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Abstract: The service sector is a key focus of the Fourth Industrial Revolution (IR4.0), a digital revolution that affects all industries. A key
component of IR4.0 is the introduction and uptake of new technologies by organizations, including artificial intelligence (Al), big data
analytics, the Internet of Things (IoT), cloud computing, augmented reality, simulation, cybersecurity, systems integration, additive
manufacturing, and robotics and autonomous systems. According to research, 59% of businesses with expertise in big data and IoT also
employ Al technologies. Through the development, adoption, and integration of technology solutions into the workforce and industries,
industry participants’ readiness and their use of these technologies will be able to increase productivity growth. According to a survey of
the literature, Malaysia in particular still has a low to medium degree of industry readiness for IR4.0. The purpose of this paper is to
conduct a systematic literature review in order to comprehend the IR4.0 readiness models that have been discussed in the literature, the
driving and impeding forces behind IR4.0 readiness, and the use of self-evaluation tools by industry participants to gauge their own
IR4.0 readiness level. Six prominent internet databases, including Scopus, Emerald Insight, IEEE, Springer, Web of Science, and
Science Direct, were used in the review. Finally, 55 out of the initially searched 10,428 articles were selected based on the inclusion and
exclusion criteria set for the study after rigorous methods of screening the papers. According to the research, readiness models are
frequently addressed and framed around a variety of theories and their theoretical constructs, including success models, information
systems, acceptance theory, and pertinent maturity and readiness theories. The following factors frequently play a dual role, acting as
both a driving and an inhibiting influence. These factors include funding, infrastructure, regulatory, skills and competency, technology,
and commitment. This study suggests the IR4.0 Readiness and Implementation Framework for industry based on the synthesized
literature. The framework seeks to help industry participants deploy IR4.0 in stages and gradually increase their IR4.0 readiness levels.
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1. Background

Recent advancements in artificial intelligence (Al), particularly
those in machine learning (ML), expert systems, natural language
processing, speech recognition, deep learning, and robotics, have
the biggest impact on organizations, according to Purdy &
Daugherty (2016). Leading companies in the Al sector, including
Google, Amazon, IBM, Microsoft, Facebook, and Apple, are
vying for market share and competitive advantages by advancing Al
(Infosys, 2016). Over time, the public has come to associate the
term Fourth Industrial Revolution (IR4.0) with Al and the Internet of
Things (IoT). The concept of Al has included a variety of termi-
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nology, including “machine intelligence,” “intelligence agents,” “intel-
ligent behavior,” “intelligent systems,” and “algorithms” (Cheung
& Messom, 2018). In the past, computers that could reason, make
decisions, and think like humans were thought of as having Al
However, this viewpoint has evolved to include generic human-
level Al that behaves or perceives the world like a person

(Russell et al., 2003). When the population of the world reaches
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7.9 billion people in 2022, technological advancements anticipate
that there will be up to 29 billion linked devices communicating
with one another, of which about 18 billion will be part of the
IoT (Collela, 2021). Due to the widespread use of the Internet,
the number of linked devices is rapidly growing in order to meet the
social, commercial, and economic needs of the digital world.
IoT are tiny gadgets that sense their surroundings and produce
large amounts of data that can be evaluated and turned into
information. It also belongs to the IR4.0’s new generation of
technologies.

The first Industrial Revolution, which took place in the 1800s,
centered on the steam power employed by industries. Electrical
power was utilized in the Industrial Revolution 2.0 of the 1900s to
enable mass production and raise the standard of living in society.
In 2000, computers, information technology, and automation were
used in the Industrial Revolution 3.0. The IR4.0 initiative started in
2016, with a focus on enhancing the automation and integration of
biological and cyber-physical systems. Al, big data analytics,
simulation, systems integration, robots, cloud systems, IoT,
augmented reality, and other new developments were all part of
IR4.0 (Schwab, 2016; Al-Hassani, 2007). A ML-based adaptive
neuro-fuzzy inference system is proposed to simultaneously
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leverage the performance of low-grade inertial measurement units in
two phases, according to a recent study in 2022 (Mahdi et al,
2022) on the inertial navigation system (a basic component to
obtain a continuous navigation solution in various applications). In
order to smooth the selection of the sensors as an alternative to the
Kalman filter, ML approaches are used as estimators/predictors or
classifiers of the navigation parameters (Mahdi et al., 2022).

According to Mayusda & Wiratmadja (2019) and Ortt
et al. (2020), there are two terms used interchangeably in describing
IR4.0 readiness, namely “readiness” and “maturity.” Primarily, these
two terms refer to the ability of a firm to apply a concept or
technology in a complete, perfect, or ready state (Carolis et al.,
2017). According to Tetlay & John (2009), maturity is a component
of readiness. A tool such as the readiness model or readiness
assessment (RA) has been used for years by academics and
industries to measure the level of readiness because it provides a
systematic framework that allows benchmarking and performance
improvement to be measured discretely. The goal of RA is to
identify potential risks, opportunities, and challenges that may arise
during the change process (Pirola et al., 2019). As a result, countries
such as Germany, Canada, the United Kingdom, and Malaysia have
established and implemented IR4.0 RAs. Organizations can use the
RA to determine their degree of preparedness and to make future
plans for how to best utilize and profit from Industry 4.0
technologies (Stentoft et al, 2021). A web-based survey and
interviews with industry actors were used because there were few
studies that provided empirical information on how manufacturing is
affected by the digital transformation, such as for smaller industrial
reality, according to Tortora et al. (2021). An IR4.0 ready self-
assessment can be developed using an open-source web application
by building quick and efficient questionnaires that allow for
unlimited user participation. According to Brozzi et al. (2018),
further research and tools addressing the topic of readiness or
maturity have primarily been tailored to the characteristics and
needs of large companies. As a result, this study has designed an
IR4.0 readiness online self-assessment targeting small-scale
craftsmanship companies in the manufacturing and construction
sector because the self-assessment tools that are currently available
are only demonstrated in the context of large companies.

In the Malaysian context, The National Policy on Industry
4.0 (Industry4AWRD) was introduced by the Ministry of
International Trade and Industry in 2018 as a proactive strategy to
restructure the Malaysian manufacturing industry and its linked
services to be smarter, more systematic, and resilient. The Malaysia
4IR Policy, which extends the involving sectors to denote the
purpose to conceptualize the IR4.0, is a new policy that is presented
in 2021. A RA tool was created to gauge the IR.40 readiness of
Malaysian industries. The assessment process contained seven
stages: (i) public announcement, (ii) company registers their
interest, (iii) Industry4WRD — RA Technical/Steering Committee
review, (iv) assessment process takes place, (v) preparation of the
full report, (vi) tabling of the readiness level to Industry4AWRD —
RA Technical/Steering Committee, and (vii) inform RA results to
company. The RA process takes time to be completed due to the
numerous steps and processes before the readiness level is obtained.
The time taken to complete the entire RA has resulted in some
organizations not keen to be involved in such IR4.0 RA exercise.

Despite the development of numerous smart manufacturing
assessment models, problems with applicability still exist (particularly
with regard to the unique needs of small- and medium-sized manu-
facturers, or SMMs), as trainings and consultancy add more
demands on SMMs’ limited resources, necessitating either internal
training or, less frequently, consulting services (Choi et al., 2018).

Choi et al. (2018) confirmed as a result that it is essential to create
an assessment platform that allows manufacturers to either conduct
a self-assessment with a very user-friendly, step-by-step user
interface or provide access to assessment models and community-
evaluated consulting services. In addition, the platform should
enable users to create follow-up improvement plans and share
success metrics. During the evaluation process in the RA model, a
ML algorithm matches suitable solutions with specific manufacturer
requirements (Choi et al., 2018). As a subset of Al, ML can be
further broken down into different types of systems, such as those
that are trained by humans, independent (learn incrementally),
independent (compare new data points to find data points), or
independent (detect new patterns in the data, then build the data).
Also separated into supervised, unsupervised, semi-supervised, and
reinforcement learning are those trained by humans.

The benefits of IR4.0 for enterprises are covered in greater detail
in the section that follows. The methodology part then conducts
and elaborates on the systematic literature review (SLR). The
IR4.0 Readiness and Implementation Framework is suggested in
the fourth section, which also examines the results in relation to
the research questions (RQs) raised. The final section then offers a
conclusion to the paper.

2. Overview of IR4.0

The potential of IR4.0 includes quicker decision-making,
improved shop floor monitoring and control, more effective
resource usage, and better demand forecasting (Hernandez-de-
Menendez et al., 2020). Industry participants must keep up with
the pace by having a high degree of IR 4.0 preparedness in order
to achieve the potential. A number of research have been
conducted in this context with focus on studying the driving
factors, the barriers, and the impacts of IR4.0 technologies to
business operations. Later, the investigation led to the creation of
a new or enhanced readiness or maturity model. A maturity model
that assesses the maturation process was developed by
Schumacher et al. (2016), and a readiness model that assesses
how prepared a company is for the development process. Initially,
NASA’s technology readiness model (TRL) introduced and used
the model in 1974 (Eljasik-Swoboda et al., 2019). The TRL
included nine stages and six dimensions: (1) fundamental
technology research, (2) feasibility research, (3) technology
development, (4) technology demonstration, (5) system/subsystem
development, and (6) system, test, launch, and operations.

Analysts project that in 10 years (as in 2020), 3.5 million people
will be required to fill specific manufacturing vacancies with high
competencies on emerging technologies like IoT, digital twins, and
smart factories (Hernandez-de-Menendez et al., 2020). This is in
relation to the skills and competencies required to support IR4.0
readiness. The absence of experts with the necessary training,
however, will result in fewer posts being filled (Turcu & Turcu,
2018). The management of complex industrial systems, as well as
greater creativity, strategic thinking, and coordination abilities, is
among the qualities reportedly required for the IR4.0 era (Hecklau
et al, 2016). The Accreditation Board for Engineering and
Technology, Inc. believes that effective professionals need to
possess the following skills to deal with IR4.0, according to
Hernandez et al. (2020): (1) to apply knowledge of mathematics,
science, and engineering; (2) to plan and carry out experiments; (3)
to analyze and interpret data; (4) to develop systems or processes
taking into account economic, environmental, social, political,
ethical, health and safety, manufacturing, and sustainability
constraints; (5) to identify, formulate, and solve engineering
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problems; (6) to comprehend the impact of engineering solutions in
global, economic, environmental, and societal contexts; and (7) to
create systems or processes.

Employee competencies will be subject to new demands, as will
the organizational framework conditions put in place to facilitate such
development (Longo et al, 2017). Lassen & Waehrens (2021)
summary of the competencies required for IR4.0 adoption includes:
(1) Cyber-Physical Systems (CPS) skills to support operational
working level; (2) higher de-centralization in decision-making
and planning processes; (3) skills in process integration and
cross-functional perspectives; (4) automation skills for quality
and maintenance; (5) high complexity and dexterity to integrate and
manage the automation; and (6) flexibility in working life and
partner networks. Personal, social, action, and domain-related com-
petences are currently being classified as future competencies (Erol
et al., 2016; Erpenbeck, 2013). According to Erol et al. (2016),
workers’ mental states are correlated with market demands and
environmental factors including flexibility in problem-solving
and inventiveness, which are prerequisites for social competence
(Lassen & Wacehrens, 2021). Future workers will need to possess
strong analytical skills, and future engineers will need to possess
the capacity to solve problems in a practical and domain-specific
manner while maintaining focus on the big picture (Erol et al., 2016).

Focusing on the knowledge or abilities needed to complete a task,
such as writing a software program, Lassen & Wachrens (2021)
stressed that personnel must first be specialized in order to
understand the intricate systems at play. For example, engineers
will need to have a thorough understanding of the relationships
between the electrical, mechanical, and computer components in
order to create novel products and procedures (Erol et al., 2016).
But critically, some business leaders stated in the interview by
Lassen & Waehrens (2021) that they do not have time to change
their organization. This contradicts the advice from Tortora
et al. (2021) that businesses must make a difficult decision about
whether to stick with the strategies and techniques that have been
successful in the past or embrace the change by adopting new
products and organizational paradigms on IR4.0. According to the
study that has been done on the adoption of IR4.0, many have come
to the conclusion that being ready for IR4.0 depends on having the
necessary skills and competencies, as well as the business strategies,
IR4.0 roadmap, and start-ups. The identified competencies that new
entrants are need to possess in order to implement IR4.0 are listed
in Table 1 (Hecklau et al., 2016; Universities of the Future, 2019).

The most promising technology solution is chosen and funded by
investors, and most start-ups are anticipated to advance more quickly
than existing businesses (Filieri etal., 2021). The decline in investment
among European start-ups has been attributed, according to Guzman &
Kacperczyk (2019), Thébaud (2015), and von Briel et al. (2018), to
expectations of rapid development and industry disruption.
According to Filieri et al. (2021), founders with prior job
experience received the majority of investment from venture
capitalists (VC), with educational background being unimportant
and money proportionate to the traits of established businesses.
However, education in the manufacturing industry had an impact on
how well a firm performed. One example is the total predictive
maintenance training that is frequently provided to engineers and
technicians in Malaysia by a typical Japanese manufacturing
company. With the improved human capital, higher performance
and productivity levels are also possible (Schultz, 1961).
Additionally, funding is taken into account for the purposes that
will benefit the industry’s key participants and be pertinent to how
closely IR4.0 technologies interact with both people and the
environment. For instance, Filieri et al. (2021) discovered that
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Table 1
Type of competencies based on program in universities

Program name

Type of competencies

Makerlodge by The
Massachusetts Institute of
Technology (Hernandez-de-
Menendez et al., 2020)

MIT Leaders for Global
Operations (MITLGO) by
The Massachusetts Institute
of Technology (Hernandez-
de-Menendez et al., 2020)

Smart Manufacturing Program
by The Massachusetts
Institute of Technology
(Hernandez-de-Menendez
et al., 2020)

Workshop on Science,
Technology, and Policy: The
Future of Work by
Singapore’s National
Research Foundation

Master’s Program in
Automation Technology by
RWTH Aachen University

Circuit board manufacturing
and 3D printers

Leadership

Critical thinking and innovation

Artificial intelligence, robotics,
cybersecurity, and the
management of disruptive
changes

System and automation,
teamwork, problem-solving,
leadership, and management

(RWTH AACHEN
University, 2019)

Master’s in Data Analytics and
Decision Science by RWTH
Aachen University

Master’s Program in Robotic
Systems Engineering by
RWTH Aachen University
(Aachen International
Academy, 2019a; Aachen
University and Robotic
Systems Engineering, 2019b)

Big data, decision-making, and
problem-solving

Robotic, analytical,
technological, and
problem-solving

destination services and booking and preparation typically receive
the majority of financing. In addition to investor funding, Filieri
et al. (2021) came to the conclusion that the European travel and
tourism industry is less interested in virtual reality, robotics, and
automation, connected and automated objects, and resource allocation
because they are receiving such small amounts of funding (Guzman &
Kacperczyk, 2019; Thébaud, 2015).

AT has recently emerged as a key component of the technology
resources. Computer gear, data, and networking are referred to as
“technology resources” and are necessary for implementing new
innovations (Aboelmaged, 2014). Numerous modern Al technologies
start out using common ML methods before becoming intelligent
after being educated (Ransbotham et al., 2017). The development of
the economies of nations like the United States (Makridakis, 2017),
China (Li, 2017), and India (Vempati, 2016) will be significantly
impacted by Al (Cheung & Messom, 2018). According to a recent
PwC analysis, by 2030, AI might contribute 14% more ($15.7
trillion USD) to the global economy (Cheung & Messom, 2018). By
2020, Al is anticipated to be included in practically all new software
products and associated services (Gartner, 2017).

To increase competitiveness and preserve resources effectively, a
number of electronic readiness (e-readiness) or readiness models have
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been put forth and implemented (Alshawi, 2007; Ruikar et al., 2006).
This idea of e-readiness is used in a readiness evaluation that Choi
et al. (2018) created. The recent explosion of Al technologies has
increased the need for such research (strategies and means for selecting
and implementing digital technologies that realize firms’ goals in
digital transformation), as they are being used more and more in a
variety of organizational practices, creating both new opportunities
for digital transformation and new challenges for managers of
digital transformation processes (Holmstrom, 2022). ML, a branch
of Al that enables a machine to automatically learn from the past
without explicit programming, is a technique that enables a machine
to replicate human behavior. As a result, Choi et al.’s (2018) model
for the readiness of smart manufacturing uses ML to analyze data
from a peer review system and adoption success stories from the past.

Al as an IR4.0 enabler is concurrently linked to plans such as the
China State Council’s Next Generation Artificial Intelligence
Development Plan, which was launched in 2017 as the plans for
the overall thinking, strategic goals, main tasks, and supporting
measures for Al development before 2030, with seven keys of Al
master plan such as medical imaging system, audio intelligence,
connected vehicles, language translations, service robots,
unmanned aerial vehicles, and image recognition. Furthermore, in
line with John McCarthy’s 1956 definition of Al as the “science
and engineering” of creating intelligent machines, particularly
intelligent computer programs (Rajaraman, 2014), the European
Commission’s (EC) (2020) master plan aims to develop and
regulate the EU Al market while acknowledging the importance
of striking a balance between common principles and the specific
interests of the stakeholders (Borsci et al., 2022).

3. Methodology

In order to respond to a clearly articulated question, a SLR
identifies, picks, and critically evaluates research (Dewey &
Drahota, 2016). SLR is a thorough, transparent search of
numerous databases and grey literature that may be duplicated and
repeated by further researchers. Grant & Booth (2009) claimed
that the expansion in evidence-based practice has led to an
increasing variety of review types. Meantime, Tranfield et al. (2003)
discuss the origins of the evidence-based approach to undertaking a
literature review and its application to other disciplines including
management and science. Hence, this study practiced this method
of review to realize the RQs.

This SLR is made up of five distinct activities: define,
searching, extraction, assess, and analyze and combine. Following
that, the activities are divided into three major phases: planning
the review, conducting the review, and reporting the review. Each
step in the three phases ensures the validity and reliability of the
systematic review process.

3.1. Planning the review

(i) Defining RQs

The conducted literature review, according to (Ali & Xie,
2021), served the purpose of developing the problem statement,
stating RQs, defining the variables relevant to the problem being
investigated by this research work, proposing hypotheses for this
research work, and developing a comprehensive research model
for the study to be carried out. The introduction section stated the
need to investigate the readiness model and the factors driving

and impeding IR4.0 adoption. As a result, four RQs were created
to aid in the literature review process.

* RQ1. What are the different readiness models of IR4.0 in existence
today?

* RQ2. What are the factors driving IR4.0 readiness?

* RQ3. What are the factors inhibiting IR4.0 readiness?

* RQ4. How are the self-evaluation instruments be developed for
IR4.0 readiness?

(ii) Searching for relevant data sources

To answer the RQs, six scientific databases (Emerald Insight,
IEEE, Science Direct, Scopus, Springer, and Web of Science (WoS))
were chosen to source relevant journals only, not books. For decades,
the citation databases of the Institute for Scientific Information (now
Thomson Scientific, Philadelphia, PA) have been used as a starting
point and, in many cases, as the only tools for locating citations
and/or conducting citation analyses (Meho & Yang, 2006). The
development of the electronic age has resulted in the creation of
numerous medical databases on the World Wide Web, each with
search capabilities and the ability to perform citation analysis
(Falagas et al., 2008).

Elsevier created the Scopus database by combining the
characteristics of both PubMed and WoS, whereas Thomson
Scientific, a division of Thomson Corporation, another private
company, created WoS and has dominated the field of academic
reference, primarily through the annual release of the journal
impact factor, a tool for evaluating the importance and influence
of specific publications (Falagas et al., 2008). According to
Meho & Yang (2006), the addition of Scopus citations to those
of WoS can significantly alter author ranking. Although WoS
remains an essential citation database, it may be necessary to
use Scopus in addition to locate citations to an author or title,
and, by extension, journals, departments, and countries; for
SLIS faculty members, using Scopus as an additional citation
source has a significant influence on their citation counts and
rankings (Meho & Yang, 2006). According to Falagas et al.
(2008), Scopus includes a broader range of journals than
PubMed and WoS, and its citation analysis is faster and includes
more articles than WoS’s citation analysis. Meanwhile, the
citation analysis presented by WoS has better graphics and is
more detailed than the citation analysis presented by Scopus,
most likely because WoS was designed with the intention of
satisfying users in citation analysis, a field discussed and
debated by scientists for decades.

Four databases were employed in the SLR investigation by
Deshayes et al. (2016) up until April 2015: MEDLINE, SciELO,
ScienceDirect, and Google Scholar. ScienceDirect, WoS,
Scopus, PubMed, and Springer databases were cited by Ramon
et al. in their study to evaluate the outcomes of the application
of Business Process Management methodology on clinical
processes, analyzing whether it can become a useful tool to
improve the effectiveness and quality of processes. ACM, IEEE,
Science Direct, Sage, Emerald, and Springer were the six
databases chosen by Thuan et al. (2016) for their investigation
to identify the elements influencing the decision to crowdsource.
In the meantime, Hamid et al. (2016) have chosen four
databases (WoS, Science Direct, Scopus, and IEEE) to undertake
the SLR approach in order to investigate the information-seeking
behavior of international students in terms of their information
demands and to highlight the importance of social media.
Figure 1 summarizes the SLR procedure used in this study.
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Figure 1
Activities in systematic literature review adopted from Esfahani et al. (2015)

1. Planning

—

2. Conducting

3. Reporting
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| | 1.1. Identify the need
1.2. Research questions

\_/'\

3.2. Conducting the review

In order to clarify and validate the eligibility of the SLR process,
the review is conducted by involving data inclusion and exclusion
criteria, quality assessment, collection of the data, and data analysis.

(i) Assess the eligibility of data inclusion and exclusion criteria

The inclusion and exclusion criteria were used to ensure that only
the relevant articles were included in the SLR process (Hamid et al.,
2016). The aim for this selection is definitely to assess the eligibility of
the journals which to match the objectives of the SLR. As the keywords
are not expected to return the papers with the related topic, inclusion
and exclusion criteria are needed to refine the result through the
databases. The inclusion and exclusion criteria were used to ensure
that only the relevant articles were included in the SLR process, as
per Table 2 (Hamid et al., 2016).

(i) Quality assessment

In the quality assessment, all the papers resulted through the
databases till the final selection of papers are shown in Figure 2.
This stage is to ensure that the selected papers are valuable to be
analyzed and discussed.

(iii) Data collection and analysis

A data collection form was designed to collect the most relevant
information from the selected papers in order to facilitate the process of
analyzing the compiled data (Hamid et al., 2016). Table 3 shows
categories of information and specific information needs during the
data analysis.

3.3. Reporting the review

In this phase, analysis and combination of data are conducted
which then be furthered in the next section of results and discussion.

Table 2
Inclusion/exclusion criteria (Hamid et al., 2016)

Inclusion Indirectly or directly answer any one or more
criteria research question
Focus on the role of social media in information-
seeking behavior and problems of international
students. Published in years: 2000-2015
Exclusion Exclude irrelevant books or overhead
criteria presentations

Exclude which is not related to the research field
Papers when only abstract and no full text
were available

Articles that did not match the inclusion criteria

74

2.1. Conduct the review

2.2. Inclusion and exclusion
2.3. Quality assessment
2.4. Data collection

3.1. Result
3.2. Discussion

¥/\

4. Results and Discussion

This section discusses the findings framed around the four RQs
posed earlier in Section 3.

4.1. RQ1: What are the different readiness models
of IR4.0 in existence?

Academics have devised and studied a variety of maturity models
so that both preparedness and maturity simultaneously addressed the
same focus issue (Mushref & Ahmad, 2011). According to
Schumacher et al. (2016), the distinction between readiness and
maturity is that the former takes place before to engaging in the
maturing process, while the latter tries to capture the state as-it-is
while the latter is taking place. Although the properties and levels of
complexity of these models vary (Carolis et al., 2017), basic
structures, like dimensions and items, are common (Brozzi et al., 2018).

According to one method of survey questions, Nick et al. (2019)
readiness’s model on the industrial area of Hungary was carried out. It
is based on 99 questions, which were broken down into three sources:
16% from National Technology Platform (NTP) Workgroups, which
introduced aspects of education, training, employment, and access
to financial resources; 18% from Verband Deutscher Maschinen-
und Anlagenbau and is the Germany's equipment manufacturing
association (VDMA) Framework, which includes company level; and
66% from the author’s interviews with industrial people. In terms of
the evaluation stage, the author entered the survey responses into a
relational database. Each response was then automatically, repeatedly,
and manually changed until the statistical properties of the evaluated
answers with regard to the question seemed satisfactory (the empirical
distribution of the points has fitted the theoretical distribution).

The readiness model created by Lucato et al. (2019) is one way
that a certified entity might relate to a standard structure that is based on
a Society of Automotive Engineers (SAE) J4000 basis structure, with
the author supposing that the model behaves like a linear parameter.
The SAE J4000 standard is a guideline for finding and using best
practices when putting a lean operation into place. The standard
then establishes a set of components for each of the six aspects that
make up lean manufacturing and reflect areas of the business to be
examined in the firm. There are 52 elements and statements that
will be reviewed, and each statement will have four potential
responses: Level O (LO): The component is absent or its
implementation has significant discrepancies; Level 1 (L1): The
component is there, although its implementation has a few small
errors; Level 2 (L2) refers to a component that is entirely present
and successfully implemented, and Level 3 (L3) refers to a
component that is fully present, successfully implemented, and
demonstrates advances in its execution over the previous 12
months. In order to determine the maturity level of IR4.0 in various
databases, the author first conducted a review of the relevant literature.
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Figure 2
Publication collection method flow
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Academics like Schumacher et al. (2016) and Mrugalska &
Stasiuk-Piekarska (2020) have presented the readiness model
or maturity model, which is based on the maturity index.
The problem of the statistical technique not guaranteeing the
objectivity of the evaluation when the determinants are both
subjective and objective is being solved in the following steps. In
order to increase the precision of the judgment, the assessment in
that continuation is based on rough set theory and involved an

algorithm of indiscernibility relation. Six dimensions were
selected as their study model for the IR4.0 digital transformation
by Hamidi et al. (2018) using the IMPULS maturity assessment
approach. One of the most well-known models of ready is
“IMPULS - Industrie 4.0 Readiness” from 2015. Each of the six
dimensions in the research model had a six-level model, and the
formula to gauge readiness included weighing the dimension
scores out of a possible 100 points. The average of each
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Table 3
Information needs of IR4.0 readiness

Categories of
information needs

Specific
information needs

Authors

IR4.0 readiness
model related

Empirical data, method,
readiness insight,
factors

Policy, requirements

Reason, method,
benefit

Demand skills,
benefit, barrier

Funding related

Self-assessment
related

Training related

(Alcacer et al., 2021; Horvat et al., 2018; Lucato et al., 2019; Mrugalska & Stasiuk-
Piekarska, 2020; Nick et al., 2019; Schumacher et al., 2016; Soomro et al., 2021;
Trstenjak et al., 2020; Wijewardhana et al., 2020)

(Bosman et al., 2019 ; Filieri et al., 2021; Nick et al., 2019; Tortora et al., 2021)

(Alcécer et al., 2021; Brozzi et al., 2018; Choi et al., 2018; Hamidi et al., 2018;
Horvat et al., 2018; Lucato et al., 2019)

(Ali & Xie, 2021; Hernandez-de-Menendez et al., 2020; Lassen & Wachrens, 2021;
Matt et al., 2021; Miller & Voigt, 2018; Schinner et al., 2017; Smuts et al., 2021;

Tortora et al., 2021; Wolf et al., 2018)

dimension for SMEs is then examined using a statistical comparison
of the score and average for each dimension. The author created
survey questionnaires that were given to Malaysian SMEs via
email and in-person contact and were stored in Google
Documents. The IMPULS model is an illustration of how to
measure IR4.0 readiness with six dimensions (strategy and
organization, smart factory, smart operations, smart products,
data-driven services, and employees) (Alcacer et al., 2021), with
each dimension having several sub-dimensions that describe the
measurement in detail. As a result, the organizational readiness
can be explained by six levels, ranging from level 0 (beginner
level) to level 5 (high performance level).

While many have alluded to the six dimensions in the IMPULS
model, studies over the years have also discussed whether dimension
is accurately to be employed in IR4.0 or Industry 4.0 (14.0)
preparedness before the development stage. Meanwhile, Sony &
Naik (2019) recommended six dimensions: organizational strategy,
organizational digitization level, supply chain digitization
expansion, smart products and services, employee Industry 4.0
suitability, and top management engagement and commitment. Six
dimensions of IR4.0 readiness were put forth by Soomro et al. (2021),
namely technology, people, strategy, leadership, process, and
innovation. Alcacer et al. (2021) new self-method in the IR4.0/14.0
readiness model made it possible to identify the major obstacles as
seen from the perspective of the companies. According to Brozzi
et al. (2018), the IR4.0 readiness self-assessment tool should take
into account the following factors: (1) the use of straightforward
language in describing dimensions and items; (2) the ability to
visualize the definition of specific topics or technologies; (3)
assistance with the metrics proposed to measure readiness; and (4)
concrete examples related to the achieved level of readiness,
including the description of real-world technological imple-
mentation for a potential advancement, as insights on future actions.
The self-assessment tool is intended to demonstrate a selective
orientation, and the structure geared toward SME craftsmanship
companies consists of three dimensions: production and operations,
digitalization, and ecosystem. A total of 23 items are included in
each dimension, and they are all scored using a Likert scale that
ranges from 1 to 5, just like other tools (Brozzi et al., 2018). After
an episode of an online survey based on the IMPULS model was sent,
the responses to the survey have been translated into a company’s
self-assessment using the IR4.0 readiness self-assessment model
(Alcacer et al., 2021).

The amount of preparedness of circumstances, attitudes, and
resources at all levels can be analyzed and determined through
RA (Wijewardhana et al., 2020). Additionally, maturity models
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are positioned as instruments to analyze the existing condition of
the companies and a way to pursue implementation of IR4.0
initiatives, whereas readiness models are mostly beneficial to
capture beginning point for initializing the development process
(Schumacher et al., 2016). As noted above, the approach is often
used questions as a survey instrument for the assessment over the
existing readiness models on IR4.0. The main distinction between
them is the source from which the questions were derived, the
theories that were employed, and the analysis of the survey or
assessment results.

4.2. RQ2: What are the factors driving the IR4.0
readiness?

The firm-level and industry-level perspectives both present
factors that help to confirm the amount of IR4.0 readiness in a
company. This concept’s basic tenet is that value cannot be created
by a stand-alone enterprise and that numerous diverse entities, such
as businesses, universities, research institutions, regulators, and
governmental bodies, must each contribute (Reynolds & Uygun,
2018). The innovation ecosystem idea is an example of the
perspective (firm-level perspective), according to Matt et al. (2021).
The emergence of an loT-based business ecosystem may be
described by six structural aspects, and Chen et al.’s (2015)
research demonstrates that this leads to a complex network
supported by various stakeholders.

The incorporation of new internal processes, such as the
restructuring of flows to promote flexibility and training,
characterizes the implementation of IR4.0 in SMEs (Luco et al.,
2019). New training courses that relate to the staff’s flexible
emotions management, can be introduced such as stated that one
of the means by which we can “control” these parameters (high
performance, good interrelation, and high professional self-
development potential) is psychological evaluation of candidates
as part of the selection process, we consider that we have to
define and build a standard profile to match training needs,
identification, and development of soft skills (Cotet et al., 2017).
Whereas, Galati & Bigliardi (2019) stated in their review such
that government’s support, training programs, and the
organizational structures required to give insights to the IR4.0
success. Ahmad et al. (2020) agreed that the staff’s hard and soft
skills need to be rectified through a program such as training
program. According to Luco et al. (2019), training employees is a
significant barrier for both businesses and the government. This
indicates that training is a vital role in the success of IR4.0
technology.
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While highly skilled workers are only required for installing
the system, implementing modifications within the system, or
for maintenance purposes in the automation scenario (Schinner
et al, 2017), the technology directs the personnel. Innovating
organizational structures will enable highly talented and specialized
workers to work together to address difficult challenges that cannot
be solved by algorithms or by a single field (Hirsch-Kreinsen, 2015).
Finally, as a result of the training programmes and government and
organisation support, skilled employees are produced that are
proportional to the IR4.0 technology and environment of the training
programs and support by government and organization, skilled
employees are produced which proportional to the IR4.0 technology
and environment. According to Ahmad et al. (2020), the opportunity
from IR4.0 implementations is to increase industry efficiency,
productivity, and flexibility, as well as the presence of direct
customer interaction and better connectivity and fast information
flow are to increase efficiency, productivity and flexibility of the
industries, existence of direct interaction of the customer, and better
connectivity and fast information flow. Hard and soft skills are
believed to be needed in IR4.0. The relevant soft competencies
required in manufacturing, however, such as interpersonal skills,
assertiveness, respect, self-strength, empathy, will, a spirit of
perfection,  self-discipline, intellectual curiosity, refinement,
independence, and creativity (Cotet et al., 2017), are not always
taken into account by such a soft skill of psychology test. However,
when SMEs are taken into account, concerns with the skills gap are
exponentially worse (Bosman et al., 2019).

To educate their personnel for the digital age, businesses must
create competences for their workforce that place a larger emphasis
on technological transformation than ever before (Schinner
et al, 2017). According to Lassen & Waehrens (2021),
new knowledge and abilities are frequently taken for granted
when new technologies are used. For this reason, competency
strategies are broken down into three levels of learning journeys:
individual, technological, and organizational. As a result, Trstenjak
et al. (2020) discovered that process planning in IR4.0 necessitates
ahigh degree of task automation, the application of predictive analytics,
and sophisticated computer-aided process planning (CAPP) systems.
Process planning is positioned in the value chain between physical
manufacturing and building, so it too requires digital transformation,
while managing the transition to the new digital framework represents
one of the most difficult difficulties (Trstenjak et al., 2020) and,
simultaneously, contributions.

Knowledge is a component of training and competences which is
also a driving factor, according to Wolf et al. (2018), who noted that
knowledge is a crucial factor and the element that binds the firm
together. Because of this, older workers’ knowledge, expertise, and
experience are increasingly valued by businesses, according to
Schinner et al. (2017). As a result, businesses will be forced to find
ways to keep older workers on staff for longer periods of time as
well as to retrain them to handle future challenges using new techno-
logical advancements. Knowledge-sharing technologies, according
to studies by Argote et al. (2003), Reagans & McEvily (2003),
and Sambamurthy & Subramani (2005), could be a potent tool
for resolving organizational issues because their use is essential for
preserving industrial competitiveness when knowledge is lost due
to employee retirement. Technologies that promote knowledge
sharing enable employees to learn both implicit and explicit
information from one another. Trstenjak et al. (2020) claimed in the
discussion that Croatia’s IR4.0 process planning is still significantly
influenced by the conventional approach, which is founded on a
single person’s subjectivity, intuition, and knowledge. Since their
familiarity with IR4.0 or even the CAPP idea is still not at a

satisfactory level, which is the first step to start to design the
digitization strategy, education of the workforce played a significant
role in the adoption of IR4.0 (Trstenjak et al., 2020). Higher
education engineers will need to combine diverse technologies and
be knowledgeable about mobile technology, embedded systems,
and sensors, which is supported by Hernandez-de-Menendez
et al. (2020). IR4.0 engineers, on the other hand, are expected to be
knowledgeable in bionics, robotics, Al (Prifti et al., 2017), network
technology, machine-to-machine communication, and safety-related
skills (Hernandez-de-Menendez et al., 2020). Contrary to Filieri
et al.’s (2021) assertion that founders with prior job experience
obtained the greatest amount of funding from VC, educational
background is not a deciding factor.

Another factor is acceptance on technologies and digitalization.
Because Wolf et al. (2018) observed that innovation demands
flat structure, short path, and free space to materialize ideas
while highly regulated structures impede digitization, a sudden
substitution of technologies and surroundings in the organization
can be a high-risk strategy. This is a theory that start-ups or SMEs
can use to project new technologies when adoption of technology
and process improvements is possible (Wolf et al, 2018). The
adoption of IR4.0 will succeed if people are informed of new
technology roadmaps, adapt existing procedures, and upgrade old
technology, according to Rachinger et al. (2018). All participants in
the sector must take note of the importance of acceptance of
technological advances. Many researchers have reported the benefits
of IR4.0 adoption in industry, including Ali & Xie (2021) who
came to the conclusion that there is a proportionate relationship
between the organizational performance of Pakistan’s retail industry
and the five core pillars of IR4.0 (3D printing, big data analytics,
cloud computing, IoT, and robotics). Although Pakistan’s retail
industry lags behind other nearby countries like India, China, and
Malaysia, proportionality has been shown to improve performance
in the country’s retail sector. Therefore, the acceptance to adopt
these technologies must begin with awareness, knowledge and time
by the employers, and all level of employee. There is no shortcut to
the acceptance before one realization which is sourced from the
knowledge. Meanwhile, knowledge is thought to be closely related
to training and competencies, such that the introduction of smart
factories may affect worker efficiency, a company's business model,
and employment in any industry or organisational setting (World
Economic Forum, 2017). and competencies, such that in any
industry or organizational although the introduction of smart factory
may affect efficiency of the workers, the business model of a
company, and employment (World Economic Forum, 2017).

Discussions around readiness in accepting new technologies are
commonly scaffolded or guided by understanding the theories
behind. For instance, acceptance theory is frequently used in
information systems (IS) research to examine how well societies,
companies, or people are accepting of changes brought about by
the use of new technologies. It is crucial to recognize the
significance of acceptance theory at the outset since knowledge
can help foresee its applications more accurately. One well-known
metric for assessing readiness to embrace and employ cutting-
edge technology is the Technology Readiness Index (TRI)
model (Figure 3). According to four personality traits — optimism,
inventiveness, discomfort, and insecurity — technology readiness
can be seen as a belief (Figure 3) (Ijab et al., 2019). Turcu &
Turcu (2018) claim that these personality traits have an impact on
people’s inclination to adopt and use new technology. The TRI
model, according to Shonhe & Jain (2017), comprises a total of
36 operational statements that may be used to determine users’
readiness to utilize technology, making it straightforward yet
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Figure 3
Technology readiness index model (Parasuraman, 2015)
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comprehensive enough to be used by information providers to
evaluate user readiness for using mobile technology. Meanwhile,
anumber of theories, like the Technology Acceptance Model (TAM)
and the IS DeLone Success Model and McLean (DeLone and
McLean IS Success Model), are used in the field of e-government.
The Technology Acceptance Model (TAM), developed by Davis
in 1989, has received the most citations and empirical replications
(Soomro et al., 2021).

The implementation of IR4.0 in a corporation depends on resources
or funding. There are sufficient resources, including money and workers
from many fields of employment, to project the adoption of new
technology (Wolf et al., 2018) that includes the IR4.0. Manufacturing
companies that want to stay competitive in the global economy must
invest in IR4.0, but many of them struggle with the complexity
and ambiguity of where to concentrate their technological
expenditures (Bosman et al., 2019). A total of 58% of manufacturers
in Indiana stated that they needed to make investments in equipment,
buildings, and related information technology (Katz et al., 2017).
Contrarily, Smuts et al. (2021) discussed how, even though some
businesses and their stakeholders are helping to drive the adoption of
IR4.0 enabling technologies in a particular way, the general public’s
perception of the world as it relates to the reality of the digital
environment scenario is very different. Bosman et al. (2019) found
that larger enterprises felt better prepared to adopt IR4.0 compared to
smaller enterprises SMEs that had probability to become victims in
IR4.0 technology. Whence, this study found that firm actions,
training, skills, competencies, knowledge, education, acceptance, and
funding are lists of factors driving the IR4.0 readiness.

4.3. What are the factors inhibiting IR4.0
readiness?

Ganapathy (2018) claims that Malaysia’s industrial sector,
particularly its small- and medium-sized firms (SMEs), is still not
ready to embrace IR4.0 technology and methodology. According to
Balvin (2019), just 15-20% of Malaysian commercial organizations
adopt IR4.0, which presents a relatively low usage rate for the
industry. Even if several key participants in the business are aware of
IR4.0’s significance, they are still not entirely sure that it will be
good for their company. This is because of a number of obstacles,
such as a lack of strategy and leadership, a lack of resources, a talent
shortage, and a lack of understanding regarding the implementation
of IR4.0 (Jayashree et al., 2020). Based on the current situation with
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the low degree of industry preparation for IR4.0, it is argued that
Malaysia will take about 12 years to catch up to industrialized
nations like Japan and Germany, even if it adheres to every guideline
in the Industry4WRD strategy framework. In order to improve the
industry’s readiness for IR4.0, it is necessary for them to become
more aware of and cognizant of its advantages.

According to Sony & Naik (2019) and Soomro et al. (2021), there
is currently no universally accepted consensus regarding how to gauge
the industry’s readiness for IR4.0. Therefore, it is crucial that a study be
carried out to identify the crucial variables that determine whether an
industry is prepared for IR4.0 and to further evaluate the relationship
that exists between these readiness variables. Although IR4.0 is seen as
significant by the government, Sony & Naik (2019) continued that only
a small number of organizations fully comprehend its concept.
Since obtaining IR4.0 readiness is crucial for the industry right
now (Soomro et al., 2021), it is crucial to develop a readiness model
for IR4.0 because it will enable stakeholders in the industry to
recognize precedents and antecedents in the process of digital
transformation toward IR4.0.

The deployment of IR4.0 technologies faces distinct obstacles
in developing nations than they do in wealthy nations (Balvin, 2019).
Adopting IR4.0 is a significant strategic choice, thus firms must
evaluate their readiness (Sony & Naik, 2019). Alcacer et al. (2021)
online self-assessment came to the conclusion from the survey results
that both small and large organizations with a lower readiness level
viewed a lack of top management support as one of the most
significant obstacles. This proves that a company’s size has no
bearing on IR4.0 preparedness, but rather on the response and
activity of the management division, which paves the road.
However, it is important to keep in mind that major service
organizations are more advanced in their strategy for adopting
IR4.0 since small- and medium-sized businesses frequently focus
on the most urgent and immediate business investments, making
strategic planning look like a burden to them (Soomro et al.,
2021). While this is going on, Lassen & Waehrens (2021) claimed
that one of the main barriers to IR4.0 is that many businesses lack
sufficient understanding of how new technologies might support
greater growth and productivity.

Miiller & Voigt (2018) discussed on their empirical evidence
such that the German SME might claimed that large enterprises
are more designed to be in IR4.0 compared to the Chinese SMEs
which do not contained any bias. This indicates that the
innovation also begins with the action and reaction from the
utmost top level in the industry instead of only the technologies
substitution. When it comes to “Industrie 4.0,” German SMEs
prefer to see the benefits from an operational perspective, whereas
Chinese SMEs place an emphasis on both strategic and
operational economic gains (Miiller & Voigt, 2018). The lack of
economic benefit clarification, a lack of interoperability and
compatibility standards, and immature IT infrastructures are all
considered to be barriers to IR4.0 readiness from the firm level
during the online survey among industry players.

Businesses must take into account the requirement for employees
to constantly acquire new competencies by implementing training
programs that actively encourage this development (Hernandez-
de-Menendez et al., 2020). The digitalization is impeded by
employees’ insufficient knowledge and skills. Future employees are
therefore expected to meet the following requirements: (1) use,
combine, and reflect on at least one set of tools and technologies
within the company; (2) imagine and predict the relationship
between these various tools and technologies both within and
outside of their primary domain; (3) describe the implications for
the overall company systems, both with respect to finance and IT;
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and (4) identify where technology can improve operations or support
innovation (Lassen & Waehrens, 2021). According to Vaduva-
Sahhanoglu et al. (2016), the main obstacles to the adoption of
IR4.0 technologies high cost of research and
development (R&D) innovation, the cost of updating technology to
the most recent state of the art, the cost of training employees,
incompatibilities with current practices and operations, difficulties in
locating the necessary technologies, and psychological barriers
relating to the acceptance of the new technologies. In the meantime,
investments in new technologies were frequently hampered in
regard to the cost issued by a lack of technical expertise among
middle managers and managers (Lassen & Wachrens, 2021). In
their study on the South African Construction Industry, Akinradewo
et al. (2018) agreed that the lack of standards adoption, inadequate
professional and skilled labor training in the use of digital tools at
the institutional level, and the high cost of such training prevent the
construction industry from adopting IR4.0 concepts. Alcacer
et al.’s (2021) online survey of small businesses found that a lack
of personnel skills prevents the projection of IR4.0. While the IT
manager in the case study claimed that they mostly relied on
consultants for assistance in deploying new solutions and making
any necessary changes, external dependencies frequently become
dominant when working with new capabilities (Lassen &
Wacehrens, 2021). Surprisingly, power restrictions are a barrier to
the digital transition to IR4.0 since, as Weightman (2007) noted,
industrialization brought about a shift in power, mass production,
factories, and special-purpose machinery. Briefly, general factors
that inhibit the IR4.0 readiness are continuously about cost, training,
skills and competencies, and management, which can be scoped
down into two essentials: (1) money source and (2) people
management.

include the

4.4. How are the self-evaluation instruments be
developed for IR4.0 readiness?

Self-evaluation tool is a method of evaluation that can be done
by the respondent independently. In this context of IR4.0 self-RA
tool, studies were discussing to aim the SMEs for reasons of
better transition of new technology significantly during the first
stage in the smart manufacturing journey (Choi et al., 2018), add
new knowledge or understanding to the readiness, acceptance, or
maturity theories pertaining to IR4.0 readiness topic, and measure
their own IR4.0 readiness status.

There are companies unable to relate the industry 4.0 with their
business models, leading to a lack of a correct self-assess in order to
understand the reached readiness level (Alcacer et al., 2021).
According to the IR4.0 Readiness Assessment created to date,
concerns with scarcity mean that SMEs or SMMs need training and
outside consultants to conduct internal assessments, which proposed
risk because the financial resources owned by the firms themselves
are insufficient to fund their IR4.0 investment (Choi et al., 2018) the
SMEs or SMMs need training, external consultants to conduct the
assessments internally, which proposed risk as the resources owned
is lacked (Choi et al., 2018). These factors, according to Choi
et al. (2018), make it necessary to create an assessment platform that
enables manufacturers to either conduct a self-assessment with a
very intuitive, step-by-step user interface or provide access to
assessment models and community-evaluated consulting services.
SMEs are said to need a clear value proposition and a mechanism to
evaluate the reliability of consulting services.

Table 4 shows list of existed IR4.0/14.0 RA that has features or
claimed to be as a “self-tool.” Ideally, discussions among academia
in RQ1 are commonly on the developed 14.0 readiness/maturity
model while this study is propelling the IR4.0 principle which
differs the sectors to involve in not only manufacturers but indeed

Table 4
List of existed “self-tool” 1R4.0/14.0 readiness assessment
Model name Context Features of “self-tool” Methodology Studies gap
Smart IR4.0 1. Based on MEAN stack (MongoDB, 1. SMSRL Only at prototype stage and
Manufacturing Express.js, Angular 4, and Node.js) 2. WVU by not released yet as an
Assessment 2. An open source, web-based, free for WVU’s Smart open-source platform
System (SMAS) manufacturing companies Manufacturing
(Choi et al., 3. Provide a platform to host various SMS Lab
2018) assessment methodologies
4. Reflecting the diversity of
manufacturing companies and their
individual (often domain-specific
requirements)
5. Consists of a detailed description
(Figure 4(a)), questionnaires
(Figure 4(b)), computation logics, and
charts are defined using a standard XML
schema
SME 14.0 1. Simple wording in describing dimensions 1. Comprehensive Lack of analysis on additional aspects
Craftsmanship and items literature indicating internal and external readiness
Self-Assessment 2. Visualize the definition of certain topics review level, such as the willingness to share
tool (Brozzi or technology 2. Online survey information and awarenessof data
et al., 2018) 3. Aided guidance on metrics proposed to security protocols

measure readiness

4. Description of real case technological

implementation for a potential
advancement
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Figure 4
(a): Charts in Smart Manufacturing Assessment System (SMAS) and (b): Questionnaires in SMAS
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agriculture and services. Figure 4(a) and (b) demonstrates how the
Smart Manufacturing Assessment System (SMAS) was created by
Choi et al. (2018) based on two assessment techniques: the West
Virginia University (WVU) approach and Smart Manufacturing
Systems Readiness Level (SMSRL) (Jung et al., 2016) method,
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which are appropriate to more advanced manufacturers that are
typically medium to large in size (applicable to a less mature
typically of a small size manufacturer).

In order to increase prediction accuracy and address data sparsity
and cold start issues, the recommender system has naturally
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incorporated Al, notably computational intelligence and ML
methodologies and algorithms (Zhang et al., 2021). According to
Zhang et al. (2021), Al can significantly advance the technological
advancement and use of recommender systems. Recommender
systems were primarily developed to help people who lack
experience or understanding navigate the enormous number of
options that are available to them (Shapira et al, 2011).
Recommender systems were initially utilized in e-commerce to
address the issue of information overload brought on by Web 2.0,
and they were swiftly expanded to personalize e-government,
e-business, e-learning, and e-tourism (Lu et al, 2015). Choi
et al. (2018) readiness model can be classified as a recommender
system and includes Al, but it contains fewer details about ML’s
technique, such as its kind. Many recommender systems emphasize
techniques and accuracy but fall short of providing acceptable
justification (Zhang et al., 2021). According to Zhang et al. (2021), deep
neural networks, transfer learning, active learning, reinforcement learning,
fuzzy approaches, evolutionary algorithms, natural language processing,
computer vision, and six other Al techniques have all improved
recommender systems.

4.5. IR4.0 readiness and implementation
framework for industry

This paper introduces a framework refined from the literature and
analysis of the selected 55 papers. Figure 5 summarizes the six stages
of readiness from low to high, providing insights into how firms can
achieve IR4.0 readiness. The initial stage is on the IR4.0 project
initiation followed by its business requirements or analysis, design,
build or test, implementation, and post-implementation.

IR4.0 project initiation is aimed to identify key areas of change
and their potential impacts. The top and bottom layers of organization
are complementing each other in succeeding this stage. They are
required to foresee the future of their company in the society and
competitors, with the most crucial element of changes which is

learning. According to the majority of literature in this field, many
companies have completed the initial plan to adopt new
technologies, but only the top layer of the organisation is involved
and understands the reason for the substitution, while the bottom
layer continues to believe in the routine only plan to adopt the new
technologies but only the top layer of organization is involved and
understand the reason of the substitution while the bottom layer is
still continuously believe in the routine only. At this point, all staff
need to be included in the strategy. The first step in making
changes is to put aside the justifications for having a limited staff
and amount of time. In the subsequent phase of IR4.0 business
requirements or analysis, the goal is to evaluate the present situation
and create an IR4.0 strategy, which is proportionate to the
application of an IR4.0 readiness evaluation instrument. R&D team
is in pivot in this stage when they need to analyze the current
revolution of technology, situation, and phenomena across the globe
to revert them into the company’s size. For instance, delivery robots
in the restaurants and logistics, vacuum robot by Xiaomi, and one
of the biggest inventions of a kinetic energy launch system as a
private space to orbit. Simultaneously, critical success factor and
TR4.0 roadmap are expected to be the outputs or inputs during this
stage. Moving to the IR4.0 design stage, the company is prescribed
to seek external consultancy such as collaborating with academia to
have own IR4.0 self-evaluation tool or applying an assessment
to the government committee such as in Malaysia on the
Industry4WRD RA. The result of the assessment is important to the
business analyst to understand the company’s size to fit in the IR4.0
and therefore plan forward such as defining operational needs,
assess readiness, and prepare test plans. Significantly, the plan is
built to test the IR4.0 readiness in the firm’s operating environment
and rectify requirements and preparation of the end user for
implementation. To validate and verify the test, an iterative test
cycle is compulsory.

During the IR4.0 implementation, training programs must be
conducted beforehand on the employees and employers in a

Figure 5
IR4.0 Readiness and implementation framework
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scheduled time, which initiated with the awareness and introduction of
the fundamental of IR4.0. This SLR study proved that training is a
control element during the transition of technology and culture in the
company. Employees as well as employers are required to learn new
analytical skills by broadening their perception and awareness of IR
4.0 skills of analyzing by broaden the perception and awareness.
Meanwhile, industry players are required to adopt the subject matter
expert to expand the performance of company. After the training,
trainees are expected to execute the learned new skills such that
engineers learned to build autonomous mobile robot in the logistics,
analyst implements the big data to forecast the business growth,
and real-time monitoring for the manager to inspect the defections or
loss during the night shift of production. After numbers
and continuous training, execution and assessment, competency, and
skills development aid the company growth such that the
productivity and output are proportionally high. Eventually, IR4.0
post-implementation stage that regulates the firm’s operating
environment and transfer responsibility for continuous improvement
to operating stages can be monitored via Continuous Quality
Improvement. These six stages are expected to be attained when the
source such as funding and training is adequate as it complies the
element of money and energy.

5. Conclusion

Since 2020, a gathering of research and technology groups
hosted by the EC has been the main forum for the discussion of
Industry 5.0. Therefore, there exist discussions about the
relevancy of the IR4.0. To regard their differences, IR4.0 is a
machine-to-machine communication environment while Industry
5.0 is a human-to-machine communication. Industry 5.0 aims to
capsize the IR4.0 in a way of more sustainable and human-
centered. But in order to address the question of relevance, it is
crucial to note that IR4.0 is a prerequisite for Industry 5.0 because
this sector places a high priority on the interaction between human
and Al (Saniuk et al., 2022). Therefore, Industry 5.0’s main goal
will be to use Al algorithms to create more sophisticated human—
machine interfaces. In relevant to that, two main elements to
project and focalized on to adopt IR4.0 are training and funding.
Industry players can continuously improve and update the needs
of IR4.0 in their organization when the readiness level has been
well determined through the self-assessment.

New technologies mean to bring new perspective of live and new
professions or skills and competencies are needed to accord the IR4.0
environment. For instance, Al technology in human robots requires
employees to capable of developing algorithms, fluent in
programming languages, and high patience during training and testing
the model. Besides, they also need to have high creativity to solve the
problems. IR4.0 is not only for manufacturing sector such that to
invent new automation and communication between machines, indeed
it can be applied in marketing sector, such as prediction of customers
preferences on products. For instance, online shopping platform such
as Shopee applications that features the tracking capability of the
users across other platforms or applications. But, to take note of that,
the feature of tracking also implies the security issues. Therefore,
cybersecurity is improved and updated over time and periodically. To
date, the developed self-RA tool that aims for a smart manufacturing
or IR4.0 environment is not released yet to be as an open-source
platform such as one by Choi et al. (2018). Apart from that, the
existed RA commonly differs from each other in the dimensions used
and or the methodology of development. The terms of self-evaluation
in this readiness tool are getting recognized in the research and
development due to the issue; during the tool’s implementation in
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such way, external consultancy is needed to practice the subject.
Meanwhile, previous studies are circling around the discussion on
Industry 4.0 context or manufacturing sector only and less is found
on the IR4.0 that includes sectors of agriculture and services, when
developed the RA. It is understandable that covering all sectors and
fitting them into the tool are challenging when many dimensions or
factors need to be considered.

Therefore, future work is to study all sectors’ size and
requirements to be measured in the RA tool, and ML methods to
be used in the self-evaluation readiness tool. Further and broad
surveys with 25 companies from all sectors are contemplated to
be stored in a database before data analysis, filtering, and
classification. Additionally, to the best of this studies’ knowledge,
RA in IR4.0 that essentially uses the term of “self-evaluation” is
still vague and in remote. The complementation of future IR4.0
RA is based on the ML capabilities and a type of either web-
based or mobile-based. The features of ML implementation are
model-based learning or model analytics type. In going to that,
industry players can assess their performance from time to time
independently to the time, cost, and external human consultancy.

Acknowledgement

The authors thank Universiti Kebangsaan Malaysia for
sponsoring this research under research grant GGP-2020-019.

Conflicts of Interest

The authors declare that they have no conflicts of interest to this
work.

References

Aboelmaged, M. G. (2014). Predicting e-readiness at firm-level: An
analysis of Technological, Organizational and Environmental
(TOE) effects on e-maintenance readiness in manufacturing firms.
International Journal of Information Management, 34(5), 639-651.

Ahmad, S., Ameen, K., & Ahmad, S. (2020). Information
professionals’ soft skills status and barriers in its development:
a mixed method study. Library Management, 42(1/2), 80-92.

Akinradewo, O., Oke, A., Aigbavboa, C., & Ndalamba, M. (2018).
Benefits of adopting lean construction technique in the South
African construction industry. In International Conference
on Industrial Engineering and Operations Management,
1271-1277.

Alcacer, V., Rodrigues, C., Carvalho, H., & Cruz-Machado, V.
(2021). Tracking the maturity of industry 4.0: the
perspective of a real scenario. The International Journal of
Advanced Manufacturing Technology, 116, 2161-2181.

Al-Hassani, S. T. S. (2007). 1001 Inventions: Muslim Heritage in Our
World. Foundation for Science Technology & Civilisation, FSTC.

Ali, S., & Xie, Y. (2021). The impact of Industry 4.0 on organizational
performance: the case of Pakistan’s retail industry. European
Journal of Management Studies, 26(2/3), 63—86.

Alshawi, M. (2007). Rethinking IT in construction and engineering:
Organisational readiness, 289. UK: Taylor & Francis.

AlSheibani, S., Cheung, Y., & Messom, C. (2018). Attificial intelligence
adoption: Al-readiness at firm-level. In Twenty-Second Pacific Asia
Conference on Information Systems, 4, 231-245.

Argote, L., McEvily, B., & Reagans, R. (2003). Managing knowledge
in organizations: An integrative framework and review of
emerging themes. Management Science, 49(4), 571-582.



Artificial Intelligence and Applications Vol. 1 Iss. 2

2023

Borsci, S., Lehtola, V. V., Nex, F., Yang, M. Y., Augustijn, E. W.,
Bagheriye, L., Brune, C., Kounadi, O., Li, J., Moreira, J., Van
Der Nagel, J., Veldkamp, B., Le, D. V., Wang, M., Wijnhoven,
F., Wolterink, J. M., & Zurita-Milla, R. (2022). Embedding
artificial intelligence in society: looking beyond the EU Al
master plan using the culture cycle. In Al & Society, 1-20.

Bosman, L., Hartman, N., & Sutherland, J. (2019). How
manufacturing firm characteristics can influence decision
making for investing in Industry 4.0 technologies.
Journal of Manufacturing Technology Management, 31(5),
1117-1141.

Brozzi, R., D’Amico, R. D., Pasetti Monizza, G., Marcher, C., Riedl,
M., & Matt, D. (2018). Design of Self-assessment Tools to
measure industry 4.0 readiness. A methodological approach
for craftsmanship SMEs. In IFIP International Conference on
Product Lifecycle Management, 566-578.

Chen, F., Deng, P., Wan, J., Zhang, D., Vasilakos, A. V., & Rong, X.
(2015). Data mining for the internet of things: literature review
and challenges. International Journal of Distributed Sensor
Networks, 11(8), 431047.

Choi, S., Wuest, T., & Kulvatunyou, B. S. (2018). Towards a
platform for smart manufacturing improvement planning. In
IFIP International Conference on Advances in Production
Management Systems, 378-385.

Collela, P. (2021). 5G and IoT: Ushering in a new era. Ericsson.
Retrieved from: https://www.livemint.com/Opinion/SktcUSRU
6iMQ7BNUknwbFK/5G-and-IoT-Ushering-in-a-new-era.html

Cotet, G. B., Balgiu, B. A., & Zaleschi, V. C. (2017). Assessment
procedure for the soft skills requested by Industry 4.0. In
MATEC Web of Conferences, 121, 07005

De Carolis, A., Macchi, M., Negri, E., & Terzi, S. (2017). A maturity
model for assessing the digital readiness of manufacturing
companies. In IFIP International Conference on Advances in
Production Management Systems, 13-20.

De Ramon Fernandez, A., Ruiz Fernandez, D., & Sabuco Garcia, Y.
(2020). Business Process Management for optimizing clinical
processes: A systematic literature review. Health Informatics
Journal, 26(2), 1305-1320.

Deshayes, S., Bonhomme, J., & de La Blanchardiere, A. (2016).
Neurotoxocariasis: A systematic literature review. Infection,
44, 565-574.

Dewey, A., & Drahota, A. (2016). Introduction to systematic
reviews: Online learning module Cochrane training.

Erol, S., Jager, A., Hold, P., Ott, K., & Sihn, W. (2016). Tangible
industry 4.0: a scenario-based approach to learning for the
future of production. Procedia CIRP, 54, 13—18.

Ehlers, U. D., & Ehlers, U. D. (2013). Emerging open-learning cultures:
transforming higher education. In Open Learning Cultures: A
Guide to Quality, Evaluation, and Assessment for Future
Learning, 43-101.

Esfahani, M. D., Rahman, A. A., & Zakaria, N. H. (2015). The status
quo and the prospect of green IT and green IS: a systematic
literature review. Journal of Soft Computing and Decision
Support Systems, 2(1), 18-34.

Eljasik-Swoboda, T., Rathgeber, C., & Hasenauer, R. (2019).
Artificial Intelligence for Innovation Readiness Assessment.
In 2019 IEEE International Symposium on Innovation and
Entrepreneurship, 1-6.

Falagas, M. E., Pitsouni, E. 1., Malietzis, G. A., & Pappas, G. (2008).
Comparison of PubMed, Scopus, web of science, and Google
scholar: strengths and weaknesses. The FASEB Journal,
22(2), 338-342.

Filieri, R., D’Amico, E., Destefanis, A., Paolucci, E., & Raguseo, E.
(2021). Artificial intelligence (AI) for tourism: An European-
based study on successful Al tourism start-ups. Infernational
Journal of Contemporary Hospitality Management, 33(11),
4099-4125.

Galati, F., & Bigliardi, B. (2019). Industry 4.0: Emerging themes and
future research avenues using a text mining approach.
Computers in Industry, 109, 100-113.

Ganapathy, S. (2018). Are Malaysian SMEs ready for Industry 4.0?
Retrieved from: https://www.digitalnewsasia.com/digital-
economy/are-malaysian-smes-ready-industry-40

Gartner (2017). The Road to Enterprise Al https://dokumen.tips/
documents/1-2-the-road-to-enterprise-ai-gartner-inc-road-to-
enterprise-ai-2084-shopping.html?page=1

Grant, M. J., & Booth, A. (2009). A typology of reviews: an analysis
of 14 review types and associated methodologies. Health
Information & Libraries Journal, 26(2), 91-108.

Guzman, J., & Kacperczyk, A. O. (2019). Gender gap in
entrepreneurship. Research Policy, 48(7), 1666—1680.

Hamid, S., Bukhari, S., Ravana, S. D., Norman, A. A., & [jab, M. T.
(2016). Role of social media in information-seeking behaviour
of international students: A systematic literature review. 4slib
Journal of Information Management, 68(5), 643—666.

Hamidi, S. R., Aziz, A. A., Shuhidan, S. M., Aziz, A. A., & Mokhsin,
M. (2018). SMEs maturity model assessment of IR4. 0 digital
transformation. In [International Conference on Kansei
Engineering & Emotion Research, 721-732.

Hecklau, F., Galeitzke, M., Flachs, S., & Kohl, H. (2016). Holistic
approach for human resource management in Industry 4.0.
Procedia CIRP, 54, 1-6.

Hemandez-de-Menendez, M., Morales-Menendez, R., Escobar, C. A., &
McGovern, M. (2020). Competencies for industry 4.0. International
Journal on Interactive Design and Manufacturing, 14(4),
1511-1524.

Heidemann Lassen, A., & Wahrens, B. V. (2021). Labour 4.0:
developing competences for smart production. Journal of
Global Operations and Strategic Sourcing, /4(4), 659—679

Hirsch-Kreinsen, H. (2015). Entwicklungsperspektiven von
Produktionsarbeit. Springer. In Zukunft der Arbeit in
Industrie 4.0, 89-98.

Holmstrém, J. (2022). From Al to digital transformation: The Al
readiness framework. Business Horizons, 65(3), 329-339.

Horvat, D., Stahlecker, T., Zenker, A., Lerch, C., & Mladineo, M.
(2018). A conceptual approach to analysing manufacturing
companies’ profiles concerning Industry 4.0 in emerging
economies. Procedia Manufacturing 17, 419-426.

[jab, M. T., Wahab, S. M. A,, Salleh, M. A. M., & Bakar, A. A. (2019).
Investigating big data analytics readiness in higher education using
the technology-organisation-environment (TOE) framework. In
2019 6th International Conference on Research and Innovation
in Information Systems, 1-7.

Infosys (2016). Towards purposeful artificial intelligence, 4-8.
Retrived from https://www.infosys.com/aimaturity/documents/
amplifying-human-potential-cio-report.pdf

Jayashree, S., Malarvizhi, C. A., & Hassan Reza, M. N. (2020).
Building proper organizational culture for IR 4.0 and
sustainability—A  conceptual  framework.  Journal  of
Computational and Theoretical Nanoscience, 17(5), 2172-2175.

Jung K., Kulvatunyou, B., Choi, S., & Brundage, M. P. (2016). An
overview of a smart manufacturing system readiness
assessment. In IFIP International Conference on Advances
in Production Management Systems, 705-712.

&3


https://www.livemint.com/Opinion/SktcUSRU6iMQ7BNUknwbFK/5G-and-IoT-Ushering-in-a-new-era.html
https://www.livemint.com/Opinion/SktcUSRU6iMQ7BNUknwbFK/5G-and-IoT-Ushering-in-a-new-era.html
https://www.digitalnewsasia.com/digital-economy/are-malaysian-smes-ready-industry-40
https://www.digitalnewsasia.com/digital-economy/are-malaysian-smes-ready-industry-40
https://dokumen.tips/documents/1-2-the-road-to-enterprise-ai-gartner-inc-road-to-enterprise-ai-2084-shopping.html?page=1
https://dokumen.tips/documents/1-2-the-road-to-enterprise-ai-gartner-inc-road-to-enterprise-ai-2084-shopping.html?page=1
https://dokumen.tips/documents/1-2-the-road-to-enterprise-ai-gartner-inc-road-to-enterprise-ai-2084-shopping.html?page=1
https://www.infosys.com/aimaturity/documents/amplifying-human-potential-cio-report.pdf
https://www.infosys.com/aimaturity/documents/amplifying-human-potential-cio-report.pdf

Artificial Intelligence and Applications Vol. 1 Iss. 2

2023

Katz, A., Sapper, L. and Miller (2017). 2017 Indiana

manufacturing survey: upgrading for growth. Retrieved

from: https://news.iu.edu/live/news/24345-2017-indiana-
manufacturing-survey-employers-are

Kaur, B. (2019). Malaysia falls behind in IR4.0 migration. Retrived
from: https://www.nst.com.my/news/nation/2019/08/514242/
malaysia-falls-behind-ir40-migration

Li, L. (2017). China’s Manufacturing Locus in 2025: With a
Comparison of Made-in-China 2025 and Industry 4.0.
Technological Forecasting and Social Change, 135, 66—74.

Longo, F., Nicoletti, L., & Padovano, A. (2017). Smart operators in
industry 4.0: a human-centered approach to enhance operators’
capabilities and competences within the new smart factory
context. Computers and Industrial Engineering, 113, 144—159.

Lu, J., Wu, D., Mao, M., Wang, W., & Zhang, G. (2015).
Recommender system application developments: a survey.
Decision Support Systems, 74, 12-32.

Lucato, W. C., Pacchini, A. P. T., Facchini, F., & Mummolo, G. (2019).
Model to evaluate the Industry 4.0 readiness degree in Industrial
Companies. [FAC-PapersOnLine, 52(13), 1808—1813.

Luco, J., Mestre, S., Henry, L., Tamayo, S., & Fontane, F. (2019).
Industry 4.0 in SMEs: A sectorial analysis. In IFIP
International Conference on Advances in Production
Management Systems, 357-365.

Mahdi, A. E., Azouz, A., Abdalla, A. E., & Abosekeen, A. (2022). A
machine learning approach for an improved inertial navigation
system solution. Sensors, 22(4), 1687.

Makridakis, S. (2017). The forthcoming Artificial Intelligence (AI)
revolution: Its impact on society and firms. Futures, 90, 46—60.

Matt, D. T., Molinaro, M., Orzes, G., & Pedrini, G. (2021). The role
of innovation ecosystems in Industry 4.0 adoption. Journal of
Manufacturing Technology Management, 32(9), 369-395.

Mayusda, 1., & Wiratmadja, I. I. (2019). The development of Industry
4.0 Readiness Model. Case study in Indonesia’s priority
industrial sector of chemical. In iMEC-APCOMS 2019:
Proceedings of the 4th International Manufacturing
Engineering Conference and The 5th Asia Pacific Conference
on Manufacturing Systems, 140-146.

Meho, L. 1., & Yang, K. (2006). A new era in citation and
bibliometric analyses: Web of Science, Scopus, and Google
Scholar. ArXiv preprint: cs/0612132.

Mrugalska, B., & Stasiuk-Piekarska, A. (2020). Readiness and
maturity of manufacturing enterprises for industry 4.0. In
International Conference on Applied Human Factors and
Ergonomics, 263-270.

Miiller, J. M., & Voigt, K. . (2018). Sustainable industrial value
creation in SMEs: A comparison between industry 4.0 and
made in China 2025. International Journal of Precision
Engineering and Manufacturing-Green  Technology, 3,
659-670.

Mushref, A. M., & Ahmad, S. B. (2011). The relationship between
knowledge management and business performance: An
empirical study in Iraqi industry. World Review of Business
Research, 1(2), 35-50.

Nick, G., Szaller, A., Bergmann, J., & Vargedo, T. (2019). Industry 4.0
readiness in Hungary: model, and the first results in connection to
data application. IFAC-PapersOnlLine, 52(13), 289-294.

Ortt, R., Stolwijk, C., & Punter, M. (2020). Implementing Industry
4.0: assessing the current state. Journal of Manufacturing
Technology Management, 31(5), 825-836.

Parasuraman, A., & Colby, C. L. (2015). An updated and streamlined
technology readiness index: TRI 2.0. Journal of Service
Research, 18(1), 59-74.

84

Pirola, F., Cimini, C., & Pinto, R. (2019). Digital readiness
assessment of Italian SMEs: Case-study research. Journal of
Manufacturing Technology Management, 31(5), 1045-1083.

Prifti, L., Knigge, M., Kienegger, H., & Krcmar, H. (2017). A
competency model for “Industrie 4. 0” employees, 46-60.
Retrived from: https://docplayer.net/56352878-A-competency-
model-for-industrie-4-0-employees.html

Purdy, M., & Daugherty, P. (2016). Why artificial intelligence is the
future of growth. Remarks at Al now: the social and economic
implications of artificial intelligence technologies in the near
term, 1-26.

Rachinger, M., Rauter, R., Miiller, C., Vorraber, W., & Schirgi, E.
(2018). Digitalization and its influence on business model
innovation.  Journal of Manufacturing  Technology
Management, 30(8), 1143-1160.

Rajaraman, V. (2014). John McCarthy—Father of artificial
intelligence. Resonance, 19, 198-207.

Ransbotham, S., Kiron, D., Gerbert, P., & Reeves, M. (2017). Reshaping
business with artificial intelligence: Closing the gap between
ambition and action. MIT Sloan Management Review, 59(1),
1-17.

Reagans, R. and McEvily, B. (2003). Network structure and
knowledge transfer: The effects of cohesion and range.
Administrative Science Quarterly, 48(2), 240-267.

Reynolds, E. B. and Uygun, Y. (2018). Strengthening advanced
manufacturing innovation ecosystems: the case of
Massachusetts.  Technological Forecasting and Social
Change, 136, 178-191.

Ruikar, K., Anumba, C., & Carrillo, P.M. (2006). Verdict—An
e-readiness  assessment  application for construction
companies. Automation in Construction, /5(1), 98-110.

Russell, S. J., Norvig, P., Canny, J. F., Malik, J. M., & Edwards, D.
D. (2003). Artificial Intelligence: A Modern Approach,
Prentice hall.

RWTH AACHEN University (2019). Why RWTH Aachen?
Retrived from https://www.rwth-aachen.de/cms/root/studium/
Vor-dem-Studium/~efk/Warum-die-RWTH-Aachen/?lidx=1

RWTH Aachen International Academy, M.Sc. Robotic Systems
Engineering (2019).

RWTH Aachen University, Robotic Systems Engineering M.Sc
(2019).

Desrosiers, C., Karypis, G., Ricci, F., Rokach, L., Shapira, B., &
Kantor, P. B. (2011). Recommender Systems Handbook.
https://doi. org/10.1007/978-0-387-85820-3.

Sambamurthy, V., & Subramani, M. (2005). Special issue on
information technologies and knowledge management. MIS
Quarterly, 29, 1-7.

Saniuk, S., Grabowska, S., & Straka, M. (2022). Identification of
social and economic expectations: Contextual reasons for the
transformation process of Industry 4.0 into the industry 5.0
concept. Sustainability, 14(3), 1391.

Schinner, M., Calero Valdez, A., Noll, E., Schaar, A. K., Letmathe,
P, & Ziefle, M. (2017). “Industrie 4.0”and an aging
workforce-A discussion from a psychological and a
managerial perspective. In International Conference on
Human Aspects of IT for the Aged Population, 537-556.

Schultz, T. W. (1961). Investment in human capital. The American
Economic Review, 51(1), 1-17.

Schumacher, A., Erol, S., & Sihn, W. (2016). A maturity model for
assessing Industry 4.0 readiness and maturity of manufacturing
enterprises. Procedia Cirp, 52, 161-166.

Schwab, K. (2016). The Fourth Industrial Revolution. United States:
Crown Business, Crown Publishing Group.


https://news.iu.edu/live/news/24345-2017-indiana-manufacturing-survey-employers-are
https://news.iu.edu/live/news/24345-2017-indiana-manufacturing-survey-employers-are
https://www.nst.com.my/news/nation/2019/08/514242/malaysia-falls-behind-ir40-migration
https://www.nst.com.my/news/nation/2019/08/514242/malaysia-falls-behind-ir40-migration
https://docplayer.net/56352878-A-competency-model-for-industrie-4-0-employees.html
https://docplayer.net/56352878-A-competency-model-for-industrie-4-0-employees.html
https://www.rwth-aachen.de/cms/root/studium/Vor-dem-Studium/~efk/Warum-die-RWTH-Aachen/?lidx=1
https://www.rwth-aachen.de/cms/root/studium/Vor-dem-Studium/~efk/Warum-die-RWTH-Aachen/?lidx=1
https://doi. org/10.1007/978-0-387-85820-3

Artificial Intelligence and Applications Vol. 1 Iss. 2

2023

Shonhe, L., & Jain, P. (2017). Information dissemination in the 21st
century: the use of mobile technologies. Information and
Knowledge for Competitiveness, 425-477.

Smuts, S., Merwe, A. V. D., & Smuts, H. (2021). Industry 4.0 and
organisations: Key organisational capabilities. In Conference
on e-Business, e-Services and e-Society, 423—438.

Sony, M., & Naik, S. (2019). Key ingredients for evaluating Industry
4.0 readiness for organizations: A literature review.
Benchmarking: An International Journal, 27(7), 2213-2232.

Soomro, M. A., Hizam-Hanafiah, M., Abdullah, N. L., Ali, M. H., &
Jusoh, M. S. (2021). Embracing industry 4.0: Empirical insights
from Malaysia. In Informatics, 8(2), 30.

Stentoft, J., Adsbell Wickstrem, K., Philipsen, K., & Haug, A.
(2021). Drivers and barriers for Industry 4.0 readiness and
practice: empirical evidence from small and medium-sized
manufacturers. Production Planning & Control, 32(10),
811-828.

Tetlay, A., & John, P. (2009). Determining the Lines of System
Maturity, System Readiness and Capability Readiness in the
System Development Lifecycle. In 7th Annual Conference
on Systems Engineering Research 2009.

Thébaud, S. (2015). Business as plan B: Institutional foundations of
gender inequality in entrepreneurship across 24 industrialized
countries. Administrative Science Quarterly, 60(4), 671-711.

Thuan, N. H., Antunes, P., & Johnstone, D. (2016). Factors
influencing the decision to crowdsource: A systematic
literature review. Information Systems Frontiers, 18, 47-68.

Tortora, A. M., Maria, A., lannone, R., & Pianese, C. (2021). A survey
study on Industry 4.0 readiness level of Italian small and medium
enterprises. Procedia Computer Science, 180, 744-753.

Tranfield, D., Denyer, D., & Smart, P. (2003). Towards a
methodology for developing evidence-informed management
knowledge by means of systematic review. British Journal
of Management, 14(3), 207-222.

Trstenjak, M., Opetuk, T., Cajner, H., & Tosanovic, N. (2020).
Process planning in Industry 4.0—current state,
potential and management of transformation. Sustainability,
12(5), 5878.

Turcu, C. O. and Turcu, C. E. (2018). Industrial Internet of Things as
a challenge for higher education. International Journal of
Advanced Computer Science and Applications, 9(11), 55-60.

Industry 4.0 Implications for Higher Education Institutions. State-of-
Maturity and Competence Needs, 1-66, Universities of the
Future.

Vaduva-Sahhanoglu, A., Calbureanu-Popescu, M. X., & Smid, S.
(2016). Automated and robotic construction-a solution for
the social challenges of the construction sector. Revista de
stiinte politice, 50, 211.

Vaidya, S., Ambad, P., & Bhosle, S. (2018). Industry 4.0—a glimpse.
Procedia Manufacturing, 20, 233-238.

Vempati, S. S. (2016). India and the Artificial Intelligence
Revolution. Carnegie Endowment for International Peace.

von Briel, F., Davidsson, P., & Recker, J. (2018). Digital
technologies as external enablers of new venture creation in
the IT hardware sector. Entrepreneurship Theory and
Practice, 42(1), 47-69.

Weightman, G. (2007). The Industrial Revolutionaries: The
Making of the Modern World. New York: Grove Press,
pp- 1776-1914.

Wijewardhana, G. E. H., Weerabahu, S. K., Nanayakkara,J.L.D., &
Samaranayake, P. (2020). New product development process
in apparel industry using Industry 4.0 technologies.
International Journal of Productivity and Performance
Management, 70(8), 2352-2373.

Wolf, M., Semm, A., & Erfurth, C. (2018). Digital transformation in
companies—Challenges and success factors. In Infernational
Conference on Innovations for Community Services, 178—193.

World Economic Forum (2017). Shaping the Future of Production,
Four Contrasting Perspectives in 2030. Cologny, Switzerland.

Zhang, Q., Lu, J., & Jin, Y. (2021). Artificial intelligence in
recommender systems. Complex & Intelligent Systems, 7,
439-457.

How to Cite: Saleh, N. I. & Ijab, M. T. (2023). Industrial Revolution 4.0 (IR4.0) Readiness
Among Industry Players: A Systematic Literature Review. Artificial Intelligence and
Applications 1(2), 70-85, https://doi.org/10.47852/bonviewAlA2202336

85


https://doi.org/10.47852/bonviewAIA2202336

	Industrial Revolution 4.0 (IR4.0) Readiness Among Industry Players: A Systematic Literature Review
	1. Background
	2. Overview of IR4.0
	3. Methodology
	3.1. Planning the review
	3.2. Conducting the review
	3.3. Reporting the review

	4. Results and Discussion
	4.1. RQ1: What are the different readiness models of IR4.0 in existence?
	4.2. RQ2: What are the factors driving the IR4.0 readiness?
	4.3. What are the factors inhibiting IR4.0 readiness?
	4.4. How are the self-evaluation instruments be developed for IR4.0 readiness?
	4.5. IR4.0 readiness and implementation framework for industry

	5. Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


