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ABSTRACT

This paper presents  empirical findings  on
engineering-educators’ perceptions and challenges on the
Fourth Industrial Revolution (IR 4.0) at a technical university
in Malaysia. Engineering education plays essential roles in
ensuring successful accomplishment of the IR 4.0. Despite
awareness of the importance of IR 4.0, previous research has
not yet specifically focused on the IR 4.0 related to
engineering education. Using a quantitative approach,
insights from the engineering-educators were gathered to
explore their perception on and challenges of the IR4.0 at
their institution. With that aim, a set of self-developed
questionnaire was used via Google Form to collect data at one
technical university in Malaysia. 146 engineering-educators
responded in the study. The findings highlighted that more
than 80% of engineering-educators have extensive level of
understanding on the IR 4.0, and 95% emphasized the
importance of inclusion IR 4.0 elements in bachelor degree
curriculums. The study discovered two main challenges to
implement IR 4.0 at the university which are financial
limitation and lack of expertise to execute the IR 4.0. This
explorative study highlights important implications to the
practice of engineering education in the era IR 4.0 in
Malaysia. In preparing the nation toward IR 4.0, the Ministry
of Higher Education of Malaysia needs to rethink on
education designs and curriculums to diminish the threats
imposed by IR 4.0 implementation. In general, the
government should create public awareness on the readiness
and preparedness of IR 4.0 particularly in the education
industry. For future research, more rigorous study using
larger sample should be conducted. In addition, research
should apply qualitative methodology to gain in-depth
feedback on the IR 4.0.

Key words: Industrial Revolution 4.0 (IR4.0); Engineering
Technology Education; Engineering-educators.

1. INTRODUCTION
The world today stands on the brink of technology and

industrial revolutions that gives tremendous effect to our life.
The Industrial Revolution (IR) that has started at the end of
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the 18th century has proved itself to be a backbone of the
country’s economy, growth and development. Since then,
there have been four industrial revolutions: Industry 1.0 (in
the year 1784) - the invention of first steam engine; Industry
2.0 (in the year of 1870) - the first time moving belt conveyor
was used to drive through electrical power; Industry 3.0 (In
the mid of 1970s) - Electronics & Information Technology
began to expand rapidly into industries; and Industry 4.0 (in
the of 2000s) - based on the use of Automation and data
exchange in manufacturing technologies [1].

Industrial Revolution 4.0 (IR 4.0) is a “term for the digital
revolution in industrial production emerging from the
comprehensive networking and computerisation of all areas
of production” [2: p.4]. [3] stated that the aim of IR 4.0 is to
connect all production resources to empower their interaction
in real time with the help of Information and
Communications Technologies (ICT). The IR 4.0 is expected
to affect the whole world in all aspects. The topic of IR 4.0 has
been initially addressed almost exclusively from a
technological perspective to educational viewpoint.
Technologies impact people hugely, and the IR 4.0 wave
requires a significant change in workforce skills,
organizational structures, leadership mechanisms and
corporate culture.

According to [4], in managing the digital transformation,
education industry especially Engineering Education is an
important field of knowledge in preparing for the IR 4.0 Era.
The new era will create many new cross-functional roles for
which knowledge on IT and production cannot be separated.
This indicates that the universities and their engineering
departments have a vital role in fulfilling the need of IR 4.0.

In relation to the IR 4.0, “Education 4.0” was introduced,
which aligns man and machine to enable new possibilities,
harnesses the potential of digital technologies, personalized
data, open sourced content, and the new humanity of this
globally-connected, technology-fueled world, and establish a
blueprint for the future of learning [5][14]. Education 4.0 is
needed in order to prepare future graduates for work [14][23].

With no exception, Malaysia needs to respond to the
requirements of IR4.0 in the future of education in the country
[1][6][23]. Thus, this paper argues that for universities to
continue to produce successful graduates, Education 4.0 that
embeds IR 4.0 must be implemented at tertiary education
level. For instance, in engineering education, the IR 4.0
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emphasizes on three groups: educational content, educational
technologies, and working in interdisciplinary teams [4],
indicating that the education requirements, curriculum
designs, as well as skill and knowledge need to be redefined in
order to incorporate with the IR 4.0. This means the teaching
and learning must suit with the current wave of IR 4.0.
Therefore, with an unpredictable pace and ways of the IR4.0,
engineering education should prepare to face the era by
providing new curriculum designs of engineering education
[14].

With no doubt engineering education play essential roles in
ensuring successful accomplishment of the IR 4.0 in
Malaysia. Despite awareness of the importance of IR 4.0
across the nation, previous research has not yet specifically
focused on the IR 4.0 related to engineering education.
Realizing the importance of understanding the IR4.0, this
study attempts to explore the perception of engineering-
educators on the IR 4.0 at a technical university in Malaysia.
In addition, the study will identify the potential challenges of
IR 4.0 faced by the technical university. This study will
strengthen the understanding of the IR4.0, especially in the
engineering education. It provides several vital implications
to policymakers, academics, and researchers.

The remainder of this paper is organized as follows.
Section 2 reviews the literature. Section 3 describes the
research methodology. Section 4 presents the findings.
Section 5 deliberates on the discussions and implications.
Finally, Section 6 provides the conclusion of the study.

2. LITERATURE REVIEW

Over the past few years, the term Industrial Revolution 4.0
(IR 4.0) has attracted more studies all over the world [24][25].
Recently, there have been several studies in the literature that
reports about the IR 4.0 in various industries. According to
[25] the manufacturing industries are the main research areas
of the IR 4.0, in which papers are mainly related to
Engineering and Computer Science fields. It has been noted
that the IR 4.0 is characterized by a fusion of technologies [7]
affecting the way human live, work, play, socialize and even
on how human should behave [8] that will bring huge impact
to the worldwide including education industry. However, up
to 2017, the literature review does not show much empirical
evidence on the IR 4.0 and education industry [25].
Education is dynamic since it evolves more often than
societies realize. With multifaceted digital technologies
today, higher learning institutions particularly engineering
education are faced with the demands and needs of the
students. Technical universities and academics are
challenged with the ideas on implementing IR4.0 in their
curriculum designs and teaching approaches [9][10], so that
students are equipped with necessary skills and expertise to be
ready for the IR 4.0. The engineering academic context needs
to blend both hard skills (such as, strong understanding of
industry standards, and comfort working with computers) and
soft skills (such as strong analytical thinking, communication
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skills, teamwork and leadership skills) as well as digital skills
that would be useful with the advent of IR 4.0 [26].

Researchers have shown interest debating on the IR 4.0 and
Engineering Education, among others, such as [2] [12] [13]
[14]. For example, [2][20] focus on the changing role of
engineering education in the IR 4.0 era and suggesting that in
preparing for the IR 4.0 wave, technical tertiary or university
should pay attention to three issues namely, educational
content, educational technologies, and working in
interdisciplinary teams. This suggests that the curriculum
designs, the educators’ mind-sets and their teaching approach
must integrate the engineering programs with the needs of IR
4.0.

Malaysia is also now moving toward fulfilling the need of
meeting the IR 4.0 through the introduction of Education 4.0
especially at its higher learning institutions [11]. Educators
use different ways of teaching, and in the field of engineering
education, the usage of technologies in teaching is so much
required. Inevitably the exposure towards IR 4.0 is still low
since it is quite a recent phenomenon [28]. Some academic
researchers [14] proposed an enabling ecosystem for
Malaysian higher education 4.0 in facing the IR 4.0 as
follows:

Stage 1: Institutional Readiness (Managing
Convergences, Fluidity, Powershift, Contigency

Capability & Competency Digital Governance &
Accountability Financial Investment Digital Resilience
Social, Cultural & Ethical).
Stage 2: Integration of Institutional Vertical &
Horizontal Value Chains (Vertical Networking of Smart
Institutional Systems Horizontal Integration via a New
Generation of Global Value Chain Networks).
Stage 3: Institutional Products and Services Innovations
(Curriculum Academic Programs MOOCs Research
Professional Development Consultancy Data Services)
All in all, the redesigning of engineering education for
instance, in the Mechatronics program, will create many new
cross-functional roles for which workers will need both IT
and production knowledge [12]. [19] argues that the current
courses on design, engineering, and management related to
production and manufacturing do not systematically deliver
the necessary skills and knowledge for an effective
deployment of additive manufacturing technologies, thus
there is a need to develop new education and training
programs to support the provision of additive
manufacturing-skilled designers, engineers, and managers.
Increasing number of interdisciplinary study programs has
integrated IT and engineering, thus literature has also
discussed on the challenges of IR 4.0 to the academic
institutions  [14][15][16][17][20][21][22]. Despite the
growing body of economic research on IR 4.0, little attention
has been paid to examine the challenges that are considered
relevant for the implementation of IR 4.0 [17], such as in
manufacturing companies [18], what is more in the
engineering education aspect.
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The implementation of IR 4.0 through virtual and digital
platforms may impose fundamental changes on industrial
processes in many nations due to cyber security issues. This
concern has created another challenge in the implementation
of IR 4.0 [27]. Thus, the engineering education framework
such as its curriculum designs, teaching and learning
infrastructures need to be realigning with the IR 4.0 and
Education 4.0. By doing so, the engineering education can be
brought up to another level, and most importantly the
technical universities can prepare students to expand their
role in ongoing re-qualification of the industrial workforce
[20].

3. RESEARCH AND METHODS
Research Setting

The motivation to conduct this study was not only due to the
current issue on the IR 4.0 but the nature of the setting of the
study as one top technical university in Malaysia (Note: the
name of the university will not be revealed. Throughout the
paper, it will be known as technical university). Established
in the early 2000s, this technical university is based at the
heart of Malaysia’s capital and commerce area. The
university has several institutes and branches throughout
Malaysia offering various courses and programs. Wearing a
motto of “where knowledge is applied and dreams are
realized, the university aims to provide graduates with
knowledge, skills and attitude required to contribute towards
the nation. To date, the university has produced almost
60,000 graduates. Therefore, the research setting fits the
purpose of the study that was to explore
engineering-educators’ perceptions and challenges on the IR
4.0 at a technical university in Malaysia.

Research Approach

This study employed an exploratory quantitative approach
grounded on two main research questions as follows:
1. What are the perceptions of engineering-educators on
the IR 4.0 at this institution of the technical university?
2. What are the potential challenges faced by this
institution of the technical university if it wants to
implement the IR 4.0?

To be able to answer those research questions, a set of
questionnaire was created based on the review of literature.
The data were collected through a set of self-developed
questionnaire consisted of three sections:

Section A: Respondents’ profile (consists of two criteria)

Section B: Perceptions on IR 4.0 (consists of five items)

Section C: Potential Challenges of IR 4.0 (consists of six

items)

A purposive sampling was utilized and only engineering-
educators teaching degree level at one selected institution of
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the technical university recruited as respondents. The
questionnaire was distributed to 197 engineering-educators
through Google Forms. A total of 146 engineering educators
responded to this survey resulting in 74% of response rate.

The study used a 5-point Likert scale (1: Strongly Disagree
(SD); 2: Disagree (D); 3: Neutral (N); 4: Agree (A); and 5:
Strongly Agree (SA) in the questionnaires. A few open-ended
questions were also included in the questionnaire to gain
opinion on how to prepare the university with potential
challenges yielded by the IR 4.0.

Respondents’ Profile

As stated earlier, the respondents in this study involved only
engineering-educators teaching degree level. Only two
criteria were selected which were highest level of academic
degree and years of teaching experience. In regard to first
criteria, of 146 engineering-educators, majority of them hold
Masters Degree (61%), followed by PhD level (29%) and
Bachelor and professional qualifications (10%). In regard to
the second criteria, more than 50% of the
engineering-educators have 10 to 20 years of teaching
experience, about 41% has less than 10 years, and 8% of them
have more than 20 years of teaching. Table 1 presents the
profile of respondents at this technical university.

Table 1: Profile of Respondents

Selected Characteristics NSl
Freq %

Highest level of academic degree

e Bachelor and Professional Qualifications 15 10%

e Master 89 61%

e PhD 43 29%
Years of teaching experience

e Less than 10 years 60 41%

e Between 10 to 20 years 74 51%

e More than 20 years 12 8%

Next, the findings of the study will be presented and
discussed.

4. FINDINGS

In the following, we present the findings based on the two
research questions. The descriptive results of the study on the
perceptions on 1R4.0 and potential challenges on the IR 4.0
perceived by the respondents will be presented accordingly.

Engineering-educators’ Perceptions on IR4.0

The first research question was about the perception of
engineering-educators on IR4.0 that contained five items in
the questionnaire. Table 2 shows the results on the frequency
counts and percentage. To ease the description of the findings
on each item of the perception on IR 4.0, the percentage
results of the Likert scale will be combined such as, the
strongly agree (SA) with agree (A), and the strongly disagree
(SD) with disagree (D).
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Table 2: Perceptions on IR 4.0

SD D N A SA
Perceptions on IR 4.0 Frqg | Frq | Frq | Frq | Frq
% % % % %
1. Level of understanding on IR 4.0 25 3 100 18
17% | 2% 69% | 12%
2. The importance of inclusion IR 4.0
elements in a bachelor’s degree : v - 4 e
. 5% 0% 51% | 44%
curriculum.
3. Efforts by institution to include
elements ofyIR 4.0 in the bachelor’s 37 3 - 69 37
26% | 2% 46% | 26%
degree programme.
4. Current bachelor’s degree programme
at this technical university prepares 47 |25 3 67 5
students to work in IR 4.0-based 32% | 17% | 2% | 45% | 3%
industry.
5. The headquarters of this technical
university has put strong efforts to 32 13 6 65 30
include elements of IR 4.0 in the 22% | 9% | 4% | 45% | 20%
bachelor programme.

In response to Item 1, the level of understanding on IR 4.0,
of the total respondents (N=146), by combining the
percentage on strongly agree (SA) and agree (A), we could see
from the table that about 81% have agreed that they have
extensive level of understanding on the IR 4.0. Another 19%
of the engineering-educators stated that they obtain little
understanding on the issue of IR 4.0.

Item 2 that stated the importance of inclusion IR 4.0
elements in a bachelor’s degree curriculum received quite a
high response in which 95% consent that the institution in
this technical university emphasizes the importance of
inclusion IR 4.0 elements in a bachelor’s degree curriculum.
Only 5% of the engineering-educators showed otherwise.

Regarding the efforts by the institution of this technical
university to include elements of IR 4.0 in the bachelor’s
degree programme (Item 3), about 72% of the
engineering-educators gave positive responses, while 28% of
them stated that the institutions has not shown good attempt
to provide IR 4.0 aspect in the curriculum.

Item 4 delineates that current bachelor’s degree
programme at this institution of the technical university
prepares students to work in the IR 4.0-based industry. In
response to this item, about 48% stated that current bachelor’s
degree programme offered at this technical university does
prepare students to work in the IR 4.0-based industry, while
49% stated otherwise, and 3% of the engineering-educators
were neutral about it.

In response to Item 5 which indicates that the headquarters
of this technical university has put strong efforts to include
elements of IR 4.0 in the bachelor programme, about 65% of
the engineering-educators agreed that the headquarters of this
technical university has indeed put strong efforts to include
elements of IR 4.0 in the bachelor programme, but 31%
disagreed indicating that this technical university has put
little effort to blend the IR 4.0 elements in the curriculum,
while 6% was neutral about it.

To summarize the findings on the perception on IR 4.0, we
could highlight that the engineering-educators at this selected

500

institution have highly perceive on the importance of
inclusion IR 4.0 elements in a bachelor’s degree curriculum
due to their extensive level of understanding on the IR 4.0.
They also believe that the institution has given strong efforts
to include elements of IR 4.0 in the bachelor’s degree
programme because of the support from the headquarters of
this technical university. However, the engineering-educators
perceive that they are not really sure the institution has
prepared students to work in the IR 4.0-based industry.

Potential Challenges of IR 4.0

Next, we will address the second research question on the
potential challenges faced by this institution of the technical
university if it wants to implement the IR 4.0. Six items were
provided for the respondents in which they could only tick or
select one item to indicate their responses in this section.
Table 3 displays the results of the potential challenges of
IR4.0 faced by this institution at this technical university.
Table 3: IR4.0 Potential Challenges

IR 4.0 Potential Challenges Faced by the institution N=146

at this technical university Freg | %
Lack of exposure/awareness on IR 4.0. 16 11%
Lack of expertise/manpower in implementing IR 4.0. 38 26%

Lack of money to purchase IR 4.0 hardware and 45 31%

software.

Lack of encouragement from the management level. 4 3%
Lack of knowledge on IR 4.0. 18 12%
Lecturers are too busy with current tasks. 25 17%

Accordingly, of 146 engineer-educators, 11% responded
that they lack of exposure or awareness on the IR 4.0, while
26% agreed that the institution has lack of expertise or
manpower to implement IR 4.0 at the this technical
university. Another challenge that received 31% responses by
the engineer-educators was that the institution and the
technical university have lack of money to purchase the
hardware and software related to the IR4.0. Four of the 146
engineer-educators (3%) perceived that they have lack of
encouragement from the management level to pursue the IR
4.0. Meanwhile, 12% agreed that they have lack of knowledge
on IR4.0, and finally 25 of them (17%) responded that the
lecturers are too busy with current tasks.

Figure 1 displays the results in bar chart that provides a
better visualization of the findings.

1 |
Lecturers are too busy with current
tasks.

Lack of knowledge on IR4.0.

Lack of encouragement from the
management level.

Lack of money to purchase IR4.0

hardware and software.

Lack of expertise/manpower in IR4.0.

Lack of exposure/awareness to IR4.0.

0% 5% 10% 15% 20% 25% 30% 35%

Figure 1: Ranking of the potential challenges of IR4.0
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We then rearranged the feedback on the potential
challenges of IR4.0 perceived by engineering-educators at
this institution at this technical university based on the
highest to the lowest percentage of responses. In brief Figure
1 reveals the ranking of the challenges of implementing the
IR 4.0 at this particular technical university accordingly as
follow:

1. Lack of money to purchase IR 4.0 hardware and
software (31%),
Lack of expertise or manpower in IR 4.0 at this
technical university (26%),
Lecturers are too busy with current tasks (17%),
Lack of knowledge on IR 4.0 (12%),
Lack of exposure or awareness on IR 4.0 (11%), and
Lack of encouragement from the management level
(3%).

To summarize the findings on the potential challenges of
the IR 4.0, we could see that financial constraint is the main
challenge for the institution of this technical university to
implement the IR 4.0 elements. In order to implement the IR
4.0, expertise of manpower is an issue in this institution
because the academics are tied with current tasks and routine,
resulting in having little knowledge on the IR 4.0. Finally, the
academics (engineer-educators) are not being given exposure
or awareness on the IR 4.0 and encouragement from the
management level.

This section has presented the results that addressed the
two research questions of the study.

.

o Uk w

5. DISCUSSION

This paper presents  empirical findings  on
engineering-educators’ perceptions and challenges on the IR
4.0 at one institution at a technical university in Malaysia.
The findings gathered from 146 engineering-educators
revealed majority of them have extensive level of
understanding on the IR 4.0, and it is important for the
technical tertiary or university to embrace IR 4.0 elements in
their bachelor’s degree curriculum. The findings go in line
with previous literature [8][9][10][13][15] that engineering
education should revisit their academic designs to fit with the
wave of IR 4.0. In general, this indicates that education
industry in Malaysia needs to embed the element of IR 4.0
more so that students are more exposed and aware of the IR
4.0.

Although efforts to embed the curriculum with IR 4.0
element have been observed by the engineering-educators as
well as the technical university, it is still far reaching the
demand of the future particularly in the workforce
environment. This finding fits well with the earlier finding by
[19] who argued that the current courses engineering
education must be able to support the demand and skills
needed in the all sectors. In preparing the nation toward the
IR 4.0, again, as suggested by [28] the policy makers
especially under the Ministry of Higher Education of
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Malaysia needs to provide training for academics to align
teaching and learning to suit with the current wave of IR 4.0.

Meanwhile, the study also discovered that lack of money to
purchase IR4.0 hardware and software is the main challenges
of implementing IR4.0. This conform to the findings [9][10]
that financial limitation is the main constraint in
implementing the IR 4.0. This is a very important aspect that
majority of technical tertiary institutions or universities in
Malaysia are having financial predicament to realize the
demand of IR 4.0 in their institutions. Besides that, due to
lack of knowledge on IR4.0 among the educators and
management, the technical university has lack of expertise or
manpower to devise or design the curriculum to fit the
demand of IR 4.0.

Consequently, the findings of this study in regards to the
perception and challenges of IR 4.0 in the engineering
education concur with suggestions from [14] that the nation
needs to prepare an enabling ecosystem for Malaysian higher
education 4.0 in facing the IR 4.0. We need to make sure that
the institutions are ready to blend the IR 4.0 in the system by
integrating value chains vertical and horizontal which in turn
enable the institution to pursue innovation on products and
services.

In line with the discussion regarding the perception of
engineering educators on IR 4.0 and challenges to implement
it in the technical university, the policy makers such as the
Ministry of Higher Education of Malaysia needs to rethinking
on the designs, framework and curriculum in education
industry for that our nation could diminish the threats impose
by IR 4.0 implementation.

6. CONCLUSION

The objective of the research is to explore the
engineer-educators’ perceptions and challenges on the IR 4.0
at a technical university in Malaysia. The study utilized a
Google Form survey through quantitative approach based on
a set of self-developed questionnaire guided by two research
questions.

The overall findings show that this study has contributed to
enhance the knowledge on IR 4.0 particularly in regard to the
engineering education. This small scale study has no doubt
contributes to empirical findings on the perception on and
challenges of the implementation of IR 4.0.

Naturally, our investigation is subject to several limitations
that must be taken into consideration. The empirical findings
were only limited to one particular institutions at a technical
university in Malaysia, which can be extended with the
composition of few technical universities or universities that
offer engineering education programs in Malaysia with
greater sample size. The methodology in this study used a
survey via Google form presented through descriptive
analysis. Other future studies could use more advanced
quantitative methodology, and also use more in-depth
approach through qualitative methodology.
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