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Abstract—In the heart of Industrial Revolution 4.0 (IR 4.0) is a set of rapid-
ly evolving and converging technologies, which can bring sizeable consequenc-
es toward the economy, lifestyle, health, education, labour markets and skills
development. The changes in the workforce setting of IR 4.0 have driven the
need to obtain new skills that are aligned with the advancement of modern tech-
nology. This situation manifested itself since the current skills are no longer rel-
evant and about to face a significant change in the entire field of work. Skills
that are taught to the future graduates are out of sync with the current need of
the industry, which eventually cost them their chance to fulfil the need of the
workforce and increase the rate of unemployment among graduates. As a prepa-
ration to take up the challenges of the IR 4.0, graduates need to be exposed to
appropriate skills to ensure their employment and to remain functioning in the
ever-changing industry and technology environment. In this regard, this paper
was done to compare the existing engineering skills with the new skills neces-
sary for the IR 4.0. This article adopted a systematic review method considering
previous studies on engineering skills required by the engineering accreditation
bodies. Results from this study revealed seven skills identified as the gap in
both sets of skills. These skills include analytical thinking and innovation; ac-
tive learning and learning strategies; creativity, originality and initiative; tech-
nology design and programming; critical thinking and analysis; emotional intel-
ligence; and system analysis and evaluation. Findings of this study can be used
as a guidance to understand the current skills needed so that engineering gradu-
ates will have no problem in getting a job in the future.

Keywords—Skills Development, Industrial Revolution 4.0, Engineering Grad-
uates

1 Introduction

The fourth industrial revolution (IR 4.0) is a part of the digital transformation. It is
characterised by the fusion and amplification of emerging technology breakthroughs
in artificial intelligence, automation and robotics, multiplied by the far-reaching con-
nectivity between billions of people with mobile devices with unprecedented access to
data and knowledge [1-3]. [2] added that the beginning of a revolution is going to
fundamentally change the way humans live, work and relate to one another.
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Historically, the first industrial revolution was triggered by the construction of rail-
roads to the invention of steam engine ushered in mechanical production [4]. Mean-
while in the second industrial revolution, mass production began to accelerate, fos-
tered by the advent of electricity and assembly line. The third industrial revolution
was called a computer or digital revolution because of the development of semicon-
ductors, mainframe computing, personal computing and the internet. However, the
fourth industrial revolution is beyond smart as well as connected machines and sys-
tems. [4] explained that the fusion of new technologies and their interaction across the
physical, digital and biological domains makes the IR 4.0 fundamentally different
from the previous revolutions. These new technologies can bring sizeable conse-
quences toward the economy, lifestyle, health, education, labour markets and skills
development.

1.1  Impact of IR 4.0 on job placement and skills development

As mentioned above, the employment scenario in the industry is influenced by the
rapid development of technology in the IR 4.0. This scenario is due to the advance-
ment of technologies that will replace the human workforce with automation and
robotic. Table 1 illustrates the expected impact of automation on the field of work
reported by previous studies.

Table 1. Expected effects of automation on field of work

Organisation Expectation

[University of Oxford 47% of works in America at high risk of jobs replaced by automation

Pricewaterhouse 38% 38% of jobs in America, 30% of jobs in UK, 21% in Japan and 35% in

Coopers Germany at risk to automation

ILO IASEAN-5: 56% of jobs at risk to automation in next 20 years

OECD (OECD average: 9% of jobs at high risk. Low risk of complete automation but an
important share (between 50% - 70%) of automatable tasks at risk

Bruegel EU countries: between 47% and 54% of jobs are risk of automation

Roland Berger Western Europe: 8.3m jobs lost in industry against 10m new jobs created in
services by 2035.

World Bank 2/3 of all jobs in developing countries are susceptible to automation.

McKinsey 60% of all occupations have at least 30% technically automatable activities

Source : [5]

The modernisation of the current technology has resulted in many new forms of job
introduced in all areas of work, causing the current work practice to be no longer
suitable to meet market demands [6]. This is supported by some recent studies stating
that technological changes can lead to a huge amount of job destruction [7-9]. In addi-
tion, the study by [10] estimated that 35% jobs may disappear due to new technolo-
gies in the next two decades. Besides, the [11] calculated that there will be 66.6% of
job susceptible to be made redundant in the developing world due to technology dis-
ruption.

A survey has been conducted by the [1] involving nine industries (basic & infra-
structure, consumer, energy, financial services & investors, healthcare, information
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and communication technology, media, entertainment & information, mobility, pro-
fessional services) in 2015. The findings demonstrated significant changes in job
demand or job offer from 2015-2020. Table 3 shows a clear difference in job require-
ment for the IR 4.0.

Table 2. Work sector demand from 2015-2020

Demand Field of work/sector Demand Field of work/sector
-4,759 Office and administration +492 Business and Financial Operations
-1609 Manufacturing and Production +416 Management

-497 Construction and Extraction +405 IComputer and Mathematical

-151 Arts, Design, Entertainment, Sports +339 |Architecture and Engineering
and Media

-109 Legal +303 Sales and Related

-40 Installation and Maintenance +66 [Education and Training

Based on this table, there was a significant drop in employment opportunities in of-
fice and administration work, manufacturing & production, construction & extraction,
arts, legal as well as installation & machines. Accordingly, reduced job offers were
also expected in “Office and Administrative” job family, followed by service and
sales occupations due to such change drivers such as mobile internet, cloud technolo-
gy and workplace flexibility [1, 7]. For example, book storage function in libraries is
replaced by a computing system that makes it easier for users to search and retrieve
books. Nevertheless, the IR 4.0 phenomenon is capable of opening various job oppor-
tunities as well as new industries either in the physical domain (intelligent robots,
autonomous drones, driverless cars, 3D printing and smart sensor), digital (the use of
IoT, data highway) or biological (individual genetic make-up and bio-printing).

In line with this, the study conducted by the [12] presented that the potential for job
creation outweighed the loss of jobs due to automation and technologies innovation.
Some examples included what had happened in France over the past 15 years where
the extensive Internet usage has resulted in the abolishment of 0.5 million jobs. None-
theless, at the same time, it has opened 1.2 million new job opportunities. Meanwhile,
in the context of the US, new technologies are able to create an increase of 4.9 job
opportunities in the civil service [5]. In addition, advancement in 3D printing technol-
ogy might reduce the amount of labour needed in production, but these negative em-
ployment effects are likely to be outweighed by the birth of a new industry supplying
printing materials [13]. A report by the [14] also confirmed that even if robotics start
to displace large numbers of workers, jobs dependent on human traits including crea-
tivity and emotional intelligence may become numerous. In short, the development of
sophisticated technology has changed the practice and setting of jobs in all sectors,
which indirectly reduced and offered jobs significantly. This situation spans old and
new jobs including mastering and developing skills.

Changes in the field of work in the IR 4.0 setting have further increased the gaps in
skills mismatch [15, 16], which then led to the need of acquiring new skills [17].
Based from The Future of Jobs Report, by 2020, more than one-third of the core skills
required in most occupations would include skills that have not been considered im-
portant in today's work [1]. It was also emphasised that countries in Asia Pacific will
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face a unique challenge of increasing job opportunities, but lack the workers with
skills required to fill vacancies for new and old posts.

According to [18], out of all professional vacancies in the fields of science, re-
search, engineering and technology, 43% of them were challenging to fill due to skills
shortage. Additionally, a survey study by [19] revealed that the absence of skilful
workers was the biggest concern of the manufacturers. Besides, a study by [20] on
graduates from UUM and USM discovered that only 35.6% of the students acknowl-
edged that they know the forms and types of skill required by the employers. Whereas
18.9% of the students did not know them and the majority of students (45.5%) were
unsure of the skills required by the employers. This suggests that the future world
employment scenario will not be about reduced job offers, but the lack of skills mas-
tery in line with the current needs and demands.

If seen from this perspective, although the future work world will be dominated
and overwhelmed by automation, human skills and intelligence still play an important
role in developing the economy of a country. The advancement of technology in the
IR 4.0 calls for today’s engineering graduates to work and compete in a work atmos-
phere full of automation, virtual and borderless world. Accordingly, engineering
graduates need to be prepared for jobs that never exist for the last 10 or five years. As
a preparation to take up the IR 4.0 challenges, there is a growing demand for engi-
neering graduates to master certain skills to be able to secure their career. Students
who put their effort to learn new things and acquire certain skills not only make them
confident and self-assured, but also give them an advantage when attending job inter-
views [21, 22].

It is important for engineering graduates to master the skills required in the IR 4.0
because engineering knowledge alone is no longer sustainable. Hence, this paper
systematically reviews the existing skills set and compare them with the new skills
required for IR 4.0 graduates to identify the gap in both sets. The findings from this
study would be beneficial for all the parties (industries, institutions and graduates) to
ensure that newly graduates will survive the IR 4.0 setting.

2 Methodology

In conducting this study, a systematic review was used as the its methodology. Ac-
cording to [23], a systematic review methodology is applied to track, evaluate and
synthesise the best studies on issues related to research problems by providing evi-
dence and informative answers. A study could be conducted inclusively if the re-
searcher cautiously read the document by gathering and analysing information from
various sources [24]. Previous researchers have utilised systematic review methodol-
ogy in their studies such as [25] in exploring high income community education in
Malaysia; [26] in identifying students’ career choice in Malaysian skill certification
system; [27] in identifying elements, influences and entrepreneurial learning process-
es for vocational colleges in Malaysia; and [28] in identifying organisational factors
affecting industry involvement for the National Dual Training System program.
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Particularly, the systematic review methodology follows the guidelines proposed
by [29]. There are five procedures to conduct systematic literature review (SLR) as
follow:

Step 5
2
Step 1 Step 2 Step 3 Step 4 Synthesis of
Formulating »' Constructing Study selec- Data extrac- » the extracted
the questions the search tion tion strategy

data

Fig. 1. Procedures to conduct SLR

2.1  Formulating the questions
The aim of this study is to answer the following objectives:

1. To enhance the understanding on the skills set by engineering accreditation bodies
as per Washington Accord.

2. To investigate the skills necessary for IR 4.0 graduates.

3. To compare the skills of engineering graduates with the skills necessary for IR 4.0.

2.2 Constructing the search

Accordingly, research papers were obtained from five journals and articles data-
bases namely ProQuest, Science Direct, Wiley, Taylor & Francis and IEEE. These
following databases were chosen as the researchers get a free access under Universiti
Kebangsaan Malaysia. Related information was obtained from various government
agencies’ reports, journals, books, newspapers and electronic references from relevant
websites. Three keywords were used in the information search, which are the industri-
al revolution 4.0, non-technical skills and engineering graduate.

2.3 Study selection

In order to get the relevant and best articles to review, the following criteria were
used to search these sources and select the papers:

1. Duplicated papers were removed and relevant studies were selected by judging ti-
tles.

2. One of the keyword search terms was employed to search for the titles and ab-
stracts of the articles.

3. The studies had results or findings.
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2.4  Data extraction strategy

According to [29, 30], this step is necessary to design data extraction forms for ac-
curately recording the information obtained from the primary studies. Information
extraction involves drawing up a nitty gritty table depicting each investigation
checked in detailed. In other words, this step is a filtering process where only articles
that meet the specified criteria are selected. Typically, the number of these selected
articles are less than the original taken from the journal database.

2.5  Synthesis of the extracted data

In reporting the data synthesis, this study classified the findings of data to certain
sections including the distribution by year of publication, journal, type, subject area
and research approaches.

3 Findings

In this study, two major aspects were discussed in relation to the development of
skills for engineering graduates. Those aspects were the skills set by engineering ac-
creditation bodies as per Washington Accord and those necessary for IR 4.0 gradu-
ates. These two aspects are important as a major reference for the findings of this
study, which compare the existing skills with the skills needed in IR 4.0 especially in
engineering.

The focus of this study was limited to non-technical skills that must be mastered by
engineering graduates. Justification on the focus of this study is that most employers
prefer the engineering graduates who possess excellent professional skills or non-
technical skills as well as good academic qualifications [31-40].

3.1 Engineering skills set

This section discusses the skills set by engineering bodies as per Washington Ac-
cord. Twenty countries have signed the Washington Accord since 1989 until today.
Each country is represented by a specific accreditation body responsible for determin-
ing the engineering attributes of its students so that they can perform their duties effi-
ciently. Setting up engineering attributes portrays that these countries are concerned
with generic skills mastery for the benefit of self and national development.

In this study, the engineering skills framework set by countries was identified
through literature review and previous studies [22, 41-47]. Table 4 below displays the
list of skills required by engineering accreditation bodies for 18 countries under the
Washington Accord.
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Table 3. Engineering skills set by 18 countries

Country

Non-technical skills

IA. Malaysia

Problem analysis; technology; ethical principles; communication; teamwork; lifelong
learning

B. United States

Communication; teamwork; lifelong learning; professionalism; problem solving

C. Singapore

Communication; global mindset; lifelong learning; problem solving and decision
making; professionalism; information and communication technology; management

D. Australia

Communication; teamwork; learning; professional and ethics responsibility

E. Ireland

Problem solving; ethical standards; team spirit; lifelong learning; communication

F. United Kingdom

Problem solving; oral and written communication; team roles and work as a member;
lifelong learning; professional expertise

G. Korea Information technology; project team; communication; ethics; lifelong learning;
problem solving

H. Hong Kong Teamwork; problem solving; professional and ethics responsibility; communication;
lifelong learning; computer and IT skill

1. Japan Thinking skill; technology; oral and written communication; lifelong; work in a team

J. Sri Lanka Problem analysis; ethics; teamwork; communication; management; lifelong learning

K. Canada Problem solving; member and leader in team; communication; professionalism;
management; learn continuously

L. India Solve engineering problem; professional and ethical responsibilities; verbal and

'written communication; teamwork; self-education

M. New Zealand

Problem analysis; ethics; role in and diversity of team; communication; management;
continuing learning

IN. South Africa

Problem solving; information technology; written and oral communication; team-
work; independent learning; professionalism; management

O. Chinese Taipei

Management; communication; work in team; ethics; problem solving

P. Turkey Problem solving; information technology; teamwork; Turkish proficiency; presenta-
tion skills; lifelong learning; ethical principles; management

Q. Russia Problem analysis; ethics; communication; leader or member in diverse team; lifelong
learning; management

R. Pakistan Problem solving; ethics; leader or member in team; communication; management;

lifelong learning

Based on the above list (Table 4), communication skill was the most emphasised
by all the 18 countries. Meanwhile, two skills agreed by at least 17 countries were
teamwork and lifelong learning skills. Problem solving skills and ethics were chosen
by at least 16 countries. Meanwhile, management skills were chosen by at least nine
countries. Decision making skills and thinking skills were the least emphasised skills
for engineering graduates by these countries. Thus, it shows that every country had
chosen similar criteria to other countries. Additionally, the ranking of 10 preferred
skills derived by this table were:

. Teamwork

. Management

03N N bW~

. Communication skill

. Lifelong learning
. Problem solving skill
. Ethics and professionalism

. Technology skill
. Decision making
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9. Thinking skill
10. leadership skills

Yet, the engineering graduates’ skills set studied by previous researchers was no
longer appropriate to the needs of the industry and needs improvements in line with
the challenges of the Industrial Revolution 4.0.

3.2 IR 4.0 Skills

In this decade, the whole nation has begun to feel and face the beginning of the In-
dustrial Revolution 4.0. As a preparation, efforts to upgrade skills (upskilling) and
master new skills (reskilling) are the main agenda of all parties such as HEIs, voca-
tional institutions, governments and industries. Similar to the previous industrial revo-
lution scenarios (IR 1.0, IR 2.0, IR 3.0), skills development issues by various institu-
tions took a while to resolve as per current situation. This situation is no exception in
IR 4.0. However, the situation becomes more difficult due to the rapid development of
new technologies. This issue has been further explained by [1] on the key skills high-
lighted for graduates following the development in the Industrial Revolution 4.0.
Table 5 shows the top 10 skills needed in IR 4.0.

Table 4. 10 top skills needed in IR 4.0

2015 2020
1 |Complex Problem Solving 1 |Complex Problem Solving
2 |Coordinating with Others 2 [Critical Thinking
3 |People Management 3 |Creativity
4 |Critical Thinking 4 |People Management
5 |Negotiation 5 |Coordinating with Others
6  |Quality Control 6 |[Emotional Intelligence
7 |Service Orientation 7 |Judgement and Decision Making
8 |Judgement and Decision Making 8 |Service Orientation
9 |Active Listening 9 [Negotiation
10 [Creativity 10 |Cognitive Flexibility

The difference between skills in 2015 and 2020 is shown in this table. It was due to
a bigger focus on artificial intelligence and automation in the 4th Industrial Revolu-
tion. In line with this, graduates should be given an early exposure to the need for
mastering the new skills as mentioned in the above table. Furthermore, the same needs
and understanding between HEIs and employers on the new set of skills that should
be mastered by graduates are very important for them to take up the challenges of IR
4.0.

Currently, [48] has come out with a latest report following the report published in
2016. In the current report, majority of employers expected that most of the current
skills will not be relevant by the year 2022 and will witness a huge difference in every
field of work. Table 6 depicts the comparison in skills demand from the year 2018-
2022.
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Table 5. Skills demand in 2018 vs 2022

2018 2022
1 |Analytical thinking and innovation 1 |Analytical thinking and innovation
2 |Complex problem solving 2 |Active learning and learning strategies
3 [Critical thinking and analysis 3 |Creativity, originality and initiative
4 |Active learning and learning strategies 4 |Technology design and programming
5 |Creativity, originality and initiative 5 [Critical thinking and analysis
6 |Attention to detail, trustworthiness 6 |Complex problem solving
7 |Emotional Intelligence 7 |Leadership and social influence
8 |Reasoning, problem solving and ideation 8 |[Emotional Intelligence
9 |Leadership and social influence 9 |Reasoning, problem solving and ideation
10 |Coordination and time management 10 [System analysis and evaluation

Based on tables 5 and 6, there was a significant difference observed regarding the
need for the mastery of skills in the IR 4.0. [1] expected a change in skills within 5
years, which is from the year 2015-2020. It was apparent that there were several pre-
vious skills that became necessary for the graduates, which were not important before.
These include complex problem solving, emotional intelligence, negotiation and cog-
nitive flexibility skills. Nonetheless, a current report by [48] demonstrated the need in
mastering the skills in the IR 4.0 from the year 2018-2022. The differences in both
comparisons from the year 2015-2020 with 2018-2022 were analytical thinking and
innovation, active learning and learning strategies, technology design and program-
ming, leadership and social influence, reasoning, problem solving and ideation, as
well as system analysis and evaluation.

In this regard, graduates should be given early exposure to the existence of the
need to master new skills as required in the above table so that their skills will always
be relevant to IR 4.0 challenges. Additionally, responsible parties in the development
of skills such as HEIs and employers should have the same understanding and needs
so that the skills applied to graduates can help them to work in the IR 4.0 settings.

3.3  Comparison of existing skills and IR 4.0 skills

IR 4.0 challenges require a new skills set to be mastered by each graduate or em-
ployee. Nowadays, efforts to identify and forecast new skills become the main con-
cern of the governments, businesses and individuals. Generally, many studies have
been previously conducted by researchers on skills for graduates in various fields.
Trend changes in the phrases used often referred to graduate attributes, soft skills,
essential skills, non-technical skills, generic skills, basic skills, marketable skills, key
skills, work skills, transferable skills or even professional skills.

The skills set referred to depends on a certain type of works and current changes in
the job market. However, previous studies in engineering focused only on the follow-
ing set of skills namely communication skills, problem solving skills and decision
making, teamwork skills, lifelong learning and professionalism [22, 43, 45, 46, 49-
62]. However, the engineering graduates’ skills set studied by previous researchers
was no longer appropriate to the needs of the industry and needs improvements in line
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with the challenges of the Industrial Revolution 4.0. Table 7 illustrates the comparison
between the existing skills (Table 5) and IR 4.0 skills (Table 6).

Table 6. Comparison of engineering skills with IR 4.0 skills

WEF (2018) A|/B|C|ID|/E|F|G|H|T|J|IKILIM|N|O|P|Q|R

|Analytical thinking and
innovation

|Active learning and learning
strategies

Creativity, originality and
initiative

Technology design and

[programming

Critical thinking and analysis

Complex problem solving NEIE NEIRE NNV N[V NV
Leadership and social influ- N N N R

cnce

Emotional intelligence

Reasoning, problem solving | v | ¥ | ¥ NEAREE VNNV N[V NV

land ideation

System analysis and evalua-
tion

Table 7 shows the comparison between the skills set by engineering accreditation
bodies and new skills highlighted by [48]. From this list, seven skills showed a signif-
icant gap between existing skills and IR 4.0 skills namely analytical thinking and
innovation; active learning and learning strategies; creativity, originality and initia-
tive; technology design and programming; critical thinking and analysis; emotional
intelligence; and system analysis and evaluation. Some of these seven skills have not
been explored regarding their definitions and attributes specifically in engineering
field compared to other skills studied by previous researchers namely complex prob-
lem solving; leadership and social influence; and reasoning, problem solving and
ideation.

4 Conclusion

Understandably, skills development and mastery are the most important elements
to ensure that graduates are competitive in pursuing their career. In this paper, two
aspects have been discussed regarding the development of skills particularly for engi-
neering students. The first aspect has reviewed the existing engineering skills from 18
country members of the Washington Accord (Malaysia, the Unites States of America,
Singapore, Australia, Ireland, United Kingdom, Korea, Hong Kong, Japan, Sri Lanka,
Canada, India, New Zealand, South Africa, Chinese Taipei, Turkey, Russia and Paki-
stan). Based on the mapping made, the skill mostly emphasised by all countries was
communication skills. Accordingly, the second aspect discussed was on the existence
of demand for new skills in the IR 4.0. In the setting of IR 4.0, graduates should be
given early exposure regarding the demand in skills that are previously unimportant.

24 http://www.i-joe.org



This is crucial so that every graduate produced by the HEIs is always in the forefront
and aware of the current needs of the industry. At the same time, it can propagate the
skills gap and unemployment issues among engineering graduates.

Subsequently, the findings from the mapping of engineering skills have been used
to highlight the skills gap between existing skills and IR 4.0 skills. There were seven
skills namely analytical thinking and innovation, active learning and learning strate-
gies, creativity, originality and initiative, technology design and programming, critical
thinking and analysis, emotional intelligence, as well as system analysis and evalua-
tion that have not been studied by previous studies compared to the three other skills.
Findings from this study will be used in further study to develop an IR 4.0 skills
framework equipped with clear attributes for each skill. This framework can be used
as a guidance by HEIs and the industry for ensuring that engineering graduates are
competitive and have no problem in getting a job in the future.
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