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 

Abstract—Efficient learning management is the learning that 

can reflect students' identities through creating work following 

desirable competencies. It can develop students by providing 

opportunities to practice thinking about, using, and applying 

knowledge to real-life situations under the learning 

management in the digital age. The objectives of this research 

were to study and analyze the factors of the Digital Knowledge 

Engineering Learning Model: DKELM discussed by the group 

of experts who are all teachers from the government 

educational institutions in Thailand covering all undergraduate 

programs. The research instrument was a five-point Likert 

scale questionnaire about DKELM factors for undergraduates. 

Data were collected from 1,126 questionnaires from the sample 

group of 1,126 experts. The researchers used IBM SPSS 

Statistics 14.0 for descriptive statistical analysis and LISREL 

8.72 for the second-order confirmatory factor analysis (CFA). 

Each aspect's content validity and reliability were .95 - .97, and 

each factor's content validity and reliability were .93 - .98. The 

research was employed by the Nakhon Si Thammarat Rajabhat 

University students, Nakhon Si Thammarat Province, Thailand, 

in 2019-2020. The discovery of the research was DKELM 

consisting of six knowledge-related processes gained from 18 

variables: 1) Creation, 2) Storing, 3) Acquisition, 4) Access, 5) 

Sharing, and 6) Application. The findings are important and 

valuable because they can improve DKELM to develop digital 

and logical thinking skills for undergraduates in Thai 

educational institutions in the following research phase. Also, 

they can be used as a model to manage the learning in the digital 

age to emphasize and reflect the identities of each student 

through practical experience. 

 
Index Terms—Digital knowledge engineering, confirmatory 

factor analysis, educational institutions. 

 

I. INTRODUCTION 

The educational management of Thailand in the digital age 

sticks to the main principle which states that every student 

has to gain knowledge and skills from their study. Students 

have to learn and develop themselves and thus, the digital 

literacy skills are integrated into the curriculum to develop 

the expected competencies [1]. The primary principal places 

importance on the students. Therefore, curriculum 

development and educational management have to support 

the students in developing competencies with their full 

potential [2], [3]. The students should be able to learn and 

seek new knowledge for self-development [4], [5]. Thai 

educational institutions specify the ways of digital learning 

by focusing on knowledge creation through "Digital 

Knowledge Engineering: DKE" to develop undergraduates' 
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knowledge and professional skills. With the importance of 

the DKE, the Higher Education Commission (HEC) 

announced guidelines for implementation under the Thai 

Qualifications Framework (TQF) for Higher Education. 

However, these educational plans and policies have changed 

as the learning management of educational institutions 

worldwide has been ultimately moving into the digital age, 

models and ways of learning management have to adapt to 

the situation. Learning management still focuses on how 

students can learn and search for knowledge through the 

internet, as it is the most significant knowledge source in 

digital learning. Students in the digital age need digital 

technology like the DKE for work in the future [6]. They 

have to use digital skills to study and work together with 

learning in the age of open-mindedness [7], [8]. From the 

concepts mentioned above, the curriculum design and 

development, including learning and teaching management, 

have to develop to find new knowledge which can help the 

students to create, publicize, spread, and exchange the 

knowledge with teachers and experts in terms of the DKE [9], 

[10]. Thus, the first objective of this research was to study 

and analyze the practicality/utility of DKELM for 

undergraduates in Thai educational institutions. The second 

was to create a model focusing on the learning management 

to reflect the identities of each student through appropriate 

practice in line with the learning in the digital age.  

From the literature review, the previous studies [10], [11] 

supported this research on the factor details and DKELM 

consisting of the similar six knowledge-related processes but 

different on the list of observed variables. This research 

brought the observed variables to consider and confirm. The 

DKE's factors were arranged based on the statistical principle 

from the documents and the research, but the methodology 

and statistics were also used to conduct the research. First, 

documents, literature, and related research were studied and 

reviewed. Next, the undergraduates' DKE model factors were 

created. Then they were considered and confirmed by the 

experts i.e. teachers from government educational 

institutions. The researchers analyzed the results using the 

DKE model's confirmatory factor analysis (CFA). This step 

was for considering, confirming, and arranging factors of six 

knowledge-related processes of the DKE according to the 

research and statistical principles. It was also for developing 

the new and concrete knowledge for the research and 

obtaining six knowledge-related processes of the DKELM. 

Compared to the previous studies [12], [13], another essential 

and different issue for this research is the methodology. The 

CFA was used in this research to create the DKELM for Thai 

educational institutions [14], [15]. The CFA is regarded as a 

high technical level and helps this research to be outstanding 
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in creating new knowledge. Focusing on this research's main 

objectives, which were to study and analyze the factors of the 

DKELM, the research findings are beneficial for Thai 

educational institutions. They can be used as the model of 

learning management in educational institutions in the Thai 

context. They also help to properly and objectively reflect the 

knowledge and potential of the learners through the practice 

in the digital age. 

 

II. LITERATURE REVIEW 

The learning of DKE is the way to help the students to 

create, publicize and exchange their knowledge with the 

teachers and experts through digital technology [16]-[18]. 

The DKE is the learning management tool to create new 

knowledge. It is easy to use in learning management and 

practice. It works by imitating human behaviors and 

emphasizing the conceptual model or human knowledge in 

finding solutions, making decisions, and learning from 

knowledge management [19], [20]. The DKE uses 

techniques or tools to do knowledge management like the 

digital technology and information system to manage 

knowledge and the system of the digital intellectual 

repository. Applying the DKE process to knowledge 

management helps teachers and learners to reach knowledge 

quickly and efficiently through the internet everywhere and 

every time [21].  

The DKE is the new information and communication 

technology model: ICT learning and teaching. It encourages 

students to study by exchanging their experiences and 

knowledge through digital technology. The details or 

definition of knowledge management provided by the experts 

can be summarized as follows: the learning of DKE is the 

way to create and seek the knowledge together with the 

learning process of learning by doing [22]-[24]. From the 

synthesis of the documents and related studies [16]-[18], the 

researchers concluded that there are six knowledge-related 

processes of the DKE learning factors:  

Creation: The process to create the knowledge provided 

by the teachers on the issues that students are studying. It is 

also the process of learners' participation in creating the 

knowledge, which will be turned into new knowledge after 

the DKE learning process [16], [17], [22], [23]. 

Storage: The storage process sustains, improves, and 

examines knowledge on the issues students are studying 

using digital technology database management systems 

[16]-[18], [22]-[24]. 

Acquisition: The process to seek and retrieve the 

knowledge on the issues that students are studying. The 

teachers create situations; define problems or situations for 

the students through digital technology [17], [18], [23], [24]. 

Access: The process of studying the details of the contents 

on the issues that students are studying. The teachers observe 

the learning behaviors through digital technology [16], [17], 

[22]-[24]. 

Sharing: The process to transfer and exchange knowledge 

on the issues that students are studying. The teachers give 

advice and suggestions on the issues that students question 

and express their opinions through digital technology 

[16]-[18], [22]-[24].   

Application: The process of examining knowledge on the 

issues students are studying to evaluate the learning 

outcomes. It tests the students' ability to apply the knowledge 

created from the process 1-5 to problem-solving skills and 

practice [16]-[18], [22]-[24]. 

However, if new knowledge is created after the DKEL 

process, that new knowledge can be brought back to recreate 

in process 1. 

Based on the literature review of the prior study [25], 

showed the concrete application of digital learning in 

engineering through the DKE learning processes. The first 

process to acquire knowledge is building Creation for 

students using modern digital technology. Next, is Storing by 

using a database management system. Digital technology will 

be used to build Acquisition for students to build their 

character in solving problems or situations in engineering. 

The students will use Access for their learning in different 

situations from different sources; for example, when they 

have problems in engineering, they can search to find the 

solutions on the internet and learn from online media like 

Youtube. The students will learn from online media to find 

the solutions. When their classmates or co-workers have 

similar problems, the students can share their knowledge and 

help to solve those problems together. Sharing will happen 

automatically among the students on the interpersonal level. 

It is how students use Transfer and Sharing to solve problems. 

Teachers have duties to give advice and suggestions to find 

the solutions until the students can clear their doubts. 

Moreover, students and teachers join together to give 

opinions and share knowledge through digital technology in 

the form of brief video clips. They also join to evaluate 

learning outcomes and summarize whether the knowledge 

gained from the application of the DKE learning to 

engineering work can be used to solve problems or not. It is 

in keeping with the prior study [26] that stated the model 

starts with Creation that will be turned into personal skills. 

Knowledge will be stored systematically using a database 

system (Storing). Individuals need to build Acquisition 

through situations or problem specifications. Then the 

teachers and students join to do the process of Access to find 

the solutions. It is vital to focus on building the Access of 

individuals and turn them into learning behavior. Improving 

Access skills through digital technology should be 

emphasized. After that, the students and teachers join to share 

and exchange knowledge until the students obtain Sharing 

Skill. Also, learning outcomes must be evaluated by both 

students and teachers. The DKE learning focuses on using 

digital technology in all processes mentioned previously. The 

above shows an adequate explanation of the DKELM and is 

helpful for its application in engineering work. The literature 

review mentioned above is adequate to describe the 

application of the DKELM covering a wide area. It shows 

that the DKELM has become the digital learning 

environment that emphasizes students' knowledge creation in 

engineering. It agrees with the prior research [27] that stated 

the DKELM is the digital learning environment focusing on 

students' knowledge creation through the following 

processes: Creation; Storing; Acquisition; Access; Sharing; 

and Testing on issues the students are studying. 
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III. METHOD 

The flow chart below shows the methodology of this 

research. 
 

 
 

Fig. 1. The flow chart of the research methodology. 

 

The details for each step were as follows: 

A. Review Stage: The Study of DKELM Factors for 

Undergraduates 

Source: Sources were from documents related to the 

DKELM for undergraduates under the conceptual framework 

of the DKELM factors during 2015-2019 [16]-[18]. The 

researchers acquired three conclusions from the documents, 

using the keyword "the digital knowledge engineering 

learning model for undergraduates." The researchers selected 

the contents and essential factors at least two out of three 

according to the concepts of searching, refining, and 

selecting the contents of the information to find the DKELM 

details for undergraduates [28], [29].  

Research Instrument: The research instrument was the 

qualitative record form, and the steps of creating and 

checking the quality of the qualitative record form were as 

follows. First, the DKELM factors for undergraduates 

consisting of six knowledge-related processes were used as 

the conceptual framework (as mentioned above). Second, the 

documents and related research were studied and analyzed to 

find the details of the DKELM factors for undergraduates. 

These details were used as the guideline to create the 

qualitative record form. The delimitation and the issues of 

document analysis were defined. After that, the qualitative 

record form was created and presented to the first group of 

experts. This group was composed of 5 experts to consider, 

improve and approve the qualitative record form.   

Data Collection: First, the researchers studied the 

DKELM. Then the 18 variables of the DKELM for 

undergraduates were presented to the same five experts to 

check the validity. 

Data Analysis: The researchers analyzed the data obtained 

from the qualitative record using qualitative content analysis 

and descriptive analysis [17], [18]. The researchers made a 

table to check the frequency of the concepts relating to the 

DKELM details for undergraduates from all concepts studied 

in this research and checked the data's frequency. To consider 

and define the draft DKELM factors for undergraduates, the 

researchers evaluated the result analysis and synthesis by 

using the criterion in selecting the frequency at 50% [30], 

[31]. After that, the draft DKELM factors for undergraduates 

were used in the following research phase. 

B. Using Focus Group Discussion to Consider the 

DKELM Factors for Undergraduates 

Source: The source was a group of nine experts from 

government and private educational institutions. Purposive 

sampling was employed to select these nine experts in 

compliance with the problems and research objectives. The 

researchers needed experts who had expertise and knowledge 

in developing the DKELM for undergraduates with at least 

ten years of experience. Therefore, the random sampling was 

not suitable. These nine experts were the key informants for 

both parts of the research.    

Research instrument: This research method was divided 

into parts 1 and 2; thus, the researchers created the research 

instrument for each part to validate the data collection and 

ensure its quality. The instrument used for both parts was the 

questionnaires to consider and confirm the details of the 

DKELM factors for undergraduates. Two different 

questionnaires were checked the content validity by the same 

five experts. However, the different details of creating the 

research instrument in each part were as follows: 

Part 1: The researchers used close-ended questions 

consisting of 18 items with two choices for each (Yes, No). 

The questions included the list of DKELM for 

undergraduates covering six knowledge-related processes 

and 18 observed variables gained from the study of DKELM 

concepts in topic 3.1 (as mentioned above). The researchers 

used close-ended questions before the focus group discussion 

to collect the data. Five experts considered and confirmed 

that 18 observed variables were or were not the factors of 

DKELM.   

Part 2: The researchers used open-ended questions 

relating to the list of the DKELM for undergraduates 

covering six knowledge-related processes and 18 observed 

variables confirmed from Part 1. The researchers used 

open-ended questions to collect the data during the focus 

group discussion. 

Data collection: There were two parts of data collection: 

Part 1: The research instrument was sent in advance to the 

second group of experts consisting of nine experts to ask for 

their opinion on considering and confirming the DKELM 

factor details for undergraduates. There were nine copies sent 

back from nine experts, 100% of the group of experts.   

Part 2: The researchers analyzed the consideration results 

gained from the experts' opinions from part 1 to confirm the 

DKELM factor details for undergraduates. Then the 

confirmatory results were presented to the focus group 

discussion to acquire the essential variables of the factors. In 

the focus group discussion, the same nine experts also 

approved the DKELM factor details for undergraduates. 

4) Data analysis: There were two parts as follows: 

Part 1: The statistics used for data analysis were IBM 

SPSS 14.0 to find the frequency and percentage. The 

criterion used to approve the consideration and confirm the 

DKELM factor details for undergraduates was the experts' 

opinions with the answer "Yes" at least 50% [1]. 

Using CFA of the DKELM for undergraduates 

Studying the DKELM factors for undergraduates 

Organizing focus group discussion to consider and confirm the 

DKELM factors for undergraduates 

Gaining the DKELM 

Stop 

Start 
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Part 2: In this part, the focus group discussion of experts 

was held to consider and confirm the DKELM factor details 

for undergraduates from 18 observed variables. The 

open-ended questions were employed in the focus group 

discussion, and the experts met to consider, confirm, and 

rank all variables. With a unanimous resolution, the experts 

approved the DKELM factor details for undergraduates. The 

researchers analyzed the data (the experts' opinions) using 

typology and taxonomy techniques. The list of 18 variables 

approved by the unanimous resolution of the experts was the 

DKELM factor details for undergraduates. The statistics used 

for data analysis were IBM SPSS 14.0 to find the frequency 

and percentage. 

C. Confirmatory Factor Analysis (CFA) of the DKELM 

for Undergraduates 

Population: The population of this research consisted of 

2,929 experts who are the teachers with expertise in 

information technology, computer technology, computer 

education, computer science, and computer engineering from 

government educational institutions across Thailand [1]. 

Sample: The sample group of this research consisted of 

1,126 experts. For sample size determination, the researchers 

on the number of factors the researcher want to analyze. The 

proportion of the sample group must be at least ten units for 

one variable, and the size of the sample group needs at least 

100 participants [1], [32]. This research had 18 observed 

variables; therefore, the minimum sample size should not 

consist of less than 180 people. However, for the correctness 

and accuracy under the statistical principle, the researchers 

used multi-stage sampling to determine the details of the 

sample group of 1,126 people. This step followed all 

conditions for sample size determination mentioned above. 

Research instrument: The researchers used the 

questionnaire to ask the opinion about the DKELM factors 

for undergraduates in Thai educational institutions. A list of 

questions used in this research was created from 18 observed 

variables (Table I). It was a five-point Likert scale 

questionnaire. 

5 = Want to have skills in those variables at a very 

high level. 

4 = Want to have skills in those variables at a high 

level. 

3 = Want to have skills in those variables at  

a moderate level. 

2 = Want to have skills in those variables at a low 

level. 

1 = Want to have skills in those variables at a very 

low level. 

The content validity and the reliability for the scale of the 

research instrument were .95 - .97. The content validity and 

the reliability for factors were .93 - .98. Second-order CFA 

was used for data analysis. The researchers tried out the 

instrument with 72 experts who were not in the third group of 

experts to test the reliability. However, these 72 experts have 

expertise in information technology, and computer (as 

mentioned above). 

Data collection: The researchers sent a letter of permission 

and an online questionnaire QR code to the sample group for 

data collection. The experts scanned the QR code to answer 

the questionnaire. There were 1,126 responses sent back 

from the sample group. 

Data analysis: The researchers used descriptive statistical 

analysis using IBM SPSS Statistics 14.0. For the 

second-order CFA, LISREL 8.72 was used to analyze the 

factors that the researchers created the measurement model 

from the literature review previously mentioned. After 

knowing the amount of the DKELM factors for 

undergraduates and the experts' approval and confirmation of 

the 18 observed variables, it needed to use statistical methods 

to prove the correctness of the measurement model. At 

present, the CFA is very popular because of its high level of 

construct validity. Moreover, it can be used to correctly 

create new knowledge for the research. 

 

IV. FINDINGS 

A. The Study Results of DKELM Factors for 

Undergraduates 

This part showed the findings from studying the 

documents relating to the DKELM for undergraduates under 

the conceptual framework of the DKELM factors and from 

organizing the experts' focus group discussion to consider the 

DKELM factors for undergraduates. The research found that 

the DKELM factor details consisted of six knowledge-related 

processes, as shown in Fig. 2, and Table I which showed 18 

observed variables with their research symbols. 
 

 
Fig. 2. The DKELM processes for the Undergraduates of Thai educational 

institutions. 

Remark: Fig. 2 is the input from the group of nine experts.  

 

The results of the DKELM factors obtained from the study 

of related documents and the experts' consideration and 

analysis during the focus group discussion were brought to 

develop the second-order confirmatory model diagram of the 

DKELM essential for undergraduates in Thai educational 

institutions, as shown in Fig. 3. 

From Fig. 3, the analysis results of the second-order CFA 

show that the model matches the empirical data of the 

essential DKELM for undergraduates in Thai educational 

institutions. Moreover, all goodness-of-fit statistics meet the 

standards. 
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TABLE I: THE FACTOR DETAILS, THE OBSERVED VARIABLES, AND THE SYMBOLS OF THE DKELM FOR UNDERGRADUATES 

DKELM for undergraduates 

Factor Symbol Observed variables Symbol 

1) Creation  A 1) After the end of the learning process through digital technology, students can use computers or 

    application programs effectively and correctly to create knowledge themselves. 

A1 

  2) After the end of the learning process through digital technology, students can use computers or 

    application programs effectively and correctly to create knowledge themselves by experimenting. 

A2 

  3) After the end of the learning process through digital technology, students can use computers or 

    application programs effectively and correctly to create knowledge themselves and solve problems by 

    building new knowledge. 

A3 

2) Storage  B 1) After the end of the learning process through digital technology, students can use computers 

    effectively and correctly to store knowledge with application programs for building new knowledge.    

B1 

  2) After the end of the learning process through digital technology, students can use computers 

    effectively and correctly to keep the information or recorded knowledge for building new knowledge. 

B2 

  3) After the end of the learning process through digital technology, students can use computers or 

    application programs effectively and correctly to improve or examine new knowledge. 

B3 

3) Acquisition  C 1) Students can use computers or application programs effectively and correctly to find knowledge on 

    the issues they are studying after teachers create situations and define problems or situations to 

    students through digital technology.   

C1 

  2) Students can use computers or application programs effectively and correctly to browse the 

    knowledge on the issues they are studying after teachers create situations and define problems or 

    situations to the students through digital technology. 

C2 

  3) Students can use computers or application programs effectively and correctly to apply the knowledge 

    on the issues they are studying to real-life situations after teachers create situations and define 

    problems or situations for the students through digital technology. 

C3 

4) Access  D 1) With the teacher's observation through digital technology, students can use computers or application 

     programs effectively and correctly to access the knowledge on the issues they are studying.    

D1 

  2) With teacher's observation through digital technology, students can use computers or application 

     programs effectively and correctly to access accurate and up-to-date knowledge by studying the 

     content details relating to the issues they are studying. 

D2 

  3) With teacher's observation through digital technology, students can use computers or application 

     programs effectively and correctly to access the accurate and up-to-date knowledge from different 

     sources on the internet for studying the content details relating to the issues they are studying. 

D3 

5) Sharing  E 1) With the teacher's observation through digital technology, students can use computers or application 

     programs effectively and correctly to share knowledge through the online channels or online media 

     for presenting the content details relating to the issues they are studying. 

E1 

  2) With teacher's observation through digital technology, students can use computers or application 

     programs effectively and correctly to discuss and exchange knowledge through the online channels 

     or online media for presenting the content details relating to the issues they are studying. 

E2 

  3) With the teacher's observation through digital technology, students can use computers or application 

     programs effectively and correctly to advise exchanging knowledge through the online channels or 

     online media for presenting the content details relating to the issues they are studying. 

E3 

6) Application  F 1) With the teacher's observation through digital technology, students can use computers or application 

     programs effectively and correctly to examine knowledge about the issues they are studying and 

     present the content. 

F1 

  2) With the teacher's observation through digital technology, students can use computers or application 

     programs effectively and correctly to evaluate learning outcomes of themselves and others in the 

     issues they are studying and present the content details relating to the issues they are studying. 

F2 

  3) Students can apply the knowledge created from the DKEL processes to solve problems and work 

    effectively and correctly in real situations. 

F3 

    

  Totals of Observed variables 18 

Remark: Table I is the input from the group of nine experts.    

 

The second-order CFA was used to confirm two issues as 

follows: 

Issue 1: It was to confirm that the 18 observed variables 

were subordinate to the primary factors of six 

knowledge-related processes in the DKELM for 

undergraduates in Thai educational institutions. 

Issue 2: It was to confirm that the primary factors 

mentioned above fit together to create the DKELM for 

undergraduates in Thai educational institutions. All results 

showed that all observed variables were subordinate to the 

primary factors. Also, the primary factors fit together to 

create the DKELM for undergraduates in Thai educational 

institutions according to the statistical methods. 

 

B. Results of the CFA of the DKELM for Undergraduates 

1) Goodness of fit statistics of the factor model and the 

empirical data are shown in Table II 

 

  

 

 

  

 

 

 

     

     

     

     

     

     

TABLE II: GOODNESS OF FIT STATISTICS OF THE FACTOR MODEL AND THE 

EMPIRICAL DATA

Goodness

of fit index

Standard 

[1]

Value Result of 

Consideration

Conclusion

2-test p>0.05 0.65 Passed Good

2/df <2 0.94 Passed Good

GFI ≥0.95 1.00 Passed Good

AGFI ≥0.95 0.99 Passed Good

NFI ≥ 0.95 1.00 Passed Good

CFI ≥ 0.95 1.00 Passed Good
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Chi-Square=60.47, df=65, P-value=0.65, RMSEA=0.00 

Fig. 3. The model diagram of the second-order confirmatory factor of the 

DKELM for the Undergraduates in Thai educational institutions. 

Remark: Fig. 3 is the input from the research sample group consisting of 

1,126 experts. 

 

Table II shows that all goodness of fit statistics of the 

factor model and the empirical data meet the standards by 

considering 2-test which is statistically non-significant, 

2/df = 0.94, GFI = 1.00, AGFI = 0.99, NFI = 1.00, CFI = 

1.00, RMSEA = 0.00, SRMR = 0.01 and RMR = 0.01. It also 

shows that the model from Fig. 3 matches the empirical data 

of the essential DKELM for undergraduates in Thai 

educational institutions at a good level. Then six 

knowledge-related processes of the DKELM for 

undergraduates in Thai educational institutions are set 

priority in descending order. The second-order CFA results 

confirmed that the quantitative data collected from the 

sample group, and its details are shown in Table III and Fig. 

4. 

2) Factor loading, covariance, and priority of the 

DKELM factor for the undergraduates in Thai 

Educational Institutions 

 

TABLE III: GOODNESS OF FIT STATISTICS OF THE FACTOR MODEL AND THE 

EMPIRICAL DATA 
 

The Factors of the 

Learning Model 

Factor 

loading 

t R2 Priority 

of the 

Factor 

 b S. E.    

A 1.00 0.02 29.10* 0.97 1 

A1 0.98 0.01 30.23* 0.96  

A2 0.95 0.01 29.10* 0.97  

A3 0.90 0.01 29.11* 0.98  

B  0.97 0.02 30.16* 0.96 2 

B1 0.96 0.02 29.57* 0.97  

B2 0.93 0.03 29.71 0.85*  

B3 0.91 0.02 30.16 0.95  

C  0.96 0.03 28.02 0.91 3 

C1 0.97 0.03 28.02 0.85*  

C2 0.95 0.02 29.21 0.90  

C3 0.92 0.03 28.02 0.89*  

D  0.93 0.03 31.40 0.85* 4 

D1 0.98 0.03 30.40 0.87*  

D2 0.96 0.03 31.40 0.85*  

D3 0.94 0.03 29.14 0.83*  

E  0.91 0.03 34.41 0.88 5 

E1 0.99 0.03 34.41 0.98  

E2 0.96 0.02 34.43 0.87  

E3 0.93 0.03 33.75 0.86  

F  0.90 0.03 32.08 0.81 6 

F1 0.97 0.03 35.08* 0.84  

F2 0.96 0.02 32.15* 0.88  

F3 0.94 0.03 33.54 0.96  

* p < 0.01 

Remark: Table III is the input from the research sample group consisting of 

1,126 experts. 

 

 

 
(a) Parameter of factor loading (B) 

 
(b) Parameter of observed variable factor loading 

 
Start                                                                                   Stop 

(c) Priority of the DKELM factor process 

Fig. 4. The factor loading, parameter, and priority of DKELM factors for 

Undergraduates in Thai educational institutions. 

Remark: Fig. 4 is the input from the research sample group consisting of 

1,126 experts. 

 

 

Table III and Fig. 4 show the priority in descending order 

of the six knowledge-related processes of the DKELM for 

undergraduates in Thai educational institutions by using the 

results of the second-order CFA to confirm the quantitative 

data collected from the sample group. The details of the 

analysis results were as follows:  

First Process: Factor A- Creation A1 was the variable 

A B C D E F 

RMSEA ≤ 0.05 0.00 Passed Good

SRMR ≤ 0.05 0.01 Passed Good

RMR ≤ 0.05 0.01 Passed Good

Remark: Table II is the input from the research sample group consisting of 

1,126 experts.
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with the highest factor loading at 0.98, and the covariance of 

factor A- Creation was at 96%. A2 was the variable with the 

second-highest factor loading at 0.95, and the covariance of 

factor A- Creation was at 97%. A3 was the variable with the 

factor loading at 0.90, and the covariance of factor A- 

Creation was at 98%, respectively. 

Second Process: Factor B - Storage B1 was the variable 

with the highest factor loading at 0.96, and the covariance of 

factor B - Storage was at 97%. B2 was the variable with the 

second-highest factor loading at 0.93, and the covariance of 

factor B - Storage was at 85%. B3 was the variable with the 

factor loading at 0.91, and the covariance of factor B-Storage 

was at 95%, respectively.   

Third Process: Factor C- Acquisition C1 was the 

variable with the highest factor loading at 0.97, and the 

covariance of factor C- Acquisition was at 85%. C2 was the 

variable with the second-highest factor loading at 0.95, and 

the covariance of factor C- Acquisition was at 90%. C3 was 

the variable with the factor loading at 0.92, and the 

covariance of factor C- Acquisition was at 89%, respectively. 

Forth Process: Factor D- Access D1 was the variable 

with the highest factor loading at 0.98, and the covariance of 

factor D-Access was 87%. D2 was the variable with the 

second-highest factor loading at 0.96, and the covariance of 

factor D-Access was at 85%. D3 was the variable with the 

factor loading at 0.94, and the covariance of factor D-Access 

was at 83%, respectively.  

Fifth Process: Factor E- Sharing E1 was the variable 

with the highest factor loading at 0.99, and the covariance of 

factor E-Sharing was at 98%. E2 was the variable with the 

second-highest factor loading at 0.96, and the covariance of 

factor E-Sharing was 87%. E3 was the variable with the factor 

loading at 0.93, and the covariance of factor E- Sharing was 

at 86%, respectively.  

Sixth Process: Factor F- Application F1 was the variable 

with the highest factor loading at 0.97, and the covariance of 

factor F-Application was at 84%. F2 was the variable with the 

second-highest factor loading at 0.96, and the covariance of 

factor F-Application was 88%. F3 was the variable with the 

factor loading at 0.94, and the covariance of factor 

F-Application was at 96%, respectively. 

C. Factor Validity and Average Variance Extracted (AVE) 

of DKELM for the Undergraduates in Thai Educational 

Institutions 

 

TABLE IV: FACTOR VALIDITY AND AVERAGE VARIANCE EXTRACTED 

(AVE) OF DKELM FOR THE UNDERGRADUATES IN THAI EDUCATIONAL 

INSTITUTIONS 

Priority  

of the 

Factor 

Validity (c) AVE (v) 

Value Consideration 

Result 

Value Consideration 

Result 

A 0.90 High  

validity 

0.86 High  

explanation 

B 0.93 High  

validity 

0.88 High  

Explanation 

C 0.94 High  

validity 

0.90 High  

Explanation 

D 0.95 High  

validity 

0.94 High  

Explanation 

E 0.97 High  

validity 

0.97 High  

Explanation 

F 0.99 High  

validity 

0.98 High  

Explanation 

Validity (c) = Standard >0.60, AVE (v) = Standard >0.50 

Remark: Table IV is the input from the research sample group consisting of 

1,126 experts. 

 

Table IV and Fig. 5-6 show that six knowledge-related 

processes of the essential DKELM factors for undergraduates 

in Thai educational institutions have high validity (more 

than .60), which are in keeping with the concepts presented 

by [32] and [1]. The model's factors have high validity when 

considering the factor loading and the common factor of the 

observed variables from each factor's measurement of latent 

variables. The primary factors can also be used to explain the 

high variance of the variables in the factor (more than .50), 

which is relevant to the concepts presented by [32] and [1]. 

Thus the six knowledge-related processes can be considered 

appropriate for the DKELM for undergraduates in Thai 

educational institutions. 
 

 
Remark: Validity (c) = Standard >0.60, AVE (v) = Standard >0.50 

Fig. 5. The Factor validity and average variance extracted (AVE) of DKELM 

for the Undergraduates of Thai educational institutions. 

Remark: Fig. 5 is the input from the research sample group consisting of 

1,126 experts. 

 

 
Fig. 6. The priority of the DKELM model for the undergraduates of Thai 

educational institutions. 

Remark: Fig. 6 is the input from the research sample group consisting of 

1,126 experts. 

 

V. DISCUSSION 

From the findings, there are two main issues to discuss as 

follows: 

First issue: The study and analysis results of the DKELM 

factors were acquired by the experts' focus group discussion 

and the second-order CFA of the DKELM. It showed that 18 
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observed variables were the subordinates of the primary 

factors of six knowledge-related processes. The model 

matched the empirical data because all observed variables 

and the factors brought to analysis were acquired from the 

related documents and research [33], [34] and discussed in 

the experts' focus group discussion to consider and confirm 

[35]. This matching influenced all goodness of fit statistics to 

pass a criterion. It showed that the DKELM was practical in 

the context of Thai educational institutions based on the 

expert's point of view. The six-knowledge processes and all 

observed variables can be used as the DKELM for 

undergraduates in Thai educational institutions through 

curriculum development.  Creating the curriculum using the 

DKELM will result in the most effective learning for 

21st-century learners. Also, it can prepare workforce 

development to meet an economic model: Thailand 4.0. The 

findings met with the concepts [36], [37] which presented 

that the essential digital competencies are fundamental to the 

learners in creating or continuing knowledge to become the 

DKE. The DKE includes knowledge and skills to cover the 

fundamental factors under the context and needs of the 

learners. Furthermore, the findings are similar to the prior 

studies [36], [37] on the concepts, knowledge, and digital 

skills using the DKE processes to emphasize learners' 

abilities to create, publicize, expand, and exchange 

knowledge with teachers and experts through digital 

technology. The DKE processes start with defining real 

problems and causes. Then data are collected and analyzed. 

The possible causes are evaluated, the solutions are set up, 

and the processes are checked and evaluated. These 

processes are similar to the prior studies [4], [38]-[40] that 

analyzed to find the real reasons for the success and failure in 

seeking knowledge on digital media. 

Second issue: The results of the second-order CFA of the 

DKELM were acquired from 18 observed variables and 

confirmed by 1,126 experts. They were relevant to the 

conditions of sample size determination according to the 

concepts [1], [31], [32], [40] presented the primary factors of 

the DKELM: Creation, Storage, Acquisition, Access, 

Sharing, and Application. For the maximum benefit to 

teachers and educational institutions, the primary factors of 

all DKELM processes must be integrated into the teaching 

and learning processes to improve undergraduates to become 

learners with knowledge creation skills in the context of the 

21st-century learners. Furthermore, this is to improve 

undergraduates' ability to apply knowledge to real situations 

in professional practice and in accessing information literacy 

information. 

 

VI. CONTRIBUTION TO KNOWLEDGE 

Efficient learning management in the age of digital 

learning focuses on the learners' development with 

21st-century skills. Learning management places importance 

on the following knowledge-related processes for acquiring 

the personal skills: Creation, Storage, Acquisition, Access, 

Sharing, and Application. These skills are used to test the 

knowledge of the issues the learners are studying. There is no 

difference in the human learning process no matter what 

contexts the learners are from Thailand, other foreign 

countries, or different racial groups and cultures. It can say 

that the DKELM for undergraduates with six 

knowledge-related processes previously mentioned can be 

applied to use as the procedure for the learners' development 

based on all contexts. The contents of the knowledge can be 

adjustable based on different contexts. Although this 

research studied in Thai Educational Institutions to get the 

DKELM for undergraduates, the researchers strongly 

believed that the DKELM could be applied to the national 

policy due to its validity in acquiring this model. Research 

methodology and advanced statistical principles were used to 

test the validity of the learning model to confirm that this 

model has construct validity. The mentioned DKELM is a 

new model developed from the research "Confirmatory 

Factor Analysis of the Essential Digital Competencies for 

Undergraduate Students in Thai Higher Education 

Institutions" [1], which has been widely required and applied 

in Thai Educational Institutions since 2019. The model has 

been put in the curriculum development process, learning and 

teaching. It indicates that essential digital competency is the 

first process to acquiring the mentioned learning model 

because it focuses on the essential procedure for developing 

the learners' 21st-century skills. Thus, it indicates that this 

learning model can be applied to all curricula no matter 

whether in Thailand or in foreign countries with different 

contexts of learning cultures. This model consists of six 

standard knowledge-related processes starting from Creation 

to the ability of Storage, followed by Acquisition which leads 

to Access and Sharing, and ends with Application to examine 

knowledge that the learners are studying. All six 

knowledge-related processes lead to acquiring the "skills" in 

keeping with the learning model. From the benefits 

mentioned above, this model can be brought to set the policy 

of learning and teaching strategies in Higher Education 

Institutions.  

Furthermore, it can be used to focus on the learning 

development of the learners based on the appropriate and 

practical learning in the digital age. The presence of new 

ideas is another way of practical learning that reflects the 

learners' identities through work creation according to 

desirable competencies. This can develop students by 

providing opportunities to practice thinking about, using, and 

applying knowledge to real situations under the learning 

management in the digital age. DKELM model was 

developed from the list of 18 observed variables, which were 

analyzed using the second-order CFA. 

The model from Fig. 3 matches the empirical data and can 

be used to create the DKELM for undergraduates in keeping 

with the empirical data. 

The factors of validity and average variance extracted 

(AVE) of this model which can be used to create the DKELM 

for undergraduates of Thai educational institutions. 

 

VII. CONCLUSION AND SUGGESTION 

The DKELM model developed for undergraduates in Thai 

educational institutions was designed to align with the 

empirical data. The DKELM factors for undergraduates 

consist of six knowledge-related processes from 18 observed 

variables. Each process includes 1. Creation, 2. Storage, 3. 
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Acquisition, 4. Access, 5. Sharing, and 6. Application. These 

processes are suitable for the context of undergraduates in 

Thai educational institutions in the age of learning 

management in the digital world for the following reasons. 

The learning and teaching in the digital age focus on bringing 

existing knowledge and competency to be applied creatively 

to develop the different types of innovation in the 

professional world. The innovation has to meet the needs of 

the society by using the DKELM, which is necessary for 

seeking and creating knowledge. Therefore, the educational 

institutions must encourage students to have those 

competencies instead of using the information technology 

pointlessly and using it with no information literacy. 

Moreover, they should simultaneously focus on creating the 

DKE and professional learning for the learners. 

CONFLICT OF INTEREST 

The authors declare no conflict of interest. 

AUTHOR CONTRIBUTIONS 

Thamasan Suwanroj conducted the research, analyzed the 

data, and wrote the paper; Orawan Saeung the research 

consulting; all authors had approved the final version. 

REFERENCES 

[1] T. Suwanroj, P. Leekitchwatana, and P. Pimdee, “Confirmatory factor 

analysis of the essential digital competencies for undergraduate 

students in Thai higher education institutions,” Journal of Technology 

and Science Education, vol. 9, no. 3, pp. 340-356, 2019.  

[2] G. Asiksoy and S. Canbolat, “The effects of the gamified flipped 

classroom method on petroleum engineering students’ pre-class online 

behavioural engagement and achievement,” International Journal of 

Engineering Pedagogy, vol. 11, no. 5, pp. 19–36, Oct. 2021.  

[3] C. Romero-García, O. Buzón-García, and J. Touron, “The flipped 

learning model in online education for secondary teachers,” Journal of 

Technology and Science Education, vol. 9, no. 2, pp. 109-121, 2018.  

[4] A. Rahman, M. Usman and A. S. Ahmar, “The development of android 

and web-based logical thinking measurement tools as an alternative 

solution for research instruments,” Journal of Physics: Conference 

Series, vol. 1028, no. 1, pp. 1-7, 2018. 

[5] N. M. Saim, N. A. M. Noor, R. Alias, and S. H. Rosli, “Evaluation of 

programme outcomes under the psychomotor and affective domain for 

diploma civil engineering students through industrial training: A 

statistical study from employers’ perspective in Malaysia,” 

International Journal of Engineering Pedagogy, vol. 11, no. 5, pp. 

70–86, Oct. 2021.  

[6] S. Bakhyt, B. Kalimbetov, B. and Z. Khabibullayev, “Possibilities of 

mathematical problems in logical thinking,” Development of 

Secondary Education Pupils. Opción, vol. 34, no. 2, pp. 441-457, 2018. 

[7] M. Aminah, Y. S. Kusumah, D. Suryadi, and U. Sumarmo, “The effect 

of meta cognitive teaching and mathematical prior knowledge on 

mathematical logical thinking ability and self-regulated learning,” 

International Journal of Instruction, vol. 11, no. 3, pp. 45-62, 2018.  

[8] A. Sapto and F. A. Fathonib, “The effectiveness and efficiency of 

blended learning at sport schools in Indonesia,” The International 

Journal of Innovation, Creativity and Change, vol. 11, no. 12, pp. 

675-687, 2020. 

[9] R. Studer, V. R. Benjamins, and D. Fensel, “Knowledge engineering: 

Principles and methods,” Data & Knowledge engineering, vol. 25, no. 

2, pp. 161- 197, 1998.  

[10] T. Thanachawengsakul, W. Panita, and N. Prachyanun, “Digital 

knowledge engineeringbased learning environment for developing 

software engineering technical skills,” Journal of Industrial Education, 

vol. 17, no. 3, pp. 230-237, 2018.  

[11] D. H. Pham and A. C. Le, “Learning multiple layers of knowledge 

representation for aspect based sentiment analysis,” Data & Knowledge 

Engineering, vol. 114, pp. 26-39, 2018.  

[12] K. Changwong, A. Sukkamart, and B. Sisan, “Critical thinking skill 

development: Analysis of a new learning management model for Thai 

high schools,” Journal of International Studies, vol. 11, no. 2, pp.37-48, 

2018. 

[13] A. Setiawan, A. Malik, A. Suhandi, and A. Permanasari, “Effect of 

higher order thinkinglaboratory on the improvement of critical and 

creative thinking skills,” IOP Conference Series: Materials Science 

and Engineering, vol. 306, no. 1, pp. 1-7, 2018.  

[14] C. L. Yang, and C. H. Chen, “Effectiveness of aerobic gymnastic 

exercise on stress, fatigue, and sleep quality during postpartum: a pilot 

randomized controlled trial,” International Journal of Nursing Studies, 

vol. 77, no. 5. pp. 1-17, 2018.  

[15] D. Gormaz-Lobos, C. Galarce-Miranda, and H. Hortsch, “Online 

engineering pedagogy: A proposal for specialization of the teacher 

training in engineering,” International Journal of Engineering 

Pedagogy, vol. 11, no. 5, pp. 105–121, Oct. 2021. 

[16] D. E. Alvermann and R. K. Sanders, “Adolescent literacy in a digital 

world,” The International Encyclopedia of Media Literacy, vol. 16, no. 

5, 2019.  

[17] K. Nelson, M. Courier, and G. W. Joseph, “An investigation of digital 

literacy needs of students,” Journal of Information Systems Education, 

vol. 22, no. 2, 2019. 

[18] L. Rajabion, K. Wakil, A. Badfar, S. M. Naeini, and B. Zareie, “A new 

model for assessing the impact of ICT and digital knowledge on 

students’ thoughts and beliefs,” Journal of Engineering, Design and 

Technology, vol.17, no. 1, 2019. 

[19] D. Hislop, R. Bosua, and R. Helms, Knowledge Management in 

Organizations: A Critical Introduction, 4th ed. Oxford University Press, 

2018. 

[20] C. Maynard, J. Garcia, A. Lucietto, W. Hutzel, and B. A. Newell, 

“Experiential learning in the energy based classroom,” International 

Journal of Engineering Pedagogy, vol. 11, no. 6, pp. 4–26, Dec. 2021.  

[21] R. D. Frost, V. Matta, and E. MacIvor, “Assessing the efficacy of 

incorporating game dynamics in a learning management system,” 

Journal of Information Systems Education, vol. 26, no. 1, pp. 59-70, 

2019.  

[22] H. Le, J. Janssen, and T. Wubbels, “Collaborative learning practices: 

Teacher and student perceived obstacles to effective student 

collaboration,” Cambridge Journal of Education, vol. 48, no. 1, 

pp.103-122, 2018. 

[23] L. Darling-Hammond, L. Flook, C. Cook-Harvey, B. Barron, and D. 

Osher, “Implications for educational practice of the science of learning 

and development,” Applied Developmental Science, vol. 24, no. 2, 

pp.97-140, 2019.  

[24] L. Patel, “Fugitive practices: Learning in a settler colony,” Educational 

Studies, vol. 55, no. 3, pp. 253-261, 2019. 

[25] N. Tvenge and K. Martinsen, “Integration of digital learning in industry 

4.0. Procedia man ufacturing,” vol. 23, pp. 261-266, 2018.  

[26] M. J. Sousa and Á. Rocha, “Digital learning: Developing skills for 

digital transformation of organizations,” Future Generation Computer 

Systems, vol. 91. pp. 327-334, 2019. 

[27] A. Kajamaa, K. Kumpulainen, and A. Rajala, “A digital learning 

environment mediating students’ funds of knowledge and knowledge 

creation,” Studia Paedagogica, vol. 23, no. 4, pp. 49-66, 2018.  

[28] J. Kuriakose and S. D. Tunuguntla, Qualitative Research, 3th ed. 

Oxford University Press, 2018.   

[29] L. Qi, Q. He, F. Chen, W. Dou, S. Wan, X. Zhang, and X. Xu, “Finding 

all you need: Web APIs recommendation in web of things through 

keywords search,” IEEE Transactions on Computational Social 

Systems, vol. 6, no. 5, pp. 1063-1072, 2019. 

[30] S. Al-Bulushi, B. M. Manjunatha, R. Bathgate, J. P. Rickard, and S. P. 

Graaf, “Effect of semen collection frequency on the semen 

characteristics of dromedary camels,” Animal Reproduction Science, 

vol. 197, pp. 145-153, 2018. 

[31] H. Lin, Z. Yan, and Y. Fu, “Adaptive security-related data collection 

with context awareness,” Journal of Network and Computer 

Applications, vol. 126, pp. 88-103, 2019.  

[32] T. Z. Keith and M. R. Reynolds. (2018). Using confirmatory factor 

analysis to aid in understanding the constructs measured by intelligence 

tests. pp. 853–900. [Online]. Available: 

https://psycnet.apa.org/record/2018-36604-031 

[33] O. Nyumba, T. Wilson, K. Derrick, and N. Mukherjee, “The use of 

focus group discussion methodology: Insights from two decades of 

application in conservation,” Methods in Ecology and Evolution, vol. 9, 

no. 1, pp. 20-32, 2018.  

[34] V. Young, “Focus on focus groups,” College & Research Libraries 

News, vol. 54, no. 7, pp. 391-394, 2019.  

[35] L. E. Selman, L. J Brighton, S. Sinclair, I. Karvinen, R. Egan, P. Speck, 

and C. Puchalski, “Patients’ and caregivers’ needs, experiences, 

preferences and research priorities in spiritual care: A focus group 



  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

International Journal of Information and Education Technology, Vol. 12, No. 11, November 2022

1157

  

study across nine countries,” Palliative Medicine, vol. 32, no. 1, pp. 

216-230, 2018.  

[36] I. Rodríguez-de-Dios, J. M van Oosten, and J. J. Igartua, “A study of 

the relationship between parental mediation and adolescents’ digital 

skills, online risk s and online opportunities,” Computers in Human 

Behavior, vol. 82, pp. 186-198, 2018.  

[37] E. Laar, A. J. Deursen, J. A. Dijk, and J. Haan, “21st century digital 

skills instrument aimed at working professionals: Conceptual 

development and empirical validation,” Telematics and Informatics, 

vol. 35, no. 8, pp. 2184-2200, 2018. 

[38] F. Firman, Y. Karneli, and R. Hariko, “Improving students’ moral 

logical thinking and preventing violent acts through group counseling 

in senior high schools,” Advanced Science Letters, vol. 24, no. 1, pp. 

24-26, 2018.  

[39] S. G. Paris, Propositional Logical Thinking and Comprehension of 

Language Connectives: A Developmental Analysis, 4th ed. Pearson 

Press, 2019. 

[40] T. Suwanroj and S. Orawan, “New normal appropriate learning model: 

2NAL model during COVID-19 pandemic for undergraduates of Thai 

educational institutions,” Journal of Engineering Education 

Transformations, vol. 35, no. 4, pp. 31-41, 2022. 

 

Copyright © 2022 by the authors. This is an open access article distributed 

under the Creative Commons Attribution License which permits unrestricted 

use, distribution, and reproduction in any medium, provided the original 

work is properly cited (CC BY 4.0). 

 

 

Thamasan Suwanroj is the assistant professor in the 

Teacher Professional Group, Faculty of Industrial 

Technology, Nakhon Si Thammarat Rajabhat 

University, Thailand.  His primary interest has been in 

the area of computer education. 

 

 

Orawan Saeung is the assistant professor in the 

Teacher Professional Group, Faculty of Industrial 

Technology, Nakhon Si Thammarat Rajabhat 

University, Thailand. Her primary interest has been in 

the area of computer education. 

 

 

 

https://creativecommons.org/licenses/by/4.0/



