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Abstract. Technology 4.0 has forced the education system to undergo a
huge transformation by changing teaching and learning methods.
Teaching 4.0 requires teachers to apply varieties of technology used in the
teaching and learning process to make it more appealing to new
millennials. However, the response to this change has been relatively
slow. Consequently, the preparation of effective teaching methods and
strategies from educators that can benefit students through learning from
differentiated learning styles. Thus, the aim of this study is to collect and
extract information from the literature in searching for the research gap,
and analyse the most significant studies on the teaching of 4.0
competency in a Higher Learning Institution. The searching process will
focus on papers published in journals or presented at specialised
international conferences from 2015 until 2021 using a systematic
mapping review (SMR). A total of 380 relevant research papers from
Scopus, Web of Science, Google Scholars online databases and grey
literature were retrieved. Nine final papers were selected in the study.
Results from the review showed that the predefined requirement criteria
for Teaching 4.0 competencies were not all satisfied in literature. There
are limited studies on the Teaching 4.0 competency. Thus, a conceptual
framework of measurement for Teaching 4.0 competencies should be
developed. It could act as a solution by providing a comprehensive
competency measurement and to determine relevant 4.0 competency
among Higher Learning Institution educators.
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1. Introduction

Education 4.0 is defined as the new phase in which Higher Learning Institutions
apply a transformation of learning methods and innovative didactic teaching,
with intelligent teaching tools and sustainable infrastructures complemented by
emerging educational technologies (Miranda & Molina, 2020). This education
transformation has improved the processes of generating knowledge and
transferring information (Miranda & Molina, 2020). The Education 4.0
transformational phase has created a significant change in the education system.
It is a change from traditional learning to technology-based learning and aligns
with the trend of student learning which characterises education today (Ismail,
2011). Students tend to learn by using numerous modern applications and various
means of technology through different kinds of pedagogies such as heutagogy
(self-determined learning), paragogy (peer-oriented learning), and cybergogy
(virtual-based learning) (Tajudin, 2021). Their readiness towards the fourth
industrial revolution technology (Yunos & Din, 2019), differentiated learning style
(Al Mashagbh et al., 2019), and understanding how to personalise their learning
(Din, 2015; Din 2016) according to Bloom’s taxonomy (Matore, 2021) using a
universal design for learning (Din, 2019; Din, 2020a; Din, 2020b) should be
considered. The teaching method should be implemented by innovative
pedagogical technologies and processes. Teachers play a role as a mentor,
reference, and collaborator in transferring the knowledge to students by
connecting the teaching and learning with digital transformations and
virtualisation procedures. (Miranda et al., 2019; Miranda & Molina, 2020). More
clearly, 21st-century teaching requires teachers to dominate the Industrial
Revolution 4.0 by applying various technologies to make the teaching strategy
and the transferred of knowledge more appealing to new millennials students
known as Teaching 4.0 (Ismail, 2011).

Teaching in Higher Learning Institutions requires creative and effective skills.
This is to ensure it will benefit students who learn with differentiated learning
styles. In addition, the institutions should ensure educators constantly improve
their teaching methods and meet the skills in line with the current educational
needs. These are the ways of making sure that the quality of teaching in Higher
Learning Institutions will meet the skills requirement and criteria for appointment
or promotion and also act as a process of determining the award of outstanding
teachers and expert teachers. Studies show that effective teaching methods
through the application of technologies and differentiated learning are able to
increase the level of competence among educators (Noorashid, 2019). To achieve
an excellent level of teaching competence, it needs to be supported by the use of
technology as many have reported in previous studies (Barragdn-Sanchez et al.,
2020; Villarreal-Villa et al., 2019).

2. Technology in Teaching 4.0

Teaching 4.0 is the implementation of various technology through academic
related supported teaching methodology to produce an active-learning outcome
(Prieto et al., 2019). It might also be the use of augmented reality tools in a modular
learning system with an interactive virtual model of the equipment (Miranda &
Molina, 2020), cloud computing data, and information processed in real-time
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(Martin et al., 2018). Table 1 identified tools and infrastructures commonly used
as technology in Teaching 4.0 (Bonfield et al., 2020; Mourtzis et al., 2017;
Golitsynaet al., 2019; Miranda et al., 2019; Miranda & Molina, 2020; Ramirez-
Montoya et al., 2021; Balakirshnan & Lay, 2016).

Table 1: Tools and infrastructures of technology in Teaching 4.0

Technology 4.0 Tools and Infrastructures
Artificial Intelligence (AI) Smart scanner, virtual tutor and facilitator,
virtual class experiment / simulation,
online / real-time assessment

Robotics Simulator machine, electrical and
mechatronics, 3D printers
Internet of Things (IoT) Smart building IoT solutions educational

environments such as school buildings,
classrooms, laboratories, and more.

Smart Mobile Devices Smart phone, tablet, iPad, laptop, notebook,
and electronic textbooks

Advance Network Technology & Web | Email, social networks, cloud services,
services search engines, gamification

Adapting multiples technology into Teaching 4.0 effectively impacts on the
teaching and learning process. The implementation of these technologies in
Higher Learning Institutions are important to ensure that it aligns with the
transformation of education. Higher Learning Institutions need to ensure that
teachers and lecturers are capable of creatively diversifying teaching innovations
using a teaching approach based on the 4.0 elements. These will require teachers
to master Teaching 4.0 competencies such as i) digital literacy, ii) critical thinking,
iii) problem-solving, iv) competencies in motivation and skills v) self-evaluation,
vi) self-efficacy, vii) responsibility, viii) autonomy to teach, and x) ability to teach
effective teaching environment (Ramirez-Montoya et al., 2021). Teachers also
should have technological competencies along with good personal characteristics
that can guide students with lifelong learning skills (Miranda & Molina, 2020;
Himmetoglu et al., 2020). A limited study on the combination of all these required
skills provide a potential research gap.

Thus, the aim of this paper is to collect and extract information concerning
teaching with technologies 4.0 from the literature and searching for the research
gap. This include identifying and analysing the most significant studies relating
to Teaching 4.0 skills and its contribution towards teaching competency. The
studies in existing works on Teaching 4.0 competencies still lack a systematic
method. Thus, this paper reports a systematic review of existing works within the
scope of the study.

3. Teaching 4.0 Competencies

Competence in teaching is very important to ensure that educators provide a
teaching method and strategy that can achieve the objectives of a lesson. There are
several characteristics of teaching competence as listed by Nessipbayeva (2012):
(1) mastery of one or more skills, (2) performance, knowledge, skills, and attitudes
that can be assessed and demonstrated, and (3) measurable performance. This
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would summarise how teaching competency is seen as a combination of
knowledge, skills, and behaviours applied to improve performance levels and to
ensure an individual is qualified or able to perform his role in a given task. It also
focuses on the values, qualities, and motivations of an individual who always
consistently performs in completing his tasks.

In the context of Teaching 4.0 competency, all characteristics mentioned must
align to the use of 4.0 technology. This affects how an individual is able to use his
knowledge, skills, behaviors, values, traits and motivation to implement 4.0
technology in his teaching. Indira et. al (2020) suggested that educators should not
only act as communicators of knowledge to students but should also prepare
themselves to act as knowledge providers in line with technology 4.0. There are
four major types of competencies highlighted: (1) educational competence, (2)
technologically competence, (3) communicatively competence, and (4)
competence counselor (Indira et.al, 2020). Educators need to master technology
and must be competent in order to understand problems, including psychological
issues, faced by students to use 4.0 technology. Teaching 4.0 plays a big role as an
effective teaching method that provides more space for creativity and innovation
from educators. Therefore, educators must be prepared to apply various
technologies in line with changing trends and the suitability of these to their
teaching systems. Teaching 4.0 does not mean an educator must fully utilise
technology as a teaching aid but they need to change their way of teaching with
differentiated strategies such as self-learning methods, hybrid learning, and
virtual learning all adapted to the level of student learning diversity.

4. Research Methodology

This study contains three steps recommended by Guzzo et al. (1987) and Egger et
al. (1997): (1) the formulation of the problem to be addressed, (2) collection and
analysis of the data, and (3) reporting of the results (Egger et al., 1997; Guzzo et
al., 1987, Gabarre, 2015; Gabarre et al.,, 2015; Gabarre et al, 2020). A brief
explanation for this is in how the problem may be formulated with the following
question: to what extent do recent and respected publications deal with the theme
of Teaching 4.0 competency in Higher Learning Institutions? Gabarre (2015)
suggested the proposal of several questions that should be identified and then
categorized as variables for the studies (Gabarre, 2015). This question can be
divided into five different variables: (1) Education 4.0, (2) Teaching 4.0, (3)
differentiated learning, (4) teaching competency, and (5) Higher Learning
Institutions. These five variables were used to categorise the articles that were
selected for SMR and should meet the requirement of recent publications.

5. Review Process

Systematic mapping review (SMR) is among the fourteen reviews system that
have been used in a significant number of studies by Grant and Booth (2009).
According to Maisiri and Van Dyk (2020), this systematic mapping reviews is to
identify research gaps in existing literature (Fernandez et al., 2015; Gordon et al.,
2012; O’Cathain et al., 2013; McDaniel-Peters & Wood, 2017; Brett et al., 2011;
Booker et al., 2015; Lukersmith et al., 2016). It is a review method commonly used
when a focused area of inquiry is in early research development (McDaniel-Peters
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& Wood, 2017; Maisiri & Van Dyk, 2020). In comparison, systematic literature
review (SLR) identifies, evaluates, interprets, and analyses the available research
tindings related to formulated research questions, topic areas, or phenomena. The
purpose of conducting SLR is to construct a general vision, gather evidence of
specific questions. and provide a summary of the literature (Mariano et al., 2017).
SLR evaluates the size, scope and quality of the evidence base, while SMR is not
primarily concerned with assessing the strength of findings and concluding
optimum interventions (Heeb et al., 2020).

This study was aimed at collecting and analysing the most significant studies on
the Teaching 4.0 skills and competency in higher learning institution. The type of
studies collected were focused on those published in journals or presented at
specialised international conferences from 2015 until 2021. After this, relevant
information from the literature was extracted in search for the research gap. In
order to offer useful tools to promote critical awareness about the areas of research
interest and to identify the topics most in need for research, this study has been
carried out as a solution in finding the research gap. As reported:

“A systematic mapping study provides an objective procedure for

identifying the nature and extent of the research that is available to

answer a particular research question. These kinds of studies also help

to identify gaps in current research in order to suggest areas for

further investigation”. (Fernandez et al., 2011)

It is also used to categorized papers selected with sufficient detail in order to
answer broad research questions (Miranda & Molina, 2020).

6. Systematic Mapping Review (SMR) Search Process

A predefined search strategy was developed in this study to minimize bias during
the search of papers and to find for relevant literature review (Maisiri & Van Dyk,
2020). The study used five key search terms: Education 4.0, Teaching 4.0,
differentiated learning, teaching competencies, and Higher Learning Institutions.
The literature search was conducted on three different sources which are Scopus,
Web of Science, and Google Scholars online databases and included the search of
grey literature on key consulting organisation websites. This is also by expanding
the data source by a dedicated search of reference lists (Maisiri & Van Dyk, 2020;
Lukersmith et al., 2016). Table 2 was designed to identify and categorise the
keywords which represent factors concerning teaching with technology 4.0

Table 2: Keyword and its requirement

Keywords (KW) Requirements of criteria

Education 4.0 (KW1) Existing works that address factors in Education 4.0 or
teaching with technology 4.0 or proposed work using
technology 4.0 in Higher Learning Institution
(Ramirez-Montoya et al., 2021).

Teaching 4.0 (KW2) Papers that propose tools and infrastructures of
technology in Teaching 4.0 including a technique /
approach / model / framework in Higher Learning
Institution (Himmetoglu et al.,, 2012, Miranda et al,,
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2019; Miranda & Molina, 2020; Peredrienko et al.,

2020).
Differentiated Learning | It is an instructional approach that accommodates the
(KW3) diversity of students (abilities, interest, level of

thinking, personalities, demographic background) by
adopting specific teaching strategies, invoking a
variety in learning strategies, assessing individual
needs, and finally pursuing optimal learning outcomes
(Suprayogi & Valcke, 2016; Suprayogi et al., 2017).
Teaching competencies | The level of skills and expertise of lecturers in the use
(KW4) and application of a variety of technology 4.0 in their
teaching methods either in the classroom or in student
consultation sessions (Jafar et al., 2020; Symanyuk &
Pecherkina, 2016).

Higher Learning Institutions | Public and private universities or colleges (Azizan,
(KWS5) 2020).

7. Inclusion and Exclusion Criteria

Iterative inclusion and exclusion criteria (Maisiri & Van Dyk, 2020; Shahrol et al.,

2020) were conducted to select relevant studies published between 2015 and 2021.

The process consists of the following criteria:

1) A collection of papers was reviewed and sorted from the library. Priority is
given to published papers from journals and conferences proceeding papers.

2) The papers should at least contain factors concerning teaching with technology
4.0 and the field of study must be related to Education 4.0. The teaching
competency models or framework were included.

3) The papers were required to include keywords that attempt to define, propose,
suggest, or describe existing works of Education 4.0 and /or in teaching using
technology 4.0.

4) For exclusion, papers published older than 2015 were excluded.

5) Papers that do not follow the listed keyword, even if from a related field, were
excluded.

6) Papers using the terms teaching competencies loosely in relation to technology
4.0.

8. Data Analysis

The data analysis is mainly focused on identifying design requirement gaps in the
included mapping review literature (Maisiri & Van Dyk, 2020). This process was
done as measured against the predefined criteria requirements for Teaching 4.0
competencies that has been presented in Table 1. The papers that fulfilled the
inclusion and exclusion criteria were short-listed and reviewed for final selection.
There are 9 steps of systematic mapping review process as shown in Figure 1
below:
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Figure 1: Systematic Mapping Review Process & Results

The papers that fulfilled the inclusion and exclusion criteria were short-listed and
reviewed for final selection.

9. Result and Discussion

A brief finding of systematic mapping reviews results and the gap analysis results
will be explained in this section. Nine papers were included in the systematic
mapping review. The results are as in Table 3:
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Paper Title & Reference

Country

Refereed
Conference
Proceeding

Scopus/
WOS
Journals

Google
Scholar

Innovations in Education — The
Development of a New
Pedagogical Technology of a
Combinational Type, Focused on
the Development of Personality of
Student (Zhurakovskaya et al.,
2020).

Russia

x|m 3R
SIS
stx
xR 3 R
x| s R

Adapting Universities for
Sustainability Education in
Industry 4.0: Channel of
Challenges and Opportunities
(Mian et al., 2020).

Saudi
Arabia

Teacher Education Institutions in
The Philippines Towards
Education 4.0 (Alda et al., 2020).

Philippines

Education and Learning
Challenges Based on Information
Technology in the Era of
Industrial Revolution 4.0
(Syamsuar & Reflianto, 2018).

Indonesia

The Effect of Cooperative
Learning on the Learning
Approaches of Students with
Different Learning Styles (Colak,
2015).

Turkey

Driving Education in the Era of
Industrial Revolution 4.0: The
Application of Islamic Values and
Innovation in Teaching in Higher
Learning Institutions (Abdul et
al., 2020).

Malaysia

The Preparation of Malaysians in
Realizing the Goals of the
Industrial Revolution 4.0 (Jamhari
et al., 2020).

Malaysia

Readiness In Implementing
Teacher Training Programmes
Based on Industrial Revolution
4.0: Evidence From Malaysian
Public Universities (Saud et al.,
2018).

Malaysia

Students’ Learning Styles and
Their Effects on The Use of Social
Media Technology for Learning
(Balakrishnan & Lay, 2016).

Malaysia

Key: v Satisfied the relevant requirement;

/ partially satisfied; KW1 = Education 4.0;
KW4 = Teaching competencies;

Learning;
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A significant number of Teaching 4.0 competency models and frameworks
reviewed in this study focused on skill requirements (Maisiri & Van Dyk, 2020) in
Education 4.0. In Table 3, it can be seen that almost all articles discuss Education
4.0 at the Higher Learning Institutions level. However, only two articles discuss
the teaching based on technology 4.0, namely one in Russia and another in
Malaysia. Since 2015, more studies have been conducted related to Education 4.0
but there are still relatively few empirical studies examining 4.0 technology-based
teaching in depth. Only two studies discussed collaborative learning with various
levels of learning skills where one skill was in Higher Learning Institutions.
However, these two studies only discuss the use of technology in general and do
not specialise in 4.0 technology. There is still a lack of studies that measure and
evaluate the level of competence in the use of technology 4.0 specifically among
lecturers.

Figure 2 show a total of 9 papers, and as many as 67% consider the teaching in
Higher Learning Institution. Another 67% or 6 papers deal with Education 4.0. It
should be noted that in these in all 6 papers, only 1 paper dealt with teaching with
technology 4.0. In this context, the data collected shows that the researchers
consider the teaching with technology 4.0 as a new transformational method for
carrying out teaching activities. There are a lack of empirical studies assessing the
4.0 teaching skills and expertise. KW2 and KW3 represent 22% each, while KW3
represents 11%, which shows the existence of limited studies in measuring
teaching, differentiated learning, and teaching competencies in regard to
technology 4.0.

Percentage

Kw1 Kw?2 KW3 Kw4 KW5

Keyword

Figure 2: Keywords results by percentage

Overall, literature explained factors concerning Teaching 4.0 in terms of digital
literacy, critical thinking, problem-solving skills, and the ability to provide an
effective teaching environment. All these factors can be grouped as teaching and
learning methods. However, there are no specific factors concerning Teaching 4.0

http:/ /ijlter.org/index.php/ijlter



226

and its impact on differentiated learning (KW3). Factors such as responsibility,
self-evaluation, self-efficacy, and educator’s personal characteristics may
contribute to effective teaching delivery and improved teaching competency
(KW4). All the factors identified were discussed separately and are yet to be
studied as a group of potential variables which contribute to the measurement of
Teaching 4.0 competency.

Limited studies concerning Teaching 4.0 and its method of learning provide
restricted evidence on how technology 4.0 may contribute to effective and
competent teaching strategies. Most studies in Higher Learning Institutions were
carried out to assess the readiness of the administrators, educators, and students
in adapting 4.0 education transformation. While the majority of studies on the
effectiveness of technology were carried out regarding the impact on students and
learners. No studies were carried out to assess the level of expertise and
competency of educators in implementing technology 4.0 in their teaching process
and strategy. Thus, this finding shows that there is a lack of comprehensive
Teaching 4.0 assessment tools that address the skills and competency
requirements for specific capability functions in Higher Learning Institutions. The
reviewed models seldom provided a comparative scale to gauge the competency
of teachers or educators with reference to Education 4.0 revolutions. There is a
noticeable shortage of studies that can provide empirical studies concerning
Teaching 4.0 and its competitiveness. Thus, this result may provide a good
research gap for future studies.

10. Conclusion, research implication and future work

The scope of this research is to identify and analyse the most significant studies
for the Teaching 4.0 competencies in Higher Learning Institutions. The findings
prove that there has been limited research done on Teaching 4.0 competency.
Thus, this can strengthen the support regarding the importance of building
measurement instruments to test and evaluate the skills level of lecturers
especially in terms of teaching using technology 4.0 (KW3) and their teaching
competency (KW4) in institutions of higher learning (KW5). A conceptual
framework of instrument measurement for Teaching 4.0 competencies should be
developed.

Besides, the finding also could recommend Higher Learning Institutions to
implement policies and provide various training and workshops in encouraging
educators to apply technology 4.0 to their teaching processes. It may be important
for Higher Learning Institutions to develop Teaching 4.0 competency assessment
tools and necessary measurements. Therefore, a valid construction of instruments
will facilitate the measurement process and has the potential to help provide
empirical evidence that can be used as a reference for future studies.
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