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This research aimed to develop a new industrial literacy model 4.0 in Higher 
Education. The research population consisted of 2,958 postgraduate students. Using a 
random sampling technique, the study obtained a sample of 312 postgraduate students. 
Survey data were analyzed for validity and reliability of the model, and later developed 
through confirmatory factor analysis (CFA) and exploratory factor analysis (EFA), 
using AMOS 25. The results of the model were trimmed by following the model 
development method to obtain goodness of fit (GOF). according to the criteria that 
enabled research generalizations to be carried out. The stages of the research were 
carried out by studying theory and literature, compiling research models, developing 
variable operational studies, data collection and processing, and reporting. The results 
of this study hinted at some best practices for developing literacy 4.0 in Higher 
Education in theory and measurement. The results showed that new industrial literacy 
4.0 in tertiary institutions was formed by data literacy, digital literacy, and human 
literacy along with its constituent indicators, which met the requirements of expert 
validation, statistical validity and reliability, and goodness of fit. Future researchers 
should use the analysis of the forming factors of literacy 4.0, modeling and developing 
them on a wider scale in tertiary institutions, to advance educational standards and 
meet the megatrend of future student education skills.  
 

Contribution/Originality: This study contributes to the integration of industrial literacy 4.0 into 21st century 

education in universities, regarding on how to design competence and measurement either theoretically or 

empirically. These findings strengthen the economic education model in tertiary institutions and create potential 

technology, data and humanism-based entrepreneurs. 

 

1. INTRODUCTION 

The Industrial Revolution 4.0 provides a new human direction as a study of the megatrends of this century, in 

economic, social, and cultural life (Duran & Sengil, 2019; Nangoy, Mursitama, Setiadi, & Pradipto, 2020; Toit, 

2019), in fields of science and technology. Various changes and studies have been developed to predict how humans 

would live in this century because the changing environment directly demands new life skills. There have been 

megatrends in education (Tandon, 2020), in business, economics, and finance (Grabowska & Saniuk, 2022), in 

education, technology, and communication (Miranda, Navarrete, Noguez, & Ramírez-Montoya, 2021) even in 
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environment as revealed in the studies of world institutions (Klement, Chráska, & Chrásková, 2015), universities 

and government. A new era has begun, so an in-depth study is needed to provide information and measurements for 

future young generation, especially in the aspects of literacy that require new skills and competencies (Kuper, 2020). 

Data literacy is the first fundamental literacy. The ability to utilize information sources in big data, can read, 

process, analyze, and even the ability to obtain accurate data based on a digital information source (Aoun, 2017). In 

a study by Davenport and Patil (2012), who conducted research for Harvard Business Review, found that data 

scientists held the most fascinating occupations in the era of Industrial Revolution 4.0. This illustrates how 

important data literacy is for job searching in the era of Industrial Revolution 4.0. The 21st century is full of 

challenges in the global era (Laar, Van Deursen, Van Dijk, & de Haan, 2020). Countries with low literacy will 

disappear from the world map and be colonized; they will lose their identity, national history, and even goals.  

Literacy in the early days was synonymous with reading, writing, and arithmetic. Currently, literacy is our 

ability to read environmental conditions, the competencies needed to grow and develop, and anticipate the future 

towards social welfare. These competencies are now part of human pattern of life in this digital industrial era, full of 

innovations, and limitless creativity. The application of artificial intelligence (Sharma, 2019) with the use of 

machines also intend to replace human work which mainly comprises clerical and repetitive jobs, to achieve more 

efficiency and effectiveness.  

The three previous industrial revolutions put fundamental changes and differences in developing the unique 

Industrial Revolution 4.0 (Anggia, Ariawan, & Pratiwi, 2020). The industrial revolution 4.0 was originally just an 

idea, but the German government made this idea an official idea (Roblek, Meško, & Krapež, 2016; Schwab, 2018), by 

showing how the use of technology made great strides in the industrial sector. Secondly, Industrial Revolution 3.0 

was characterized by the use of technology in industrial activities. Far from Industrial Revolution 3.0, the current 

era is that of digital revolution of electronic innovation and information technology. 

As a response to these digital innovations, educational institutions also need to anticipate changes in science 

and technology as an outcome of Industry 4.0 (Lase, 2019). Higher education is a level where students can interact 

with their peers and learn from their teachers. Universities teach correct thinking and educate behavior change. The 

ability to think and act long-term becomes a learning experience and a habit. The student’s knowledge in the school 

environment is greatly influenced by the teacher's learning strategies in the classroom, thus the stage of student 

knowledge acquisition (Dwiyanti, 2017). 

Concerning Indonesia, the Indonesian Internet Service Providers Association in 2018 noted that 64.8% or 

171.17 million out of 264.16 million Indonesians were internet users. An increase of 10.12% from 2017  which was 

only 54.68% or 143.26 million of the 262 million population of Indonesia. This survey also explains that 92.6% of 

college students are registered as Internet users (APJII, 2018). This means that most students in Indonesia are 

familiar with the technology. Thus, it is very important to provide technology literacy provisions for students so 

they can filter the use of technology in everyday life. 

Potential technologies to develop student's knowledge, skills, and experience need to be learned in schools. 

This is reinforced Lemke (2002) which states the importance of technology as a fundamental skill for the 21st 

century. The International Society for Technology in Education (ISTE) emphasized upon technology literacy 

requirements for students, which are implemented by the National Educational Technology Requirements (NETS).  

This was responded to by the Secretary Commission on Achieving Necessary Skills (SCANS) and the American 

Association of School Administrators, which complement the basic skills of 21st-century students with computer 

and technology competencies. Future life skills are in the technological era as job readiness needs for every citizen 

that must be fought for through education (Lemke, 2002).  

One of the competencies in the technological era is the ability to understand how to develop and utilize 

machines and technology applications e.g., coding data, building artificial intelligence applications, and developing 

basic principles of industrial engineering. Recognition of technological literacy as a student competency by the 
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Commission on Essential Skills Achievement (SCANS) and the Association of American School Administrators 

states that computer and technology skills are both concepts and content in 21st -century educational competencies. 

Technological literacy is very important in preparing students to enter the world of work (Lemke, 2002). 

The final literacy is building a knowledge about being human. Human literacy is a skill in humanities, 

communication, and design fields (Aoun, 2017). Students' technical skills are taught in their human dimension 

through human literacy (Anggresta, 2019). We need to teach Industry 4.0 to students and equip them with skills 

that robots do not have. Human competence is therefore one of the skills students need to prepare for the world. 

Having recognized the importance of industrial competence 4.0, a need was felt to study and develop a model for 

measuring industrial literacy 4.0 in higher education.  

This study aimed to determine the validity and reliability of the proposed model of industrial literacy 4.0 in 

higher education. The model comprises three subconstructs, namely 1). Data literacy is structured based on the 

measurement dimensions of the conceptual framework, data collection, data management, and data application. 2). 

Human literacy is arranged based on the measurement dimensions of humanity, communication, and design, and 3). 

Technology literacy is structured based on the measurement dimensions of understanding basic concepts, and 

technology use. Such a study raised the question: Is the measurement model for the model of literacy 4.0 in higher 

education valid and reliable? In particular, however, this study aimed to answer the empirical and theoretical gaps 

as follows: 

1. Empirically, to describe the level of data literacy, the level of technological literacy, and the level of human 

literacy in students in the Industrial Revolution Era 4.0. 

2. Theoretically, to find out the literacy measurement model 4.0 of students in tertiary institutions: data 

literacy, technology literacy, and human literacy based on the Multi-Factor Congeneric Measurement 

Models. 

 

2. LITERATURE REVIEW 

2.1. Literacy 4.0 

Industrial Revolution 4.0 was marked by the presence of three things: artificial intelligence, cyber systems, and 

manufacturing collaboration. Therefore, the era of education 4.0 requires a balance of three four competencies. The 

competencies needed are one of the projections of 21st-century competency needs. To produce a great generation as 

capital in anticipation of the industrial revolution 4.0, three things must be changed from an educational 

perspective; the first and most fundamental is to change the nature and mindset of today's Indonesian ch ildren. 

Second, the important role of schools in honing and developing the talents of the nation's next generation. The 

third is to develop and change learning models to be able to apply 21st-century learning. 

Future global trends and challenges are urbanization, reverse brain drain, economy, and halal economy, aging 

society, new business models, Gen Y, big data information, technology and innovation, value-chain base, and 

knowledge-base (Choudaha, 2016; Choudaha & Van Rest, 2018; Intelligence, 2013). Learning as a human 

educational process of acquiring knowledge is very important because it shapes students' thinking abilities. We 

need to prepare them for learning literacy in the Industrial 4.0 era. 

In the Industrial 4.0 era, various jobs have disappeared and new professional challenges have emerged. Cars do 

not use drivers, and statistical and financial data entry have become an application (Schwab, 2018). There will be 

challenges of unemployment and new professions need to be prepared by educational institutions in future. It is 

estimated that Indonesia's population could reach 300 million in 2035. Unemployment remains a challenge and even 

a threat for Indonesia, which has an unemployment rate of 5.01%. On the other hand, the majority of the working-

age population is estimated to make up 64% of Indonesia's total population, and a demographic dividend is projected 

to occur between 2030 and 2040 (BAPPENAS, 2017). Unemployment and global competitiveness are real 

challenges for Indonesia. Therefore, there is a need to improve the quality of human resources, especially in the 
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world of work. World Bank report says the labor market needs graduates with diverse skills trained by educational 

units and systems at both secondary and tertiary levels (World Bank, 2019).  

Education must always innovate and evaluate graduates' competencies according to the changing times. 

Educational forms in the industrial revolution 4.0 era, including organizational governance and human resource 

development (Söderström, From, Lövqvist, & Törnquist, 2012). Education with academic subjects needs to be 

developed contextually, with problem-based, and project-based learning. Currently, student skills are viewed as 

inadequate student capital to face the world of work in the era of the Industrial Revolution 4.0  (Sitepu, Eliyana, 

Raza, & Rosalina, 2020). 

Educational institutions need to include these competencies in the curriculum of higher education institutions. 

Hence, modeling and measurement are needed as best practice development. On the other hand, students need to 

know from the start new literacy consisting of data literacy, technology literacy, and human literacy. Skills such as 

flexibility, adaptability, and creativity are considered essential to live and work in this rapidly changing world. To 

meet the above requirements, it is therefore necessary to be ahead in this Industry 4.0 era. 

 

2.2. Human Literacy 

The current era of industrial revolution 4.0 requires the community, especially students, to have digital-based 

capabilities so that they can balance the very fast development of science and technology. However, creating quality 

and competitive human resources in the world of work requires not only digital -based skills but also strengthening 

personality and character through human literacy (Anggresta, 2019). Human literacy needs to be taught to students 

to have abilities that robots cannot, such as the ability to empathize, lead, and make decisions.  Experts agree that 

technology is growing and making simple tasks easier, which demands a person's ability to be higher as well 

(Lemke, 2002). This is an ability that can only be acquired by humans and not by robots. Therefore, in addition to 

technical abilities, students also need to be instilled with human aspects or general education so that they are more 

humane and cultured (Orhani, 2023). 

Human literacy is the skill that enables people to function well in their environment and understand their 

interactions with others. There is also an opinion that human ability is the ability to be non-stiff, to reach out to 

people through good communication, and to master creative and innovative design. Human literacy is the ability to 

interact, communicate and be human in this digital age according to human nature. Based on some of these 

opinions, we can conclude that human literacy is about human communication skills and the humanities (how people 

should behave).  

Communication, teamwork, critical thinking, and creativity are all tied to human literacy, or well-known as 

4CS. According to a different viewpoint, human literacy entails entrepreneurship, teamwork, cultural sensitivity, 

and leadership (Anggresta, 2019). Based on these viewpoints, the researchers selected the Ministry of Research and 

Technology's indicators of human literacy: communication, collaboration, critical thinking, creativity, and 

innovation.  

 

2.3. Data Literacy 

Data acquisition began to gain popularity after the advent of the internet and digitization which drastically 

changed the way data is collected and created (Marr, 2015). The glorious era of data is also known as the digital era. 

Almost every day we are faced with various data and information. This is because data is believed to be necessary to 

produce the right decisions (Kippers, Poortman, Schildkamp, & Visscher, 2018). Having the capacity to read, 

analyze, and utilize knowledge (big data) in the context of technology is known as data literacy (Aoun, 2017). 

Data literacy, defined by Crusoe (2016), is the capacity to comprehend what information is, how it is gathered, 

processed, visualized, distributed, and how it may be used effectively and efficiently. The ability to read, assess, and 

use knowledge (big data) in the digital age is known as data literacy, according to Aoun (2017). Based on these 
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opinions, it is possible to say that data literacy refers to a person's ability to use facts as knowledge to solve 

problems. 

Data literacy contains the ability to collect data, understand it, interpret it, identify it, utilize it, convey and 

evaluate it, apply it, evaluate it, and manage it (Pratama, Supahar, Sari, Putri, & Adiatmah, 2020). Finding data, 

selecting data, converting data, and retaining or creating new decisions are reportedly the four characteristics of 

data literacy (Lestari & Rosana, 2020). The ability to find data, interpret data, and make judgments are signs that 

students need to possess to master data literacy, according to some of these opinions. 

In the period of the fourth industrial revolution, data literacy influences preparation for the workforce. 

According to Harvard Business Review, a data scientist has the demanding job in the period known as Industry 4.0 

or the 21st century. According to Aoun (2017), there is some most in-demand skills on the global market are web 

architecture and development framework, statistical analysis and data mining, cloud, and distributed computing, 

and cloud and distributed computing. According to this theory, performance is successful when competence is 

present and can be affected by the presence of information, skills, competence, and attitudes. 

 

2.4. Technology Literacy 

According to Hasse (2017), the International Technology Education Association (ITEA) defines technological 

literacy as the capacity to use, manage, evaluate, and comprehend technology. In another definition, technological 

literacy is the capacity to understand what technology is, how it functions, what it is used for, and how it may be 

used effectively and efficiently to accomplish specific goals (Lemke, 2002). Technology literacy is also the capacity 

to utilize technology tools appropriately and effectively to access, manage, integrate, evaluate, generate, and present 

information, according to the Maryland Technology Education State Curriculum in ETS (2007). Based on these 

perspectives, it can be said that technological literacy refers to the understanding and skills that an indiv idual 

possesses to use digital media and technology to effectively find and obtain information. 

Technological literacy comprises five essential elements or indicators, include: (1) accessibility—the capacity to 

gather and/or retrieve information; (2) management, which is the capacity to apply existing information schemes or 

classifications; (3) integration, which is the capacity to interpret information; and (4) evaluation, which is the 

capacity to assess the caliber, relevance, usefulness, or efficiency of information. (5) making—the capacity to 

produce knowledge through adaptation, implementation, design, creation, or writing (ETS, 2007).  

Another viewpoint on evaluating technical literacy includes four indicators: (1) content, which refers to the 

capacity to comprehend what technology is; (2) process, which refers to the capacity to use technology; and (3) 

context, which refers to the capacity to apply technological principles. (4) Attitude - The capacity to adapt to 

changes in knowledge and technology (Suhendi, Wahidah, Linda, & Novita, 2017). Based on these viewpoints, it is 

determined that understanding technology, knowing how to utilize technology, and having the right attitudes 

towards technology are good indicators of technological literacy. 

 

3. METHODOLOGY  

This study used a quantitative method to provide the model of industrial literacies 4.0. In particular, this study 

developed a model that was compiled based on theoretical studies of literacy development 4.0 students. The results 

of the model are compiled as best practices in the application of developing literacy education in tertiary 

institutions. The targeted population in this study were postgraduate students in the master's and doctoral 

programs in Indonesia. Using basic random sampling, members of the population are chosen at randomly from the 

population as a whole, independent of the strata that make up the population (Guetterman, 2015; Mostafa & Ahmad, 

2019); The total population was 2958, with the Isaac and Michael (1981) sampling formula at a 5% confidence level, 

a total sample of 312 is obtained (Ajay & Masuku, 2014; Isaac & Michael, 1981; Memon et al., 2020). Furthermore, 

the data were collected using instruments in 7-point of Likert scale, distributed through Google Forms. 
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The instruments of this study were adopted from the previous well-established studies and relevant literature. 

The operational definition of data literacy refers to understanding what data is, how it is gathered, processed, 

represented, and shared, as well as how data is used effectively and efficiently (Forum on Education Statistics, 2021; 

Ige, 2020; Ndukwe & Daniel, 2020; Ongena, 2023; Vista, Kim, & Care, 2018).  

In this study, data literacy is provided in four dimensions: conceptual framework, data collection, data 

management, and data application. In addition, human literacy refers to a talent that enables people to connect, 

communicate, and otherwise be human in the digital age (Anggresta, 2019; Lestari & Santoso, 2019; Sari, 

Rejekiningsih, & Muchtarom, 2020). Human literacy is provided in three dimensions: humanities, communication, 

and design. Lastly, technological literacy is the capacity to understand what technology is, how it functions, what it 

is used for, and how it may be used effectively and efficiently to accomplish specific goals (Ali et al., 2022; Ezziane, 

2007; Hassan & Akbar, 2020; Santoso, 2019).  

In this study, technological literacy covers three dimensions: understanding basic concept of technology, 

technology use, and attitude. In more detail, the detail of instruments and measurements are presented in Table 1. 

 

Table 1. The Instrument of the study. 

Construct Indicator Item Description Source 

Data literacy (DL) 

Conceptual 
framework  

 
Understanding of 
data 

DL1 
I use accurate data as a source of 
decision making 

Gummer and Mandinach (2015); 
Schüller (2020); Mandinach and 
Gummer (2016) and DePascale, 
Sharp, Ryan, and Betenbenner 
(2018) 

Data collection  
  

Searching identifies 
potential data 
sources  

DL2* 

To find reputable international 
scientific journals online, I use 
popular search engines such as 
research gate and science direct 

Zweig, Irwin, Kook, and Cox 
(2015); Dewi, Rusilowati, and 
Fianti (2019) and Grillenberger 
and Romeike (2018)  
  

DL3 
Accurate and compatible primary 
data sources obtained online 

Data management  
  
  

Determine the 
accuracy of a data  

DL4 
Before doing research, I tested the 
accuracy of the data with validity 
and reliability 

 Ruedel, Kuchle, and Bailey 
(2021); DePascale et al. (2018); 
Grillenberger and Romeike 
(2018); Borghi, Abrams, 
Lowenberg, Simms, and 
Chodacki (2018); Meghana 

(2018); Dash, Shakyawar, 
Sharma, and Kaushik (2019); 
Darmont, Novikov, Wrembel, 
and Bellatreche (2022); 
Dhudasia, Grundmeier, and 
Mukhopadhyay (2023) and 
Kwaku Avuglah and 
Underwood (2019)   

DL5 

The research data is tested 

according to the criteria of 
statisticians in their field 

Management and 
process of data 

DL6 
I use statistical application 
software to process research data 

Data application  

  

Use data 
responsibly, 

ethically, and 
legally  

DL7 

I use the scientific writing 

application for the accuracy of the 
citation in writing 

Dewi et al. (2019); Narendra 

(2015); Adrian, Abdullah, Atan, 
and Jusoh (2018); Najafabadi et 
al. (2015); Rahmawati Mega, 
Arsisari, and Amalin Ulfah 
(2022) and Ramadhan, Sukma, 
and Indriyani (2019)  

DL8* 
I use software to check for 
plagiarism in writing articles 
before sending them to journals 

Human literacy (HL) 

Humanities 
  
  
  

Care about other 
people 

HL1 
I give help to people who are 
having difficulties 

  
 
Pekkolay (2022); Holm, Jarrick, 
and Scott (2015); Reiter (2017); 

Schrijvers, Janssen, Fialho, and 
Rijlaarsdam (2019);  and Dewi 
et al. (2019) 
  
  

HL2* 
I listened to a friend when he told 
stories and provided solutions 

Self-control 

HL3* 
I make decisions considering the 
consequences and responsibilities 

HL4 
I control the work in detail and 
thoroughly 

Communication  
  

Leadership 
HL5* I can make timely decisions Joynes, Rossignoli, and 

Amonoo-Kuofi (2019); Alkan HL6 I can delegate tasks or authority at 
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Construct Indicator Item Description Source 

  
  
  
  

work and Meinck (2016); Cardoso and 
Silva (2018); Hermann (2022); 
Herminingrum (2019) and 
Nalendra, Hermadi, and Agusta 
(2017)  

  
  
  
  

 
Teamwork  

HL7 
I have a strong commitment when 

working in a team 

HL8* 
Every work is carried out together 
for convenience 

Good 
communication  

HL9 
I convey information clearly and in 
detail 

HL10 
I can receive a directive and carry 
it out well 

Design  
  
  
  

Creative & 
innovative  

HL11 
When work has problems, I can 
find effective solutions 

Sariwulan, Suparno, Disman, 
Ahman, and Suwatno (2020); 
Barnard and Herbst (2018);  
Akhter, Karim, and Islam (2022) 
and Mugiono et al. (2020)  

  

HL12* 
I put into practice the new skills I 
got from lectures 

Entrepreneurship  
HL13 

I make a business decision and am 
ready to accept the risk 

HL14* 
I make a business plan and carry 

out production analysis 
Technological literacy (TL) 

Understand basic 
concepts  

Understand the 
basic concepts of 
technology  

TL1* 
I immediately went to the internet 
when I did not know 

Ezziane (2007); DePascale et al. 

(2018); Ali et al. (2022); Santoso 
(2019) and Rahmawati Mega et 
al. (2022) 

TL2 
I keep up with technology to get 
the latest information 

Technology use  
  
  

Use technology 
effectively to 
increase 
productivity  

TL3* Online media facilitate timely work 

Smith (2015); Julia and 
Isrokatun (2019); Wilkinson and 
Alshmrany (2017); Ezziane 
(2007); Hardinata, Suchyadi, and 

Wulandari (2021); Dewi et al. 
(2019) and Hassan and Akbar 
(2020)  
  

TL4 
I learned new technology and put 
it into practice at work 

Using technology 
to communicate and 
reach out to the 
outside world  

TL5 
I use my computer, cellphone, and 
internet to communicate and 
obtain information 

TL6 
I pass data and information to 
other people online 

Attitude  
  
  

Ethics in using 
technology 

TL7 
I provide correct information on 
gadgets, computers, or other 

devices 
Ventouris, Panourgia, and 

Hodge (2021); Martin, Shilton, 
and Smith (2019); Royakkers, 
Timmer, Kool, and Van Est 
(2018) and Dubov and Shoptawb 
(2020)  
  
  
  

TL8* 
I use technology according to my 
needs and do not harm others 

Minimizing the 

misuse of 
technology  

TL9* 
I protect my gadgets, computers, 
or other devices that i use with a 
password 

TL10 
I manage every electronic 
transaction and keep it safe 

Note: * Removed instrument items, loading factor <0.5  

Source: Research data processing, 2023. 

 

Using IBM SPSS AMOS 25 data processing software, the collected data were then analyzed to develop the 

model by confirmatory factor analysis (CFA) and exploratory factor analysis (EFA). The validity and reliability of 

construct measurement models were tested using Cronbach's criteria to validate the causality model bet ween 

variables that were based on theory scores that are 0.6 or higher (Hair, Babin, & Krey, 2017). Next, a hypothesis 

test was performed to determine the normality, linearity, and significance of the regression coefficient and 

correlation. To verify the goodness of fit of the model, several requirements for measuring probability were satisfied 

> 0.5 (Schermelleh-Engel, Moosbrugger, & Müller, 2003), RMSEA threshold of at least 0.05 (Hu & Bentler, 1999). 

The criteria were approved if the values were more than 0.95 for the CFI criteria and 2 for the CMIN/DF criteria 

(Tabachnick & Fidell, 2013). With a loading factor exceeding 0.5, it was anticipated that the factor analysis test 

would meet the CR and AVE standards. 

 
4. FINDINGS AND DISCUSSION 

The demographic of respondents involved in this study is provided in Table 2. It is evident that a majority of 

respondents were postgraduate students aged 26 to 30 years, with a percentage of 32.7% (45), followed by students 

aged 31-35 years. On the other hand, the female respondents at 52.9% dominate this survey. Most of the 
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postgraduate student professions are private employees reaching 28.8%. Most of the respondents took master's 

program education with study programs in the field of education. 

 

Table 2. The demographic profile of respondents (n=312). 

No/ Category Characteristic Frequency Percentage 

1. Age  
  
  
  
  

< 25 years old 102 14.5 
26 - 30 years old 45 32.7 

31 - 35 years old 50 19.2 
36 - 40 years old 45 17.6 

> 41 years old 70 16.0 
2. Gender 
  

Female 172 55.2 
Male 140 44.8 

3. Occupation 
  
  
  
  

Entrepreneur  74 23.7 
Teacher/Lecturer   60 19.3 

Government employees 80 25.6 
Private employees 90 28.8 
Soldier 8 2.6 

4.Education  
  

Education  249 79.8 
Non-educational  63 20.2 

 5. Study program 
Master/S2 178 56.4 
Doctoral/ S3 134 43.6 

 

Source:  Research data processing, 2023. 

 

An overview of the 4.0 literacy level of postgraduate students in Higher Education in the TL, DL, and HL 

measurement scales is presented in Table 3. The table shows the description of the research data. In general, variable  

of DL has mean (34.1), median (35), and mode (36). In addition, the variable of HL has mean (44.7), median (46), and 

mode (48.). Lastly, the variable of TL has mean (33.7), median (34), and mode (33), respectively. 

 
Table 3. Description of research data. 

Descriptive 
statistics test/ 
Measurement 

Variable Mean Median Mode Std. dev. Variance Minimum Maximum 

DL 34.1 35 36 5.1 26.1 19 42 

HL 44.7 46 48 5.8 34.2 27 56 
TL 33.7 34 33 4.3 18.9 21 42 

 

Source:  Research valid item data processing, 2023. Item λ > 0.5. 

 

In addition, among the DL indicator variables, DL5 has the highest score with the statement "Research data is 

tested according to the criteria of a statistician in their field" with 18.9%. While the lowest indicator is of DL1 with the 

statement "I use accurate data as a source of decision making" with an achievement of 16.42%. This indicates that 

students at post-graduate tertiary institutions have realized the importance of research and statistical testing of 

data according to the criteria of statistical experts in their fields, but there is a need to increase the ability to use 

accurate data from both sources and processes for making appropriate and productive decisions. 

The HL indicator variable that has the highest score is HL11 with the statement "When work encounters 

problems, I can find effective solutions" with an achievement of 13.22%. While the lowest indicator is HL4 with the 

statement "I control the work in detail and thoroughly". This indicates that students in postgraduate tertiary 

institutions have the skills to think of solutions to work, but have a tendency to be careless, they need control in 

completing detailed work. Instant generations with good skills supported by environmental developments in the 

21st-century era want fast jobs. 

The TL indicator variable that has the highest score is TL2 with the statement "I follow technological 

developments to find out the latest information" with an achievement of 17.07%. While the lowest indicator is TL6 with 

the statement "I convey data and information to other people online". This indicates that students in postgraduate 

tertiary institutions have followed technological developments and used online informat ion as part of 21st-century 

literacy. However, in interactions, the tendency to convey information accompanied by data needs to be improved. 
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Table 4. Hypothesized three-factor CFA: Model of literacy education 4.0. 

DL measurement model HL measurement model TL measurement model 

1.      DL01 = λ1 DL + err01  1.      HL 01 = λ9   HL + err09  1.      TL01 = λ23 DL + err23 

2.      DL02 = λ2 DL + err02 2.      HL 02 = λ10 HL + err10 2.      TL02 = λ24 DL + err24 

3.      DL03 = λ3 DL + err03  3.      HL 03 = λ11 HL + err11 3.      TL03 = λ25 DL + err25 

4.      DL04 = λ4 DL + err04  4.      HL 04 = λ12 HL + err12  4.      TL04 = λ26 DL + err26  

5.      DL05 = λ5 DL + err05  5.      HL 05 = λ13 HL + err13  5.      TL05 = λ27 DL + err27  

6.      DL06 = λ6 DL + err06  6.      HL 06 = λ14 HL + err14  6.      TL06 = λ28 DL + err28  

7.      DL07 = λ7 DL + err07  7.      HL 07 = λ15 HL + err15  7.      TL07 = λ29 DL + err29 

8.      DL08 = λ8 DL + err08  8.      HL 08 = λ16 HL + err16  8.      TL08 = λ30 DL + err30  

 9.      HL 09 = λ17 HL + err17  9.      TL09 = λ31 HL + err31  

 10.    HL 10 = λ18 HL + err18  10.    TL10 = λ32 HL + err32  

 11.    HL 11 = λ19 HL + err19  
 12.    HL 12 = λ20 HL + err20   

 13.    HL 13 = λ21 HL + err21   

 14.    HL 14 = λ22 HL + err22   
 

Source: Researchers, 2023. 

 

Table 4 presents the hypothesized tri-factor CFA model of literacy education 4.0, which is a three-factor 

structure composed of general Data Literacy (DL), Human Literacy (HL), and Technology Literacy (TL). The 

modeling item analysis was prepared to be measured as the following factors. Measurement of the 4.0 literacy 

model for postgraduate students was obtained from primary data through a survey using a semantic inferential 

scale questionnaire. The model is prepared based on the theoretical framework and the opinions of experts. With 

the help of factor analysis and a standard model, this study aims to test students' data literacy, technology literacy, 

and human literacy. Furthermore, to determine the measurement model, an item analysis of the constituent 

instruments for each variable was carried out with factor analysis (CFA) using AMOS 25 with standardized results 

as follows (see Figure 1.). 

 

 

Figure 1. Industrial.4.0 standardized estimate. 

 

Referring to the results of the total corrected item correlation analysis, information was obtained that TL on 

items TL1* 0.490, TL3* 0.493, TL8* -0.138, and TL9* 0.451 was declared invalid. DL on items DL2* 0.45, DL8* 

0.48 declared invalid, and HL on items HL2* 0.488, HL3* 0.478, HL5* 0.44, HL8* 0.49, HL12* 0.422, HL14* 

0.325 stated is not valid in measuring its latent variables, and therefore these items are excluded from the 
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measurement model. The loading factor (λ) value < 0.5 is invalid and is removed from the model and re-estimated. 

Analysis of development and measurement models with CFA for each variable instrument should not be correlated 

with each other. The results of the unstandardized model test are obtained with the following results: 

Figure 2 illustrates the unstandardized estimate data output results with the AMOS 25 software for the 

industrial 4.0 model. 

 

 
Figure 2. Industrial.4.0 unstandardized estimate. 

 

The AMOS output data of 25 unstandardized models in the figure above shows the results of the correlation 

between the tested variables showing a loading factor above 0.5 and meeting the goodness of fit model criteria. The 

results of the standardized estimate model second order are presented in Figure 3, which illustrates the 

standardized estimate data output “Industry 4.0 model” meeting the goodness of fit model criteria. 

 

 
Figure 3. Industrial.4.0 standardized estimate, GOF. 

 

 

The industry 4.0 model above meets the GOF Model criteria. A summary of all instrument items is presented 

in Table 5: 
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Table 5. Result of reliability and validity. 

Constructs Items Factor loading CR AVE Cronbach’s alpha 

DL 

DL1 
DL3 
DL4 
DL5 
DL6 
DL7 

0.563 
0.802 
0.655 
0.775 
0.772 
0.667 

0.880 0.660 0.852 

HL 

HL1 
HL4 
HL6 
HL7 
HL9 
HL10 
HL11 
HL13 

0.561 
0.554 
0.615 
0.595 
0.77 
0.771 
0.745 
0.725 

0.870 0.610 0.860 

TL 

TL2 
TL4 
TL5 
TL6 
TL7 
TL10 

0.559 
0.627 
0.729 
0.772 
0.734 
0.577 

0.800 0.670 0.821 

Note: λ < 0.5 (SD estimate), GOF model. 

Source: Research data processing, 2023 
 

 

After the invalid items were removed from the model, Cronbach's alpha coefficient for the three measurement 

models, namely TL, DL, and HL, was obtained, each greater than 0.70. This indicates that the three measurement 

models have an adequate level of reliability in measuring their latent variables. It can be concluded that the data 

obtained through the improved TL, DL, and HL measurement models are valid and reliable for use in further data 

analysis. That is, the DL score is a composite of the DL1, DL3, DL4, DL5, DL6, and DL7 scores. The TL score is a 

composite of the TL2, TL4, TL5, TL6, TL7, and TL10 scores. The HL score is a composite of the HL1, HL4, HL6, 

HL7, HL9, HL10, HL11, and HL13 scores, which have fulfilled the criteria for the confidence test of the accepted 

model DL: CR 0.880, AVE 0.660, Cronbach's Alpha 0.852. HL: CR 0.870, AVE 0.610, Cronbach's Alpha 0.860. TL: 

CR 0.800, AVE 0.670, Cronbach's Alpha 0.821. The average calculated score for each variable and indicator in the 

Industrial 4.0 Literacy model above meets the GOF criteria. A summary of all instrument items is presented in 

Table 6 as follows: 

 

Table 6. Measurement model test. 

Industrial 4.0 model conformity test results 

Test statistics Test criteria Value Model test results 

Chi-square - 148.15 - 
Degree of freedom - 132 

p-value > 0.05 0.160 Accepted 
Cmin/DF < 2.00 1.122 Accepted 

Root mean square residual (RMR) < 0.05 0.042 Accepted 
Root mean square error of approximation (RMSEA) < 0.08 0.020 Accepted 
Adjusted goodness of fit (AGFI) > 0.90 0.934 Accepted 

The goodness of fit Index (GFI) > 0.90 0.949 Accepted 
Comparative fit Index (CFI) > 0.90 0.993 Accepted 
Tucker Lewis index (TLI) > 0.90 0.992 Accepted 

 

Source:  Results of data processing by researchers, 2023 . 

 

Data analysis shows that the model instrument is valid, reliable, and meets GOF criteria and it obtained 

measurement results based on Chi-square criteria 148.15; Degree of Freedom 132; p-value 0.160; CMin/DF 1.122; 

RMR, 0.042; RMSEA 0.020; AGFI 0.934; GFI 0.949; CFI 0.993; TLI 0.992. For postgraduate students studying 

data literacy, technology literacy, and human literacy in 21st-century education, the aforementioned model serves as 
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the foundation for testing the literacy education model 4.0. The value of p > 0.05, cmin/df 2.00, RMSEA 0.08, the 

RMR value 0.05, and the GFI, CFI, and TLI values are all greater than 0.90, according to the findings of the 

goodness of fit test. This shows that, after correction, the multi-factor literacy measurement model 4.0 for 

Postgraduate students fits the data. To put it another way, the multi-factor literacy measurement model 4.0 used by 

postgraduate students can be used by the general populace. After the model was fixed, it was evident that all 

indicators offered a significant standardized loading estimate value (p 0.001) with a value larger than 0 .50, 

according to objective data based on the findings of the standardized loading estimate significance test. This shows 

that all indicators are reliable for assessing the latent variables after the model has been fixed. According to the 

data, all of the AVE square root values for each construct have a higher value than the correlation value between 

constructs when compared to each construct's correlation value. This shows that the discriminant validity of each 

concept measurement model was adequate. The three measurement models, TL, DL, and HL provided a CR 

(construct reliability) value of more than 0.70 following the model repair. This indicates that the four measurement 

models have an adequate level of reliability in measuring their latent variables. It can be concluded that the data 

obtained through the improved literacy multi-factor measurement model 4.0 of Postgraduate students are valid and 

reliable for use in further data analysis. 

 

5. CONCLUSION 

 This study examined the literacy model 4.0 of postgraduate students in the light of theory, prior research, and 

findings that have been validated through confirmatory factor analysis (CFA) and exploratory factor analysis 

(EFA), using AMOS 25, showing that all met the criteria for validity testing, reliability, and GOF. This study 

confirmed four dimensions: conceptual framework, data collection, data management, and data application, which 

consists of six items of measurement. In addition, human literacy covers three dimensions: humanities, 

communication, and design, which consists of eight valid and reliable items. Lastly, technological literacy covers 

three dimensions: understanding basic concept of technology, technology use, and attitude, which covers six items.  

This research also supports the review of the global framework on core skills for living and working in the 21st 

century. Professional personal development in Industry 4.0 requires verified skills and education in society in the 

form of human, digital, and technological literacy. Complement ing the theory of 21st-century skills development 

(Bidita, 2018; Spring, 2012) innovation in education (Kaur, Singh, Ongb, & Tunku, 2020; Serdyukov, 2017). Also 

supports the Human Skills Matrix (HSX) Massachusetts Institute of Technology, that humans can adapt to 

industries requiring data-driven digital skills (J-WEL, Taber, & Pagano, 2021; Muzam, 2022). For future 

researchers to be able to use this study of analysis of the forming factors of literacy 4.0 as mode ling and developing 

on a wider scale and other variables related to the development of literacy 4.0 in tertiary institutions, to advance 

education and meet the megatrend of future student education skills.  

 

Funding: This research is supported by Universitas Negeri Jakarta, Indonesia (Grant number: DIPA BLU 
SP-DIPA 023.17.2.677557/2021). 
Institutional Review Board Statement: The Ethical Committee of the Universitas Negeri Jakarta, 
Indonesia has granted approval for this study on 19 October 2022 (Ref. No. 0011/unj/2022). 

Transparency: The authors state that the manuscript is honest, truthful, and transparent, that no key 
aspects of the investigation have been omitted, and that any differences from the study as planned have been 
clarified. This study followed all writing ethics. 

Competing Interests: The authors declare that they have no competing interests. 
Authors’ Contributions: All authors contributed equally to the conception and design of the study. All 
authors have read and agreed to the published version of the manuscript.  

 

REFERENCES 

 Adrian, C., Abdullah, R., Atan, R., & Jusoh, Y. Y. (2018). Conceptual model development of big data analytics implementation 

assessment effect on decision-making. International Journal of Interactive Multimedia and Artificial Intelligence, 5(1), 101-107. 

https://doi.org/10.9781/ijimai.2018.03.001 

https://doi.org/10.9781/ijimai.2018.03.001


International Journal of Education and Practice, 2023, 11(4): 820-836 

 

 
832 

© 2023 Conscientia Beam. All Rights Reserved. 

Ajay, S. S., & Masuku, M. B. (2014). Sampling techniques & determination of sample size in applied statistics research: An overview. 

International Journal of Economics, Commerce and Management, 2(11), 1-22.  

Akhter, A., Karim, M. M., & Islam, K. (2022). The impact of creativity and innovativeness on digital entrepreneurship: Empirical 

evidence from Bangladesh. The Journal of Asian Finance, Economics and Business, 9(3), 77-82.  

Ali, M. I., Patak, A. A., Rauf, B., Abduh, A., Tahir, M., Yasdin, Y., & Basalama, N. (2022). Information technology literacy impact on 

research results publication. International Journal on Advanced Science, Engineering and Information Technology, 12(1), 137–143.  

Alkan, M., & Meinck, S. (2016). The relationship between students’ use of ICT for social communication and their computer and 

information literacy. Large-Scale Assessments in Education, 4(1), 1-17. https://doi.org/10.1186/s40536-016-0029-z 

Almalki, S. (2016). Integrating quantitative and qualitative data in mixed methods research — challenges and benefits. Journal of 

Education and Learning, 5(3), 288-296. https://doi.org/10.5539/jel.v5n3p288 

Anggia, V., Ariawan, N., & Pratiwi, I. M. (2020). Digital literacy abilities of students in distance learning. Advances in Social Science, 

Education, and Humanities Research, 509(Icollite), 592–598.  

Anggresta, V. (2019). Human literacy to prepare students to be competitive in the industrial era 4.0. Factors Scientific Journal of 

Education, 6(3), 217–222.  

Aoun, J. E. (2017). Robot-proof: Higher education in the age of artificial intelligence. Cambridge, MA: The MIT Press. 

APJII. (2018). Penetration and behavior of Indonesian internet users. Jakarta: In the Association of Indonesian Internet Service Providers. 

Apuke, O. D. (2017). Quantitative research methods a synopsis approach. Arabian Journal of Business and Management Review (Kuwait 

Chapter), 6(11), 40-47. https://doi.org/10.12816/0040336 

BAPPENAS. (2017). Demographic bonus press release 2030-2040: Related Indonesia strategy. Jakarta: In the Ministry of VAT. 

Barnard, B., & Herbst, D. (2018). Entrepreneurship, innovation and creativity: The creative process of entrepreneurs and innovators. 

Available at SSRN 3195912. https://doi.org/10.2139/ssrn.3195912 

Bidita, L. R. (2018). Learning in the 21st century  : Theory and innovative practice. https://doi.org/10.13140/RG.2.2.23081.44644 

Borghi, J., Abrams, S., Lowenberg, D., Simms, S., & Chodacki, J. (2018). Support your data: A research data management guide for 

researchers. Research Ideas and Outcomes, 4, e26439. https://doi.org/10.3897/rio.4.e26439 

Cardoso, L. M., & Silva, N. M. (2018). Communication, informational literacy and critical thinking. European Journal of Multidisciplinary 

Studies, 3(4), 215-220. https://doi.org/10.26417/116vrk57u 

Casteel, A., & Bridier, N. L. (2021). Describing populations and samples in doctoral student research. International Journal of Doctoral 

Studies, 16(1), 339–362. https://doi.org/10.28945/4766 

Choudaha, R. (2016). Three megatrends shaping the future of international student mobility. Melbourne: Australia: AIEC. 

Choudaha, R., & Van Rest, E. (2018). Envisioning pathways to 2030: Megatrends shaping the future of global higher education and 

international student mobility. Online Submiss, 28–39.  

Ciabuca, A. (2015). The development of a semantic differential scale for assessing the perceived image of citizens about Romanian police 

forces. Procedia - Social and Behavioral Sciences, 28–33. https://doi.org/10.1016/j.sbspro.2015.03.006 

Crusoe, D. (2016). Data Literacy defined pro populo: To read this article, please provide a little information. Journal of Community 

Informatics, 12(3), 27–46. https://doi.org/10.15353/joci.v12i3.3276 

Darmont, J., Novikov, B., Wrembel, R., & Bellatreche, L. (2022). Advances on data management and information systems. Information 

Systems Frontiers, 24, 1–10. https://doi.org/https://doi.org/10.1007/s10796-021-10235-4 

Dash, S., Shakyawar, S. K., Sharma, M., & Kaushik, S. (2019). Big data in healthcare: Management, analysis, and prospects. Journal of Big 

Data, 6(1), 1–25. https://doi.org/10.1186/s40537-019-0217-0 

Davenport, T. H., & Patil, D. (2012). Data scientist. Harvard Business Review, 90(5), 70-76.  

DePascale, C., Sharp, A., Ryan, K., & Betenbenner, D. (2018). Building a conceptual framework for assessment literacy. Retrieved from 

https://www.nciea.org/wp-content/uploads/2021/11/Assessment-Literacy-Framework-5-18.pdf 

Dewi, C., Rusilowati, A., & Fianti, F. (2019). Developing assessment instrument of data, technology, and human literacy in physics 

learning. Journal of Educational Research and Evaluation, 8(2), 155–164. https://doi.org/10.15294/jere.v8i2.38370 

https://doi.org/10.1186/s40536-016-0029-z
https://doi.org/10.5539/jel.v5n3p288
https://doi.org/10.12816/0040336
https://doi.org/10.2139/ssrn.3195912
https://doi.org/10.13140/RG.2.2.23081.44644
https://doi.org/10.3897/rio.4.e26439
https://doi.org/10.26417/116vrk57u
https://doi.org/10.28945/4766
https://doi.org/10.1016/j.sbspro.2015.03.006
https://doi.org/10.15353/joci.v12i3.3276
https://doi.org/https:/doi.org/10.1007/s10796-021-10235-4
https://doi.org/10.1186/s40537-019-0217-0
https://www.nciea.org/wp-content/uploads/2021/11/Assessment-Literacy-Framework-5-18.pdf
https://doi.org/10.15294/jere.v8i2.38370


International Journal of Education and Practice, 2023, 11(4): 820-836 

 

 
833 

© 2023 Conscientia Beam. All Rights Reserved. 

Dhudasia, M. B., Grundmeier, R. W., & Mukhopadhyay, S. (2023). Essentials of data management: An overview. Pediatric Research, 

93(1), 2–3. https://doi.org/10.1038/s41390-021-01389-7 

Dubov, A., & Shoptawb, S. (2020). The value and ethics of using technology to contain the COVID-19 epidemic. The American Journal of 

Bioethics, 20(7), W7-W11. https://doi.org/10.1080/15265161.2020.1764136 

Duran, S., & Sengil, G. (2019). Integrated technologies, advances, and benefits in Industry 4.0. International Journal of Business Ecosystem 

& Strategy, 1(2), 31–38. http://dx.doi.org/10.36096/ijbes.v1i2.100 

Dwiyanti, W. (2017). The stage’s of sharing knowledge among students in learning environment: A review of literatur. International 

Journal of Education and Research, 5(8), 81–92.  

ETS. (2007). Digital transformation: A framework for ICT literacy, In Panel International ICT literacy. New Jersey: ETS. 

Ezziane, Z. (2007). Information technology literacy  : Implications on teaching and learning. Information Technology Literacy: Implications 

on Teaching and Learning. Educational Technology & Society, 10(3), 175–191.  

Forum on Education Statistics, N. (2021). Forum guide to strategies for education data collection and reporting. Washington, DC: National 

Center for Education Statistics: U.S. Department of Education. 

Grabowska, S., & Saniuk, S. (2022). Business models in the industry 4.0 environm ent—results of web of science bibliometric analysis. 

Journal of Open Innovation: Technology, Market, and Complexity, 8(1), 1-19.  

Grillenberger, A., & Romeike, R. (2018). Developing a theoretically founded data literacy competency model. Paper presented at the In 

Proceedings Ofthe 13th Workshop in Primary and Secondary Computing Education (WiPSCE ’18), Potsdam, Germany. 

ACM, New York, NY, USA. 

Guetterman, T. C. (2015). Descriptions of sampling practices within five approaches to qualitative research in educ ation and the health 

sciences. Forum: Qualitative Social Research, 16(2), 25. https://doi.org/10.1201/9780429507410-55 

Gumanti, A., Yudiar, & Syahruddin. (2016). Educational research methods. In independent discourse partners (1st ed.). Jakarta: Independent 

Discourse Partners. 

Gummer, E. S., & Mandinach, E. B. (2015). Building a conceptual framework for data literacy. Teachers College Record: The Voice of 

Scholarship in Education, 117, 1–22. https://doi.org/10.1007/978-3-319-30157-0_2 

Hair, J. F., Babin, B. J., & Krey, N. (2017). Covariance-based structural equation modeling in the journal of advertising: Review and 

recommendations. Journal of Advertising, 46(1), 163–177.  

Hardinata, S., Suchyadi, Y., & Wulandari, D. (2021). Strengthening technological literacy in junior high school teachers in the industrial 

revolution era 4. Journal of Humanities and Social Studies, 05(03), 330–335.  

Hassan, M. U., & Akbar, R. A. (2020). Technological literacy: Teachers’ progressive approach used for 21st century students’ academic 

success in vibrant environment. Problems of Education in the 21st Century, 78(5), 734–753. 

https://doi.org/10.33225/pec/20.78.734 

Hasse, C. (2017). Technological literacy for teachers. Oxford Review of Education, 43(3), 365–378. 

https://doi.org/10.1080/03054985.2017.1305057 

Hermann, E. (2022). Artificial intelligence and mass personalization of communication content—An ethical and literacy perspective. 

New Media and Society, 24(5), 1258–1277. https://doi.org/10.1177/14614448211022702 

Herminingrum, S. (2019). Mobile life, communication technology, and disreputable literacy. In Urban Studies: Border and Mobility. Leiden: 

Taylor & Francis Group. 

Holm, P., Jarrick, A., & Scott, D. (2015). Humanities world report 2015. Journal of Cultural Interaction in East Asia, 6, 107-118. 

https://doi.org/10.1057/9781137500281 

Hu, L. t., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance structure analysis: Conventiona l criteria versus new 

alternatives. Structural Equation Modeling: A Multidisciplinary Journal, 6(1), 1-55. 

https://doi.org/10.1080/10705519909540118 

Ige, O. A. (2020). School-based cybersecurity education programme for schoolchildren in South Africa! A timely call from bloemfontein. 

Universal Journal of Educational Research, 8(6), 2710–2716. https://doi.org/10.13189/ujer.2020.080657 

Intelligence, E. (2013). The future of international education November 2013 megatrends the future of international education.  

https://doi.org/10.1038/s41390-021-01389-7
https://doi.org/10.1080/15265161.2020.1764136
http://dx.doi.org/10.36096/ijbes.v1i2.100
https://doi.org/10.1201/9780429507410-55
https://doi.org/10.1007/978-3-319-30157-0_2
https://doi.org/10.33225/pec/20.78.734
https://doi.org/10.1080/03054985.2017.1305057
https://doi.org/10.1177/14614448211022702
https://doi.org/10.1057/9781137500281
https://doi.org/10.1080/10705519909540118
https://doi.org/10.13189/ujer.2020.080657


International Journal of Education and Practice, 2023, 11(4): 820-836 

 

 
834 

© 2023 Conscientia Beam. All Rights Reserved. 

Isaac, S., & Michael, W. B. (1981). Handbook in research and evaluation. California: Edits Publishers. 

J-WEL, M., Taber, A., & Pagano, D. (2021). Human skills lessons in a virtual summer internship. Retrieved from 

https://jwel.mit.edu/news/human-skills-lessons-virtual-summer-internship 

Joynes, C., Rossignoli, S., & Amonoo-Kuofi, E. F. (2019). 21st century skills: Evidence of issues in definition, demand, and delivery for 

development contexts. In Brighton, UK. Brighton, UK: Institute of Development Studies. 

Julia, J., & Isrokatun, I. (2019). Technology literacy and student practice  : lecturing critical evaluation skills. International Journal of 

Learning, Teaching and Educational Research, 18(9), 114–130. https://doi.org/https://doi.org/10.26803/ijlter.18.9.6 

Kaur, C., Singh, S., Ongb, E. T., & Tunku, T. M. (2020). Quality teachers of the 21st century  : An overview of theories and practice. 

International Journal of Innovation, Creativity, and Change, 13(1), 1481–1494.  

Kippers, W. B., Poortman, C. L., Schildkamp, K., & Visscher, A. J. (2018). Data literacy: What do educators learn and struggle with 

during a data use intervention?. Studies in Educational Evaluation, 56, 21-31. https://doi.org/10.1016/j.stueduc.2017.11.001  

Klement, M., Chráska, M., & Chrásková, M. (2015). The use of the semantic differential method in identifying the opinions of university 

students on education realized through. Procedia - Social and Behavioral Sciences, 186, 1214–1223. 

https://doi.org/10.1016/j.sbspro.2015.04.165 

Kuper, H. (2020). Industry 4.0: changes in work organization and qualification requirements—challenges for academic and vocational 

education. Entrepreneurship Education, 3(2), 119–131. https://doi.org/10.1007/s41959-020-00029-1 

Kwaku Avuglah, B., & Underwood, P. G. (2019). Research data management (RDM) capabilitie s at the university of Ghana, Legon. 

Library Philosophy and Practice (E-Journal), 2258(4), 1–85.  

Laar, E., Van Deursen, A. J., Van Dijk, J. A., & de Haan, J. (2020). Determinants of 21st-century skills and 21st-century digital skills for 

workers: A systematic literature review. Sage Open, 1(3), 1 –14.  

Lase, D. (2019). Education and industrial revolution 4.0 delipiter. Handayani Journal, 10(1), 48–62.  

Lemke, C. (2002). Engage 21st century skills: Digital literacies for a digital age. North Central Regional Educational Laboratory, 3(1), 1–32.  

Lestari, S., & Santoso, A. (2019). The roles of digital literacy, technology literacy, and human literacy to encourage work readiness of 

accounting education students in the fourth industrial revolution era. KnE Social Sciences, 3(11), 513. 

https://doi.org/10.18502/kss.v3i11.4031 

Lestari, W. Y., & Rosana, D. (2020). Analysis of junior high school students’ data literacy in ciamis with local potential kampung adat kuta. Paper 

presented at the The 5th International Seminar on Science Education. Journal of Physics: Conference Series.  

Mandinach, E. B., & Gummer, E. S. (2016). Data literacy for educators: Making it count  in teacher preparation and practice. 

Technology, Education--Connections (The TEC Series). Teachers College Press, 29(1), 84–88.  

Marr, B. (2015). A brief history of big data everyone should read. World econ forum. Retrieved from 

https://www.weforum.org/agenda/2015/02/a-brief-history-of-big-data-everyone-should-read/ 

Martin, K., Shilton, K., & Smith, J. (2019). Business and the ethical implications of technology  : Introduction to the symposium. Journal 

of Business Ethics, 160(2), 307–317. https://doi.org/10.1007/s10551-019-04213-9 

Meghana, S. (2018). Research data management: A new role for academic/research librarians. Technology Journal, 1(1), 69–73.  

Memon, M. A., Ting, H., Cheah, J. H., Thurasamy, R., Chuah, F., & Cham, T. H. (2020). Sample size for surv ey research: Review and 

recommendations. Journal of Applied Structural Equation Modeling, 4(2), 1-20.  

Miranda, J., Navarrete, C., Noguez, J., & Ramírez-Montoya, M. (2021). The core components of education 4.0 in higher education: Three 

case studies in engineering education Computers and Electrical Engineering, 93, 107278. 

https://doi.org/10.1016/j.compeleceng.2021.107278  

Mostafa, S. A., & Ahmad, I. A. (2019). Recent developments in systematic sampling: A review. Journal of Statistical Theory and Practice, 

12, 1–18. https://doi.org/10.1080/15598608.2017.1353456  

Mugiono, M., Dian, S., Prajanti, W., Wahyono, W., Pgri Batang, S., Ki, I. J., & Batang, K. (2020). The effect of digital literacy and 

entrepreneurship education towards online entrepreneurship intention through online business learning and creativity at 

marketing department in batang regency. Jee, 10(1), 21–27.  

https://jwel.mit.edu/news/human-skills-lessons-virtual-summer-internship
https://doi.org/https:/doi.org/10.26803/ijlter.18.9.6
https://doi.org/10.1016/j.stueduc.2017.11.001
https://doi.org/10.1016/j.sbspro.2015.04.165
https://doi.org/10.1007/s41959-020-00029-1
https://doi.org/10.18502/kss.v3i11.4031
https://www.weforum.org/agenda/2015/02/a-brief-history-of-big-data-everyone-should-read/
https://doi.org/10.1007/s10551-019-04213-9
https://doi.org/10.1016/j.compeleceng.2021.107278
https://doi.org/10.1080/15598608.2017.1353456


International Journal of Education and Practice, 2023, 11(4): 820-836 

 

 
835 

© 2023 Conscientia Beam. All Rights Reserved. 

Muzam, J. (2022). The challenges of modern economy on the competencies of knowledge workers. In Journal of the Knowledge Economy . US: 

Springer. 

Najafabadi, M. M., Villanustre, F., Khoshgoftaar, T. M., Seliya, N., Wald, R., & Muharemagic, E. (2015). Deep learning applic ations and 

challenges in big data analytics. Journal of Big Data, 2(1), 1–21. https://doi.org/10.1186/s40537-014-0007-7 

Nalendra, V., Hermadi, I., & Agusta, I. (2017). Information and communication technology literacy analysis of academic management 

information system application users. Development Communication Journal, 15(1), 82–88. 

https://doi.org/10.46937/15201722776 

Nangoy, R., Mursitama, T. N., Setiadi, N. J., & Pradipto, Y. D. (2020). Creating sustainable performance in the fourth industrial 

revolution era: The effect of employee’s work well-being on job performance. Management Science Letters, 10(5), 1037–1042.  

Narendra, A. P. (2015). Big data, data analysis, and librarian competency development. Record and Library Journal, 1(2), 83-93.  

Ndukwe, I. G., & Daniel, B. K. (2020). Teaching analytics, value and tools for teacher data literacy: A systematic and tripartite approach. 

International Journal of Educational Technology in Higher Education, 17(1), 1-31. https://doi.org/10.1186/s41239-020-00201-6 

Ongena, G. (2023). Data literacy for improving governmental performance: A competence -based approach and multidimensional 

operationalization. Digital Business, 3(1), 100050. https://doi.org/10.1016/j.digbus.2022.100050 

Orhani, S. (2023). Robots assist or replace teachers in the classroom. Journal of Elementary and Secondary School, 1(1), 29–41.  

Pekkolay, S. (2022). The importance of literacy. Scholars Journal of Arts, Humanities and Social Sciences, 10(10), 6–8.  

Pratama, M. A., Supahar, L. D. P., Sari, W. K., Putri, T. S. Y., & Adiatmah, V. A. K. (2020). Data literacy assessment instrument for 

preparing 21 Cs literacy: preliminary study. In Journal of Physics: Conference Series, vol. 1440, no. 1, p. 012085. IOP Publishing, 

2020.  

Rahmawati Mega, I., Arsisari, A., & Amalin Ulfah, W. (2022). Learners' digital literacy in online learning during covid-19. English 

Review: Journal of English Education, 10(2), 699-706.  

Ramadhan, S., Sukma, E., & Indriyani, V. (2019). Teacher competence in utilizing digital media literacy in education. Journal of Physics: 

Conference Series, 1339(1), 1–5. https://doi.org/10.1088/1742-6596/1339/1/012111 

Reiter, C. M. (2017). 21st century education: The importance of the humanities in primary education in the age of STEM (The Dominican 

University of California, San Rafael, CA). San Rafael, CA: The Dominican University of California. 

Roblek, V., Meško, M., & Krapež, A. (2016). A complex view of industry 4. 0. Sage Open, 4(6), 1–11. 

https://doi.org/10.1177/2158244016653987 

Royakkers, L., Timmer, J., Kool, L., & Van Est, R. (2018). Societal and ethical issues of digitization. Ethics and Information Technology, 

20(2), 127-142. https://doi.org/10.1007/s10676-018-9452-x 

Ruedel, K., Kuchle, L. B., & Bailey, T. (2021). Essential elements of comprehensive data literacy. In National Center for Systemic Improvement at 

WestEd. Retrieved from https://search.ebscohost.com/login.aspx?direct=true&db=eric&AN=ED620527&site=ehost -live 

Sadan, V. (2017). Data collection methods in quantitative research. Indian Journal of Continuing Nursing Education, 18(2), 58–63.  

Santoso, A., & Lestari, S. (2019). The roles of technology literacy and technology integration to improve students’ teaching 

competencies. KnE Social Sciences, 3(11), 243. https://doi.org/10.18502/kss.v3i11.4010 

Sari, D. I., Rejekiningsih, T., & Muchtarom, M. (2020). The concept of human literacy as civics education strategy to reinforce  students’ 

character in the era of disruption. Advances in Social Science, Education, and Humanities Research, 397(Icliqe 2019), 1132–1141. 

https://doi.org/10.2991/assehr.k.200129.140 

Sariwulan, T., Suparno, S., Disman, D., Ahman, E., & Suwatno, S. (2020). Entrepreneurial performance: The role of literacy and skills. 

Journal of Asian Finance, Economics, and Business, 7(11), 269–280. https://doi.org/10.13106/jafeb.2020.vol7.no11.269  

Schermelleh-Engel, K., Moosbrugger, H., & Müller, H. (2003). Evaluating the fit of structural equation models: Tests of significance and 

descriptive goodness-of-fit measures. Methods of Psychological Research Online, 8(2), 23-74.  

Schrijvers, M., Janssen, T., Fialho, O., & Rijlaarsdam, G. (2019). Gaining insight into human nature: A review of l iterature classroom 

intervention studies. Review of Educational Research, 89(1), 3–45. https://doi.org/10.3102/0034654318812914 

Schüller, K. (2020). Future skills: A framework for data literacy. In Competence Framwork and Research Report (No. 53). Retrieved from Berlin: 

Hochschulforum Digitalisierung. 

https://doi.org/10.1186/s40537-014-0007-7
https://doi.org/10.46937/15201722776
https://doi.org/10.1186/s41239-020-00201-6
https://doi.org/10.1016/j.digbus.2022.100050
https://doi.org/10.1088/1742-6596/1339/1/012111
https://doi.org/10.1177/2158244016653987
https://doi.org/10.1007/s10676-018-9452-x
https://search.ebscohost.com/login.aspx?direct=true&db=eric&AN=ED620527&site=ehost-live
https://doi.org/10.18502/kss.v3i11.4010
https://doi.org/10.2991/assehr.k.200129.140
https://doi.org/10.13106/jafeb.2020.vol7.no11.269
https://doi.org/10.3102/0034654318812914


International Journal of Education and Practice, 2023, 11(4): 820-836 

 

 
836 

© 2023 Conscientia Beam. All Rights Reserved. 

Schwab, K. (2018). The fourth industrial revolution (Industry 4.0) a social innovation perspective. Technology Innovation Management 

Review, 7(23), 12–21. https://doi.org/10.25073/0866-773x/97 

Serdyukov, P. (2017). Innovation in education: What works, what doesn’t, and what to do about it. Journal of Research in Innovative 

Teaching & Learning, 10(1), 4–33. https://doi.org/10.1108/jrit-10-2016-0007 

Sharma, P. (2019). Digital revolution of education 4.0. International Journal of Engineering and Advanced Technology, 9(2), 3558–3564.  

Sitepu, R. B., Eliyana, A., Raza, A., & Rosalina, M. (2020). The readiness of educational competency in higher education in connecting the era of 

industrial revolution 4.0. In SHS Web of Conferences (Vol. 76, p. 01045). EDP Sciences.  

Siyoto, S., & Sodik, A. (2015). Basic research methodology (1st ed.). Yogyakarta: Media Literacy. 

Smith, C. L. (2015). Technology literacy skills needed in further education and/or work: A Delphi study of high school graduates’ perspectives. 

Dissertation University of South Florida Scholar Commons. Retrieved from 

https://search.proquest.com/openview/e3661afdecfbceec44f28f138f4cbbe6/1?pq-origsite=gscholar&cbl=18750  

Söderström, T., From, J., Lövqvist, J., & Törnquist, A. (2012). The transformation from distance to online education: Pe rspectives from 

the educational management horizon. The European Journal of Open, Distance and E-Learning, 15(1), 1–9.  

Spring, J. (2012). Globalization of education. International Journal of Chinese Education, 1(2), 139–176. 

https://doi.org/10.1163/22125868-12340002 

Suhendi, H. Y., Wahidah, S. K., Linda, & Novita, L. (2017). Profile of technological literacy abilities of high school students in the city of 

Bandung. Journal of Teaching and Learning Physics, 2(2), 1–6.  

Tabachnick, B. G., & Fidell, L. S. (2013). Using multivariate statistics (6th ed.). Boston, MA: Pearson. 

Tandon, R. (2020). Education 4 . 0: A new paradigm in transforming the future of educat ion in. International Journal of Innovative Science, 

Engineering & Technology, 7(2), 32–54.  

Toit, C. W. D. (2019). Artificial intelligence and the question of being. HTS Teologiese Studies/Theological Studies, 75(1), 1–10. 

https://doi.org/https://doi.org/10.4102/hts.v75i1.5311  

Ventouris, A., Panourgia, C., & Hodge, S. (2021). Perceptions of the impact of technology on children and young people's emotions and 

behaviors. International Journal of Educational Research Open, 2, 100081. https://doi.org/10.1016/j.ijedro.2021.100081 

Vista, A., Kim, H., & Care, E. (2018). Use of data from 21st century skills assessments: Issues and ke y principles. Center for Universal 

Education at the Brookings Institution.  

Wilkinson, B., & Alshmrany, S. (2017). Factors influencing the adoption of ICT by teachers in primary schools in Saudi Arabia. 

International Journal of Advanced Computer Science and Applications, 8(12), 143–156. 

https://doi.org/10.14569/ijacsa.2017.081218 

World Bank. (2019). Indonesia skills development project. Washington, D.C: The World Bank. 

Zweig, J., Irwin, C. W., Kook, J. F., & Cox, J. (2015). Data collection and use in early childhood education programs: Evidence from the 

Northeast Region. Retrieved from REL 2015-084. In Regional Educational Laboratory Northeast & Islands. Washington, DC: 

U.S.  

 

 

 

  

Views and opinions expressed in this article are the views and opinions of the author(s), International Journal of Education and Practice shall not be 
responsible or answerable for any loss, damage or liability etc. caused in relation to/arising out of the use of the content. 

 

https://doi.org/10.25073/0866-773x/97
https://doi.org/10.1108/jrit-10-2016-0007
https://search.proquest.com/openview/e3661afdecfbceec44f28f138f4cbbe6/1?pq-origsite=gscholar&cbl=18750
https://doi.org/10.1163/22125868-12340002
https://doi.org/https:/doi.org/10.4102/hts.v75i1.5311
https://doi.org/10.1016/j.ijedro.2021.100081
https://doi.org/10.14569/ijacsa.2017.081218

