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Abstract 
This research focuses on the 4th Industrial revolution and the Korean National Competency 
Standards. The aim of this research is to perform a research study of undergraduate university course 
to present the benefits from the effect of flip-learning and problem-based learning approaches on 
learning management. To achieve this goal, the author used the expert method, focus group 
interviews, and a comparative study. There were three hypotheses and three research questions on 
the relationship between teaching method and competency development. As a case study for this 
research, the author chose Korea University of Technology and Education and designed a survey to 
assess students’ competencies. The participants were 2nd- and 3rd-grade university students. 
Quantitative data were collected from the interview forms developed by the researcher; qualitative 
data were analyzed using the expert method and a comparative study. A significant improvement in 
competence’s development was observed in the class with combined teaching methods. Furthermore, 
it was noted that different teaching methods affect competency development in different ways. 
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1 INTRODUCTION  
The fourth industrial revolution is associated with the development of global industrial networks to 
which all production processes of various enterprises will be connected. 

The integration of production and the sphere of intellectual technologies should reach a level that 
allows the manufactured product to interact with any necessary object in the global network, for 
example, using a digital teaching platform for students learning math. According to Weiss, D. [1], the 
actors of this network are “smart products”, which, with the help of sensors and communication 
systems, can be independently decentralized to manage their own production. 

The recent trends in modern management education include the rapid growth of different technological 
developments. Such changes impact educational methods and transform students’ competencies. 
There are some risks associated with these trends, because different technology applications may 
affect competency development in different ways [1], [2]. 

Formulating the educational paradigm of the new industrial revolution, we proceed from the 
assumption that this paradigm should not conflict with the paradigm of industrial production. Tranfield, 
D. et al. confirmed that the presence of such a conflict in learning situations, for example, learning in a 
tough educational environment and performing additional work that requires maximum flexibility, 
significantly reduces the effectiveness of training [3], [4]. 

Most of the authors have recognized AR/PBL applications as tools that help students to better 
understand an environment, identify main problems, and test their solutions in specific cases (table 1). 

Table 1. University’s education methods and their combination with PBL/AR applications. 

Education method PBL AR Advantages Disadvantages 

General class +/- +/- PBL/AR tools save time, 
express practical examples. 

More common links with general class 
material are required; PBL/AR material 
should relate to the main lecture 
statements and be supportive. 

Flip-learning +/- +/- PBL/AR can be implemented 
in both types of class activity: 
lecture or practice. 

PBL/AR can be used only for in-class 
activity (not for pre-class or after-class 
activities). 
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Project-based 
learning (PBL1) 

+ + Students may use PBL/AR 
tools to manage projects; 
PBL/AR helps to conduct 
deep research. 

PBL/AR cannot cover all steps of project 
management; workload might be 
unequally shared among the members of 
the team. 

Problem-based 
learning (PBL2) 

+ + PBL/AR can be implemented 
for case studies. Visualization 
of the problem is also 
possible; PBL drives core 
questions and develops 
student’s collaborative and 
investigative skills with regard 
to real-world problems. 

Students consider the allocation of 
different project topics by professors as a 
disadvantage. In order to facilitate the 
transparency of the process, the professor 
needs to suggest a different topic per 
student or per team. This means that not 
every student in class is learning the same 
thing. More resources are needed for 
future PBL/AR development and 
specifications. 

Online education +/- +/- PBL/AR can help professors 
to manage tasks or cases 
easily without traveling; 
provides students with 
responsibility for self-control. 

PBL/AR needs more specifications, 
support materials, and clear tasks for self-
education; students across the World 
should use the same technologies 

Source: made by author. 

The comparative study mentioned in the table above lets us understand the major benefits of 
combining different applications in the education process. For example, PBL/AR can be combined with 
other advanced teaching methods (project-/problem-based learning (PBL), Flip-learning, online 
education, etc.). 

The National Competency Standards in South Korea help to improve qualification for work in different 
areas through a variety of means; for example: 

- Improving the suitability of education, training, and qualification for work; 
- Improving the employability of learners (education, training); 
- Creating links between education, training, and qualification (present overlapping investment); 
- Promoting work-based life-long learning; 
- Promoting the globalization of qualifications (compatibility) [5], 6]. 

Formulating the educational paradigm of the new industrial revolution, we proceed from the 
assumption that this paradigm should not conflict with the paradigm of industrial production. Tranfield, 
D. et al. confirmed that the presence of such a conflict in learning situations, for example, learning in a 
tough educational environment and performing additional work that requires maximum flexibility, 
significantly reduces the effectiveness of training [7]. 

2 METHODOLOGY 

2.1 Scope of research 
The main research problem of this study may be recognized as difficulty in education process to meet 
the National Standard of competences development within the specific tools in teaching. This is a case 
study of Korean Model of Higher education. It means that several factors affect student’s competences 
development, such as teaching method; tasks; technology tool, etc. So, the best way to solve this 
problem is to compare different approaches, investigate all factors and find the best practical tool in 
education process for appropriate competences development.  

The main goal of this research is to conduct a research study to present the significant benefit of 
combined teaching methods (both flip-learning and problem-based learning) in management 
education. To achieve this goal, the author created a survey of students’ competencies. So, three 
hypotheses were proposed during the development of the survey: 
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• H1. There is the significant benefit of combined teaching methods (both flip-learning and 
problem-based learning) in management students’ competence development; 

• H2. The PBL method develops industrial competencies better rather than other teaching 
methods; 

• H3. The FL method develops industrial competencies better rather than other teaching 
methods. 

Four research questions were established during the development of the survey to improve the clarity 
of the task: 

1 How can competency be developed with PBL/FL teaching methods? 
2 How do PBL/FL focus on competency development? 
3 Which teaching methods can influence competency development better? 

2.2 Limitations of research 
There are some limitations of this research: 

- This research is based on a case study of one university (South Korea); 
- The period of the survey is one semester (4 months); 
- The scope of this survey is focused on the competency model of the 4th Industrial Revolution. 

2.3 Structure of Research  
The case study of Korea University of Technology and Education (hereafter referred to as 
KOREATECH) presents the different teaching methods in learning management. The research team 
analyzed the course syllabus for “Technology entrepreneurship” (case study method); identified the 
core competencies of students (expert method); discussed teaching methods (expert method); and 
interviewed two groups of students (one interview for the PBL class and FL class). A list of interview 
questions was prepared with the aim of showing the differences in the learning efficiency and 
academic performance of the student groups (comparative study method), and a retention test was 
conducted to compare how the students increased their knowledge and developed certain 
competencies. 

3 RESULTS 
First, the experts analysed the syllabus of the “Technology entrepreneurship” course. The syllabus 
identifies the goals and teaching methods of the course. 

Second, it was necessary to compare the specified competencies to find the most important ones 
(“core” competencies) for the “Technology entrepreneurship” class. 

For expertise, three experts from different fields were invited: 1 expert was from Industry (company’s 
representative person); the second expert was from the University’s Human Resources Development 
department (KOREATECH); the third expert was the Professor of Technology entrepreneurship 
(KOREATECH). Their tasks were to (1) identify the most important competencies and teaching 
methods of the “Technology entrepreneurship” course; (2) estimate the impact of the teaching method 
on competency development in the “Technology entrepreneurship” course. 

There are twelve competencies at KOREATECH, and they are focused on the 4th Industrial revolution 
trends: 

1 Interdisciplinary fusion; 
2 Troubleshooting; 
3 Communication; 
4 Challenging practice; 
5 Study map; 
6 Global approach; 
7 Major (foundation); 
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8 Major (specialization); 
9 Practical application; 
10 Positive-self; 
11 Human relationship; 
12 Civic consciousness. 

From this expert method, we found that the most important competencies for the course “Technology 
entrepreneurship” are troubleshooting, practical application, study map, human relationship, 
challenging practice, communication, interdisciplinary fusion, and major (foundation). All of these 
competencies have average weights of more than 3.5 points. 

During the next step, it was important to check the impact of the teaching method on the competency 
development outcome. The experts together tried to come to a common decision (table 2). 

Table 2. Impact of teaching method on competency development in the  
“Technology entrepreneurship” course (expert method). 

Competency 
New weight/Rank 
(transferred from 

previous table) = a 

Teaching method 
1 = PBL = b1 

Teaching method 
2 = FL = b2 

Teaching 
method 3 = Case 

study = b3 

Troubleshooting 4.66 = a1 51 6 3 

Practical application 4.66 = a2 7 3 5 

Study map 4.33 = a3 4 3 3 

Human relationship 4.33 = a4 6 4 7 

Challenging practice 4.33 = a5 6 5 6 

Communication 4.0 = a6 3 4 2 

Interdisciplinary fusion 3.66 = a7 3 6 4 

Major (foundation) 3.66 = a8 6 6 5 

Weight of teaching 
method (W)/Rank2 

 170.14 153.82 147.5 

1Evaluation scale is from 1 to 10: 1—minimum linkage between teaching method and competency development, 10—
maximum linkage between teaching method and competency development. 2 Calculation method: W (weight of teaching 
method) = (a1 × b1) + (a2 × b1) + … (an × b1). Note: authors’ elaboration. 

According to the results in table 2, we can see that the PBL (and FL) teaching method have the 
highest impact on competency development in the “Technology entrepreneurship” course because 
they develop the most important competencies better than the other teaching methods do. 

The survey of students during the first stage of the study was conducted at the beginning of the 
academic semester. At the time of the survey, the students were presented with the course and 
explained its goals, objectives, and methods. 

Let me analyze the level of development of students' competencies at the first stage of the interview. 

1 Students' understanding of the “interdisciplinary fusion” competency in the two types of classes 
is extremely low; that is, they did not understand how this course related to other disciplines 
(“totally disagree” was chosen by 26% of the FL class and 25% of the PBL class). 

2 We found a similar result in the two classes for the “troubleshooting” competency analysis: in 
the FL class, 33% of the students understood problem development (answered “agree”), and in 
the PBL class, 29% of the students expected to solve problems using virtual tools (answered 
“agree”). We suggest that PBL application does not affect students’ ability to investigate 
problems and formulate solutions at the beginning of the academic semester. 

3 “Communication” competency: students in the FL class did not expect a communication process 
in their class (30% of the respondents chose “disagree”); in the PBL class, the results are the 
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same—22% of the students were not sure about the communication process, but felt that it had 
some importance. 

4 All students understood the importance of this class (both the FL class (31% answered “exactly 
agree”) and the PBL class (25% answered “exactly agree”)). This means that they had well 
developed the competency “Study map”, with the FL class scoring a little bit better for this 
competency. 

5 The results for “Challenging practice” competency were about equal between the two classes 
(“exactly agree” was the answer chosen by 27% of the FL class and 25% of the PBL class). 
Students expected new knowledge and experience in this class regardless of teaching methods 
and materials. 

6 We found very different results for the two classes in the “practical application” competency 
analysis: in the FL class, 27% of the students did not expect practical study (answered “totally 
disagree”), and in the PBL class, 28% of the students expected a lot of practical studies using 
virtual tools (“exactly agree”). We suggest that PBL application has an influence on students’ 
expectations for developing their practical skills. 

7 Approximately equal results were found in the “Human relationship” competency analysis: in 
both classes, the students understood the importance of “Technology entrepreneurship” in 
human factor development and its impact on society (“agree” was answered by 30% of the FL 
class and 32% of the PBL class). 

8 The “Major foundation” competency had a more negative result in the FL class (35% of the 
students thought that this class did not provide major tools and approaches). The PBL class had 
24% negative answers. We suggest that PBL application can motivate students to accept more 
major tasks and outcomes from the course. 

Let us analyze the level of development of students' competencies at the second stage of the 
interview (table 3). 

Table 3. Comparative results of the students’ interview (FL class and PBL class). 

Competency 

FL class results, % PBL class results, % 
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1.Interdisciplinary fusion 22% 20% 8% 26% 24% 17% 10% 20% 16% 19% 
2.Troubleshooting 23% 28% 5% 20% 23% 7% 7% 5% 31% 32% 
3.Communication 23% 30% 14% 15% 18% 14% 20% 20% 15% 14% 
4.Study map 13% 13% 9% 31% 34% 10% 13% 9% 24% 26% 
5.Challenging practice 18% 19% 10% 24% 29% 13% 11% 3% 26% 29% 
6.Practical application 25% 18% 11% 24% 22% 6% 7% 6% 31% 32% 
7.Human relationship 24% 17% 4% 33% 22% 7% 9% 17% 25% 25% 
8. Major foundation 23% 26% 7% 24% 20% 13% 17% 8% 24% 20% 

Note: author’s elaboration. 

Students' understanding of the “interdisciplinary fusion” competency in the two types of classes was 
better than that at the beginning of the semester: 26% of the students in the FL class understood the 
interdisciplinary fusion of this subject, and 20% of the respondents in the PBL class were not sure 
about interdisciplinary fusion. We suggest that PBL does not improve this competency during the first 
half of the academic semester. 
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The diverging result we found in the analysis of the “troubleshooting” competency remained: in the FL 
class, 28% of the students did not have expectations for problem development (negative answer), and 
in the PBL class, 32% of the students expected to solve problems using virtual tools (“exactly agree” 
answer). We suggest that PBL application continues to motivate students to investigate problems and 
formulate solutions during the first half of the course’s period. 

“Communication” competency: students in the FL class did not expect to engage in the communication 
process (30% of the respondents chose the negative answer); in the PBL class, the results were 
better, as 20% of the students were not sure about the communication process but felt it had some 
importance.  

All students exactly understood the importance of this class (both the FL class (34% “exactly agree” 
answers) and the PBL class (26% “exactly agree” answers)). This means that they had well developed 
the “Study map” competency.  

We got the same result for the two classes for the analysis of the “Challenging practice” competency 
(29% “exactly agree” answers in the FL and PBL classes). Students expected new knowledge and 
experience in this class regardless of teaching methods and materials. 

The diverging result we found in the “practical application” competency’s analysis remained: in the FL 
class, 25% of the students did not expect practical study (negative answer), and in the PBL class, 32% 
of the students expected a lot of practical studies using virtual tools (“exactly agree” answer). We 
suggest that PBL application influences students’ expectations for developing their practical skills. 

Approximately equal results for the two classes were found in the “Human relationship” competency’s 
analysis: in both classes, students understood the importance of “Technology entrepreneurship” for 
human factor development and its impact on society (“agree” was answered by 33% of the FL class 
and 25% of the PBL class). 

The “Major foundation” competency had different results in the two different classes. There was an 
overall negative result in the FL class (26% of the students thought that this class did not provide 
major tools and approaches). The PBL class had 24% positive answers. We suggest that PBL 
application can stimulate students to accept more major tasks and outcomes from the course. 

4 CONCLUSIONS 
This research focused on competency development in a management class that used a PBL/FL 
application. The study was conducted on the basis of the 4th Industrial revolution and the Korean 
National Competency Standards. The aim of this research was to conduct a comparative study of two 
university teaching methods {PBL and FL} to present the significant benefit of combining these two 
methods in education. To achieve this goal, a complex survey was developed that included eight 
steps. The authors developed three hypotheses and three research questions that proposed the 
relationship between the teaching method and competency development. The survey was based on a 
case study of Korea University of Technology and Education. The authors used several research 
methods, namely, the expert method, focus group interview, and comparative study. The participants 
were 2nd- and 3rd-grade university students. The quantitative data were collected through the 
interview forms developed by the researchers; the qualitative data were analysed through the expert 
method and a comparative study. A significant advantage was observed between competency 
development and PBL/FL methods.  

The main results of this research are: 

1 Different teaching methods have different effects on competency development in management 
education; 

2 Hypothesis 1 “There is the significant benefit of combined teaching methods (both flip-learning 
and problem-based learning) in management students’ competence development” has been 
proved through this survey; 

3 Hypothesis 2 “The PBL method develops industrial competencies better rather than other 
teaching methods” has not been proved through this survey; 

4 Hypothesis 3 “The FL method develops industrial competencies better rather than other 
teaching methods” has not been proved through this survey; 
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5 Four competencies (“Interdisciplinary fusion”, “Communication”, “Challenging practice”, and 
“Major foundation”) were highly developed in the PBL/FL class, and the results changed from 
negative answers to positive answers during the semester, according to the survey. We suggest 
that VR application can also affect these competencies more than other teaching tools and 
materials. 

For future research, it is necessary to investigate the correlation between VR application and online 
education in the engineering field. 
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