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Abstract—Industry Revolution (IR) 4.0 technologies are
considered crucial in industries to gain competitive advantage
and optimize their performance. This study aims to compare
different levels of adoption of IR 4.0 technologies from various
industries in developed and developing countries.  The
comparison of countries on IR 4.0 technologies adoption from
basic to advanced levels are shown in this research paper using
our unique simplistic approach. Also, we identify what are the
contributing factors that affect the level of adoption of these
technologies. It has been concluded that developed countries are
slightly higher in adopting technologies compared to developing
countries. Research conducted is qualitative and descriptive,
using secondary data from eight different countries from
developing and developed categories.

Index Terms—Digitalization, IR 4.0, Maturity models, SMEs,
Technology adoption.

. INTRODUCTION

Global industries are facing another phase of revolution in
recent years as technologies are rapidly advancing giving
more opportunities for value-creation irrespective of small,
medium or large enterprises. The term digitalization has been
spreading across the globe giving a strong impact on the
usage of technologies especially for large manufacturing
countries such as Germany or Japan and became a role model
for other countries to follow their steps to revolutionize.
Technologies these days play an important role in any
business from simple basic e-mail to heavy autonomous
robots, these technologies are aiding businesses for faster
decision-making and increase flows of efficiency. This
qualitative and descriptive study will extensively quote the
previous recent literature on the topic. Different case studies
have been gathered from the research journals, comparing
eight different countries from developing and developed
categories. This paper presents a simple and comprehensive
maturity model with technologies that are frequently
implemented in Small, Medium Enterprises (SMES). The
research sample in this paper is limited to a few specific
countries with various levels of adoption of technologies for
the Fourth Industrial Revolution.

To categorize countries for this research study, we refer to
the United Nations report. This report is updated and
published recently in 2019. Below are lists of developed and
developing countries illustrated in Table 1. The reasons for
choosing the above countries are to differentiate how each
categories. Some developed countries might use advanced
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country is using technologies despite coming from the same
technologies but do not focus on medium level technologies
such as social media or online platform because of the nature
of the complicated and advanced manufacturing industry, for
example, assembly line and heavy machinery manufacturing
but not using medium technologies such as social media or
big data. Some countries in developing categories might start
to implement a different type of technologies from basic to
advance although they are still in the developing phase
compared to other developed countries, for example
manufacturing business that still uses an online platform to
export and reach the international market.

TABLE I: LISTS OF DEVELOPED AND DEVELOPING COUNTRIES FROM UNN

REPORT
No. Categories Countries
1 Developed Germany
2 Developed Sweden
South
3 Developed Korea
New
4 Developed Zealand
5 Developing Brazil
6 Developing Malaysia
7 Developing Indonesia
8 Developing Taiwan
Il. RELATED WORK

A. Industrial Revolution

Before the Fourth Industrial Revolution begins, there were
different phases of industrialization happening from the year
early 1800 until the late 1900. First Industrial Revolution was
when manual and traditional handcrafting are improved by
machines powered by steam and coal. The First Industrial
Revolution was in Britain in 1800 where industrial
production was by using traditional machines in factories
especially in textiles and clothing, iron and other area
compared to previous traditional hand-working production
methods [1]. A few centuries back according to Xu, David
and Kim in 1760, the first industrial revolution started with
steam power and coal for industrialized manufacturing
process and transportation [2]. The Second Industrial
Revolution was in the 1900s with using oil and electricity for
mass production. The Second Industrial Revolution was
when machinery was powered by electricity and oil and Third
Industrial Revolution was the beginning of industries using
electronics and information system where computers are
integrated with machines.

The third industrial revolution started in 1960 using



International Journal of Engineering and Technology, Vol. 14, No. 3, August 2022

electricity and information technology for production which
was the rise of electronics as well [3]. According to Caputo
et al., 2016 as cited by Agostini and Nocella, the source of
the third industrial revolution was from the advanced stage of
info-tech, computerized manufacturing and electronics as
well as digitalization which increase output, monitorization
and production. After the third phase of industrialization
integrated system, machines have been widely implemented,
the availability of internet network stepped up the industrial
game by integrating systems of machines with internet
network which enables a whole new level of operating
industries in which 4th Industrial Revolution began [4].

According to McGregor, 2017 as cited by David M. and
Mary C., after Britain's first industrial revolution, the Fourth
Industrial Revolution and Industrial Internet Of Things (I110T)
is the next revolution that involves digital data, connectivity
and cyber-system [5]. According to Schlechtendahl, et al.
Brettel et al., as cited by Gouveia in Industry 4.0 where
organization are connecting individuals and share of
information using smart and intelligent products for
technologies and in their operational activities [6].

Geissbauer et al. cited by Nyberg, Nilsen and Freilich
Manufacturing business need fast marketing, more flexibility
and be dynamic in terms of innovation which will boost their
competence [7]. Industry 4.0 encourage more flexibility,
time-efficiency, more customization in smaller quantity, and
as well as costs efficiency according to Shafiq et al. and Lu.
[8]-{10].

B. 4™ Industrial Revolution & SME

In recent years, the advent of the Fourth Industrial
Revolution has changed the way how industries are more
competitive and agile by adopting modern technologies and
the internet. According to Andreas, Selim and Wilfried,
Industry 4.0 involves advanced technologies integrated with
internet network, supports physical objects, human skills,
machines and production process in an organization in a
smart, connected and efficient manner [11]. Implementing
digital technologies for example sensors, Artificial
Intelligence (Al) and as well as automation can improve the
organization to be more responsive and increase agility to
meets customer’s demand with the update on technology
adoption [12]. They also mention that agility can increase the
competitiveness of an organization [5].

According to Within et al. [13], the value-chain of an
organization needed to be responsive and practical to be
competent from the product development stage to the
distribution of products. The main characteristic in Industry
4.0 is the smart network for cyber-physical systems [14].
Highly responsive and proactive in all operating activities
inside an organization is vital to achieve full optimization and
potential in production. According to Arlbjern and Mikkelsen
2014; Dachs, Kinkel, and J€ager 2019; Di Mauro et al. 2018;
Stentoft and Rajkumar 2020; Stentoft et al. 2016; Stentoft,
Mikkelsen, and Jensen 2016; Tate 2014 as cited by Stentoft
et al. automation and robotization are the examples of new
technologies that helps to relocated manufacturing or moving
to manufacture abroad which there is a new revolution called
Industry 4.0 that involves computer-generated graphic and
physical systems for production [15].

Based on Pachinni’s research, there are different maturity
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models on the adoption of Industry 4.0 technologies from
different organizations proposed by different authors. Table
Il above shows different maturity models from different
authors [16]. Leyh et al. mention that according to P&ppelbul3
and Rd&ylinger that maturity models are for referring to the
current level and condition or experience in terms of using
technologies and how it helps in developing business
organization [17].

TABLE Il: DIFFERENT MATURITY MODELS ([16])

Maturity And Readiness Model Authors

ACATECH Maturity Index Schuh et al. (2017)

The Singapore Smart Industry Readiness Basil and  Doucek
Index (2019)

IMPULS — Industrie 4.0 Readiness
DREAMY - Digital Readiness Assessment

Lichtblau et al. (2015)
Mittal et al. (2018)

Maturity Approach
Maturity Approach For Assessing Industry ~ Schumacher et  al.
4.0 Readiness And Maturity Of (2016)

Manufacturing Enterprises

SIMMI 4.0 — A Maturity Approach For
Classifying The Enterprise-Wide IT And
Software Landscape Focusing on Industry
4.0

Industry  4.0:
Enterprise
Concept For An Evolutionary Maturity
Based Industrie 4.0 Migration Approach
Three Stage Maturity Model In SME’s
Towards Industry 4.0

Leyh et al. (2016)

Building The Digital Sarvari etal. (2018)

Stefan et al. (2018)

Ganzarain and Errasti
(2016)

SMEs need a special maturity model that can be related
instead of large enterprises hence organizational dimensions
and the maturity levels are needed to be adjusted according to
the relevance on SMEs [18]. According to Kohlegger, Maier
and Thalmann, as cited by Wagire et al., readiness assessment
and maturity evaluation are to lead the whole business on
maturing progression and transformation process more
effectively and efficiently [19].

Fig. 1 below is the layout of different technologies
implemented in the Fourth Industrial Revolution and it also
shows the different level of technology adoption where
different types of tools fall under it. SMEs are as much
important as large enterprises are. Usually larger enterprises
are providing a resource to SME and some even took SMEs
as their supplier as well which is why SMEs development for
Industry 4.0 is crucial and gives an impact on their values [20].
As cited by Olah et al., SMEs need to be more competitive
and have a strong performance because these organizations
are easily affected comparing to larger and established firms
when there is economic turbulence for example in Czech
Republic, Hungary, Poland, Slovakia and Serbia as
mentioned in their article, SMEs contributed the most in their
economic activities [21].

Li et al. mentioned, cited by Moeuf et al. SMEs are the
biggest contributors to industries and countries which they
need to have sustainability in their competency to the market
[22]. The authors mentioned in the article, to achieve this
SME’s need to maximise their business processes such as
planning, resource allocation, control and production as well
as operational performance. Song & Wang mentioned as cited
by Ganzarain and Errasti, businesses are having
diversification to be more dynamic and strategically planned
in doing the new economic activities. To be more competitive
and dynamic, the organization must implement Industry 4.0
technologies.
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Ganzarain and Errasti argue with Industry 4.0 it will bring
changes to the way production, operation and services, design
and manufacturing process are carried out. There will be an
increase in efficiency and more customization for
manufacturing especially with their integration and
connectivity of technologies and system resulting in a huge
advantage [23]. SMEs need simple machinery and
instruments to produce small batches or custom products
because they are in a niche market according to Knight as
cited by Muller, Buliga and Voigt [20].

Supply chain management in SMEs is one of the important
areas that need Industry 4.0 technologies. Radanliev et al.
agree in their article that small and medium-sized businesses
have less knowledge and experiences as well as an option for
technologies that are used in large enterprises hence
digitalization in the supply chain will precisely affect the
small organizations [24]. More research is needed for SMEs
to understand and be educated on the implementation of
Industry 4.0 and how it benefits the organization. Some SMEs
encountered challenges such in terms of cost, time and human
skills and knowledge on Industry 4.0.

According to Schmidt et al. as cited by Muller, Buliga and
Voigt in the article, there is a need to do more research on
SMEs because more research was focus on large enterprises
emphasized by Arnold et al. and Radziwon et al. Alexa,
Mohammad and Alam also agree in their article that research
on Industry 4.0 is only focusing on larger enterprises but less
for SMEs [20], [25]. Hence with this research, it is to focus
on the current level of adoption of Industry 4.0 technologies
on SMEs in two different categories of countries (developing
and developed).

I1l. CATEGORIES OF TECHNOLOGIES

A. Basic Technologies

Referring to Fig. 1 below in the first category,
organizations are implementing very minimal and basic
technologies mainly digitalization. Such technologies are
Smart Devices (embedded products), the utilization of E-
commerce or digitalization i.e. website, social media,
messengers, e-mail, online application/software such as
Business Management System that is being used for a
different department in organizations, for example, finance
and accounting system, human resources system, operation
and logistic system, marketing, etc.

The characteristics for technologies in this stage are a low-
cost investment, easily adaptable which require basic IT skills
and high need for the communication processes for reaching
out to end-users / customers.

B. Intermediate Technologies

Some micro, small and medium organizations are ready to
implement more than basic technologies due to bigger
business operation. In the Intermediate Stage, technologies
are fairly mid-level in between basic technologies and highly
advanced systems. Such technologies in this stage are the use
of Big Data Analytics, Cloud systems and Cybersecurity

systems. These technologies share the same characteristics i.e.

little higher cost for implementation, needs higher skills to
handle the system, used for important decision-making for
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quality products and more efficient communication and
operation processes.

Basic Technologies

Internet Of Things

Network Infrastructure

Wireless Technologies & Device
Digital Platform ( E-Commerce, Social
Media, Messenger, E-Mail)

Smart Devices

Intermediate Technologies

|

Advanced Technologies

Categories Of IR4.0
Technologies Big Data
Cloud System

Cybersecurity

Artificial Intelligence

Cyber Physical System
Augmented Reality

Robotic Technologies & Sensors

Fig. 1. Different type of technologies.

C. Advanced Technologies

In advanced technologies stage, it involves highly
progressive  technologies  with  complex  systems.
Technologies are Artificial Intelligence, Cyber-physical
system, Augmented reality, Robotics and Sensors and
advanced machinery and additive manufacturing. The
characteristics of these technologies are mainly the high cost
of investment, need experts or skilled human resources to
handle the system, crucial for decision-making and to boost
operation performance, involves in complex algorithmic
systems. Organizations in this stage are usually from medium
to large-sized and more in the manufacturing or assembly
industry.

Due to the page limit, we will not elaborate on the details
of the technologies, nevertheless, the categorization has been
shown in Table II1.

TABLE I1I: CATEGORIZATION ON OVERALL TECHNOLOGY ADOPTION
LEVEL

Categories of Overall Technology Adoption Level
Level of Technology Adoption

Overall Class Basic Intermediate Advanced
Categories Technology Technology Technology

Modest MIl.1 Low Low Low
Ml1.2 Mid Low Low

M1.3 High Low Low

Moderate M2.1 Low Low Mid
M2.2 Low Mid Low

M2.3 Low Mid Mid

M2.4 Low High Low

M2.5 Low High Mid

M2.6 Mid Low Mid

M2.7 Mid Mid Low

M2.8 Mid Mid Mid

M2.9 Mid High Low

M2.10 Mid High Mid

M2.11 High Low Mid
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M2.12 High Mid Low
M2.13 High Mid Mid
M2.14 High High Low
M2.15 High High Mid
Modernized M3.1 Low Low High
M3.2 Low Mid High
M3.3 Low High High
M3.4 Mid Low High
M3.5 Mid Mid High
M3.6 Mid High High
M3.7 High Low High
M3.8 High Mid High
M3.9 High High High

IV. OVERALL CATEGORIZATION OF TECHNOLOGY
ADOPTION

In the previous section, we had seen the different levels of
technology categorization. However, based on the literature
we have observed that the industries are using a various
mixture of technologies from different categories. Therefore,
to categorize the maturity model of the technology adoption
we need to come up with an overall categorization of
technology adoption as shown in Table I1Il. This
categorization method will determine the current position of
a country’s level of adoption for IR4.0 technologies as a
whole.

Classification of overall categories is by the combination
of three levels of adoption which is Low, Mid and High
applying permutation. The modest level starts with all three
groups of technologies (basic technologies, intermediate
technologies, and advanced technologies) implemented at the
lowest level. When basic technologies are highly
implemented, but the rest of the technologies are low, it
automatically falls under the Modest category. In the
Moderate category, basic and intermediate technologies are
implemented between Low until High, whereas advanced
technologies are only implemented between Low and Mid.
Hence, the exact classification of classes can be determined
by the different combination of technology adoption level as
shown in Table 11l. The moment advanced technologies are
Highly implemented, it automatically falls under the
Modernized category irrespective of other levels of
implementations.

A. Modest
Overall adoption of technologies is modest if:

1.  When basic, intermediate, and advanced technologies are lowly
implemented.
2. When basic techs are fairly or highly implemented but,
advanced and intermediate technologies are low.
B. Moderate

Overall adoption of technologies is moderate if:

1. When basic & intermediate techs are lowly adopted, but
advanced technologies are fairly or highly adopted in the
organization.

2. When basic and high advanced technologies are low, but

intermediate technologies are fairly or highly implemented.
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3. When intermediate and advanced technologies are fairly or
highly implemented despite low adoption level on basic
technologies.

4.  When basic, intermediate, and advanced technologies are fairly
implemented.

5. When basic and advanced technologies are fairly implemented
despite intermediate technology adoption level is low

6. When the intermediate level is high and basic and advanced
technologies are fairly implemented.

7. When intermediate is highly adopted and basic techs are fairly
implemented despite the low adoption level of advanced
technologies.

8. When basic techs are highly adopted, and advanced techs are
fairly implemented despite their low adoption level for
intermediate technologies.

9. When basic techs are highly adopted, intermediate techs are
fairly implemented although advanced technologies are low.

10. When basic techs are highly adopted, intermediate and
advances techs are fairly adopted.

11. When basic and intermediate techs are highly adopted, and

advanced techs are fairly implemented.

C. Modernized
Overall adoption of technologies is modernized if:

1.  When basic, intermediate, and advanced technologies are
highly implemented.

2. When advanced techs are high but basic and intermediate techs
are lowly implemented.

3. When the adoption level of basic techs is low or fair but
intermediate and advanced techs are high.

4. When basic techs are low or fairly adopted but advanced and
intermediate techs are high.

5. When basic and advanced techs are high but intermediate techs

are fair or lowly implemented.

V. LEVEL OF ADOPTION OF TECHNOLOGY IN DEVELOPED
COUNTRIES

This research presents four different developed countries
and their implementation level for Industry 4.0 technologies
by SMEs. After analyzing a few countries from different
articles, this finding has shown how SMEs in developed
countries is responding to ongoing digitalization. Table IV
illustrates the levels of adoption in different developed
countries.

TABLE IV: OVERALL CATEGORY ON TECHNOLOGY ADOPTION LEVEL FOR

GERMANY
Country Sweden
No. of Firms 7
Size Small Medium High
Industry Heavy Manufacturing
Bas. Mid Mid High
Type . . -
Int. Mid Mid High
of Tech. - )
Adv. Mid Low High
Org. Strategy N/A N/A N/A
Strategy Investment N/A N/A N/A
Overall Adoption Moderate Moderate Modernized
Level
Reference Machado et. al. 2019
A. Germany

From the article by Bittighofer et al., a sample of 24
businesses from Germany is focusing on manufacturing,
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automation, electronics, engineering and process industries
sectors [26]. According to Bittighofer et al., small-sized
businesses are fairly implementing basic software and
communication tools, moderate level in technologies such as
cloud and IT security (Cybersecurity) despite their low
adoption on the digital platform. The industries are more
focusing on highly advanced technologies which are
advanced software, application, moderate level of analytics
although low in automation, robotics and sensors.

From this, it shows that even small-sized businesses are
using advanced technology more due to their nature of
industries in Germany. According to the findings, these
industries are keen to strategize for Industry 4.0. Therefore,
overall, small-sized businesses in Germany according to their
study falls under the category, “Modernized Level” as they
are more focused on advanced technologies despite their size.

Medium-sized businesses are implementing more than the
reasonable level on basic technologies such as basic software
and communication tools. These industries are equipped with
moderate employee skills on IT and use modernization of
technologies and are implementing mid-level on the
advanced software application, automation, robotics, and
sensors as well as moderate level on analytics.

According to Bittighofer et al. ‘s findings, these industries
are less keen on strategizing for Industry 4.0. Therefore,
overall, medium-sized businesses in Germany according to
the study falls under the category “Moderate Level” as they
are comfortable in their current investment in technologies
and sufficient for operating their businesses. Other than that,
this research also shows the level of adoption for large-sized
businesses in their industries. Mainly they are highly
implementing basic technologies both basic software and
communication tools. Although these industries are not
equipped with moderate employee skills in IT they highly use
the digital platform, cloud and cybersecurity in their
businesses. The industries are highly adopting analytics,

advanced software, application, automation, robotics, and
sensors. According to the findings, these industries are less
keen on strategizing for Industry 4.0. Therefore, overall,
large-sized businesses in Germany according to the study
falls under the category “Modernized Level” as they are
highly implementing advanced and complex systems in their
industries.

B. Sweden

From the article by Machado et al., the study is focusing
on manufacturing sectors and gathered a sample of 7 SMEs.
According to Machado et al., small-sized businesses are
fairly implementing basic software and communication tools,
moderate level of technologies such as social media, e-
commerce platform for both buyer and supplier, and use
digital platform despite their low adoption on cloud and
cybersecurity [27].

The industries have a moderate level of adoption on
advanced software, application, automation, robotics, and
sensors but low on analytics. From this, it shows that even
small-sized businesses are using modest to modernized and
advanced technologies. There is limited information on
strategizing and future investment of Industry 4.0
technologies. Therefore, overall, small-sized businesses in
Sweden according to the study falls under the category
“Moderate Level” as they are evenly focused on all
technologies from basic to advanced. Medium-sized
businesses are implementing more than the reasonable level
on basic technologies both basic software and communication
tools. These industries are not equipped with employee skills
on IT, but adopting technologies such as social media, e-
commerce platform for both buyer and supplier, and use of
digital platform despite their low adoption on cloud and
cybersecurity.

TABLE V: OVERALL CATEGORY ON TECHNOLOGY ADOPTION LEVEL FOR SWEDEN

Country Germany
No. of Firms 24
Size Small Medium Large
Industry Heavy Manufacturing
Type of Basic Mid Mid High
Technology Int. Mid Mid High
Adv. High Mid High
Org. Strategy High Low Low
Strategy Investment N/A N/A N/A
Overall Adoption Level Modernized Moderate Modernized
Reference Bittighoffer et al. 2018

The level of implementation for advanced software,
application, autonomation, robotics, and sensors are low.
There is limited information on interest in strategizing and
future investment of Industry 4.0 technologies. Therefore,
overall, medium-sized businesses in Sweden according to the
study falls under the category “Moderate Level” as they are
evenly focused on all technologies from basic to intermediate
despite the low adoption of modernized technologies. Other
than that, this research also shows the level of adoption for
large-sized businesses in their industries. Mainly they are
highly implementing basic technologies, both basic software
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and communication tools.

These industries are adequately equipped with employee
skills in IT and highly using the digital platform, cloud and
cybersecurity, social media, and e-commerce platform for
both buyer and supplier in their business. The industries are
highly adopting advanced software, application, automation,
robotics, and sensors, but low on analytics. There is limited
information on interest for strategizing and future investment
of Industry 4.0 technologies. Therefore, overall, large-sized
businesses in Sweden according to the study falls under the
category “Modernized Level” as they are highly adopting
advanced technologies as well as basic and intermediate
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technologies.

C. South Korea

According to Sheen, a sample of 110 SMEs in South Korea
is implementing moderate level for basic, intermediate and
advanced technologies. The industries focused on this article
are only in the manufacturing industry [28]. Based on the
findings, South Korea’s manufacturing industry is highly
adopting basic technologies for communication and ICT
software. There is limited information on the rate of

implementing other intermediate technologies, but these
industries are having moderate IT skills for human resource.
South Korea also having a moderate level of advanced
technologies such as automation system, robots and sensors
and advanced software. The study referred above also show
that the industries have an interest in strategizing for Industry
4.0 technologies. Therefore, overall small and medium
manufacturing industries according to the study falls under
the category “Moderate Level” as they are implementing all
technologies from basic to advanced.

TABLE VI: OVERALL CATEGORY ON TECHNOLOGY ADOPTION LEVEL FOR SOUTH KOREA AND NEW ZEALAND’S

Country South Korea New Zealand
No. Of Firms 110 43
Size SME Medium High SME
Ind. Manufacturing
Type of Tech Bas. Mid Mid Mid Mid
Int. Mid Mid Mid Low
Adv. Mid Mid Mid High
Org. Strategy Strategy Mid Mid Mid Mid
Investment N/A N/A N/A Positive
Overall Adoption Level Moderate Moderate Modernized Modernized
Reference Sheen 2019 Hamzeh, Zhong, and Xu 2018

TABLE VII: OVERALL CATEGORY ON TECHNOLOGY ADOPTION LEVEL FOR BRAZIL, MALAYSIA & INDONESIA

Country Brazil Malaysia Indonesia
No. of Businesses 92 250 280
Size SME SME SME
Industry Manufacturing Various Industry Various Industry
Type of Tech. Bas. Mid Mid High
Int. Mid High High
Adv. Mid High N/A
Organization & Strategy N/A Low N/A
Strategy Investment N/A Positive N/A
Overall Adoption Level Moderate Modernized Moderate
Reference Frank, Dalenogare, and Hamidi et al. 2018 Rahayu and Day
Ayala 2019 2015

A. New Zealand

From the article Hamzeh, Zhong and Xu this study focus
on 43 manufacturing business industries in New Zealand [29].
Referring to the Table VI above, he level of basic
technologies adoption is high although real-time
communication tools are lowly adopted. This is a problem for
the industries especially for delivering customer service.
There is limited information on other intermediate
technologies, but these industries are encountering low-level
of skilled IT employees. Manufacturing sectors in New
Zealand are highly focusing on manufacturing technologies
which are advanced software application such as ERP,
accounting systems, CRM, automation but low on robotics
and sensors. These industries are keen to strategize and have
the potential to invest in Industry 4.0 technologies for the
future. Overall, New Zealand’s manufacturing industry is in
the “Modernized Level” because of highly implementing
software and autonomous technology for improving their
production.
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VI. LEVEL OF ADOPTION OF TECHNOLOGY IN DEVELOPING

COUNTRIES

A. Brazil

As illustrated in Table VII above, the study of Brazil shows
they are focusing on 92 SMEs in the manufacturing industries.
The industries are adopting fairly moderate 10T, basic
software and communication tools [28]. They have a low
implementation on e-commerce platforms, but however
moderate level on social media, e-payment, digital platform
and the cloud. In terms of modernized technologies, there is
a low adoption level for the use of the application, analytics,
automation, and robotics but fairly moderate on advanced
software. There is limited information on interest to strategize
or invest in Industry 4.0 technologies. Overall, Brazil’s small
and medium manufacturing industry falls under the category
“Moderate Level” because of the existence of basic to
advanced technologies.

B. Malaysia
The study from Hamidi et al. focuses on various industries
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across 250 SMEs in Malaysia [30]. The industries in
Malaysia are adopting fairly moderate 10T, basic software
and communication tools. They have low IT skill availability
but high implementation on cloud and cybersecurity. There is
limited information found concerning the implementation of
e-commerce platforms, social media, e-payment, and digital
platform. In terms of modernized technologies, there is a low
adoption level for the use of the application, analytics,
automation and robotics but fairly moderate on advanced
software. There is low interest for the SME to strategize but
there is some positive reaction to invest in Industry 4.0
technologies. Overall, Malaysia SME’s industries fall under
the category “Modernized Level” because of implementing
moderate basic technologies, equipped with IT skills even if
itis low and there are adequate adoption of advanced software
technologies.

C. Indonesia

According to the study from Rahayu focus on various
industries across 280 SMEs in Indonesia [31]. The industries
in Indonesia are highly adopting basic software and
communication tools. They have moderate skill in IT for
human resource and highly implementing digital platform
and e-commerce platform. The industries are also adopting e-
payment technologies well although there is limited
information on cloud and cybersecurity. This paper only
focuses on the adoption of 10T technologies in Indonesia,
therefore there is limited information on advanced
technologies. Overall, Indonesia’s small and medium
industries fall under the category “Moderate Level” because
of the great adoption of 10T technologies.

TABLE VIII: OVERALL CATEGORY TECHNOLOGY ADOPTION LEVEL FOR TAIWAN

Country Taiwan
No. of Firm 80
Size Large & SME SME, EMS EMS SME, EMS
Industry ITC Man. Traditional ICT & Man. ICT Components Software
Industries Peripherals Firm
Type of Tech. Bas. High Mid High Low
Int. High Mid High Low
Adv. High Mid High Low
Organization & Strategy N/A N/A N/A N/A
Strategy Investment N/A N/A N/A N/A
Overall Adoption Level Modernized Moderate Modernized Modest

Reference

Lin, Wang, and Sheng 2020

D. Taiwan

Referring to the Table VIII above, research from Lin, Wang
and Sheng, 80 of Taiwan’s industries are divided into several
large categories such as SMEs in the ICT industry, SMEs in
the traditional industry, Environmental Management System
(EMS) for ICT manufacturing and EMS for ICT peripherals
components and software firms [32]. The study found large
businesses, SMEs and EMS industries are adopting a high
level of basic software and communication tools. These
industries are also highly adopting intermediate technologies
which are e-commerce, e-payment, digital platform, cloud
and cybersecurity. They also have a high level of skilled
people for Industry 4.0 technologies. Other than that, these
industries are optimizing their level of adoption on advanced
technologies from  software, application, analytics,
automation, robotics and sensors.

Overall, these SMEs fall under the category “Modernized
Level” because the nature of the industries is involving the
production of ICT products and software which require a high
level of Industry 4.0 technologies. The traditional industries
for SMEs and EMS, are adopting moderate basic technology
and communication tools. These industries are also adopting
adequate intermediate technologies which are e-commerce, e-
payment, digital platform, cloud, and cybersecurity. They
also have a moderate level of skilled people for Industry 4.0
technologies. These industries have mid-level adoption of
advanced technologies from software, application, analytics,
automation, robotics and sensors. Overall, these SMEs fall
under the category “Moderate Level” because the nature of
the industries is involving system design, mechanical and
tooling process.
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VIl. COMPARISON OF ADOPTING IR4.0 BETWEEN
DEVELOPED AND DEVELOPING COUNTRIES

In this paper, we have identified different patterns in the
adoption of Industry 4.0 technologies from different
categories of countries. Our results show that level of
adoption in developed countries is only slightly advanced in
comparison to developing countries. Developed countries
have a higher level of adoption for basic, intermediate, and
advanced technologies in comparison to developing countries.
Most of these SMEs in developed countries have moderate
employee skills in handling technologies, this could be the
reason why they are at a higher level. According to Jackson,
Chuang, Harden and Jiang as cited by Buchan, Zeifang and
Leu, the transfer and share of knowledge of information are
vital for employees and the whole group for effective
innovation [33]. In some countries, lacking knowledge and
exposure can be a barrier in implementing technologies
moreover if there are limited relevant resources for the
business. According to Chonsawat and Sopadang, the reason
why there is low adoption of technologies are because there
is insufficient knowledge in terms of development and
improvising technologies in business and SMEs are lacking
information on where to get the needed technologies [34].

The study also shows SMEs in developed countries are keen
to strategize for Industry 4.0 to gain a competitive advantage
for their businesses. According to Dassisti, M., et al.
and Schmeisser, Dopfer cited by Voell, Chatterjee and Rauch
adopting strategies to Industry 4.0 will be a challenge to
SMEs, moreover, large companies are predicting the potential
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and risk of digitization and started innovation when SMEs are
facing issues on implementing Industry 4.0 [35]. But in this
research, there are few businesses in some countries that are
positive in initiating to strategize for Industry 4.0 for a better
future.

According to Qomariyah and Priandoyo, adopting Industry
4.0 technologies in the organization will be complicated
hence the company must be ready to strategize. Slow
adoption can be resulted from a lack of motivation to change
the business strategy, operation of the plan and lack of
business strategy alignment [36]. Unlike developed countries,
there are more support and help from the government and
other bodies that encourage more revolutionized technologies
and there are strong push factors in gaining more competitive
advantage. The level of advanced technology adoption in
developing countries are lower compare to developed
countries. The reason behind the low implementation of
technologies could be because of lacking resources, different
level of industry field, insufficient support and awareness on
Industry 4.0 and cultural factors.

According to Sari and Santoso, local government should
help to educate micro and small businesses based on what
their business needs to have an impact. Methods of educating
can be by having micro-business groups focusing on
managerial factors and second, helping small and medium
scale business with human resource training and explore the
potential benefit of technologies in businesses [37]. With
such aids, this can introduce potential Industry 4.0
technologies in businesses. According to Romer, Mattson and
Fast-Berglund, SMEs are often encountering challenges in
terms of safety and data protection, loss of authority for their
data, expensive implementation, high effort to implement
which requires more time that affects the existing processes
[38]. Takakuwa, Veza and Celar mentioned in their article,
there are few initiatives in different developed countries for
Industry 4.0 strategy which are Made In China by China,
Productivity 4.0 by Taiwan, Manufacturing Innovation 3.0
Initiative and I-Korea 4.0 by South Korea and Society 5.0 by
Japan [39]. These countries have initiated implementing
advanced technologies and now benefitting from the
revolution.

VIII.

SMEs in developed countries are implementing slightly
higher technologies. They have employees with skills and
knowledge, strategizing for competitive advantage, gained
more support from the government and other bodies. Whereas
for developing countries, there are lacking support and
awareness in understanding digitalization. Not only that, lack
of resources and cybersecurity concern are few other
challenges that hinder implementing technologies.

Different countries have different levels of utilizing
technologies according to the type of industries, it is
suggested to do more industry-specific study to gain more in-
depth understanding. The future direction for the research
will be to identify the level of adoption of Industry 4.0 in the
perspective of Brunei Darussalam and as well as to
investigate different drivers and barriers in implementing
Industry 4.0 technologies by SMEs and MSMEs.

CONCLUSION AND FUTURE OF RESEARCH
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