [Hadgraft & Kolmos, 2020], hence, communication, collaboration, 
and teamwork skills are increasingly seen as important components of engineering 
work [Trevelyan, 2014] and engineering education programs as well [Borrego et al., 
2013; Hadgraft & Kolmos, 2020; Male et al., 2010, 2011; Paretti et al., 2014]. Moreover, 
accreditation bodies consider the ability to both lead and work in teams as an 
important outcome for engineering graduates [Engineers Australia, 2017]. 
           Although there is clear evidence to support the importance of teamwork skills 
in engineering education, however, significant evidence reveals that many engineers 
fall short of meeting these industry requirements and the gap between the industry 
and academia is still there. Therefore, preparing engineering students to be effective 
in a future workplace, engineering education systems should aim at improving 
engineering programs and providing an accurate systems-approach to future 
engineers. Engineering programs must contemplate ways to inculcate 
interdisciplinary teamwork skills, as increasingly seen as an important component of 
engineering education programs, within their graduates to prepare the youth for the 
world of work. 
 
6.7    Conclusion 

  
 This research aimed to measure the generic competency of Thai working 
engineers as recent graduates using the Progress Report on Generic Skills (PROG) 
assessment tool to assess their current competency, which consists of three categories, 
nine components, and thirty-three elements, and to analyze the key factors of Thai 
engineers' competency development in their careers, as well as investigating the key 
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generic competencies for preparing engineering students for professional engineering 
jobs and career success. To accomplish this goal, the following research questions were 
used:  

 Research Questions 1d: What are the key generic competencies for 

preparing engineering students for professional engineering work and 

career success? 
 Thai working engineers in managerial positions outperformed in all three 
components: "Teamwork skills," "Personal skills," and "Problem-solving skills," 
according to the findings. However, at the 0.05 significance level, there are statistically 
significant differences in the skill level of managerial and non-managerial positions in 
“Planning solutions.” According to these findings, strong leaders must be skilled in all 
parts of planning, including goal setting, scenario modeling, plan evaluation, and risk 
analysis, in addition to making choices, directing teams, and overseeing all corporate 
tasks. 
 Furthermore, there are statistically significant variations in the competency 
level of a small, medium, and large company in “Collaborating with others.” 
Employees at small and medium-sized businesses have a greater capacity to 
collaborate with others than employees in large corporations because working in a 
small team allows them to increase engagement. make more effective communication, 
as well as a better support network and collaboration. Furthermore, smaller teams 
provide greater responsibility, autonomy, and flexibility in terms of scheduling and 
idea-based modifications. They increase team members' trust and reduce their fear of 
failure. 
 However, the findings indicate that Thai working engineers in all positions and 
companies of all sizes scored worse in terms of "Team management skills." Team 
management refers to a manager's or organization's ability to lead a group of people 
in completing a task or achieving a common goal. Effective team management is 
encouraging, interacting with, and supporting team members so that they may 
perform to the best of their ability and continue to improve as professionals. 
           Although there is clear evidence to support the importance of “Teamwork skills” 
in engineering education, as highlighted from the previous research (Chapter 3) that 
well-known Thai and Japanese companies rate the ability to work in an international 
team as an essential competency for engineering students, however, significant 
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evidence reveals that many engineers fall short of meeting these industry 
requirements and the gap between the industry and academia is still there.  
 Therefore, to prepare engineering students to be effective in a future 
workplace, engineering education systems should aim at improving engineering 
programs and providing an accurate systems approach to future engineers. As the 
future workplace focuses predominantly on multidisciplinary tasks and employees of 
the future should imbibe these competencies at advanced levels to work successfully 
in the Industry 4.0 era, hence, engineering programs must contemplate ways to 
inculcate multidisciplinary teamwork skill, as increasingly seen as an important 
component of engineering education programs, within their graduates to prepare the 
youth for the world of work. 
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Chapter 7 
 

An Integrative Learning Approach 

for Fostering Professional 

Competency in Engineering 

Education 
 

7.1     Background and purpose of the study 

 
 Curricula designed in the context of engineering education need to be based on 
both domain-specific and professional competencies. Whereas universities have had 
extensive experience in developing students’ domain-specific competencies, fostering 
professional competencies poses a new challenge we need to face. 
           The previous research has studied and surveyed professional skills and 
competencies that will be required of graduate professional engineers in the future. 
The required key skills and competencies have been identified and reported in 
chapters 3-6. Hence, to meet those needs and achieve these goals, engineering 
education should make many efforts to improve teaching quality to provide graduates 
and professionals with the necessary skills and competencies for success. One major 
development has been transforming teaching and learning from lecture-based to 
learner-centered, focusing on improving knowledge, skills, and approaches to teaching 
or students’ perceptions of, and approaches to learning and learning outcomes. 
           Adopting an active learning approach to improve the performance of 
engineering students in higher education is becoming highly important. Active 
learning is a student-centered approach, which promotes students’ engagement via 
applying different teaching strategies that motivate the students to become more 
involved in the learning process, either individually or collectively. The key active 
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learning goal is to bring students into problem-solving, especially in complex 
situations that require collaborative efforts, joint reflecting on, and negotiating about 
the strategy and intended outcomes. Among the array of active learning approaches, 
STEAM is one of the recognized educational approaches for supporting engineering 
students to realize the world comprehensively and encourage them to develop their 
innovative ability to solve real-world problems [Anisimova et al., 2020; Psycharis, S., 
2018]. While project-based learning (PBL) is a useful instructional methodology for 
addressing the learning outcomes [Felder & Brent, 2003] and providing the 
competencies needed for the sustainable development of education [Thomas, 2009]. 
The combination of STEAM and PBL has the potential to stimulate all aspects of 
engineering students' development holistically.  
           Hence, this study examines the use of an integrative learning approach, which 
is called STEAM project-based learning (STEAM-PBL) for fostering professional 
competency in engineering education, and presents a STEAM-PBL framework with 
three interrelated dimensions: (1) the learning approach, (2) the social approach, and 
(3) the content approach. This study also presents some examples of engineering 
programs in two Asian universities, King Mongkut’s University of Technology 
Thonburi (KMUTT) in Thailand and Shibaura Institute of Technology (SIT) in Japan, 
where the professional skills and competencies of students are developed through an 
integrative learning approach which university-industry collaborations model and 
various pedagogies that have the potential to support the delivery of the T-shaped 
engineering graduate and the greater breadth of graduate outcomes that will be 
required in future. 
 
7.2     Research Question 

  

 Research Question 2: What is the most effective integrated learning approach 
for achieving professional competency in engineering education? 
 Specifically, the objectives of this study are: 

1) To examines the use of an integrative learning approach, which is called 
STEAM project-based learning (STEAM-PBL) for fostering professional 
competency in engineering education; 

2) To presents a STEAM-PBL framework; 
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3) To presents some examples of engineering programs in two Asian 
universities. 

 
7.3  STEAM-based education    

   
 STEAM (Science, Technology, Engineering, Arts, and Mathematics) education 
emerged as a new pedagogy during the Americans for the Arts-National Policy 
Roundtable discussion in 2007, in response to the need to increase student interest 
and skills in Science, Technology, Engineering, and Mathematics (STEM) fields 
[Quigley et al., 2017]. STEAM education merges the arts with STEM subjects to 
improve student engagement, creativity, innovation, problem-solving skills, and other 
cognitive benefits [Hetland & Winner, 2004; Root-Bernstein, 2015], and to improve 
employability skills (e.g. teamwork, communication, adaptability) necessary for career 
and economic advancement [Colucci-Gray et al., 2017]. 
 The combination of theory and practice to solve practical problems is an 
important way to cultivate students' innovative ability. Finding problems from life, 
and using the knowledge learned to design projects and solve problems requires 
students' innovative thinking. The cultivation of innovative ability is an important 
goal of STEAM. 
 The development of STEAM education requires the participation of teachers, 
community, and industry from different professional backgrounds. STEAM-based 
education is the construction of a social education ecological environment. From 
"school teaching community" to "social teaching community" should be a development 
trend. It is the combination mode of enterprise, university, and scientific research 
institute. 
  
7.4  Project-based learning (PBL)  

 
 The term PBL has been defined in various ways. To emphasize a problem, PBL 
may refer to “an instructional learner-centered approach that empowers learners to 
conduct research, integrate theory and practice, and apply knowledge and skills to 
develop a viable solution to a defined problem” [Savery, 2015].  
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 Despite the array of definitions and differences across PBL models, Kolmos and 
De Graf (2014) provide a comprehensive discussion of the development, range, and 
dimensions of PBL in engineering education and three underlying learning principles: 
 1. The learning process which involves working with problems organized 
through projects and case studies; 
 2. The social approach which covers team-based learning and participant-
directed learning; 
 3. The content approach which covers the selection of knowledge and skills. 
 PBL is both a philosophy and a pedagogy guiding the practice of teaching and 
learning in engineering education. From a social constructivism perspective, learners 
generate meanings through participating in and engaging with activities rather than 
merely listening to lectures and memorizing the “right” answers [Jonassen, 2011]. 
Relying on learners’ prior experiences and using a problem as the starting point of a 
learning process facilitate cognitive development (De Graaff & Kolmos, 2003). Within 
a timeline, learners work on a unique task (project) that may be complex and 
contextual, applying theory to practice in an analytical approach within and beyond a 
discipline. From a socio-cultural perspective, PBL highlights learners’ engagement in 
activities and their co-constructed understanding through an interactive process 
[Savery, 2015]. Thus, through working in a team, learners develop strategies and 
collective engagement through collaborative learning, which demands sense-making, 
dialogue, interaction, and constructive communication. 
  
7.5  An integrative learning approach: STEAM project-based learning 

(STEAM-PBL)  

 
 STEAM project-based learning, based on constructivist teaching theory, 
integrates interdisciplinary knowledge of science, technology, engineering, arts, and 
mathematics through project-based learning strategies; provides students with a 
learning situation in which they can actively explore real-experiences and design 
solutions to real-life problems to foster creative thinking and hands-on skills; adopts 
diversified evaluations so that students can give full play to their talents; exposes 
students to engineering-related science and technology, and enables students to 
interconnect their classroom with the real world. 
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 STEAM will be more optimal if integrated with project-based learning, as 
crucial skills and competencies are covered through STEAM project-based learning. 
The evidence shows that the combination of STEAM and PBL has the potential to 
stimulate all aspects of engineering students' development holistically. 
 In this study, we investigate the application of an integrated learning approach 
known as STEAM project-based learning (STEAM-PBL) for fostering professional 
competency in engineering education, as well as offer a STEAM-PBL framework and 
some instances of engineering programs at two Asian institutions. The following 
research questions were utilized to achieve this goal: 
 Research Questions 2: What is the most effective integrated learning 

approach for achieving professional competency in engineering education? 
 This research presents a conceptual framework based on learning theories and 
pedagogies that will lead to the achievement of important learning goals. The proposed 
conceptual framework for integrated STEAM project-based learning is depicted in 
Figure 7.1. 
 

 
 

Figure 7.1  A conceptual framework of STEAM-PBL 
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 Figure 7.1 demonstrates the role of the university in sustainable development. 
Educational institutions have the potential to provide specific knowledge which will 
be transformed into social skills. Especially, universities are cooperating strongly with 
organizations located in the same region. The universities can act as facilitators for 
sustainable development at the regional level, promoting innovation in society. 
           Since social learning becomes an increasingly significant strategic component 
within the context of sustainable development and environmental management (Keen 
et al., 2005). Universities are crucial in bridging the gap between government and 
society. Universities can induce collaboration between stakeholders to enhance the 
management of human and environmental interrelations. While the government can 
encourage the university to cope with these challenges with the support for managing 
the education system and contributing to policy-making. 
 A detailed description of the conceptual framework with three interrelated 
dimensions is also described. The learning approach is defined as a learning process 
of working with problems, which involves identification, analysis, and solution.  Real-
life problems and authentic problems enable students to have an authentic learning 
experience. These problems then form the starting point and the purpose for the 
learning process. A focus on ‘real-world’ problems in authentic contexts allows for the 
widest range of learning outcomes that span from that of simple awareness to the 
deeper learning inherent in the complexity of the real-world. 
           Secondly, the social approach is defined as a learning process of social acts and 
also covers team-based learning, in which learning takes place through dialogue and 
communication. This approach is grounded in self-directed learning, which indicates 
collective ownership of the learning process and especially the identification of the 
problem.  
 Finally, the content approach focuses on the integration of knowledge and skills 
through STEAM disciplines, which encourage students to apply theories from multiple 
subjects to solve a problem that uses technology, and connection to real life which lead 
to fine outcomes, such as, higher-order thinking skills and professional competencies. 
 The opportunities for interdisciplinary cooperation allow the development of 
individual skills, through PBL as an appropriate educational tool to generate a 
professional experience that strengthens experimental learning and relations with the 
collaborative partners and local community, links with governments, dealing with real 
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and practical life issues, and actual experiences as learning situations, developing 
students’ skills and competencies and promoting global and international project 
management skills.   
 The Asian university, namely, King Mongkut’s University of Technology 
Thonburi (KMUTT), Thailand has implemented STEAM-PBL programs under KX 
BUILD division. STEAM-PBL program aims to prepare university’s students and 
corporate personnel to deal with real-world business problems and challenges with the 
engineering design process through industrial collaborations. 
           The seven steps of STEAM-PBL, which led the students through the process of 
solving a real-life problem during each project, encourages student engagement, 
exploration, explanation, extension, and evaluation through design thinking. STEAM 
project-based on learning model was used to define the problem, explore and identify, 
brainstorm and select, develop and prototype, test and evaluate the results, make the 
change to the model, and show and share out the results. In each process, teachers 
played an important role as facilitators while students worked collaboratively to 
complete the project. The steps of the project based on the learning approach can be 
seen in Figure 7.2. 
 
  
 
 

 

 

 

 

 

 

 

Figure 7.2  Steps for STEAM Project Based Learning 
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 Step 1  Define the problem 

 To make learning relevant, students are presented with a problem provided by 
a real organization, with a real need for help. After that, students critically review and 
identify a problem statement (Fig. 7.3). 

 

 
 

Figure 7.3  Students defining the problem 
 
 Step 2  Explore and identify 

 Students need to research at this stage for exploring related information by 
asking the question “What are constraints for creating a successful solution?” After 
that, they are encouraged to make a customer journey map, conduct persona research, 
define customer touchpoints, and identify the important factors for solving the 
problem. In this step, students are able to upload and share information with the 
entire class or specific group members; thus, all students can benefit from their peers’ 
research (Fig. 7.4-7.5). 
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Figure 7.4  Students creating a user journey map  
 

 
 

Figure 7.5  Students identifying important factors for solving the problem 
 
 Step 3  Brainstorm and select 
 After identifying the problem, students determine what they know and what 
they need to know and devise a plan to acquire the necessary information. As shown 
in Figure 7.6, the teacher can act as a facilitator during the brainstorming phase by 
reiterating the questions of “What do we know?” or “What do we need to know?” After 
brainstorming, students will make a list of possible solutions and select the best 
solution to explore (Fig. 7.7). 
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Figure 7.6  The teacher acting as a facilitator by reiterating the questions  

 

 
 

Figure 7.7  Students brainstorming for making a list of possible solutions and 
selecting the best solution to explore 

  

 Step 4  Develop and prototype 
 Once students determine what they need to know, they assign research topics 
and research all necessary components. In this step, students will make a list of 
materials needed, draw a sketch and diagram, list the design process steps, and create 
a prototype (or build a model) of the possible solution (Fig. 7.8). 
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Figure 7.8  Students building a model of the possible solution 
 
 Step 5  Test and evaluate 
           In this stage, students test the prototype or model that students created by 
asking, “Does this solution solve the problem?” and analyze the results and also show 
how they came to this conclusion. This stage allows for all details to be flushed out 
and refined to create the best solution possible. 
 
 Step 6  Make it better 
 Once students generated ideas and developed a rationale to support them, they 
had the opportunity to share their ideas with an expert. Acquiring feedback from 
experts, students had the ability to reflect on their designs and to make improvements 
as desired. They will make the changes to the model or prototype to better solutions 
for the problem and make sure to test and evaluate the model again. 
 

 Step 7  Communicate 
 After building a scale model, the students played a leading role as, group by 
group, they presented their design ideas and applied STEAM-related knowledge while 
sharing the problems they encountered during the process, as well as their solutions. 
Students share their models regarding how they came to the solution for the problem 
and explain how their model solves the problem to the teacher, classmate, and 
organization (Fig. 7.9). 
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Figure 7.9  Students sharing and explain how their model solves the problem 
  
 The seven-step process identified in this program not only provides students 
with a systematic process of how to solve a real problem but also provides teachers 
with various opportunities to assess student learning. By collecting evidence, formally 
and informally, throughout each step of the engineering design process, teachers were 
able to assess student reasoning, strategies, procedures, and professional engineering 
skills.  
 Student learning can be evaluated through observations, one-on-one talks, 
discussions with project specialists, hand sketches, computer drawings, computation 
sheets, PowerPoints, models, and replies to open-ended questions such as "What did 
you learn?" and "How did you apply STEAM?" Student progress was visible at each 
stage of the project, such as at the conclusion, when each group presented a prototype 
model and a final PowerPoint presentation of their work. 
 This study integrates student responses to open-ended questions such as "What 
did you like?" received through student reflection at various stages during the seven 
processes, as well as final remarks were given by students on PowerPoint slides during 
their final project presentations such as “I liked how this project required a lot of 
thought and creativity. This assignment required us to use all of our brains and then 
combine them to discover answers.”  
 Students commented on how they liked having the ability to come up with their 
designs. Observing students work during the design process, reviewing student ideas 
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expressed through hand sketches and other mediums, and reading student comments 
about what they learned and what they liked about the project, it became apparent 
that students not only learned STEAM but also were motivated by having a sense of 
empowerment as they engaged in the project (Fig. 7.10). 
 

 

 
 

Figure 7.10  Student reflection in various points of the seven phases 
 
           The overview of remarks, as well as individual quotes, presented in this study, 
are representative of the majority of students and demonstrate how the numerous 
initiatives provided possibilities for students to become inspired and involved. With 
design-focused projects, students were empowered through support and ongoing 
encouragement to identify problems, brainstorm, generate ideas, devise their creative 
solutions, select choices, and make changes as necessary. While each project was 
different, student consensus was that they recognized how they were in control of their 
learning and appreciated having the ability to make their own decisions. 
 Many researchers are convinced that STEAM education contributes to 
students’ acquiring professional skills in problem-solving, critical thinking, 
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collaboration, communication, management, creativity and innovation, systematic 
thinking, analytical thinking, and self-directed learning as well as a connection to real-
world problems [Colucci-Gray et al., 2017; Perignat & Katz-Buonincontro, 2018; 
Shatunova et al., 2019]. 
 Communication is one of the crucial skills for establishing interpersonal 
relationships and is needed in the 21st century [van Laar, et al., 2019]. 
Communication skills are challenging when people from different disciplines must 
work together to achieve a common goal. Consequently, this study aims to examine 
the effect of integrative learning approach based on PBL integrated STEAM on 
communication skills by presenting some examples of engineering programs in two 
Asian universities, King Mongkut’s University of Technology Thonburi (KMUTT) in 
Thailand and Shibaura Institute of Technology (SIT) in Japan, where the professional 
skills and competencies of students are developed through STEAM education and an 
integrative learning approach, such as project-based learning, problem-based 
learning, work-integrated learning (WIL), which university-industry collaborations 
model. 
 
7.6  Professional Communication Education through Academia–Industry 

Collaborations: Some Examples at Two Asian Universities 

 

 Developing effective communication skills in students is an essential 
component of the engineering curriculum to prepare them for their future careers. 
However, various studies have indicated that engineering graduates tend to have poor 
communication skills [Benefield et al., 1997; Downing, 2001; Fromm, 2003; Meier, 
2000; Prados et al., 2005]. Professional communication skills help students to develop 
their workplace skills and enhance their marketability and employability [Riemer, 
2007; Polack-Wahl, 2000; Keane & Gibson, 1999]. Engineers have to communicate on 
a daily basis with fellow engineers, with supervisors, with people from different 
departments, and even with clients. Professional communication in engineering is 
often critical for ensuring that all the project stakeholders understand the objective 
and approach of the project. At present, employers are increasingly emphasizing the 
requirement for students to acquire professional communication skills for enhancing 
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their community engagement, increasing their motivation leading to not only 
academic success but also a successful career after graduation. 
 The criteria for accreditation by the Accreditation Board for Engineering and 
Technology (ABET) require that communication skills should be integrated into 
engineering programs and that the outcomes of these programs should be assessed 
[Prados et al., 2005]. However, professional communication is not often discussed 
while developing an engineering curriculum. This study was conducted to answer the 
following two research questions: 1) what are the important elements in professional 
communication that should be inculcated in the engineering students by engineering 
programs? 2) what are the effective methods to integrate professional communication 
into engineering programs to enhance the program? 
 
 7.6.1 Importance of professional communication skills 

 
           Several employers consider communication skills as an essential component of 
a professional engineer’s skill set, especially for an engineer who desires to work on 
international projects. In the workplace, employers often look for people who can 
demonstrate a good set of transferable skills, such as communication, problem–
solving, and teamwork [Raftopoulas, 2009;  Raybould & Sheedy, 2005]. Morreale et al. 
denote that effective communication skills are especially important while working in 
teams with members from different cultural backgrounds and while engaging in 
problem-solving and conflict management [Morreale et al., 2000]. The study also 
indicates that the majority of the jobs require professional communication skills, 
which is one of the essential career competencies that graduate students must possess. 
In his book, Rochford comments that knowledge, attitude, and skills are required to 
communicate effectively and appropriately [Edlin, 2011]. It has been stated that 
communication should be fostered in engineering education, not just because they are 
qualities that employers look for but because they should be part of any tertiary 
education [Beder, 2000]. Therefore, professional communication skills should be 
integrated into the undergraduate curriculum [Musselman, 2010]. Based on recent 
observations, the engineering curriculum has made efforts to include professional 
communication skills in their undergraduate programs. For instance, classes and 
curricula are starting to implement interpersonal and social interactions through a 
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project–based learning, teaching activities, group work [Andersson, 2009]. To design 
a curriculum that bridges the gap, educators need to know which communication skills 
are expected in the workplace. 
 
 7.6.2 Communication elements 

 

    Various professional communication skills need to be considered when 
examining the engineering curriculum. The following is the list of skills each 
engineering student should strive to achieve: 
 

Oral communication skills 

 Oral communication skills are considered important in the graduates’ 
new work environment [Polack-Wahl, 2000]. Oral presentation skills are also 
one of the best “career enhancers” that students can add to his/her collection 
of marketable skills [Cohen & Jensen, 1995]. The ability to communicate 
effectively, both verbally orally, and in writing is one of the desirable skills 
and attributes of an engineer [Nyugen, 1998]. 

 
 Written communication skills 

 Writing skills are an important part of communication. A variety of 
reports identify written communication skills as an essential workplace skill 
than any professional or technical skills [Gray et al., 2005]. Written 
communication includes engineering reports, technical writing, essays, 
reflective journals, peer review, and mock and student conference papers. 
 
 Listening skills 

 Listening is the ability to accurately receive and interpret messages in 
the communication process. Listening is the key to all effective 
communication. In addition to active listening, you must also allow the 
speaker to finish their thought in its entirety. Reflecting is the process of 
repeating and paraphrasing both the feelings and words of the speaker to 
show that they truly understand what the speaker is saying [Types of 
Listening Skills With Examples]. 
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 Questioning skills 

 Questioning is a crucial skill to get more information and to achieve a 
deeper understanding. Asking a question is fundamental to successful 
communication. Asking the right question is at the heart of effective 
communication and information exchange. 
 
 Non-verbal communication 

 Non-verbal communication is the process of sending and receiving 
messages without using words, either spoken or written. It is also called 
standard language. Many people communicate with more than just words 
when they interact with other people; their body language has a style of its 
own. 
 
 Visual communication skills 

 Visual communication skill is the sharing thoughts ideas or insights 
using visual aids such as drawings, illustrations, photographs, symbolic 
pictures, diagrams, pictograms, etc. 
 Research suggests that visual aids support experiential learning in a 
project–based interdisciplinary communication course where students must 
demonstrate their understanding of the concept [Jarmon et al., 2009]. 
 
 Interdisciplinary communication skills 

 Interdisciplinary communication skills are being increasingly 
recognized as essential skills for engineering graduates, especially graduates 
who intend to work in internationally. Engineers need to communicate and 
work with fellow engineers from other countries. It has been identified that 
interdisciplinary communication skills can help to build a strong working 
relationship among team members and create a positive working 
environment. 
 
 Intercultural communication skills 

 Nowadays, we meet people from different cultures. Engineers need to 
communicate with people from different cultural backgrounds both in 
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domestic and international settings as well as across a variety of contexts. It 
has been shown that intercultural communication skills enable students to 
adjust to different cultures and to deal with different social systems 
[Spitzberg, 1994]. 
 
 Empathy 

 Empathy is the ability to understand other people’s minds—their 
intentions, beliefs, and feelings. Empathy is vital to gain trust, which is the 
key element to build strong relationships. 
 
 Team leadership 

 Good leadership skills are important in the workplace. A team leader is 
someone who provides guidance, instruction, direction, and leadership to the 
team for the purpose of achieving a certain goal. Zaccaro et al [Zaccaro, 2001] 
demonstrated that leadership skills could influence team effectiveness by 
their effect on four sets of team processes—cognitive, motivational, affective, 
and coordination. 
 
 Emotional intelligence 

 Emotional intelligence is the ability to accurately perceive emotions, to 
access and generate emotions so as to assist thought, to understand emotions 
and emotional knowledge, and to reflectively regulate emotions so as to 
promote emotional and intellectual growth [Mayer et al., 2004]. Emotional 
intelligence (EI) can be divided into two personal and social competencies 
[Goleman, 2001]. 

 
 7.6.3 The working mechanism of academia–industry collaborations 

program  

 
 This study presented some examples of engineering programs in two Asian 
universities, namely, King Mongkut’s University of Technology Thonburi (KMUTT) in 
Thailand and Shibaura Institute of Technology (SIT) in Japan, where develop 
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professional communication skills of students are developed through university–
industry collaborations. 
 Both KMUTT and SIT have implemented educational programs through 
industrial collaborations to prepare students to deal with globalization and the ever–
expanding innovation ecosystem. Many graduates from both universities pursue their 
career in multinational companies that promote the globalization of technological 
innovation. Graduates are often employed to become managers in the future who will 
lead engineering projects or oversee teams, particularly, global projects involving 
diverse professionals. Therefore, the importance of professional communication 
education has been increasing in both universities. 
 At KMUTT, Work Integrated Learning (WIL) Program, Innovation and 
Technology Assistance Program (ITAP), and Talent Mobility (TM) Program are being 
implemented. At SIT, Project–based Learning (PBL) courses are implemented in 
collaboration with industries and local communities to provide practical engineering 
and communication skills to students. 
 
 7.6.3.1 Work-integrated learning (WIL) 

 

 WIL program can be defined as educational programs which combine and 
integrate learning and its workplace application, regardless of whether this 
integration occurs in industry or the university and whether it is real or simulated 
[Atchison, 2002]. The aim is to ensure that students develop the ability to integrate 
their learning through a combination of academic and work–related activities. WIL 
programs also provide an opportunity for students to practice or be trained at industry 
placements (Fig. 7.11). At KMUTT, we aspire to ensure that WIL is an explicit feature 
of our undergraduate and postgraduate programs, with an emphasis on the student–
centered learning. 
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Figure 7.11  Work-integrated learning mechanism 
 
 7.6.3.2 Innovation and Technology Assistance Program (ITAP) 

  
 ITAP is a technology support program for small and medium enterprises 
(SMEs) in Thailand, under the National Science and Technology Development Agency 
through KMUTT’s management. The program offers financial support and 
consultancy services to help SMEs meet the challenges in introducing technology–
based products and processes with the assistance of Industrial Technology Advisors, 
experts, researchers, and students from universities and research institutes (Fig. 
7.12). 

 

 

 
 

 

Figure 7.12  Innovation and technology assistance program mechanism 
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 7.6.3.3 Talent Mobility Program (TM) 

  
 TM program facilitates the mobility of researchers and students in 
universities, research organizations, and industries to assist the private sector in 
technological upgrading for competitiveness and transforming knowledge in the public 
sector to commercialization in the private sector. This program allows researchers to 
have vocational education by working full–time and part–time in a different 
organization for a specific period (3 months to 2 years). This program helps to enhance 
the skill sets and also provides students an opportunity to enroll as co-researchers 
(Fig. 7.13). 
 

 

 

 

 
 

 

Figure 7.13  Talent mobility mechanism 
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Figure 7.14  Project–based learning mechanism 
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communication. Students also use visual aids such as drawings, diagrams, and 
symbols to create a PowerPoint presentation to discuss their plans and results to the 
industry. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.15  Working collaboration and gained competencies 
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Table 7.1 The development of professional communication skills 
 

Activities Sample Behaviors 
Professional 

communication developed 

First visit 
(Establishing              

a relationship) 

Greets and make a relationship with other 
Oral communication skills, 
Listening skills, Non-verbal 

communication skills 

Indicate concern/interest throughout the 
conversation 

Use body positioning to indicate interest 

Site visit 
(gathers 

information  
and issues) 

Allows the company to complete opening 
statement without interruption 

Listening skills,  
Questioning skills, Non-verbal 

communication skills 

Just listen and observe, To absorb all of the 
information 

Indicate concern/interest throughout the 
conversation 

Make eye contact 

Use non-judgmental verbalizations 

Make facilitative responses 

Use open-ended questions 
(e.g., What, How, Where, When, Why) 
Paraphrase or repeat back to achieve greater 
clarity; 

- "Sounds like you think…" 

Deeper fact-finding; 

- "Could you give me an example?" 

- "Please tell me more about....?" 

Summarize; Request feedback; 

- "Did I get that right?" 

- "What else do you want to talk about?" 

Project proposal 
Developing and using the various elements  
(e.g., graphic design, drawings, diagrams, and 
symbolic pictures) in the project proposal 

Written communication skills, 
Visual communication 

Working 
process 

Communicate with the company’s team to solve 
the problem 

Oral communication skills, 
Listening skills,  

Questioning skills, 
Interdisciplinary 

Brainstorming and discussing with the team 
member to solve the problem 
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Paraphrase what the team and the company's 
team are saying. If unclear, ask for clarification. 
Continue until the others indicate the message 
was received correctly 

communication skills, 
Intercultural  

communication skills, 
Empathy, 

Team leadership, 
Emotional intelligence 

While others are talking, Students should not 
talk or interrupt except to paraphrase after 
others finished speaking 

Evaluating and 
concluding the 

project 

Giving a presentation by using body movements 
including facial expressions, eye contact and 
voice 

Oral communication skills, 
Presentation skills 

  
 First, when the students receive consultancy projects from SMEs, students are 
assigned to initiate the project to help SMEs solve their issues. Students will join the 
process called “Site visit” with SMEs to evaluate the nature of the issue at the site 
(e.g., factory, warehouse, etc.). During their project work, students not only learn 
problem–solving skills but also develop professional communication skills through 
teamwork.  
 The activities help students to develop professional communication skills, viz, 
oral, listening, and nonverbal communication skills. The behavioral skills impart the 
capability to ask open–ended questions regarding the problems or challenges in the 
engineering sector.  
 Secondly, students, experts, and researchers work together to develop the 
official project proposal to submit to SMEs and/or submit to funding agencies for 
approval. Proposal writing is a skill that requires knowledge and practice. Written 
communication skills of students will be developed by writing the project proposal to 
submit to funding agencies and the industry for official approval. In addition, visual 
communication skills, such as drawings, diagrams, graphs, and symbols also can be 
used in the project proposal to clearly convey ideas and information for better 
understanding. 
 Thirdly, experts, researchers, and students perform the problem-solving task. 
The experts and students jointly work with the industrial team at their site to solve 
the issue. Last, the project concludes with the submission of the final report by the 
experts and students, and evaluation of the project outcome by third–party experts 
nominated by the funding agencies or by SMEs. In this activity, students need to 
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communicate and work with experts, team members, and the industrial staff from 
various fields. Professional communication skills such as interdisciplinary, 
intercultural, empathy, and EI skills are developed during this exercise. Meanwhile, 
leadership and organizational skills are also built.  
 In the final stage of the project, students are asked to present the results to the 
industry and funding agencies. Students can improve communication and 
presentation skills by using body languages such as facial expressions, eye contact, 
and voice.  
 It is obvious that these programs enhance the capability of the industry’s 
development team besides solving their particular issue. Moreover, the industrial 
experts also integrated the issue they encountered into the coursework and curriculum 
at the university. These programs are beneficial to students for acquiring professional 
communication skill sets to prepare them for their future careers. 
 
7.7   Conclusion 

 

 This research investigated the application of an integrated learning approach 
known as STEAM project-based learning (STEAM-PBL) for fostering professional 
competency in engineering education, as well as offer a STEAM-PBL framework and 
some instances of engineering programs at two Asian institutions. The following 
research questions were utilized to achieve this goal: 
 Research Questions 2: What is the most effective integrated learning 

approach for achieving professional competency in engineering education? 
 This research presents a conceptual framework based on learning theories and 
pedagogies that will lead to the achievement of important learning goals.  STEAM 
project-based learning promotes student skill development by using PBL as an 
appropriate educational tool to generate a professional experience that strengthens 
experimental learning and relationships with collaborative partners and the local 
community, dealing with real and practical life issues, and actual experiences as 
learning situations. 
 Student learning were evaluated through observations, one-on-one talks, 
discussions with project specialists, hand sketches, computer drawings, computation 
sheets, PowerPoints, models, and replies to open-ended questions. Student progress 
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was visible at each stage of the project, such as at the conclusion, when each group 
presented a prototype model and a final PowerPoint presentation of their work. 
 The overview of remarks, as well as individual quotes, presented in this study, 
are representative of the majority of students and demonstrate how the numerous 
initiatives provided possibilities for students to become inspired and involved. With 
design-focused projects, students were empowered through support and ongoing 
encouragement to identify problems, brainstorm, generate ideas, devise their creative 
solutions, select choices, and make changes as necessary. While each project was 
different, student consensus was that they recognized how they were in control of their 
learning and appreciated having the ability to make their own decisions. 
 The application of STEAM-PBL in engineering gives a positive impression on 
students so that learning becomes more meaningful, students have also been able to 
develop various skills and competencies such as communication, collaboration, 
problem-solving, systematic thinking, critical thinking, project management, 
creativity and innovation, analytical thinking, and self-directed learning. The seven-
step process identified in this program not only provides students with a systematic 
process of how to solve a real problem but also provides teachers with various 
opportunities to assess student learning. By collecting evidence, formally and 
informally, throughout each step of the engineering design process, teachers were able 
to assess student reasoning, strategies, procedures, and professional engineering 
skills. The integration of STEAM-PBL into learning encourages teachers to be able to 
innovate in organizing creative learning so students can increase learning motivation, 
provide meaningful learning, and provide opportunities for students to develop their 
STEAM literacy and professional skills. 
           However, this study is not suggesting that all domains of integrated STEAM 
must occur during every STEAM learning experience but STEAM educators should 
have a strong understanding of the relationship that can be established across 
domains and by engaging a community of practice. 
           As highlighted that professional communication skills are essential for 
engineers who aspire to carry out their professional practice in the global arena and 
many employers are also seeking professional communication skills in new hires. 
Thus, universities should play an important role in developing professional 
communication skills through learning tools with the appropriated model approach, 
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such as STEAM, project-based learning, activities, and professional team-practice 
apart from providing knowledge and technical skills to engineering students to 
prepare them for the 21st-century marketplace and sustain in the globalized 
professional world. 
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Chapter 8 
 

Conclusion  
 

        There are several challenges for the future development of engineering education 
such as the rapid advances in a range of technology, globalization, the fourth 
industrial revolution, employability, and sustainability. These challenges will require 
new types of engineering programs, to help students develop skills in cross-
disciplinarily, complexity, and contextual understanding. Future engineering 
students should be able to understand the needs for technological solutions in context, 
with sustainable solutions, be able to act in complex situations with the appropriate 
skills and competencies. 
 However, engineering education around the world is confronted with the 
question that how they can improve the engineering education system more effectively 
and how to prepare engineering students for the jobs of the future? 
 In summary, future expected graduate outcomes will be delivered by programs 
that focus on practice, addressing real-world complexity, and integrating the 
development of technical, professional, and generic competencies to provide authentic 
learning. Hence, the key strategies for education change were identified as follow; 
 1) Curriculum contexts and pedagogies will need to change to deliver these 
requirements. Greater use of open-ended problems and stronger engagement with 
industry and community is needed. Problem finding, as well as problem-solving, will 
be required; 
 2) Engineering programs should emphasize a problem finding/solving and 
design focus, mathematics and science foundations, and the development of 
engineering thinking, creativity, and judgment while fostering the capacity for lifelong 
learning; 
 3) The engineering education system will need to consider the development of 
technical and professional skills supporting collaborative, interdisciplinary teamwork, 
and work outside conventional engineering roles appears likely to be a more important 
part of engineering education for the future. 



 123 

 Therefore, this dissertation provides the contributions to engineering 
education with the following strategies for preparing engineering students and 
education systems fit for the future;  
 1) Surveys on the needs competencies/skills for an engineering graduate to 
excel both in the domestic and global labor markets and diversity challenges for 
preparing engineering students and education systems fit for the future.  
 2) Surveys on the competency of engineers working at global companies in 
Thailand to illustrate the gap between the competency expected for engineers by 
companies and the competency of working engineers measured by PROG test 
 3) Identify an integrated learning strategy for building professional 
competency in engineering education to bridge the gap between engineering education 
and professional practice. 
  
 In summary, this dissertation provides the following two contributions; 
  
 Research Questions 1: What are the professional engineering competencies 
that are required to prepare engineering students for their future? 
 1) The study demonstrated the required abilities/skills for an engineering 
graduate to thrive in both the local and global labor markets, as well as the required 
generic competencies for preparing engineering students for professional engineering 
employment and career success. 
 
 The following finding support this contribution: 
 
 Research Questions 1a: Is global competency an important consideration for 
global engineering jobs in multinational companies in Thailand? 
 Chapter 3: The study investigated the importance of global competencies and 
skills, provided by Warnick [Warnick, 2010], which required engineering graduates 
wishing to work globally from the perspective of well-known Thai and multinational 
companies based in Thailand. As realized that higher education engineering 
institutions are currently proficient in developing technical competency among 
engineering graduates, efforts should be made to evaluate current practices and to 
improve global competency, especially in three following areas: 
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a) An ability to work in international teams 
b) An ability to exhibit a global mindset 
c) An ability to speak more than one language including English  

 Therefore, engineering education systems should aim at improving engineering 
programs and providing an accurate systems approach to future global engineers. 
They should also aim at reforming the engineering curriculum to better reflect 
industry needs by preparing students for multicultural teamwork with the 
appropriate and essential global skills that will enable graduates to work in 
multicultural and global environments. 
 As previously stated in prior studies, GPA and relevant applicable work 
experience are deemed vital for engineering students in determining whether or not a 
student meets the requirements and expectations set by the degree program or 
university. They are, however, not regarded as required qualifications for engineering 
graduates seeking employment in multinational companies in Thailand and this 
criterion cannot assess some of the most important components of future success, such 
as attitude and competency. 
 This study can be useful to engineering students, university faculties, and 
engineers with the necessary global competencies to succeed in the workplace and 
contribute to the wider economic progress of the country. 
 
 Research Questions 1b: Is there a mismatch between academic perspectives 
and engineering industry expectations regarding the importance of global 
competencies in engineering education? 
 Chapter 4: The study identified the gaps between academia and engineering 
industries by investigating the perceptions of higher education institutions when it 
comes to the importance of global competencies for engineering graduates who aim to 
work globally and then comparing them with the perspectives of multinational Thai 
companies in Thailand.  
 As the respondents in many Thai universities have been efficiently 
collaborating with the industry sector, therefore, the perspectives of the educational 
university sector concerning the vital satisfaction competency items tend to be almost 
the same as the industry sector. The following competency items were confirmed to be 
the most important competencies for engineers to develop; the ability to work in 
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international teams, the ability to communicate cross-culturally, the ability to exhibit 
a global mindset, and the ability to speak more than one language including English. 
           Higher education engineering institutions throughout the world are 
encouraged to identify opportunities within each course they teach to facilitate the 
interaction of engineers within a global environment. Efforts to develop global 
competence among engineering students may include team-based projects, work-
focused projects in different countries, the interaction of engineers in a multicultural 
environment, international educational partnerships among colleges and universities 
throughout the world, and the use of technology to develop cross-cultural competence 
through virtual teams. Students’ involvement in a global environment throughout 
their education versus a single study abroad experience will greatly enhance the 
capabilities of engineering graduates to succeed in a global environment. Based on 
this study, particular focus should be placed on incorporating each of the required 
global competencies into the curriculum. 
 

 Research Questions 1c: What are the future competencies for three high-
skilled jobs in Industry 4.0: robotics engineers, data scientists, and food designers? 

 Chapter 5: The study identified the future competencies for three demanding 
careers representative of the high-skilled requirements of Industry 4.0: robotics 
engineers, data scientists, and food designers and also underlined the significance of 
the crucial competencies for university graduates to become workforce-ready for the 
future.  
 The findings revealed a diverse mix of competencies that are demanded in the 
current Industry 4.0 environment and will be desired soon. Industry 4.0 focuses 
predominantly on multidisciplinary tasks. The results of this study indicate that 
universities and higher education institutions must contemplate ways to inculcate the 
skill sets in demand within their graduates to prepare the youth for the world of work. 
 The results revealed that effective communication, active learning, 
adaptability to change, and leadership should be inculcated in all three groups of 
graduates aiming to fill the emergent demand for the stated careers. Interestingly, 
these competencies are expected to form the core abilities for all future personnel.  
 The upskilling of other capabilities including social, personal, and 
methodological abilities before youngsters graduate from tertiary educational 
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institutions can also open extensive opportunities for the region’s graduates to 
compete with other, more experienced, candidates. These findings also provide 
empirical information that can guide relevant faculties and departments that seek to 
develop future competencies related to these potential jobs in the new digital economy 
through the establishment of competency-based course curricula. 
 
 Research Questions 1d: What are the key generic competencies for preparing 
engineering students for professional engineering work and career success? 
           Chapter 6: This study measured the generic competency of Thai working 
engineers, as the challenge of engineering education is not only to simultaneously 
prepare students for their first job but they need to prepare them for lifelong learning 
and career success, by utilizing the Progress Report on Generic Skills (PROG) 
assessment tool to assess their current generic skill and competency and to analyze 
the key factors of Thai engineers' competency development in their careers, as well as 
investigating the key generic competencies for preparing engineering students for 
professional engineering jobs and career success. 
 The findings indicate that Thai working engineers in all positions and 
companies of all sizes scored worse in terms of "Team management skills." Team 
management refers to a manager's or organization's ability to lead a group of people 
in completing a task or achieving a common goal. Effective team management is 
encouraging, interacting with, and supporting team members so that they may 
perform to the best of their ability and continue to improve as professionals. 
           Even though there is clear evidence to support the importance of teamwork 
skills in engineering education, as highlighted from the previous research (Chapter 3) 
that well-known Thai and Japanese companies rate the ability to work in an 
international team as an essential competency for engineering students, however, the 
result reveals that many engineers fall short of meeting these industry requirements 
and the gap between the industry and academia is still there because Thais place a 
high value on courtesy and respect for elders and those in positions of power. They are 
taught to respect superiors, parents, teachers, and the elderly from a young age. Many 
Thai workers, in particular, have learned not to raise questions. As a result, in 
Thailand, management style frequently results in employees who do not inquire, 
question, or confront. It is difficult to elicit their critical thinking and leadership since 
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they do not want to be deemed impolite [Chaidaroon, 2003; Chong, 2008; Malikhao, 
2017]. 
 Therefore, to prepare engineering students to be effective in a future 
workplace, engineering education systems should aim at improving engineering 
programs and providing an accurate systems approach to future engineers. 
Engineering programs must contemplate ways to inculcate interdisciplinary 
teamwork and leadership skills by encouraging them to assert themselves, express 
their opinion and confidently share their views, and know how to do this respectfully, 
as increasingly seen as an important component of engineering students for their 
future work. 
 
 Research Questions 2: What is the most effective integrated learning 
approach for achieving professional competency in engineering education? 
 2) The study identified an integrative learning approach for fostering 
professional competency in engineering education.  
 
 The following finding support this contribution: 
 
 Chapter 7: This study examined the use of an integrative learning approach, 
which is called STEAM project-based learning (STEAM-PBL) for fostering 
professional competency in engineering education, and presented a STEAM-PBL 
framework with three interrelated dimensions: (1) the learning approach, (2) the social 
approach, and (3) the content approach. The results of this study demonstrated that 
the application of STEAM-PBL in engineering gives a positive impression on students 
so that learning becomes more meaningful, students have also been able to develop 
various skills and competencies such as communication, collaboration, problem-
solving, critical thinking, project management, creativity and innovation, systematic 
thinking, analytical thinking, and self-directed learning. Besides, the integration of 
STEAM-PBL into learning encourages teachers to be able to innovate in organizing 
creative learning so students can increase learning motivation, provide meaningful 
learning, and provide opportunities for students to develop their STEAM literacy and 
professional skills.  
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 Moreover, some examples of engineering programs from KMUTT and SIT 
demonstrated that professional skills and competencies of students can be developed 
through an integrative learning approach which university-industry collaborations 
model and various pedagogies that have the potential to support the delivery of the T-
shaped engineering graduate and the greater breadth of graduate outcomes that will 
be required in future. 
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