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Abstract

:

The goal of this study was to identify perceptions of the importance and needs of the essential job competencies required by Korean science and engineering graduates in the context of actual workplaces. We analyzed data from the 11th Youth Panel using the paired t-test, the Borich needs assessment, and the locus for focus model. An important finding was that the science and engineering graduates recognized the competencies pertaining to working with others and professional competencies as important among 15 essential competencies. We also found that they prioritized competencies differently depending on specific departments: the science graduates prioritized professional competencies, but the engineering graduates placed relatively greater importance on the competencies relating to interacting with others. Through this study, we identified the educational needs for essential job competencies from the science and engineering graduates and suggested implications for corresponding educational approaches.
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1. Introduction


Along with the changes in technology and the industrial environment that have accompanied the rise of the fourth industrial revolution, there have been active discussions on human resource development and how to adapt to the requirements of a new era in an educational context across the world. In order to nurture human resources who can adapt to such changes across the social landscape, the field of education should not only focus on imparting knowledge related to specific majors but also enable students to understand and adapt to the demands of a rapidly changing society. Educators should also help students develop competencies that will enable them to comprehensively analyze and resolve the diverse problems of such a society. In Korea, there has been an increasing mismatch between the skills imparted by a university education and those that are needed by employers. This has led to companies incurring additional costs to teach new employees workplace skills after they have been hired, while also requiring new hires to expend extra time and effort when they need to receive additional education to enable them to do their jobs [1,2]. Many policies, such as LINC+ (Leaders in Industry-university Cooperation+) and programs reinforcing educational competency, have been implemented to resolve these issues. Promoting vocational training that reinforces essential job competencies has become an area of focus.



Essential job competencies are the skills required to fulfill the job duties of most occupations, and in the field of job education there are concepts of these core competencies, which have been developed to reflect the needs of industry [3,4,5,6]. In foreign countries, terms for essential job competencies are used interchangeably, and they include “key competency”, “core skill”, “workplace know-how”, and “essential skills”. National institutions from foreign countries, such as the Secretary’s Commission on Achieving Necessary Skills (SCANS) in the United States, the Quality of Education Review Committee (QERC) in Australia, the Qualifications and Curriculum Development Agency (QDCA) in England, and the Human Resources Development Canada (HRDC) in Canada, have also conducted studies related to the concept and field of essential job competence development [2]. In Korea, the Ministry of Employment and Labor developed the National Occupational Standards (NOS), and the Ministry of Education developed the Korea Skills Standards (KSS) in 2002 to improve the efficiency of human resource development [7]. In 2010, the two were combined into the National Competency Standards (NCSs), which are now used by vocational high schools, universities, and companies. In other words, the NCSs are used not only in an educational context to develop workplace-focused human resources but also to recruit new employees [8,9].



Along with the development of the NCSs, there have been many related studies in this area, and interest in essential job competencies and their importance has been increasing. Prior studies on essential job competencies in Korea has included ones that focused on articulating the concepts, characteristics, and levels of essential job competencies [10,11]; ones that assessed the levels of essential job competencies possessed by students at vocational high schools and their educational needs [12,13,14]; ones related to the awareness of essential job competencies among university students and their educational needs [15,16,17,18]; and ones related to the assessments and qualifications related to essential job competencies [3,19,20]. Studies on the factors that can affect the essential job competencies and the correlations among subfactors mostly focused on high school students. Also, the studies by [21] and [22] on university students mentioned the need to conduct studies on the essential job competencies of students in four-year courses at university.



Although there have been various studies regarding essential job competencies, few focused on the need for essential job competencies among representatives or employees of workplaces. Few studies also focused on changes in the essential job competencies required by employers and the social changes that have precipitated them. It is becoming increasingly important to conduct studies to shed light on how to reduce the gap between the education that students receive and the actual requirements of the workplace. In addition, because an education in science and engineering should foster the skills of future leaders in a society in which rapidly changing, highly scientific technology is becoming more influential, science and engineering should be the fields that respond most quickly to changes in the social landscape [23]. Therefore, this study was conducted to identify perceptions of the importance of the essential job competencies required by employers in the context of actual workplaces, the actual job descriptions of employed Korean science and engineering graduates, and changes in the perceived importance of essential job competencies by specific departments. In addition, the study contained an investigation of the educational needs related to essential job competencies with a focus on the contributions of higher education, with the goal of identifying the skills with the highest educational needs in terms of reinforcing the essential job competencies required by society.



The specific research questions are as follows. First, what are the perceptions of employed science and engineering graduates of the importance of essential job competencies, and how has the importance of essential job competencies changed over the past five years? Second, what are the results of an analysis of the educational needs of employed science and engineering graduates in terms of essential job competencies? Third, how does the prioritization of the educational needs related to developing human resources based on competencies vary by specific department (science and engineering)?




2. Theoretical Background


2.1. Essential Job Competencies


Essential job competencies are defined by the field of vocational education and are considered the basic abilities required to fulfill the job duties of most occupations. Essential job competence was embodied on the concept of competence. In the early 1970s, McClelland mentioned for the first time competencies as skills for performance and as significant predictors of employee performance and success [6,24,25] and [26] extended the definition of competencies to include both internal and external circumstances and relationships related to the job [25]. In other words, essential job competencies are concrete concepts of core competencies that reflect the needs of industry [3,4,5,6]. in Korea, essential job competencies are solely related to the workplace, which is in contrast to foreign countries, where essential job competencies encompass the concepts of “key competency”, “core competency”, “core skill”, “basic skill”, “workplace know-how”, and “essential skill”, referring to skills needed not only in the workplace but to “live the life of a human” [27,28]. The definition of essential job competencies varies by scholar, and the subfactors associated with them vary as well (see Table 1).




2.2. Prior Studies


Early studies on essential job competencies focused on articulating the concept of them, determining which fields they concerned, and establishing levels of essential job competencies. However, there have since been more studies conducted, which have become increasingly focused on diverse topics such as the factors that affect essential job competencies, correlations among the subfactors related to them, programs for teaching essential job competencies, and the relationship between essential job competencies and educational needs. Since 2014, after the implementation of the NCSs by universities and companies, studies on essential job competencies in higher education have become more prevalent [7].



Studies regarding essential job competencies generally focused on high school students (rather than university students). There are few related studies of four-year university students [21,22]. In terms of studies on university students, Kim and Lee (2017) studied the effects of possessing essential job competencies on the career-related variables of two-year college students, and they concluded that possessing essential job competencies affects the efficacy of job-hunting [29]. In addition, Cho (2017) identified the correlations between essential job competencies and subcompetencies of two-year college students, and they concluded that “studies on essential job competencies and two-year colleges show that we are in the early stages of developing related general education curricula” [21]. Furthermore, Beak and Park (2012) demonstrated that students receive insufficient education in essential job competencies at four-year universities and investigated the reasons for, and possible solutions to, this problem [22]. Hong et al. (2015) also studied differences in essential job competencies by students at five four-year universities in Seoul and stated that “there is little interest in essential job competencies at four-year universities” [16]. Seo and Moon (2018) identified trends in studies related to the NCSs based on papers published in journals from 2011 to 2017 [7]. There have been 124 (63.3%) studies related to workplace skills, and, although 23 (11.7%) related to essential job competencies, a relatively low number, there has been a continuous increase, from two papers in 2014, to five in 2015, and to 15 in 2016. This increase showed that studies that can be applied to the educational curricula of two-year colleges and liberal arts programs at four-year universities have been conducted more actively than in the past [7].



Studies on the educational needs related to essential job competencies have been conducted with various participants. In terms of studies of university students, Kim (2014) analyzed the importance and mastery of competencies related to essential job competencies among two-year college graduates, as assessed by respondents working in industries related to their majors, to identify the educational needs related to such skills [30]. The results showed that, although there was much importance placed on imparting such competencies, two-year colleges made little contribution to developing them, and that the educational curriculum should be changed to address this issue [30]. Park et al. (2013) identified the “educational needs of industry in terms of essential job competencies” by analyzing responses from graduates of Korea Polytechnics, a two-year college, and examined the educational needs related to them from the perspective of the industries in which graduates were employed [28]. The results revealed that there were pressing educational needs for competencies in “self-development”, “problem-solving”, and “communication”, and suggested that the educational curriculum should be revised to become more integrative and to systematically teach liberal arts concepts and general skills [28]. Hwang and Park (2016) identified the educational needs related to the essential job competence education among nursing students at four-year universities. Their study focused on analyzing such educational needs from the perspective of the recipients of education rather than that of providers, and it showed that there were pressing educational needs for competencies in “communication”, “problem-solving”, and “self-management” [31].





3. Materials and Methods


3.1. Participants


This study used data from the 11th survey of the Youth Panel. The data of 595 respondents were used, all graduates of engineering and science programs who were working and who responded to the items related to the importance of essential job competencies and the contribution of institutions of higher education to developing them. The demographic characteristics of the participants are listed on the table below (See Table 2). In terms of gender, 410 (68.9%) were male and 185 (31.1%) were female; in terms of age, 169 (28.4%) were under 30, 288 (48.4%) were aged 30–34, and 138 (23.2%) were aged 35–39. More than half (64.9%) were graduates of four-year universities, 26.9% were graduates of two-year colleges, and 8.2% had completed a graduate program, possessing a master’s degree or higher. The sample contained far more engineering than science graduates, as 72.4% had majored in engineering and 27.4% had majored in the sciences.




3.2. Instruments


This study used items taken from the Youth Panel survey for analyzing the educational needs related to essential job competencies (See Table 3). The Youth Panel used the term “job performance” in relation to essential job competencies to rank their importance in the workplace. There were 15 items on the survey, including “understanding a document”, “creating a document”, “communication”, “customer relationship management”, “foreign language conversation”, “foreign language reading and writing”, “math problem solving”, ”computer literacy”, “professional knowledge”, “professional practice knowledge”, “ability to cooperate”, “adaptability to change”, “creative problem solving”, “planned lifestyle”, and “self-learning”. Respondents were asked to rank items according to the “importance of job competencies”; that is, they were asked how important they thought the competency was in the workplace. They were asked about the “contribution of the final school”; in other words, they were asked about the extent to which they believed that the competency had been developed through higher education at their final schools (the ones from which they had graduated). Both items consisted of a five-point Likert scale.




3.3. Data Analysis


SPSS 23.0 was used to analyze responses regarding perceptions of the importance of essential job competencies (job performance) and the educational needs related to them. In addition, the paired t-test, Borich needs assessment, and the locus for focus model were used. Specifically, the paired t-test was used to identify the differences between the means of each item’s job performance and the contribution of the respondents’ final schools to developing the competencies of the respondents. In addition, the Borich needs assessment results were calculated to determine the order of priority of the respondents’ education. The analysis comprehensively considered the number of essential job competencies from the High-High quadrants of the locus for focus model results and the order of priority from the Borich needs assessment to identify and verify the competencies for which there are high educational needs.





4. Results


4.1. Analysis of Differences in Perceptions of the Importance of Essential Job Competencies among Science and Engineering Graduates


A goal of the study was to identify whether the degree of importance placed on imparting essential job competencies had changed over the past five years by analyzing the perceptions of the science and engineering graduates who responded to the survey (See Table 4 and Figure 1). According to the survey administered in 2012, the items were ranked as follows: “professional knowledge”, “professional practice knowledge”, “communication”, “ability to cooperate”, and “self-learning”. In 2017, the items were ranked somewhat differently: “professional knowledge”, “professional practice knowledge”, “ability to cooperate”, “communication”, and “planned lifestyle”. In terms of the differences in the means of items related to perceptions of the importance of the competencies over the past five years, there were great differences in respondents’ rankings of the importance of practical skills, such as “math problem solving”, “understanding a document”, “professional knowledge”, “creating a document”, and “planned lifestyle”. There were some changes in perceptions of the importance of various essential job competencies over time and according to the experience level of respondents.




4.2. Analysis of the Educational Needs Related to Essential Job Competencies Based on the Responses of Science and Engineering Graduates


4.2.1. Paired T-Test and Borich Needs Assessment of Essential Job Competencies Based on the Responses of Science and Engineering Graduates


“Educational need” refers to the gap that must be addressed to ease the disparities between workers’ current and expected levels of competence during the performance of job-related duties. It is necessary to identify the current status of essential job competencies and their order of priority to examine the disparities in competencies. Generally, paired t-tests, Borich needs assessments, and the locus for focus models are used to analyze data related to such educational needs.



A paired t-test and a Borich needs assessment were conducted to analyze the educational needs related to the essential job competencies of the respondents. The results of the paired t-test reveal that there is a statistically significant difference on all items; “communication”, “ability to cooperate”, “professional practice knowledge”, “customer relationship management”, and “professional knowledge” were the areas where the greatest differences could be found between the importance of the competencies and the contribution made by educational institutions to developing them (See Table 5). The Borich needs assessment yielded the same results.




4.2.2. Locus for Focus Analysis of the Essential Job Competencies of Science and Engineering Graduates


Figure 2 below shows the rankings of the 15 essential job competencies items according to the locus for focus model. The first quadrant of the model shows the items with the highest rankings. “Communication”, “customer relationship management”, “ability to cooperate”, “professional knowledge”, “professional practice knowledge”, “adaptability to change”, “self-learning”, “planned lifestyle”, and ”computer literacy” were ranked as highly important. The results were identical to those of the Borich needs assessment. The competencies located in the fourth quadrant were ranked as highly important, with little difference between the perceived importance of the competency and the contribution to its development by respondents’ final schools. Therefore, in terms of educational needs, the items in this quadrant were less pressing than the competencies in the first quadrant. In other words, although “creating a document”, “creative problem solving”, and “understanding a document” were important competencies for employees to possess, they are developed to some extent through formal education. The competencies located in the third quadrant, such as “foreign language reading and writing”, “foreign language conversation”, and “math problem solving”, were sufficiently developed through formal education in terms of the levels of competency required in the workplace.





4.3. Analysis of Differences in Perceptions of the Educational Needs Related to Essential Job Competencies by Department


4.3.1. Analysis of the Educational Needs Related to Basic Essential Job Competencies Among Science Graduates.


To identify the differences in perceptions of the educational needs related to essential job competencies between science and engineering graduates, an analysis of the differences between the fields was conducted first (See Table 6). After analyzing the data of science graduates, the paired t-test showed on 12 items statistically significant differences between the perceived importance of competencies and the contributions that the respondents’ final schools had made to developing them, except for “foreign language reading and writing”, “math problem solving”, and ”computer literacy”. The results of the Borich needs assessment showed that there were differences between the perceived importance of the following competencies and the contributions made by respondents’ final schools to developing them: “professional knowledge”, “communication”, “professional practice knowledge”, “customer relationship management”, and “planned lifestyle”.



As a result of the locus for focus model to analyze the data of the science graduates, the competencies located in the first quadrant included “professional knowledge”, “communication”, “customer relationship management”, “professional practice knowledge”, “planned lifestyle”, “ability to cooperate”, “self-learning”, and “understanding a document” (See Figure 3). These results were identical to those of the Borich needs assessment. The competencies located in the fourth quadrant were ranked as highly important, with little difference between their perceived importance and the contributions made by respondents’ final schools to developing them. Therefore, in terms of educational needs, they are less pressing than the competencies in the first quadrant. In other words, although “creating a document”, “creative problem solving”, and “understanding a document” are considered important to performing well in the workplace, they are generally developed to some extent through formal education. The competencies located in the third quadrant, including “foreign language reading and writing”, “foreign language conversation”, and “math problem solving”, are sufficiently developed through formal education in terms of the levels of competency required in the workplace.




4.3.2. Analysis of the Educational Needs Related to Essential Job Competencies Among Engineering Graduates


When analyzing the responses of engineering graduates regarding educational needs related to essential job competencies, the paired t-test showed statistically significant differences between the perceived importance of 12 competencies and the contributions made by respondents’ final schools to developing them (See Table 7). The exceptions were “foreign language reading and writing”, “math problem solving”, and ”computer literacy”; the responses were identical to those of science graduates. The results of the Borich needs assessment showed that there were differences between the perceived importance of the following skills and the contributions of the respondents’ final schools to developing them: “communication”, “ability to cooperate”, “professional practice knowledge”, “customer relationship management”, and “professional knowledge”.



As the result of the locus for focus model to analyze the responses of the engineering graduates, the competencies located in the first quadrant included “professional knowledge”, “communication”, “customer relationship management”, “professional practice knowledge”, “planned lifestyle”, “ability to cooperate”, “self-learning”, and “understanding a document” (See Figure 4). These results were identical to those of the Borich needs assessment. The competencies located in the fourth quadrant were ranked as highly important, with little difference between the perceived importance of the skills and the contribution of the respondents’ final schools to developing them. Therefore, in terms of educational needs, they are less pressing than the competencies in the first quadrant. In other words, although the “creating a document”, “creative problem solving”, and “understanding a document” are important competencies to possess in the workplace, they are developed to some extent through formal education. The competencies located in the third quadrant, which include “foreign language reading and writing”, “foreign language conversation”, and “math problem solving”, are sufficiently developed through formal education in terms of the levels of competency required in the workplace.






5. Conclusions and Discussion


Since the introduction of the concept of the fourth industrial revolution at the 2016 World Economic Forum, there have been significant changes in both technology and industrial environments across the globe. In particular, the rise of the Internet of Things (IoT), artificial intelligence, big data, smart factories, and 5G, along with changes in the workplace and labor market, are bound to lead to significant changes in education as well. The rise of automation and the resulting decrease in the number of jobs, as well as the introduction of new types of jobs and occupations, has made the structure of the workplace and the requirements of job performance more complex and diverse. Along with such changes in the labor market, the development of core competencies allowing students to adapt and react quickly to a rapidly changing employment landscape is becoming a top priority in higher education.



Along with the trends in labor market changes over time, there has been a steady increase in interest in science and engineering education in Korea, which is the core of the fourth industrial revolution. Korea is a country that has received attention for the quality of its science and engineering education, as it has achieved excellent scores on the Programme for International Student Assessment (PISA) and Trends in International Mathematics and Science Study (TIMSS), which assess the global achievement levels of students in mathematics and the sciences [32]. The Korean government also considers science and engineering education the foundation of the state, and it has actively expressed interest in improving education in these fields. Therefore, it is undoubtedly important to investigate the outcomes of education in these areas in relation to the essential competencies that are needed in the workplaces that science and engineering graduates encounter and to identify the importance of various skills and the educational needs related to them.



In this context, the aim of this study was to identify the educational needs related to essential job competencies based on perceptions of their importance among science and engineering graduates, as well as to assess the contributions of institutions of higher education to developing them and to suggest possible changes these institutions can make to address such gaps in skills. To this end, the educational needs related to essential job competencies, as perceived by science and engineering graduates, were analyzed by applying the locus for focus model and the Borich needs assessment to the 15 items regarding essential job competencies (job performance) on the 11th survey of the Youth Panel.



The results can be summarized as follows. First, awareness of the importance of practical and field-related competencies among science and engineering graduates increased with experience. Second, it could be seen that competencies related to working with others as well as professional competencies were considered important by science and engineering graduates. This means that, unlike in the past, there is an increasingly large emphasis being placed on the importance of communication among employees in the fields of science and engineering, and that the ability to communicate effectively is also increasingly viewed as related to job performance. Third, it could be seen that the science graduates prioritized professional competencies more, but the engineering graduates placed relatively greater importance on the competencies that pertained to interacting with others. Unlike in the sciences, a field that produces many graduates who become researchers and that places importance on field-specific knowledge, the engineering graduates had relatively greater experience cooperating to perform tasks with people from various related fields. The results showed that, due to the conditions in which the engineering graduates worked, they tended to place greater importance on the competencies related to the changes taking place in the labor market.



The implications of the results are as follows. First, in accordance with prior studies on the essential job competencies of employees, there has been an overall and continuously increasing emphasis placed on the educational needs regarding communication and interpersonal skills. This may suggest that, despite cooperative abilities becoming more important in the workplace than individual competencies required to work alone, there is a lack of diverse efforts by institutions of higher education to reinforce cooperative abilities. Recently, there has been a global emphasis placed on the need for cooperative talents along with an emphasis on developing creative convergence talents [33]. In this respect, various educational curricula meant to nurture cooperative talents in the fields of science and engineering should be implemented. Such changes will also have important implications for how the concept of “talent” among science and engineering students is defined, in contrast to the past definition of talent, which was based solely on major-specific skills and knowledge [34].



Second, although universities have begun to emphasize the importance of developing competencies, such as creative problem-solving and self-learning skills, in accordance with the social changes that are currently taking place, the respondents did not highly rank them among the survey items. Although these two types of competencies do not seem directly relevant to the corporate world in Korea, they must be considered when learning about starting a business in relation to start-up companies. It has been predicted that the labor market and the types of workplaces that workers encounter will change drastically along with the social landscape, and it has been predicted that half of the world’s workforce will be composed of freelancers in the relatively near future [35]. Therefore, although the two competencies mentioned above may not seem important in the current labor market, they will undoubtedly become important to workers in the future. Therefore, to foster creative problem-solving and self-learning skills, it is necessary to conduct regular assessments of attitudes related to these competencies.



Lastly, professional knowledge is still extremely important in the science and engineering fields. Therefore, institutions of higher education should allow science and engineering students to obtain professional skills in their areas of study based on the technologies and educational standards specific to their majors. Such perspectives on postsecondary majors will contribute to the development of competencies among students and will help them select future jobs and contribute meaningfully to the labor market in the future. Therefore, to incorporate rapid changes in various industries and technologies into higher education, the institutions responsible for educating students should seek feedback on their curricula to enable them to formulate agile reactions to changes in the labor market.



The analysis of the locus for focus model shows that competencies located in the first quadrant, which, out of the four quadrants, indicated high importance and contribution, included communication, cooperation with others, adaptability to change, and self-learning skills. These competencies are considered to be necessary as we move toward a future society. The results mean that, in addition to gaining specialized knowledge, developing abilities to perform tasks by using knowledge from universities is required. Therefore, universities are expected to provide students with a curriculum focusing on team activities in preparation for the future society. In addition, college students need to experience a capstone design to solve real problems by utilizing their knowledge, as well as short-term and long-term internships at companies related to their major. The design thinking process has recently been used to develop creative ideas, and the process should also be actively used within the curriculum. In addition, it is necessary to encourage students to demonstrate initiative and creative thinking by helping them develop an entrepreneurial spirit, as explained by KEEN [36]. By doing so, competencies of high importance will be improved across the university curriculum.



Due to the limited participants and variables of panel surveys conducted in Korea, the study had its limitations in conducting preliminary studies and analyses focusing on Korea. However, the advent of the fourth industrial revolution affects not only Korea but also the rest of the world. This means that the competencies and talents required by society will change around the world. Against that backdrop, a lot of countries are making efforts to come up with measures for basic job skills that can flexibly deal with changes in jobs [37]. In particular, the Organisation for Economic Co-operation and Development (OECD) defines basic skills such as literacy, numeracy, and problem-solving skills as core competencies and has been implementing the Programme for the International Assessment of Adult Competencies (PIAAC) since 2012 [38]. However, the PIAAC does not reflect the various basic competencies of the changing society, as it focuses on literacy, numeracy, and problem-solving skills. Therefore, it is expected that the variables of the data from the study will be expanded and moderated for systematic comparison and follow-up studies among different countries, so that basic data of fundamental occupational skills will be accumulated and developed.
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Figure 1. Changes in perceptions of the importance of essential job competencies among science and engineering graduates (2012–2017). 
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Figure 2. Analysis of the locus for focus model in relation to the essential job competencies of employees. 
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Figure 3. Analysis using the locus for focus model to interpret the responses of science graduates regarding essential job competencies. 
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Figure 4. Locus for focus analysis of the responses of engineering graduates regarding essential job competencies. 
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Table 1. Subfactors of essential job competencies.






Table 1. Subfactors of essential job competencies.





	
Authors

	
1

	
2

	
3

	
4

	
5

	
6

	
7

	
8

	
9

	
10

	
11

	
12






	
Jung et al. (2000)

	
○

	
○

	
○

	
○

	
○

	
○

	
○

	
○

	
○

	

	

	




	
Lee et al. (2000)

	
○

	
○

	
○

	
○

	
○

	
○

	
○

	
○

	

	
○

	
○

	




	
Na et al. (2003)

	
○

	
○

	
○

	
○

	
○

	
○

	
○

	
○

	
○

	

	

	
Vocational Ethics




	
Jin et al.

(2007,2009)

	
○

	

	
○

(Processing and use of resource information technology)

	
○

	
○

	
○

	

	

	

	
Global Perspective




	
Lee et al. (2008)

	
○

	
○

	
○

	
○

	
○

	
○

	
○

	
○

	
○

	
○

	

	
Change Management




	
Joo et al. (2010)

	
○

	
○

	
○

	
○

	
○

	
○

	
○

	
○

	
○

	

	

	








1. Communication, 2. Numeracy, 3.Information, 4.Use of resources, 5. Technology, 6. Problem-solving, 7. Self-development, 8. Interpersonal skills, 9. Understanding of the organization, 10. Understanding of multiculturalism, 11. Foreign-language proficiency, 12. Others. (This table is based on the study by [28]).
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Table 2. Demographic characteristics of the participants.
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Personal Variables

	
Frequency

	
%

	
Personal Variables

	
Frequency

	
%






	
Gender

	
Male

	
410

	
68.9

	
Major

	
Science

	
164

	
27.6




	
Female

	
185

	
31.1

	
Engineering

	
431

	
72.4




	
Age

	
Under 30

	
169

	
28.4

	
Level of Education

	
College Graduates

	
160

	
26.9




	
30-34

	
288

	
48.4

	
University Graduates

	
386

	
64.9




	
35-39

	
138

	
23.2

	
Master’s and Above

	
49

	
8.2




	
Total

	
595

	
100.0

	
Total

	
595

	
100.0
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Table 3. Instrument and survey scales.






Table 3. Instrument and survey scales.





	Division
	Details
	Remarks





	Measurement
	2012 (7th Year), 2017 (11th Year)
	Comparison over 5 Years



	Essential Job Competencies (Job Performance)
	1. Understanding a document, 2. Creating a document,

3. Communication, 4. Customer relationship management,

5. Foreign language conversation, 6. Foreign language reading and writing, 7. Math problem solving, 8. Computer literacy,

9. Professional knowledge, 10. Professional practice knowledge, 11. Ability to cooperate, 12. Adaptability to change, 13. Creative problem solving, 14. Planned lifestyle, 15. Self-learning
	15 Items



	Importance of Job Competencies
	Very unimportant, Unimportant, Neutral, Important, Very Important
	5-Point Scale



	Contribution of the Final School
	Very unhelpful, Unhelpful, Neutral, Somewhat helpful, Greatly helpful
	5-Point Scale
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Table 4. Perceptions of the importance of essential job competencies of employees.
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No.

	
Variable

	
N

	
2012

	
2017

	
Differences




	
Mean

	
SD

	
Order

	
Mean

	
SD

	
Order

	
Difference (Means)

	
Order






	
1

	
Understanding a Document

	
595

	
3.76

	
0.846

	
12

	
3.90

	
0.885

	
9

	
−0.139

	
2




	
2

	
Creating a Document

	
595

	
3.78

	
0.851

	
11

	
3.89

	
0.891

	
12

	
−0.108

	
4




	
3

	
Communication

	
595

	
4.00

	
0.739

	
3

	
4.07

	
0.796

	
4

	
−0.066

	
8




	
4

	
Customer Relationship Management

	
595

	
3.84

	
0.844

	
10

	
3.89

	
0.850

	
11

	
−0.050

	
10




	
5

	
Foreign Language Conversation

	
595

	
3.04

	
0.917

	
14

	
3.09

	
0.985

	
15

	
−0.054

	
9




	
6

	
Foreign Language Reading and Writing

	
595

	
3.10

	
0.920

	
13

	
3.12

	
1.001

	
14

	
−0.018

	
13




	
7

	
Math Problem Solving

	
595

	
3.03

	
0.945

	
15

	
3.18

	
1.027

	
13

	
−0.148

	
1




	
8

	
Computer Literacy

	
595

	
3.94

	
0.882

	
7

	
3.99

	
0.936

	
7

	
−0.044

	
11




	
9

	
Professional Knowledge

	
595

	
4.04

	
0.812

	
1

	
4.15

	
0.796

	
1

	
−0.108

	
3




	
10

	
Professional Practice Knowledge

	
595

	
4.02

	
0.834

	
2

	
4.12

	
0.779

	
2

	
−0.101

	
6




	
11

	
Ability to Cooperate

	
595

	
3.99

	
0.718

	
4

	
4.09

	
0.697

	
3

	
−0.101

	
7




	
12

	
Adaptability to Change

	
595

	
3.96

	
0.660

	
6

	
3.98

	
0.744

	
8

	
−0.018

	
14




	
13

	
Creative Problem-Solving

	
595

	
3.85

	
0.737

	
9

	
3.89

	
0.735

	
10

	
−0.044

	
12




	
14

	
Planned Lifestyle

	
595

	
3.93

	
0.695

	
8

	
4.04

	
0.689

	
5

	
−0.106

	
5




	
15

	
Self-Learning

	
595

	
3.98

	
0.655

	
5

	
3.99

	
0.697

	
6

	
−0.013

	
15
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Table 5. Paired t-test and Borich needs assessment of the essential job competencies needed by employees.
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Variables

	
N

	
Contribution of the Final School

	
Importance

	
Difference (Means)

	
t

	
Borich Needs

	
Order of Priority




	
M

	
S.D.

	
M

	
S.D.






	
Understanding a Document

	
595

	
3.78

	
0.766

	
3.90

	
0.885

	
−0.119

	
−3.646***

	
0.465

	
12




	
Creating a Document

	
595

	
3.75

	
0.787

	
3.89

	
0.891

	
−0.138

	
−4.233***

	
0.536

	
11




	
Communication

	
595

	
3.72

	
0.770

	
4.07

	
0.796

	
−0.346

	
−9.126***

	
1.408

	
1




	
Customer Relationship Management

	
595

	
3.61

	
0.816

	
3.89

	
0.850

	
−0.284

	
−7.356***

	
1.106

	
4




	
Foreign Language Conversation

	
595

	
3.18

	
0.898

	
3.09

	
0.985

	
0.089

	
2.535**

	
−0.276

	
13




	
Foreign Language Reading and Writing

	
595

	
3.21

	
0.912

	
3.12

	
1.001

	
0.092

	
2.946**

	
−0.288

	
14




	
Math Problem Solving

	
595

	
3.29

	
0.911

	
3.18

	
1.027

	
0.109

	
3.323**

	
−0.347

	
15




	
Computer Literacy

	
595

	
3.81

	
0.806

	
3.99

	
0.936

	
−0.173

	
−5.063***

	
0.690

	
9




	
Professional Knowledge

	
595

	
3.88

	
0.842

	
4.15

	
0.796

	
−0.262

	
−8.157***

	
1.087

	
5




	
Professional Practice Knowledge

	
595

	
3.84

	
0.847

	
4.12

	
0.779

	
−0.284

	
−8.651***

	
1.171

	
3




	
Ability to Cooperate

	
595

	
3.80

	
0.770

	
4.09

	
0.697

	
−0.291

	
−8.701***

	
1.190

	
2




	
Adaptability to Change

	
595

	
3.75

	
0.762

	
3.98

	
0.744

	
−0.227

	
−7.355***

	
0.903

	
6




	
Creative Problem-Solving

	
595

	
3.75

	
0.770

	
3.89

	
0.735

	
−0.145

	
−4.649***

	
0.563

	
10




	
Planned Lifestyle

	
595

	
3.83

	
0.725

	
4.04

	
0.689

	
−0.205

	
−6.890***

	
0.827

	
7




	
Self-Learning

	
595

	
3.79

	
0.714

	
3.99

	
0.697

	
−0.202

	
−6.925***

	
0.805

	
8








** p < 0.01, *** p < 0.001.
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Table 6. Paired t-test and Borich needs assessment of the perceptions of science graduates regarding essential job competencies.
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Variables

	
N

	
Contribution of the Final School

	
Importance

	
Difference (Means)

	
t

	
Borich Needs

	
Order of Priority




	
M

	
S.D.

	
M

	
S.D.






	
Understanding a Document

	
164

	
3.77

	
0.703

	
3.95

	
0.853

	
−0.171

	
−2.775**

	
0.674

	
9




	
Creating a Document

	
164

	
3.76

	
0.798

	
3.92

	
0.879

	
−0.159

	
−2.257*

	
0.622

	
10




	
Communication

	
164

	
3.77

	
0.748

	
4.09

	
0.786

	
−0.317

	
−4.184***

	
1.295

	
2




	
Customer Relationship Management

	
164

	
3.64

	
0.828

	
3.91

	
0.875

	
−0.274

	
−3.375***

	
1.074

	
4




	
Foreign Language Conversation

	
164

	
3.09

	
0.899

	
2.95

	
1.008

	
0.140

	
1.983**

	
−0.414

	
15




	
Foreign Language Reading and Writing

	
164

	
3.10

	
0.922

	
2.99

	
0.984

	
0.110

	
1.711

	
−0.328

	
14




	
Math Problem Solving

	
164

	
3.20

	
0.866

	
3.10

	
1.037

	
0.098

	
1.356

	
−0.303

	
13




	
Computer Literacy

	
164

	
3.75

	
0.802

	
3.88

	
0.971

	
−0.128

	
−1.675

	
0.497

	
11




	
Professional Knowledge

	
164

	
3.86

	
0.892

	
4.21

	
0.789

	
−0.354

	
−5.856***

	
1.490

	
1




	
Professional Practice Knowledge

	
164

	
3.85

	
0.853

	
4.16

	
0.754

	
−0.311

	
−5.106***

	
1.295

	
3




	
Ability to Cooperate

	
164

	
3.85

	
0.745

	
4.09

	
0.663

	
−0.238

	
−3.933***

	
0.973

	
7




	
Adaptability to Change

	
164

	
3.80

	
0.736

	
4.04

	
0.746

	
−0.244

	
−3.983***

	
0.986

	
6




	
Creative Problem-Solving

	
164

	
3.80

	
0.758

	
3.93

	
0.661

	
−0.122

	
−2.040*

	
0.479

	
12




	
Planned Lifestyle

	
164

	
3.87

	
0.696

	
4.12

	
0.659

	
−0.250

	
−4.860***

	
1.029

	
5




	
Self-Learning

	
164

	
3.82

	
0.734

	
4.04

	
0.695

	
−0.220

	
−4.169***

	
0.887

	
8








* p < 0.05, ** p < 0.01, *** p < 0.001.
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Table 7. Paired t-test and Borich needs assessment of the responses of engineering graduates to items regarding essential job competencies.






Table 7. Paired t-test and Borich needs assessment of the responses of engineering graduates to items regarding essential job competencies.





	
Variables

	
N

	
Contribution of the Final School

	
Importance

	
Difference (Means)

	
t

	
Borich Needs

	
Order of Priority




	
M

	
S.D.

	
M

	
S.D.






	
Understanding a Document

	
431

	
3.78

	
0.790

	
3.88

	
0.897

	
−0.100

	
−2.582**

	
0.387

	
12




	
Creating a Document

	
431

	
3.74

	
0.783

	
3.87

	
0.896

	
−0.130

	
−3.590***

	
0.503

	
11




	
Communication

	
431

	
3.70

	
0.778

	
4.06

	
0.801

	
−0.357

	
−8.164***

	
1.450

	
1




	
Customer Relationship Management

	
431

	
3.60

	
0.812

	
3.88

	
0.841

	
−0.288

	
−6.617***

	
1.117

	
4




	
Foreign Language Conversation

	
431

	
3.22

	
0.896

	
3.15

	
0.972

	
0.070

	
1.725*

	
−0.219

	
13




	
Foreign Language Reading and Writing

	
431

	
3.25

	
0.906

	
3.16

	
1.004

	
0.086

	
2.396**

	
−0.272

	
14




	
Math Problem Solving

	
431

	
3.32

	
0.927

	
3.20

	
1.023

	
0.114

	
3.137***

	
−0.364

	
15




	
Computer Literacy

	
431

	
3.84

	
0.808

	
4.03

	
0.920

	
−0.190

	
−5.115***

	
0.766

	
8




	
Professional Knowledge

	
431

	
3.89

	
0.823

	
4.12

	
0.798

	
−0.227

	
−6.005***

	
0.937

	
5




	
Professional Practice Knowledge

	
431

	
3.83

	
0.846

	
4.11

	
0.788

	
−0.274

	
−7.022***

	
1.124

	
3




	
Ability to Cooperate

	
431

	
3.78

	
0.779

	
4.10

	
0.711

	
−0.311

	
−7.775***

	
1.273

	
2




	
Adaptability to Change

	
431

	
3.73

	
0.772

	
3.95

	
0.743

	
−0.220

	
−6.176***

	
0.871

	
6




	
Creative Problem-Solving

	
431

	
3.73

	
0.774

	
3.88

	
0.762

	
−0.153

	
−4.204***

	
0.594

	
10




	
Planned Lifestyle

	
431

	
3.82

	
0.735

	
4.00

	
0.699

	
−0.188

	
−5.203***

	
0.753

	
9




	
Self-Learning

	
431

	
3.78

	
0.706

	
3.97

	
0.698

	
−0.195

	
−5.586***

	
0.774

	
7








* p < 0.05, ** p < 0.01, *** p < 0.001.
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