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Abstract: Industry 4.0 increases the production efficiency and competitiveness of companies. How-
ever, Industry 4.0 implementation is comparatively low in developing countries, while Malaysian
manufacturing Small and Medium Enterprises (SMEs) Industry 4.0 adoption is still in its infancy
stage. This quantitative study aimed to broaden the knowledge of the driving factors that signifi-
cantly strengthen Malaysian manufacturing SMEs’ readiness for the digital revolution. Based on the
Resource-Based View theory, the study built a research framework to govern the investigation of
organizational capabilities, SME institutional support, perceived advantage, and market factors as
the driving factors of Industry 4.0 readiness, while firm size as the moderating variable. The data
were collected by conducting an online survey with the owners and managers of Malaysian-owned
manufacturing SMEs located throughout Peninsular Malaysia, where the firms have received some
form of government assistance. The analysis of the study indicated that organizational capabilities,
SME institutional support, and market factors positively correlate with Industry 4.0 readiness. It
was determined that firm size only moderates the relationship between SME institutional support
and Industry 4.0 readiness. This study’s findings benefit industry practitioners and policymakers
who wish to drive the future of Malaysia’s SMEs business ecosystem and contribute to Industry 4.0
literature.

Keywords: Industry 4.0; readiness; organizational capabilities; institutional support; perceived
advantage; market factors; small and medium enterprises; firm size

1. Introduction: Industry 4.0 Revolutionize
1.1. Global Revolution Shift

Global manufacturing industries have seen digital transformation compelled by In-
dustry 4.0 as an important agenda due to its operational advantages and market opportuni-
ties [1]. Industry 4.0 revolutionizes the means by which products are designed, fabricated,
delivered, produced, used, operated, serviced, and maintained [2]. It also changes the pro-
cesses, operations, supply chain management, skill requirements and manufacturing power,
as well as the energy footprint of factories [2]. Product lifecycles are becoming shorter,
which drives the sector’s constant and ongoing flow of product development projects [3].
Furthermore, the current COVID-19 pandemic provides an opportunity for a new genera-
tion of entrepreneurs to lead the next industrial transformation and innovate new methods
of doing business using state-of-the-art technology [4]. According to Bawany [5], Industry
4.0 is about the idea of smart factories in which machines are augmented by the use of web
connectivity and linked to a system that can envision the whole production chain and make
decisions on its own. Smart factories represent a big step from more traditional automation
to a fully connected and flexible system, where computers and machines communicate,
collect and exchange data, and based on the data, enhance production efficiency to achieve
better positioning in the competitive marketplace [6]. From a macroeconomic approach,
Industry 4.0 is regarded as a new competitive advantage for a nation [7].
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1.2. The Importance of SMEs Manufacturing Firms

In the context of Small- and Medium-sized Enterprises (SMEs), globalization and
rapid technological advancements have paved the road for SMEs to become more com-
petitive. SMEs are regarded as an economy’s backbone and are the largest contributor
to most countries’ gross domestic product [8]. According to Organization for Economic
Co-operation and Development report [9], SMEs represent 99 percent of all firms in the
OECD area, almost one out of three persons are employed in a micro firm with less than
ten employees, and two out of three persons are in SMEs. Meanwhile, in the Malaysian
context, SMEs are defined based on qualifying criteria such as sales turnover and em-
ployment. In the manufacturing sector, SMEs are defined as establishments with sales
turnover not exceeding MYR 50 million or a number of full-time employees not exceeding
200 [10]. Based on the SME insights of SME Corporation Malaysia [11], SMEs account
for 98.5 percent of all businesses and contributed 38.9% of GDP in 2019, while there were
907,065 business establishments classified as SMEs, and they contributed 48.4 percent of
the country’s workforce employment.

In terms of manufacturing firms, Industry 4.0 can change manufacturing SMEs in a va-
riety of ways, including increasing productivity, efficiency, flexibility, and cost-effectiveness;
increasing production capacity; allowing for improved quality control and monitoring,
as well as a reduction in waste, delivery time, and system downtime [12–14]. Therefore,
investing in Industry 4.0 is crucial for manufacturing firms that desire to remain com-
petitive in this global economy [15]. On top of that, the manufacturing sector has the
greatest multiplier effect on the nation’s operations and progress and remains the most
important sector in the Malaysian economy [16]. As of 2020, Malaysia recorded MYR 164
billion in approved investments, while the total investments approved were led by the
manufacturing sector, which received MYR 91.3 billion [16].

Globally, the manufacturing industry is evolving from a labor-intensive to an automa-
tion and digitalization landscape conforming to Industry 4.0 [17]. The trend toward au-
tomation and data exchange in manufacturing technologies, such as cyber-physical systems,
artificial intelligence, the Internet of things (IoT), cloud computing, and robotics, enables
companies to respond faster to market changes and more easily implement configurations
or replan production [12]. In Malaysia, the manufacturing sector is the second-biggest
contributor to the overall SMEs, with 47,698 establishments constituting 5.3% of SMEs [10].
On 21 February 2020, the Ministry of International Trade and Industry (MITI) initiated the
National Automotive Policy 2020 [18], which is an expansion and prolongation of NAP
2014 and aims to propel Malaysia into a regional leader in automotive manufacturing as
the automotive industry plays a significant role in the country’s transformation into an
industrialized nation [18]. Malaysia’s manufacturing sector accounts for 80% of interre-
gional merchandise trade, and only 20% of interregional trade is in services [19]. This study
focuses on manufacturing SMEs as it significantly impacts the country’s economy.

1.3. SME Manufacturing Firms in Malaysia

The Malaysian government has recognized the significance of integrating the Industry
4.0 initiative into the national agenda to accelerate the country’s revolution into a smart and
modern manufacturing system [2]. Lately, the manufacturing industry in Malaysia has been
challenged by lower-cost competitors from emerging economies and swiftly transforming
technologies [2]. Therefore, Malaysia needs to improve the value chain toward a higher-end
manufacturing base [20]. Subsequently, it is crucial for Malaysian manufacturing firms,
especially SMEs, to digitally transform their production processes and technologies at an
accelerated pace and embrace Industry 4.0 to propel and sustain their future manufacturing
competitiveness [2].

Although the Future of Production Report [21] underlines that Malaysia is well-
positioned to benefit from Industry 4.0, and large firms and MNCs have successfully
engaged in the process, most SMEs do not seem ready yet. Many SMEs struggle to keep
abreast with the staggering speed of technological evolution because they face many issues
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and challenges related to resources and operational costs [22]. Although the Malaysian
government has established initiatives to support manufacturing firms’ technological
development, digital adoption, especially among SMEs, is still at about 20%, and most
manufacturing firms implement less than 50% automation [23]. Moreover, despite the
initiatives the Malaysian government has launched to encourage SME digitalization, only
25% of Malaysian firms accelerated their digital transformation processes due to the COVID-
19 pandemic, while 60% slowed down [24]. In this respect, understanding why SMEs are
slower on the uptake of Industry 4.0 is thus critical to assist policymakers. In addition,
large manufacturing firms are aware of the advantages and risks of adopting Industry
4.0 practices. At the same time, many SMEs still lack information and knowledge about
it and remain relatively unaware of their role in driving economic growth amid digital
disruption [2,25]. Under these circumstances, a limited understanding of Industry 4.0
and its benefits may restrain the broader adoption of digital technologies. Therefore, the
perceived advantages of Industry 4.0 could be one potential driving factor to consider in
getting ready for Industry 4.0.

Giotopoulos, Kontolaimou [26] found that SMEs encounter increased difficulty in
adopting new technologies due to inadequate skills, resources, commitment, and proper
understanding of digital opportunities. Furthermore, Horváth and Szabó [27] also argued
that financial resources pose a high barrier for SMEs. In this regard, SMEs with strong
financial capabilities can hire more skilled employees, thus improving their technical
capabilities to handle Industry 4.0 operation. As a result, they will feel more confident and
motivated to prepare for Industry 4.0 sooner.

On the other hand, government support for digital transformation is another sig-
nificant driver for SMEs, such as financial support in the form of funding, incentives,
and technological support in the form of training, consulting, and guidance [28–30]. The
availability of government initiatives and incentives must be communicated to SMEs, as
many are unaware of government initiatives and incentives for digitalization [24]. SMEs
face significant obstacles in adopting new digital technologies due to the lack of necessary
resources [31]. Therefore, they would be more inclined to engage in this costly transition if
they have any assistance in obtaining the resources they need.

Additionally, customers’ needs for products made using the Industry 4.0 manufactur-
ing process will drive the manufacturers to adopt Industry 4.0 because they risk losing the
consumer if they do not [32]. Many global manufacturers of finished goods have begun to
place their requirements for the Industry 4.0 standard on their raw materials suppliers [33]
and Malaysian SMEs. Meanwhile, as market competition in the Asia Pacific region heats
up, SMEs in Malaysia risk losing local and foreign customers if their rivals implement the
Industry 4.0 system [34]. Therefore, consumer needs and competitors’ rapid adoption of
Industry 4.0 will push Malaysian SMEs to prepare for digital transformation.

Even though the readiness of SMEs for digital transformation is critical, manufacturing
firms have a limited understanding of the required future skills and experience and their readi-
ness to embark on the Industry 4.0 transformation. It is crucial to investigate manufacturing
SMEs’ readiness for Industry 4.0, because implementation efforts regarding new technology
processes or organizational change frequently fail when leaders do not establish adequate
organizational readiness for change [35]. According to Weiner, Amick [36], organizational
readiness for change refers to how members behave and psychologically execute organiza-
tional change. When organizational readiness is high, the organizational members are more
likely to initiate change, unleash greater effort, show greater persistence, and exhibit more
cooperative behavior, which results in more effective execution of the initiated change [36].
The outcome is more effective execution. In this regard, organizational readiness for change is
perceived as a pivotal herald to the successful adoption of Industry 4.0.

Nevertheless, researchers such as Maavak and Ariffin [37] claimed that studies on
the driving factors of readiness for Industry 4.0 in Malaysia are still in their early stages.
This study extended the relationship between the driving factors, namely organizational
capabilities, SME institutional support, perceived advantage, market factors and readiness
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for Industry 4.0, and empirically demonstrated the moderating effect of firm size to address
this research gap. Moreover, although there has been some research on the impacts of
capability and financial resources on SMEs’ engagement in innovative activities, there
is currently a dearth of research connecting financial aptitude with digital technology
adoption. In the current literature, the bulk of research analyzed firm size solely from the
perspective of firm performance; consequently, the moderating effect of firm size on the
deployment of Industry 4.0 remains insufficient.

Based on the discussion above, this study intends to determine how prepared Malaysian
manufacturing SMEs are for digital transformation. Importantly, there is a need to compre-
hend the driving factors that will empower Malaysian manufacturing SMEs to embrace
digital transformation. Therefore, this study aims to broaden the current state of knowledge
in Industry 4.0 readiness of Malaysian manufacturing SMEs and the driving factors that
significantly strengthen SMEs’ readiness for the digital revolution in Malaysia.

This study contributes to the existing body of knowledge by examining the moderating
effect of firm size between the four driving factors and SMEs’ readiness for Industry 4.0.
This study elongated the relationship between the driving factors, namely organizational
capabilities, SME institutional support, perceived advantage, market factors and readiness
for Industry 4.0, and empirically proved the moderating effect of firm size. In the current
literature, most studies evaluated firm size only from the firm’s performance perspective;
thus, the moderating role of firm size on Industry 4.0 implementation is still inadequate.
Hence, rigorous validation is necessary to identify the moderating effect of firm size
between the driving factors and Industry 4.0 implementation.

2. Theoretical Framework and Hypothesis Development

This section investigates the theoretical foundation and notion of Industry 4.0 readiness
as well as the literature-reported driving factors, leading to the formulation of hypotheses
for empirical testing. Figure 1 focuses particularly on the impact of driving factors for In-
dustry 4.0 readiness and the moderating effect of firm size on Industry 4.0 implementation.

2.1. Readiness for Industry 4.0

Industry 4.0 provides new technological capabilities by communicating and inte-
grating information technologies to maximize production performance [38,39]. Adopting
Industry 4.0 is a crucial strategic decision. The inadequacy of a shared understanding of
the factors that influence the implementation of Industry 4.0 technologies may reasonably
explain SMEs’ hesitation to embrace the digital revolution under Industry 4.0 [40]. Hence,
it is critical to analyze the organization’s readiness for Industry 4.0 implementation before
making such a significant decision [41]. Readiness for new technology has been defined
differently. According to Holt, Armenakis [42], a readiness assessment allows leaders to
identify gaps in the current organization ahead of or throughout the change implementa-
tion process. In a more practical sense, the systemic analysis of an organization’s ability
to deal with and implement a revolutionary process or change is defined as assessing or
measuring readiness Pirola, Cimini [43].

Furthermore, a readiness assessment also intends to address potential barriers to
success, empowering the companies to overcome the barriers before starting the transfor-
mation project [43]. In this study, Industry 4.0 readiness is defined as the preparedness level
of organizations to benefit from Industry 4.0 technology [44], which includes management
commitment, operational resources, technological skills, and technical requirements [45].

Malaysian SMEs require extensive preparations to address the challenges of getting
them ready for Industry 4.0, which is not easy. The Industry 4.0 level process cannot
be implemented without adequate planning and support from authorities. Therefore,
understanding the current level of readiness for Industry 4.0 among SMEs and the areas in
which SMEs should be ready may assist the government in creating a conducive ecosystem
and generating important Industry 4.0 initiatives to increase SMEs’ readiness. This study
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evaluates SMEs’ current readiness level and examines whether manufacturing SMEs in
Malaysia are ready to transform and achieve Industry 4.0 status digitally.
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Figure 1. Theoretical framework.

2.2. Driving Factors for Industry 4.0

Harvie, Narjoko [46] claimed that SMEs’ innovation capability strongly influences
SMEs’ engagement in production networks. SMEs with plentiful internal financial resources
or access to external sources of finance are hypothesized to be more likely to engage in
innovative activities than those without [46]. Despite the importance of financial aptitude in
acquiring new technology, there is still a scarcity of literature linking it to digital technology.
This gap in the literature necessitates an empirical study of the impact of financial capability
on digital transformation.

According to Tech Wire Asia [47], one of the main barriers to digital transformation is
the manufacturing firms’ lack of expertise and skill scarcity. Besides, a firm with technolog-
ical capability is likely to be tech-savvy and technologically oriented, since it strives to keep
up with technological advancements [48]. Firms with unique technological resources or
technical capabilities that are not prone to replication by competitors will gain a sustained
competitive advantage due to newly emerging technologies [49]. Based on the literature
and RBV, organizational capabilities with the dimensions of financial and technological
capability are deemed to have great value and impact on driving Malaysian manufacturing
firms to prepare for Industry 4.0. The following hypotheses are therefore formed:
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Hypothesis 1 (H1): Organizational Capabilities Positively Impact SMEs’ Readiness for Industry
4.0.

According to Lall [50], governments may need to take a proactive role to overcome
market failures that prevent firms from developing the capabilities needed for industrial
development. It has been said that a policy for higher industrial efficiency based on new
processes should focus on the role of new machinery acquisition through incentives and
credit for new technology investment by Vaona and Pianta [51].

Given that the Malaysian government has set aside significant funds to help SMEs
transition to Industry 4.0, it is important to determine whether this effort has successfully
driven SMEs’ digital transformation. In the study on South Korean firms, Kim and Lee [52]
found that government support positively influences innovation production at the business
level but that the effect on obtaining high innovativeness is statistically insignificant. Based
on this literature, the researchers posit as follows.

Hypothesis 2 (H2): SME institutional support positively impacts SMEs’ readiness for Industry
4.0.

It has been reported in the media that key barriers to Industry 4.0 in Malaysia include
the lack of awareness of its benefits and impacts among SMEs [23]. Many manufacturing
SMEs are still hesitant to adopt Industry 4.0 because they are unsure about the benefits.
In this sense, manufacturers will be more encouraged to consider the implementation of
Industry 4.0 as they perceive them as competitively valuable [53]. Since perceived benefits
have been empirically validated to positively affect new technology implementation in
the IT literature, SMEs will prepare for Industry 4.0 requirements based on their belief or
perceived benefits of digital transformation [54].

On the other hand, introducing new services and products enabled by new technolo-
gies is expected to bring market opportunities for manufacturing firms [55]. Although
market opportunities have been reported, a study by Tortora, Maria [56] revealed that most
manufacturing firms are unaware of the potential opportunities that Industry 4.0 technolo-
gies may provide. Thus, they must thoroughly understand the various parts of Industry 4.0
and the necessary knowledge, skills, and confidence. As the Industry 4.0 transformation
impacts the entire firm, it is critical to understand how the varied elements of Industry 4.0
can take advantage of digitization opportunities [1]. Therefore, the researchers hypothesize
as follows.

Hypothesis 3 (H3): Perceived advantage of Industry 4.0 positively impacts SMEs’ readiness for
Industry 4.0.

Firms will be able to incorporate their customers’ needs and preferences into their
development and production processes in new ways due to Industry 4.0, which includes
direct data sharing with their machinery [32]. Industry 4.0 enables a faster response
to customer needs than is currently achievable; hence, manufacturing system suppliers
must understand how to apply technologies in new use cases to provide the most value
to their customers [57] in order to avoid lower customer satisfaction levels and loss of
customers [58]. In this respect, customers’ requirements drive the decision to begin the
Industry 4.0 process.

Adopting new technology is frequently a strategic imperative for remaining competi-
tive in the marketplace [54]. In the literature on technology transformation, competitive
pressure has long been acknowledged as a key driver for technology transformation [59–61].
By adopting new technology, firms can gain better market insight, improved operational
efficiency, and more accurate access to real-time data [59,60].

According to Rajnai and Kocsis [45], company competitiveness is vital for an economy
to be well-positioned in the markets and value chains in a new and continuously changing
environment. In this dynamic business environment, SMEs will prepare for Industry 4.0
when they feel competitive pressure from their competitors. At the same time, governments
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are keen to examine the local economy’s health and businesses, particularly to assess their
readiness for Industry 4.0. The researchers hypothesizes as follows:

Hypothesis 4 (H4): Market factors for Industry 4.0 positively impact SMEs’ readiness for Industry
4.0.

2.3. Firm Size as the Moderator

The firm’s size is the most important factor in implementing new technology and
gives strong support [61]. Firm size has been investigated by several researchers in the
field of innovation, which is seen to be a significant indication of organizational complexity,
including Berry, Bizjak [62], Stock, Greis [63], and Zona, Zattoni [64]. SMEs’ firm size
is measured using the number of employees [65,66]. Although some researchers have
discovered a negative relationship between firm size and technology, for example, cloud
computing [67], the majority of studies in various contexts, including ICT innovations [68]
and ICT adoption [69], have found a positive relationship. According to Hansen [70], firm
size is inversely associated with the innovative product when it comes to determining
the factors that influence both product and process innovation, the size of the company
matters [51,71].

Firms of various sizes have different patterns of the innovation process and diverse
factors driving their organizational performance [72]. Although the RBV theory indicates
that larger firms could enhance growth, Miller and Toulouse [73] revealed that the CEO in
the smaller firm will have a greater impact on the employees, both directly and through
internal procedures and processes, allowing the firm to respond more swiftly. On the other
hand, SMEs’ flexibility and specificity are frequently thought to make them competitive
when executing new technologies and addressing certain customer demands; however,
their ability to the invention is constrained by scarce resources [74].

Financial support from the government for technological development enhanced
a higher percentage of technological advancements’ success [75]. Even though there is
already a huge amount of literature on the impact of government support on innovation
performance for various sizes of businesses in various countries [29], this study focuses on
SMEs in Malaysia, as most previous studies have been designed for managers in large firms.
SMEs are not obligated to disclose financial statements to the public, so they are notoriously
opaque regarding financial health [76]. Their main funding source for technology and
innovation investments is external finance from financial institutions and banks [77]. As the
financial system restricts the types of assets a lender can accept as collateral for a loan [78],
small borrowers frequently lack assets to pledge as collateral or are limited in their company
collateral options [79]. In this case, SMEs will require external funding or investment from
institutions such as the government.

On the other hand, the perception of SME owner-managers and supply side shortcom-
ings are proven to play a role in the difficulties of financing innovation [80]. Various factors
suggest that small firms may have an advantage in innovation as they are more likely to
recognize opportunities [81]. Individual firms should examine and account for their size
before investing in innovative products or projects or embracing innovation to enhance
their process management [76].

Christensen [72] claimed that competition and consumer needs in the value network
affect the firm’s cost structure, the firm size required to remain competitive, and the required
growth rate in various ways. Furthermore, technological and market factors determine the
relationship between firm size and innovation [82]. As international competitive pressures
have become more intense in recent years, the role of firm size has become a top priority
for policymakers and industrial players [83].

Based on the above discussions, the size of a firm is believed to have a certain impact
on technological innovation. Therefore, deriving and considering the impact that firm size
could bring into this study, the role of firm size will be studied as a moderator, hence the
following hypotheses:
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Hypothesis 5 (H5): Firm size moderates the relationship between organizational capabilities and
SMEs’ readiness for Industry 4.0; the positive relationship between organizational capabilities and
SMEs’ readiness for Industry 4.0 is stronger when the firm size becomes larger.

Hypothesis 6 (H6): Firm size moderates the relationship between institutional support and SMEs’
readiness for Industry 4.0; as such, the positive relationship between institutional support and
SMEs’ readiness for Industry 4.0 is stronger when the firm size becomes larger.

Hypothesis 7 (H7): Firm size moderates the relationship between perceived advantage and SMEs’
readiness for Industry 4.0; as such, the positive relationship between perceived advantage and SMEs’
readiness for Industry 4.0 is stronger when the firm size becomes larger.

Hypothesis 8 (H8): Firm size moderates the relationship between market factors and SMEs’
readiness for Industry 4.0; as such, the positive relationship between market factors and SMEs’
readiness for Industry 4.0 is stronger when the firm size becomes larger.

3. Methods

This quantitative study investigated the relationships between the independent vari-
ables (organizational capabilities, SME institutional support, perceived advantage, and
market factors) and the readiness for Industry 4.0 in Malaysian manufacturing SMEs. In
particular, this study aimed to investigate whether firm size affects managers’ decision to
revolutionize their business into Industry 4.0 in three-dimensional readiness (managerial,
operational, and technological readiness). This study is executed using a cross-sectional
design, and in a non-contrived setting, that is, in the managers’ natural work environment,
with the lowest interference from the researchers. Self-administered questionnaires were
used to collect data for each study variable.

3.1. Population and Source of Data

The SME Corporation directory was employed as a sampling frame to determine the
population of this present study. All SMEs in manufacturing form the population of the
current study. A sample was elicited from these firms with the following set of conditions:

i. The respondents are the owners or managers of SMEs.
ii. The firm must be from the SME manufacturing sector in Malaysia.
iii. The firm must have received government assistance, including financial and techni-

cal assistance.

This study’s Malaysian manufacturing SMEs included a variety of businesses from the
electronics, electrical, pharmaceutical, and automobile sectors. Thus, purposive sampling
focusing on the management personnel at the organizational level from Malaysian manufac-
turing SMEs is employed in this study. Only the owners or managers of Malaysian-owned
manufacturing SMEs are chosen as the data source in this study. Therefore, this study is a
purposive sampling study, since it concentrates only on a group of owners or managers
taken from Malaysian-owned manufacturing SMEs who share a common characteristic.
The researchers clarified this matter with the owners or managers of the manufacturing
firms during the phone call for survey invitation.

3.2. Unit of Analysis

In this study, the unit of analysis is at the organizational level. Management personnel
at the organizational level serve as the decision-maker in Malaysian-owned manufacturing
SMEs. An owner or manager will lead each Malaysian-owned manufacturing SME. Owner-
managers in SME firms tend to be the main decision-maker maintaining control of the
firm’s operations. Lobonţiu and Lobonţiu [84] stated that in small firms, owner-managers
tend to be all-powerful and manipulate the two most vital functions of the firm: Production
and Sales and Marketing.
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Typically, top management members are members of the dominant coalition. In
addition, Van Gils [85] conducted a study and found that although the CEO in SMEs is the
main decision-maker, more than sixty percent of them set up top-management teams to
reinforce the strategic decision-making process. The top-management teams are small, but
the executives intensify the company’s know-how.

On the other hand, Burgelman [86] mentioned that middle-level managers strive to
develop wider strategies for areas of new business activity and attempt to persuade top
management to support them. This is the sort of strategic behavior encountered in the
research of internal corporate venturing. Hence, only owners or managers were considered
in this study.

3.3. Sampling Technique

This study used the purposive sampling technique, which restricted the sample
selection to those who could provide the required information. This technique is suitable
because a limited category or number of people have the information required. For example,
the owners or managers of Malaysian-owned manufacturing SME firms were selected as
a sample for this study because they are in the best position to give the information
needed [87].

3.4. Minimum Sample Size

Cohen and Klepper [83] suggested that the sample size of statistical power of 80% with
a 5% significant level and four arrows pointing at a construct with minimum R2 values of
0.25 and 0.10 between 65 and 137. Meanwhile, another method for identifying the sample
size in PLS-based analysis is G*Power. G*Power is a tool employed to provide power
and sample-size calculations. As the model in this study has 4 predictors pointing to one
endogenous variable, the readiness for Industry 4.0 construct, the number of predictors in
the sample size calculation is then set as 4. The effect size is set at 0.15, which is the medium
size effect based on the argument of Cohen and Klepper [83], while the power required
for the calculation is set as 0.8 Green [88]. Based on G*Power, the minimum sample size
needed in this study is 84 respondents. As a result, this study collected a minimum sample
size of 110 SME owners or managers.

3.5. Data Collection Procedures

Self-administered online questionnaires were employed to gather primary data to
obtain responses for all variables in this study. The online questionnaire was set by using
Google Forms. In January 2022, the researchers of the present study began to contact the
managers of SMEs in Malaysia to get their approval to execute the survey. Before surveying
owners or managers of Malaysian-owned manufacturing SME firms, the researchers invited
manufacturing SMEs located throughout Peninsular Malaysia based on the Directory of
SMEs, sector by sector, by phone and email, to invite them to participate in this study. To
achieve a satisfactory response rate, emails and phone calls served as ways to communicate
the importance and benefits of this survey. Ultimately, a total of 500 SMEs agreed to
participate.

Once the researchers had received approval from the owners or managers of the respec-
tive manufacturing SME firms, a cover letter was emailed with the link to the questionnaire
survey to each SME owner or manager, assuring the respondent of their anonymity and
providing directions on completing the survey questionnaire. The questionnaire contained
a total of 81 items representing the study variables along with demographic data. The SME
owners and managers were given two weeks to complete the questionnaire. Upon complet-
ing the questionnaire, the SME owners and managers submitted their responses directly
at the end, and the researchers received them immediately. The researchers followed up
with the respondents at the end of the month to see if there were any additional submitted
responses.
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3.6. Research Instrument

This section presents the measurement employed in this study. The dependent variable
is readiness for Industry 4.0, which consists of managerial readiness, operational readiness,
and technological readiness. The independent variables consist of organizational capabili-
ties, government support, perceived advantage, and market factors. Table 1 summarizes
the measures employed in this study, with 69 items used to measure the variables. Another
12 items were included to obtain information on the respondents’ companies and personal
profiles.

Table 1. Summary of measures used in the study.

Variables Items Reliability Source

Readiness for Industry 4.0

[54]

Managerial Readiness 8 0.88

Operational Readiness 8 0.86

Technological Readiness 7 0.79

Organizational Capabilities

Financial Capability 6 0.94

Technological Capability 5 0.96

Institutional Support

Financial Support 5 0.85

Technological Support 5 0.91

Perceived Advantages

Perceived Benefits 8 0.96

Perceived Opportunities 7 0.94

Market Factors

Customer Needs 5 0.92

Competitive Pressure 5 0.75

Total number of items 69

3.6.1. Readiness for Industry 4.0

The dependent variable in this study is readiness for Industry 4.0. Readiness for Indus-
try 4.0 is conceptualized in three dimensions: managerial, operational, and technological.
A 23-item measurement for readiness for Industry 4.0 developed by Khin and Kee [54] was
employed. The first eight items measure managerial and operational readiness. The last
seven items measure technological readiness. The measurement is assessed using a 5-point
Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree). The Cronbach’s alpha
reported by Khin and Kee [54] for managerial, operational, and technological readiness
were 0.88, 0.86, and 0.79, respectively.

The 23-item measurement for managerial, operational, and technological readiness is
shown in Table 2. To measure the readiness for Industry 4.0 of SMEs, respondents are asked
to assess their managerial, operational, and technological readiness below on the basis of
the 23 items. A 5-point Likert Scale ranging from 1 (strongly disagree) to 5 (strongly agree)
was used.
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Table 2. Measurement items for managerial readiness, operational readiness, and technological
readiness.

1 Our management is convinced that we should consider the Industry 4.0 production
process.

2 Our management has the plan to digitalize the production process.
3 Our management is mentally prepared to adopt Industry 4.0.
4 We have the left leadership in place to implement digitalized production.
5 Digital transformation is our corporate priority.
6 Our management does not commit to upgrading the production process (R).
7 Our management has approved a budget for upgrading production processes.

8 Our management has been recruiting new staff necessary for upgrading the
production process.

9 Our company is financially prepared to digitalize operations to Industry 4.0
standards.

10 Our staffs are cooperative in upgrading production processes.
11 We are mentally prepared for changes in our production.
12 We have staff to manage the Industry 4.0 process.
13 Our production processes can be digitalized to Industry 4.0.
14 Our production floor is prepared for digitalized production.
15 We have the infrastructure to support the Industry 4.0 production process.
16 We have the resources to start the digital transformation.
17 We have an IT system that could be upgraded for Industry 4.0 production process.
18 Our key machines could be networked for Industry 4.0 process.
19 Our staffs are capable of learning new digital skills.
20 Our staffs have sound knowledge of technical requirements for Industry 4.0.
21 Training has been provided to our staff to understand digital technologies.
22 Our staffs have no technical knowledge about digital transformation (R).

23 We have vendors who can provide good service for the technical aspect of digital
transformation.

Adopted from Khin and Kee [54].

3.6.2. Organizational Capabilities

The two dimensions of organizational capabilities, financial and technological, were
measured using a 10-item measurement developed by Khin and Kee [54]. The items
were measured using a 5-point Likert scale, ranging from 1 (very low) to 5 (very high).
The Cronbach’s alpha values reported by Khin and Kee [54] for financial capability and
technological capability were 0.94 and 0.96, respectively. The 10-item measurement for
financial and technological capability is shown in Table 3. To measure SMEs’ financial
and technological capabilities, the respondents were asked to examine their financial and
technological capabilities to invest in segments below in ten items. A 5-point Likert scale
(very low, low, moderate, high, very high) was used.

Table 3. Measurement items for financial capability and technological capability.

1 Information technology
2 Production machinery
3 Process innovation
4 Digital technology
5 Operational resources
6 Acquiring important technology-related information
7 Identifying new technological opportunities
8 Responding to current technological trends
9 Learning advanced technologies
10 Upgrading production technologies

Adopted from Khin and Kee [54].

3.6.3. SME Institutional Support

The two dimensions of SME institutional support, financial and technological support,
were measured using an 11-item measurement developed by Khin and Kee [54]. The
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measurement was assessed on a 5-point Likert scale, ranging from 1 (strongly disagree) to
5 (strongly agree). The Cronbach’s alpha values for financial and technological support
were 0.85 and 0.91, respectively. To measure SMEs’ financial and technological support,
respondents were asked to assess their financial and technological support for investing in
the areas below on the basis of ten items. The 11-item measurement for both financial and
technological support is shown in Table 4.

Table 4. Measurement items for financial support and technological support.

1 We are aware of Industry 4.0-related financial incentives from agencies.
2 We have access to funding for Industry 4.0 provided by agencies.
3 We know where to apply for funding for Industry 4.0 from authorities.
4 We have applied for funding for Industry 4.0.
5 We have received funding for Industry 4.0.

6 We have attended training for Industry 4.0 technology provided by external
agencies.

7 We have received technical advice from agencies regarding Industry 4.0
8 We have access to Industry 4.0-related programs

9 Governmental agencies have been supportive in providing technological assistance
for Industry 4.0.

10 We have access to Industry 4.0-related services from agencies.
Adopted from Khin and Kee [54].

3.6.4. Perceived Advantages

The two dimensions of perceived advantages, perceived benefits, and opportunities
were measured using a 15-item measurement developed by Khin and Kee [54]. The
measurement was assessed on a 5-point Likert scale, ranging from 1 (Strongly Disagree)
to 5 (Strongly Agree). The Cronbach’s alpha values reported for perceived benefits and
opportunities were 0.96 and 0.94, respectively. To measure SMEs’ perceived benefits and
opportunities, respondents were asked to assess the benefits and opportunities to investing
in the areas below on the basis of 15 items. A 5-point Likert Scale ranging from 1 (strongly
disagree) to 5 (strongly agree) was used. The 15-item measurement for perceived benefits
and opportunities is presented in Table 5.

Table 5. Measurement items for perceived benefits and perceived opportunities. Adopting Industry
4.0 may result in . . . .

1 production efficiency.
2 cost-saving.
3 less defect.
4 less labor dependency.
5 enhanced productivity.
6 enhanced quality.
7 enhanced speed.
8 better access to production data.
9 more market for products with better quality and margin.
10 new export markets.
11 more customers and buyers.
12 more sales.
13 more market shares.
14 new products with better quality.
15 a better image of our company.

Adopted from Khin and Kee [54].

3.6.5. Market Factors

The two dimensions of market factors, customer needs and competitive pressure, were
measured using a 10-item measurement developed by Khin and Kee [54]. The measurement
was assessed on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly
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agree). The 10-item measurement for customer needs and competitive pressure is shown
in Table 6. The Cronbach’s alpha values reported for customer needs and competitive
pressure were 0.928 and 0.758, respectively.

Table 6. Measurement items for customer needs and competitive pressure.

1 Our customers are looking for products of Industry 4.0 quality.

2 Our customers are looking for suppliers who use the Industry 4.0 manufacturing
process.

3 Our customers requested that we use Industry 4.0 manufacturing process for the
products they buy from us.

4 We risk losing our customers if we do not adopt Industry 4.0.
5 Potential customers in new markets need Industry 4.0 products.
6 Competition is high in our industry.
7 Our competitors are ahead of us in adopting Industry 4.0.

8 Our competitors may attract our existing customers if they could supply products
with Industry 4.0 standards.

9 Our customers might switch to competitors if we cannot reduce costs and improve
quality.

10 We are in urgent need for adopting the Industry 4.0 process to keep our customers
away from competitors.

Adopted from Khin and Kee [54].

3.7. Common Method Variance

Method variances or biases are one of the main sources of measurement error. Com-
mon method variance is perceived as a potentially critical concern for researchers because
this study is cross-sectional based on survey data, especially since the independent and
dependent variables are based on perceptual evaluations and come from the same source.
Therefore, as suggested by Podsakoff, MacKenzie [89], several procedural remedies have
been employed to cope with common method variance.

First and foremost, when designing and administering the questionnaire, different
scale types, including dichotomous and rating scales, were used, as suggested by Podsakoff,
MacKenzie [89], in order to reduce common method biases. Additionally, respondents
were notified that there were no right or wrong answers in the questionnaire [89]. Secondly,
the questionnaire was accompanied by a cover letter pledging the anonymity of the respon-
dents. This method supports the statement that respondents are not being evaluated based
on the answers [89]. Thirdly, Harman’s single-factor test technique was used, as noted
by [89].

3.8. Statistical Techniques and Analysis

For data analysis and hypothesis testing, this study used the IBM SPSS Statistics
Campus Edition (Version 26.0) and Partial Least Squares (PLS) with Smart PLS 3.3.2. The
SPSS statistical analysis has been employed for data cleaning, data entry, descriptive
analysis, and missing value imputation analysis. In contrast, the PLS was used to test the
structural equation model.

3.8.1. Descriptive Statistics

The main purpose of employing descriptive statistics is to discuss the basic features
of the data in the study. Descriptive statistics such as means and standard deviation were
obtained to describe the sample. This helped the researchers understand the respondents’
firms’ constructs with respect to their readiness for Industry 4.0, organizational capabilities,
institutional support, perceived advantages, and market factors.

3.8.2. Measurement Model

Evaluation of the measurement model (outer model) is the first step in PLS analysis.
These steps involve evaluating whether the recommended variance properly measures the
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theoretical constructs. This means that the accuracy of the measures and their convergent
and discriminant validities are to be evaluated.

3.8.3. Construct Validity

Sekaran and Bougie [32] illustrated that construct validity demonstrates how well the
results from using the measure adapt to the theories around which the test is designed.
This can be evaluated by using convergent and discriminant validity. At this stage, the
important things that the researchers have to take note of are the respective loadings. Hair,
Ringle [90] suggested a cut-off value of 0.5 for loadings considered significant.

3.8.4. Convergent Validity

Hair, Ringle [90] illustrated that convergent validity is the degree to which multiple
attempts to assess the same constructs are in agreement. The researchers examined the
composite reliability and the average variance extracted (AVE). Thresholds with values of
0.70, 0.70 and 0.50, respectively, are usually accepted in the literature.

3.8.5. Discriminant Validity

Discriminant validity is the extent to which measures of different concepts are distinct.
According to Hair and Ringle [17], in assessing the discriminant validity, the AVE for each
construct should be greater than the square of the correlations between the construct and all
other constructs [33]. The elements include predictive power (R2), effect size (f2), bootstrap
procedure, predictive relevance (Q2), and goodness of fit (GoF).

3.8.6. Structural Model Evaluation

In the PLS analysis, the following step after evaluating the Measurement Model is the
examination of the model (inner model). The purpose of the structural model is to provide
accurate evidence to support the theoretical model. The structural model is assessed based
on the significance of the hypothesized relationships between the constructs.

4. Results

The researchers distributed 500 questionnaires using Google Forms via email to
SME owners or managers for data collection. The expected response would be 100
(500 × 20% = 100), which meets the minimum sample size of 84. At the end of data col-
lection, 110 questionnaires were filled in and returned to the researchers, surpassing the
minimum requirement of 84 samples calculated using G*Power. Only 22% responded
to the questionnaires. According to the feedback from those owners or managers of the
manufacturing firms who disagreed with responding to the survey, their reasons are that
they were not interested in implementing Industry 4.0, and some of them were still in
the phase of Industry 2.0, so they did not have much information about the adoption of
Industry 4.0. Therefore, it is also believed that these are the reasons why only 110 out of
500 SMEs responded.

4.1. Respondents’ Company Profiles

The raw data collected from Google Forms was then prepared for processing using
Smart PLS 3.0 for further computation and analysis. Table 7 shows the respondents’
background information and company profiles.

4.2. Mean and Standard Deviation of the Variables

As depicted in Table 8, the mean value of financial capability (18.955) is higher than
technology capability (17.036). This shows that respondents’ financial capabilities exceed
their technological capabilities. Similarly, the mean value of access to financial support
(12.718) is higher than the mean value of access to technological support (14.218), suggesting
that they require more technological support. The mean value of perceived benefits (25.582)
and opportunities (21.055) is moderately high, indicating that their awareness of Industry
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4.0’s advantages is fair. On the other hand, customer needs (14.591) and competitive
pressure (16.364) have moderate mean values.

Table 7. Respondent’s background information and company profiles.

Demographics Frequency Percentage

Firm Size

Medium 37 33.6

Small 60 54.5

Micro 13 11.8

Number of employees

1 to 50 59 53.6

51 to 100 28 25.5

101 to 150 10 9.1

151 to 200 13 11.8

Legal status of the firm

Limited 75 68.2

Partnership 11 10.0

Sole proprietorship 16 14.5

Public Listed 1 0.9

Others 7 6.4

Firm age

1 to 10 years 35 31.8

11 to 20 years 54 49.1

21 to 30 years 14 12.7

Firm’s sector

Automobile 6 5.5

Chemical & Adhesives 8 7.3

Electronic & Electrical 26 23.6

Food & Beverage 11 10.0

Furniture, Carpets & Wood 3 2.7

Iron, Steel & Metal 18 16.4

Paper, Packaging & Printing 7 6.4

Pharmaceutical, Medical Equipment, Cosmetics & Toiletries 7 6.4

Plastic 6 5.5

Textile 1 0.9

Others 17 15.5

Location of the firm

Johor 5 4.5

Kedah 5 4.5

Kuala Lumpur 7 6.4
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Table 7. Cont.

Demographics Frequency Percentage

Melaka 1 0.9

Pahang 1 0.9

Penang 24 21.8

Perak 29 26.4

Perlis 1 0.9

Selangor 37 33.6

Respondents’ managerial position

Business Owner 8 7.3

Business Partner 5 4.5

Chief Executive Officer 7 6.4

General Manager 16 14.5

Managing Director 14 12.7

Operation Director 21 19.1

Operation Manager 14 12.7

Production Manager 9 8.2

Others 9 8.2

Respondents’ educational qualifications

Degree 48 43.6

Masters 21 19.1

Diploma 20 18.2

SPM 7 6.4

Table 8. Mean and standard deviation of variables.

Variables Mean Mode Std.
Deviation Min. Max.

Readiness for Industry 4.0
Managerial Readiness 27.273 24.000 6.685 10.000 40.000
Operational Readiness 22.691 18.000 6.611 8.000 37.000
Technological Readiness 20.882 26.000 5.761 7.000 35.000

Organizational Capabilities
Financial Capability 18.955 18.000 5.903 6.000 30.000
Technology Capability 17.036 15.000 5.043 5.000 25.000

SME Institutional Support
Financial Support 12.718 15.000 4.850 5.000 25.000
Technological Support 14.218 19.000 5.049 5.000 25.000

Perceived Advantage
Perceived Benefits 25.582 28.000 5.948 8.000 45.000
Perceived Opportunities 21.055 17.000 6.623 9.000 35.000

Market Factors
Customer Needs 14.591 15.000 5.125 5.000 24.000
Competitive Pressure 16.364 20.000 3.999 5.000 25.000

Firm Size 2.218 2.000 0.6408 1.000 3.000
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4.3. Data Analysis

Partial least squares structural equation modeling (PLS-SEM) was executed for further
statistical data analysis using SmartPLS 3 version [91] to investigate and statistically explore
the structural and measurement model.

4.3.1. Common Method Variance (CMV)

Different scale types, including dichotomous scales and rating scales, were used in this
study to reduce common method biases. For readiness for Industry 4.0, SME institutional
support, perceived advantage, and market factors are examined using a 5-point Likert
scale with 1 = strongly disagree to 5 = strongly agree. Moreover, the Likert scale for
organizational capability is a 5-point scale with 1 = very low to 5 = very high.

Conversely, Harman’s single-factor test was used with SPSS software to assess the pres-
ence of any common method variance. An exploratory factor analysis based on unrotated
factor analysis was performed by loading all the items used in this study. The unrotated
factor analysis demonstrated that no single factor was deemed for all the variances. The
results also revealed that 11 factors emerged, with the greatest factor accounting for 33.67%
of the total variance of 69.77% of all measurement items. Since the greatest factor does not
account for more than half of the total variance, it is believed that there was no significant
common method variance. Therefore, it can be concluded that this study had no problem
with common method variance.

4.3.2. Reliability Analysis

At this stage, the measurement model is evaluated to identify the validity and reliabil-
ity of the measurements used. SmartPLS 3.0 version software examined the measurement
model by executing the PLS algorithm. The PLS algorithm was used to construct the path
coefficients, factor loadings, coefficient of determination, and the model’s reliability and
validity measures.

Construct Validity
Construct validity was used in this study to ensure that the altered and adopted

questionnaire questions accurately measured the target idea.
Convergent Validity
The loadings for all distinctive items between the constructs are demonstrated in

Table 9. It can be observed from Table 9 that no indicators possessed loadings that were
lower than 0.40. Nevertheless, the indicators of PB2, PB4, PB6, PB7 and PB8, as shown in
Table 9, were deleted as recommended by Hair, Hult [92], because the AVE for the perceived
advantage construct was lower than 0.50. After deleting the mentioned indicators, the AVE
for perceived advantage increased to above 0.50. The results of the measurement model
after the deletion of said indicators are shown in Table 9.

In addition to the loadings, the AVE, a summary indication of convergence, was
analyzed. As a rule of thumb, it is recommended that the AVE be at least 0.50 [92–94].
Table 10 reveals astonishingly that the AVE for all constructs were more than 0.50. As
a result, it can be concluded that the measurement employed in this study possessed
adequate convergence validity.

Discriminant Validity
As can be seen from Table 11, the square root of the AVE for each construct surpassed

the correlations between the constructs. As a result, the measurements employed in this
study revealed sufficient discriminant validity.
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Table 9. Measurement model for first-order constructs.

First-Order Constructs Item Loadings AVE CR

Financial Capability FC1 0.842 0.776 0.942

FC2 0.817

FC3 0.929

FC4 0.903

FC5 0.917

FC6 0.870

Technology Capability TC1 0.937 0.878 0.965

TC2 0.961

TC3 0.946

TC4 0.937

TC5 0.904

Financial Support FS1 0.867 0.630 0.847

FS2 0.909

FS3 0.902

FS4 0.650

FS5 0.580

Technological Support TS1 0.731 0.747 0.914

TS2 0.908

TS3 0.919

TS4 0.844

TS5 0.905

Perceived Benefits PB2 0.571 0.411 0.640

PB4 0.661

PB6 0.523

PB7 0.758

PB8 0.666

Perceived Opportunities PO1 0.707 0.633 0.883

PO2 0.794

PO3 0.842

PO4 0.774

PO5 0.842

PO6 0.806

Customer Needs CN1 0.857 0.775 0.927

CN2 0.901

CN3 0.860

CN4 0.883

CN5 0.900

Competitive Pressure CP2 0.787 0.647 0.813

CP3 0.891

CP4 0.632

CP5 0.880
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Table 9. Cont.

First-Order Constructs Item Loadings AVE CR

Managerial Readiness MR1 0.849 0.710 0.931

MR2 0.861

MR3 0.874

MR4 0.854

MR5 0.860

MR7 0.820

MR8 0.775

Operational Readiness OR1 0.843 0.701 0.928

OR2 0.866

OR3 0.766

OR4 0.879

OR5 0.822

OR6 0.786

OR7 0.892

Technological Readiness TR1 0.781 0.588 0.859

TR2 0.727

TR3 0.771

TR4 0.830

TR5 0.810

TR7 0.673

Firm Size S 1.000 1.000 1.000

Table 10. Measurement model for the second-order constructs.

Second-Order Constructs Item Loadings AVE CR

Organizational Capabilities Financial Capability 0.859 0.755 0.676
Technology Capability 0.878

SME Institutional Support Financial Support 0.875 0.821 0.901
Technological Support 0.936

Perceived Advantage Perceived Opportunities 1.000 1.000 1.000
Market Factors Customer Needs 0.926 0.862 0.841

Competitive Pressure 0.931
Firm Size Firm Size 1.000 1.000 1.000

Readiness for Industry 4.0 Managerial Readiness 0.909 0.821 0.786
Operational Readiness 0.904

Technological Readiness 0.939

4.4. Testing and Assessing the Structural Model

The structural model assessment was examined and checked with respect to the
hypothesized relationships of the predicted research model after the constructs and instru-
ments had been confirmed for their reliability and validity. Six steps of assessments were
employed to assess the structural model, which corresponded to PLS-SEM [92]. The six
steps were the assessment of collinearity, path coefficients, coefficient of determination (R2

value), effect size (f2 value), predictive relevance (Q2 value), and the PLSpredict.
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Table 11. Discriminant validity using the Fornell and Larcker criterion.

S MF OC PA R SIS

S 1.000
MF 0.126 0.929
OC 0.162 0.583 0.869
PA 0.106 0.253 0.303 1.000
R 0.299 0.675 0.731 0.140 0.918
SIS 0.141 0.601 0.580 0.155 0.711 0.906

Note: OC = organizational capabilities, SIS = SME institutional support, PA = perceived advantage, MF = market
factors, S = firm size, R = readiness for Industry 4.0.

4.4.1. Collinearity Assessment

Table 12 displays the values of skewness and kurtosis for each variable. It can be
observed from Table 12 that the skewness and kurtosis values were within +1 and −1; thus,
it can be inferred that the data were not intensely abnormal. Therefore, it is concluded that
the data in the present study did not pose a serious concern because they were not highly
abnormal.

Table 12. Skewness and kurtosis values for the study variables.

Variables
Skewness Kurtosis

Statistic Std Error Statistic Std Error

Organizational Capabilities −0.522 0.230 0.483 0.457
SME Institutional Support 0.021 0.230 −0.202 0.457
Perceived Advantage 0.354 0.230 −0.212 0.457
Market Factors −0.211 0.230 −0.694 0.457
Readiness for Industry 4.0 −0.328 0.230 0.157 0.457
Firm Size −0.229 0.230 −0.637 0.457

The inner VIF values for the research variables were derived using SmartPLS. Table 13
demonstrates the inner VIF values for the involved study variables. It can be observed
from Table 13 that none of the VIF values were above 5. Thus, multicollinearity was not an
issue in the present study.

Table 13. Assessment of the structural model.

H Relationships Standardized Beta Standard Errors t-Value p-Value f2 VIF

H1 OC -> R 0.386 0.081 4.787 0.000 0.304 1.878

H2 SIS -> R 0.341 0.074 4.578 0.000 0.236 1.886

H3 PA -> R −0.021 0.088 0.240 0.405 0.001 1.432

H4 MF -> R 0.220 0.097 2.263 0.012 0.098 1.887

S -> R 0.191 0.066 2.897 0.002 0.112 1.252

H5 OC*S -> R −0.040 0.115 0.353 0.362 0.002 3.496

H6 SIS*S -> R 0.135 0.080 1.686 0.046 0.040 1.987

H7 PA*S -> R 0.126 0.085 1.481 0.069 0.042 1.712

H8 MF*S -> R −0.109 0.114 0.953 0.170 0.014 3.718

Note: OC = organizational capabilities, SIS = SME institutional support, PA = perceived advantage, MF = market
factors, S = firm size, R = readiness for Industry 4.0

Bootstrapping was performed to examine the relevance and significance of the re-
lationship in the model Hair, Risher [95]. The structural model was reported with the
standard errors, path coefficients, t-values, and p-values after the complete bootstrapping
of 5000 subsamples with a 95% confidence interval [96]. Since the model would have to go
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through the PLSpredict procedure, items from the endogenous construct must be included.
As proposed by Sarstedt, Hair Jr [97], a discontinuous two-stage approach was applied.
Items of a single construct were turned into a single item after the two-stage approach.
This entailed combining the original items for the lower-order construct (LOC) with the
latent variable score produced from the hierarchical component model (HCM). This en-
ables PLSpredict to calculate the score for each item in the construct. Hahn and Ang [98]
suggested that p values were insufficient to report on the significance of a hypothesis, and
thus the researchers propose that the reporting should include other criteria as well, such
as confidence intervals and effect size.

4.4.2. Path Coefficients and Coefficients of Determination

The structural model of data analysis is evaluated in this section with respect to the
hypothesized links between the variables. Bootstrapping was performed on a sample of
5000 people. To determine the significance of the structural path, the path coefficients
and t values were analyzed. The value of the path coefficients, which corresponds to the
standardized beta values in β range between −1 and +1, as generated by the software, is
used to estimate the predicted relationship between the predictor and the outcome variable.
As illustrated in Figure 2, the bootstrapping process was subjected to a one-tailed test with
a 5% level of significance, and the findings can be found in Table 13 under the t-values
column.
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With reference to Table 13, four out of the hypothesized relationships have t-values
of more than 1.645, and are thus significant for α = 0.05. In summary, organizational
capabilities explained 38.6% of the model (β = 0.386, p < 0.05), followed by SME institutional
support, at 34.1% (β = 0.341, p < 0.05), and market factors (β = 0.220, p < 0.05), which
explained 22.0% of the model, while the firm size moderation effect on SME institutional
support explained 13.5% (β = 0.135, p < 0.05). However, one of the non-hypothesized



Information 2022, 13, 552 22 of 35

relationships appeared to explain 19.1 percent of the model, which was firm size (β = 0.191,
p < 0.05).

4.4.3. Coefficient of Determination

The next stage is to assess the model’s coefficient of determination. In the R2 endoge-
nous construct, the coefficient of determination is shown in Figure 3 for the endogenous
construct. The R2 value, which ranges from 0 to 1, shows the model’s explanatory power
and in-sample predictive power, with a higher number indicating greater power of expla-
nation (Hair, Sarstedt [99]). This study embraced the three levels of predictive accuracy
proposed by Hair Jr, Hult [100], whereby 0.75 indicates considerable predictive accuracy,
0.50 moderate predictive accuracy, and 0.25 weak predictive power. In this study, the R2

value is 0.739, and the adjusted R2 value is 0.715, which is more than moderate predictive
power.
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4.4.4. Effect Size

In addition to determining the R2 value, the fifth step is to look at the effect size (f2) of
the exogenous constructs and if they affect the endogenous construct. The f2 values are
tested to examine the impact on the coefficient of determination when the interaction effect
is eliminated from the study model [101]. According to Sheko and Braimllari [102], the f2

values, also known as Cohen’s Indicator, can be classified into three, with 0.02 being tiny,
0.15 median, and over 0.35 considered to be large. Therefore, with reference to Table 13, it
can be observed that the construct with the largest effect size is organizational capabilities
(f2 = 0.304), followed by SME institutional support (f2 = 0.236), firm size (f2 = 0.112), market
factors (f2 = 0.098). Two of the hypothesized relationships have a large effect size, which
are H6 (f2 = 0.040), and H7 (f2 = 0.042). However, the other two hypothesized moderated
relationships had very low or no effect; H5 (f2 = 0.002) and H8 (f2 = 0.014).

In this scenario, firm size does not seem to have an impact in terms of strengthening
the relationship between three driving factors, namely organizational capabilities, per-
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ceived advantage and market factors, and readiness for Industry 4.0; however, it has an
impact in terms of strengthening the relationship between one driving factor, namely SME
institutional support, and readiness for Industry 4.0. Moreover, since this study involved
moderated hypotheses, the moderating effect must be evaluated. Table 14 demonstrates
the outcome of the tested interactions.

Table 14. Outcome of the tested interactions.

Hypothesis Relationship Standardized Beta Standard Error t-Value Supported

H5 OC*S -> R −0.040 0.110 0.367 No

H6 SIS*S -> R 0.135 0.080 1.699 Yes

H7 PA*S -> R 0.126 0.085 1.487 No

H8 MF*S -> R −0.109 0.112 0.976 No

Note: OC = organizational capabilities, SIS = SME institutional support, PA = perceived advantage, MF = market
factors, S = firm size, R = readiness for Industry 4.0.

4.4.5. Predictive Relevance

The following step assesses the predictive relevance. While the R2 value describes
the model’s in-sample predictive and explanatory power, the StoneGeisser’s Q2 value
demonstrates how valid the model’s prediction is through the blindfolding process [103].
This evaluation can be performed using the SmartPLS 3 software and is set with an omission
distance of 7. Ramayah, Cheah [96] suggested that any Q2 value larger than 0 shows that
the endogenous construct has substantial predictive relevance (see Table 15).

Table 15. Predictive relevance Q2.

Construct Q2 Value

Readiness for Industry 4.0 0.596

4.4.6. PLSpredict

The PLSPredict procedure is the final stage in the model evaluation [104,105]. The
PLSpredict assessment is calculated with ten folds and ten repetitions using the SmartPLS
software. With reference to Table 16, one indicator in the LM model is higher than the PLS
model, while the other two are lower, hence suggesting that the model possesses low to
moderate predictive power.

Table 16. PLS predictive power.

Item PLS MYR SE LM MYR SE PLS-LM Q2_Predict

Managerial Readiness 4.450 4.986 −0.536 0.559

Operational Readiness 4.379 4.048 0.331 0.563

Technological Readiness 3.683 3.790 −0.107 0.593

4.5. Summary of Hypotheses

The data collected from the samples were segmented into two phases to assess the
proposed research framework. The first phase consisted of gathering demographic data,
which was then descriptively analyzed to ensure that the data fit the study’s prerequisites
and requirements as specified in the inclusion criteria. The second phase involved using
structural equation modeling to examine the hypothesized correlations. Prior to assessing
the relationships, the model’s convergent and discriminant validity were assessed, and
after the criteria were met, the relationships were evaluated for path coefficients, collinear-
ity statistics (VIF), and moderated relationships with SmartPLS 3. Table 17 presents an
overview of the findings.
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Table 17. Summary of results for hypotheses.

No Hypothesis Results

H1 Organizational capabilities positively impact SMEs’ readiness for Industry 4.0. Supported

H2 SME institutional support positively impacts SMEs’ readiness for Industry 4.0. Supported

H3 Perceived advantage of Industry 4.0 positively impacts SMEs’ readiness for Industry 4.0. Not supported

H4 Market factors for Industry 4.0 positively impact SMEs’ readiness for Industry 4.0. Supported

H5
Firm size moderates the relationship between organizational capabilities and SMEs’ readiness
for Industry 4.0; as such, the positive relationship between organizational capabilities and
SMEs’ readiness for Industry 4.0 is stronger when the firm size becomes larger.

Not supported

H6
Firm size moderates the relationship between institutional support and SMEs’ readiness for
Industry 4.0; as such, the positive relationship between institutional support and SMEs’
readiness for Industry 4.0 is stronger when the firm size becomes larger.

Supported

H7
Firm size moderates the relationship between perceived advantage and SMEs’ readiness for
Industry 4.0; as such, the positive relationship between perceived advantage and SMEs’
readiness for Industry 4.0 is stronger when the firm size becomes larger.

Not supported

H8
Firm size moderates the relationship between market factors and SMEs’ readiness for Industry
4.0; as such, the positive relationship between market factors and SMEs’ readiness for Industry
4.0 is stronger when the firm size becomes larger.

Not supported

5. Discussion and Conclusions
5.1. Discussion

This section contains detailed clarifications for all the relationships evaluated in this
study. The explanations help address the two research questions, which were tested
through eight hypotheses. Out of the eight hypotheses, four were supported. As a result,
the following sub-sections comprehensively discuss the hypotheses to clarify the reasons
for the study’s findings.

5.1.1. Relationships between Organizational Capabilities, SME Institutional Support,
Perceived Advantage, Market Factors, and SMEs’ Readiness for Industry 4.0

The first research questions asked about the relationships between organizational ca-
pabilities, institutional support, perceived advantage, market factors and SMEs’ readiness
for Industry 4.0. Organizational capabilities, institutional support, perceived advantage,
and market factors were hypothesized to impact SMEs’ readiness for Industry 4.0 posi-
tively. The present study found that organizational capabilities, SME institutional support,
and market factors have positive impacts on SMEs’ readiness for Industry 4.0, whereas
perceived advantage was found to have a negative impact on SMEs’ readiness for Industry
4.0. The discussion based on the findings to answer the research question is shown below

5.1.2. The Relationship between Organizational Capabilities and SMEs’ Readiness for
Industry 4.0

The present study found that organizational capabilities have a positive impact on
SMEs’ readiness for Industry 4.0. This finding contends that SMEs with the organizational
capabilities to invest in Industry 4.0 are more prepared to execute digital processes. This
is line with the findings of Agostini and Nosella [106], SMEs with stronger internal and
external capabilities are more willing to adopt Industry 4.0 technologies. This could be
due to firms recognize that new technology frequently makes business processes easier,
faster, and less expensive, and thus they determine to keep up with emerging technologies
and harness them in creative ways [107]. Likewise, it has also been claimed that the ability
to innovate has emerged as one such dynamic capability that distinguishes firms that
outperform their competitors [108].

Amid environmental turbulence, such as during an economic downturn, the demand
for innovation is regarded to be able to withstand the gales of creative destruction [109].
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Malaysia has been locked down for approximately 2 years due to the outbreak of the
COVID-19 pandemic, and the country’s economy has been affected heavily, with its econ-
omy contracting by 4.5% in the third quarter of 2021 [110]. According to the overall
observations of manufacturing firm responses in the survey conducted by UNIDO [111],
small-sized firms have been hit the hardest by the COVID-19 crisis. Most of the respondents
of the present study were small-sized firms (54.5%), and this could be the reason for their
low willingness to adopt Industry 4.0 technologies.

According to a report by SME Corp Malaysia, in 2020, approximately 77 percent of
SMEs maintained at the basic digitalization stage, which signifies that they will only have a
website, while in 2019, only 53.9 percent of the companies were present on the Internet [112].
The high costs of maintaining cutting-edge technology services discouraged 44 percent
of Malaysian SMEs from considering cloud services, and 48 percent of SME owners cited
the fact that their employees lacked the technical skills needed to go digital [112]. The
MDEC Digital Talent Survey 2021 also revealed that 85 percent of companies surveyed
recognize the need to reskill their employees [113]. Nonetheless, Agostini and Nosella [106]
claim that firms must invest in advanced manufacturing technology and equipment to
fully exploit the advantages of Industry 4.0. At the same time, Bank Negara Malaysia [114]
highlights that using digital tools benefits both sales and marketing functions, remote
work arrangements and the establishment of new products. Hence, when the owners and
managers of SMEs have the ability to transform and they recognize the importance of
digital transformation, they are more likely to adopt Industry 4.0.

5.1.3. The Relationship between SME Institutional Support and SMEs’ Readiness for
Industry 4.0

The present study found that SME institutional support positively impacts readiness
for Industry 4.0. It highlights that SMEs that obtain SME institutional support are more
likely to adopt digital transformation. Sáfrányné Gubik and Bartha [115] claimed that
technology support enhances firms’ business development and also serves as a tipping
point that gives the firms a competitive advantage. It is further delineated by Zhang,
Xu [116] that through improved organizational capabilities, institutional support in terms
of technology and government support and partnerships has an indirect positive impact on
digital transformation, while technology propels the company’s digital strategy and assists
top management. Moreover, Pavic, Koh [117] also proposed that SMEs should prioritize
their supporting activities such that the firm’s human resources and technological infras-
tructure will shape the core of e-business planning to use the external and internal resources
and opportunities to establish value through integration and intervention. According to
Sommer [118], SMEs require more institutional support than larger organizations because
they are less skilled at dealing with technological, financial, and staffing challenges. As
digital transformation requires high investment and small-sized firms have less resources,
they will therefore need financing solutions. In the present study, most of the responding
firms are registered with limited legal status (LLP). According to SSM [119], any debts
and obligations of the LLP will be borne by the LLP’s assets, not the partners’. Although
LLPs have limited liability with respect to debts [120], which is seen as an advantage when
seeking financing solutions, it has been reported that 60% of Malaysian SMEs are unaware
of any relevant financing methods [112].

On the other hand, industries with great production volumes can take advantage
of economies of scale, making them more likely to make greater initial investments to
implement Industry 4.0 processes [32]. Lutfi [121] contended that SMEs’ CEOs’ recognition
of government support and incentives plays a critical role in meeting enterprises’ IT
innovation execution and would lead to their prompt implementation. The Malaysian
government has recently initiated the National Economic Recovery Plan (Penjana) as an
all-inclusive and holistic approach to the country’s economic recovery with the aim to
encourage more SMEs to begin their digital revolution [122]. This institutional support
has addressed the monetary issue in the demand for SMEs to go digital, and it has been
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reported that several SMEs have already taken advantage of the opportunity to begin
digitalization as part of their digital transformation journey [112]. Therefore, it can be
concluded that when SME firms obtain sufficient institutional support, it enhances the SME
owners and managers to implement digital transformation.

5.1.4. The Relationship between Perceived Advantage and SMEs’ Readiness for Industry 4.0

The present study reveals that perceived advantage does not impact readiness for
Industry 4.0. This finding showed that Industry 4.0 readiness is not an easy task, and
it may take more effort and time to learn and master the required mechanisms of new
digital technologies and processes, and thus an organization’s perceived advantages cannot
drive its management to get ready for digital adoption. This is supported by Nugroho,
Susilo [123], who found that SME firms are unwilling to invest in IT infrastructure because
it is difficult to optimize or even use. Furthermore, Stentoft, Jensen [124] argue that some
SMEs may overlook some possible benefits from Industry 4.0 technologies due to a primary
focus on routine operations. In contrast, others are hesitant to use the technologies because
they, in fact, may not introduce more benefits than the costs to introduce and execute
the technologies. This finding is supported by those who discovered that implementing
Industry 4.0 projects in SMEs is still a cost-driven initiative, and the benefits of business
transformation have yet to be demonstrated. Hence, SME managers may be less aware
of the opportunities provided by new digital technologies. As a result, scarce strategic
vision toward new market opportunities can prevent them from preparing for Industry
4.0 [54]. The respondents who responded to this present study are mainly comprised of top
management (45.4%) and middle management (40%). Alieva and Powell [125] discovered
that top and middle management involvement were identified as positively influencing
factors in the digital transformation process. In Malaysia, only 55% of CEOs recognize the
need for digital transformation, and businesses are skeptical of embracing technology to
improve their business productivity and growth [126].

On the other hand, more than half of the firms in the present study had been operating
for more than 10 years, with 49.1% operating for 11 to 20 years, and 12.7% of them operating
for 21 to 30 years. Based on the findings of Kane, Palmer [127], older companies are
generally less digitally mature, and employees in older companies are more likely to inhibit
digital transformation. Nonetheless, the findings of Bouncken, Ratzmann [128] suggest
that, while all firms across the age spectrum can benefit from mutual knowledge creation in
their alliances, older firms can minimize their limitations with respect to innovation value
creation when they mutually establish knowledge with their partners. Therefore, to elevate
the adoption rate of Industry 4.0, the top and middle management of SME manufacturing
firms should be more aware of the benefits and take the initiative to change.

5.1.5. The Relationship between Market Factors and SMEs’ Readiness for Industry 4.0

Based on the results, it could be inferred that market factors are the important drivers
for starting the transformation towards Industry 4.0, as it was found to positively impact
readiness for Industry 4.0. This is in line with Lai, Sun [129] and Gangwar, Date [130],
who discovered that competitive pressure drives Industry 4.0 readiness. Additionally, this
finding is also consistent with the findings of Nugroho, Susilo [124], who reported that
SMEs will prepare for Industry 4.0 if they are aware of the current or new customer demand
for Industry 4.0-produced products. Consumers become the trigger system for digital
implementation, because satisfaction is important to a business. In certain manufacturing
sectors, such as pharmaceuticals and automobiles, Industry 4.0 has become a mandatory
requirement for certain products in certain countries [54].

Moreover, according to the Adyen Malaysia Retail Report 2022, customer requirements
in technology have become the trend urging companies to undergo digital transformation,
while Malaysian companies undergoing digital transformation outperform their industry
peers, with a total value of MYR 334 billion [131]. Companies also suggest employing
technological solutions to better understand their customers’ needs and subsequently fulfil
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their requirements [131]. As a result, SMEs must be more customer-focused and proactive in
seeking out new customers who require Industry 4.0 products. On the other hand, evolving
new market players and competitors threatens established manufacturing companies’
market positions and competitive advantages [132]. Hence, technology has become one of
the tools used to support enterprise competitiveness in dealing with consistently changing
business dynamics and expanding various developmental methods of doing the work [124].

Additionally, the National Industry 4.0 policy that was launched in 2018 by the
Malaysian government prioritized the support for five main sectors in terms of Industry
4.0 technology implementation, namely electronic and electrical, machinery and equip-
ment, chemical, medical devices, and aerospace, while the emergence of new economies
with lower cost structures boosted the development of the electronic and electrical sec-
tor [25]. The respondents of the present study corresponded to one-third (37.3%) of the
mentioned sectors, with electronic and electrical sector accounting for 23.6% alone, and
this could explain the situation whereby market factors affect the behavior of Malaysian
SME manufacturing firms with respect to adopting digital transformation.

5.1.6. The Moderating Effect of Firm Size

The second research question asked whether firm size moderates the relationship
between organizational capabilities, institutional support, perceived advantage, market
factors, and SMEs’ readiness for Industry 4.0. Therefore, the relationship hypothesized
is whether firm size strengthen the relationship between organizational capabilities, SME
institutional support, perceived advantage, market factors, and SMEs’ readiness for In-
dustry 4.0. To add novelty to this study, the element of firm size is incorporated into the
research model to investigate its strengthening effect. Having introduced firm size as a
moderator in the earlier chapter, some of the findings of the other researchers have shown
the significant of firm size in the adoption of digital transformation. However, the findings
of this study contradict the previous findings of the other researchers such as Pla-Barber
and Alegre [82] and Noori, Nasrabadi [133], while being in line with the study of Lee and
Kim [75]. The findings of this study demonstrate firm size not to be a strengthening factor of
organizational capabilities, perceived advantage, and market factors. However, the results
of this study reveal that firm size does moderate the relationship between institutional
support and SMEs’ readiness for Industry 4.0; as such, the positive relationship between
institutional support and SMEs’ readiness for Industry 4.0 is stronger when the firm size is
larger.

The respondents in the present study were mainly small-sized enterprises (54.5%),
followed by medium-sized firms (33.6%), and micro units (11.8%). With respect to the
number of employees, the majority group of 59 (53.6%) had fewer than 50 employees, 28
(25.5%) had between 51 and 100 employees, 10 (9.1%) had 101 to 150, and 13 (9.8%) 151 to
200. First and foremost, the results show that firm size does not moderate the direct effect of
organizational capabilities on Industry 4.0 readiness. This result is in line with the findings
of Agostini and Nosella [107] who reported that firm size was not statistically significant in
any research model. Additionally, the research discovered a weak relationship between firm
size and willingness to adopt technology. This makes sense, because the size of a firm does
not guarantee the availability of appropriate technology and sufficient financial resources
for business transformation. This is supported by the research executed by Lin, Lee [134],
who reported that firm size does not mandate increased use of advanced manufacturing
technology for Industry 4.0, most probably due to industrial and product characteristics,
such as high value, high safety and reliability requirements, global sourcing, large batch
production, and large scale. Moreover, Michna and Kmieciak [135] also identified that
SME firms’ financial performance was positively related to their willingness to implement
Industry 4.0, regardless of firm size. Firms with sufficient financial resources may be able
to invest in Industry 4.0 and meet the initial investment and administrative costs despite
the risk of failure [136].
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Inferring from the accepted moderated hypothesis of firm size between SME institu-
tional support and SMEs Industry 4.0 readiness, firm size does affect the firm’s willingness
to innovate and grow when they have or have not received institutional support. This is
supported by the findings of Motta and Sharma [137], who revealed that SMEs’ access
to capital might be hampered by firm size, as small businesses may lack the high-quality
projects required to obtain bank credit from financial intermediaries. To improve the entire
business operation, business owners should consider the trade-off between the cost of
financial capital, its advantages, and the firm size restriction [76].

On the other hand, the results of the present study also show that firm size does
not moderate the direct effect of perceived advantages on the Industry 4.0 readiness of
manufacturing SMEs. This is in line with Ricci, Battaglia [138] finding that firm size does not
significantly impact the perception of Industry 4.0 opportunities and the implementation
of Industry 4.0 technologies. A possible reason for this might be that SMEs’ recognition of
the advantages of Industry 4.0 adoption depends on their current automation level, which
has nothing to do with the firm size. The findings of Müller, Buliga [139] proved that SMEs
with high degrees of automation perceive opportunities rather than threats from Industry
4.0, but SMEs involving a high level of human labor are more likely not to expect changes
from Industry 4.0 in their business models.

The impact of market factors on SMEs’ readiness for Industry 4.0 has an insignificant
direct effect when firm size is taken into account. A possible reason for this finding is that
the responsibilities of identifying and meeting customer needs and market demands, in
terms of possessing technological skills that are adequate to the products offered, are at the
top management level regardless of the firm size [140–142].

5.2. Theoretical Contribution

From a theoretical perspective, this study complements the literature encompassing
Malaysian manufacturing SMEs’ readiness towards Industry 4.0 and the driving factors
that will empower them to embrace digital transformation. More specifically, this study
provides relevant information to the body of knowledge to recognize the relationships
between independent variables, namely organizational capabilities, institutional support,
perceived advantage, and market factors. Furthermore, this study contributes to the body
of research already performed in Industry 4.0, especially in the Malaysian context. This
study contributes empirical support to the implementation of resource-based view theory
in the conceptualization of Industry 4.0 readiness on the basis of four driving factors.

This study contributes to the existing body of knowledge by examining the moderating
effect of firm size between the four driving factors and SMEs’ readiness of Industry 4.0.
In the existing literature, most studies have evaluated firm size only from the perspective
of firm performance; thus, knowledge of the moderating role of firm size on Industry 4.0
implementation is still inadequate. Hence, rigorous validation is necessary to identify the
moderating effect of firm size between the driving factors and Industry 4.0 implementation.
To fill this research gap, this study elongated the relationship between the driving factors,
namely organizational capabilities, SME institutional support, perceived advantage, and
market factors and readiness for Industry 4.0, and empirically proved the moderating effect
of firm size. The results demonstrated that most of the relationships between the driving
factors and readiness of Industry 4.0 were not moderated by firm size.

5.3. Practical Implications

These findings lay a sturdy foundation for understanding the driving factors of In-
dustry 4.0 for SMEs in the execution or diffusion stage. The results can be applied to other
geographic or industrial areas for implementation and achievement, such as the service
sector.

According to the study’s findings, SMEs must have relevant financial and technological
resources for digital revolution. The owners and managers must comprehend the advantage
of the digital adoption and make viable decisions to initiate Industry 4.0 implementation.
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They should set aside sufficient funds to upgrade the current IT infrastructure to make it
compatible with this revolution. SME owners and managers must reskill their employees
in terms of digital and technology and encourage them to embrace digital transformation.

The relationship of market factors was found to be significant with readiness for
Industry 4.0. This shows that the present industrial environment and competitors put
pressure on Malaysian SMEs to execute Industry 4.0. Competing in the local SME sector
may produce such results. SMEs may also prioritize market pressure when making digital
innovation decisions.

Furthermore, institutional support, including financial and technological support from
the government or institutions, is critical for technological transformation. Owners and
managers must consider obtaining institutional funding to execute Industry 4.0, as the
technological evolution is costly.

The relationship between perceived advantage and SMEs’ readiness for Industry 4.0
was found to be insignificant. Lack of Industry 4.0-related knowledge and awareness
among the owners and managers may also have contributed to the result. SME owners and
managers should focus on this point and plan to ensure that the organization’s performance
will be boosted by adopting new Industry 4.0 technologies.

The findings of this study could be useful for policy formulation in various ways.
Policymakers could use the empirical findings to streamline institutional support and col-
laborative platforms, as well as a strategic reference for current development. Globalization
and the growth of the information economy have rendered traditional policy ineffective, so
new policy interventions for Industry 4.0 should be inventive. Industry 4.0 has sparked a
technological revolution, and it is becoming ingrained in the DNA of businesses in order to
obtain a competitive advantage. Technology is one of the primary drivers that will drive
the future of Malaysia’s SMEs business ecosystem. Malaysian SMEs should take advantage
of digital technology and enhanced automation to maintain the country on cutting-edge
technological advancements.

5.4. Limitations and Recommendations for Future Studies

Although this study is useful to SMEs and policymakers, it has a sample size limitation
due to time constraints during data gathering. A larger sample size may help researchers
to obtain a more generalized picture of the situation regarding status and attitude toward
Industry 4.0 adoption and readiness. Furthermore, multiple groups with varied readiness
levels (ready vs. not ready) could be studied to produce more intriguing results. In terms
of future study, it will be critical to investigate what Industry 4.0 means for a company’s
business and the entire organization and how it affects present business strategies and
business models. Furthermore, other elements that could motivate and encourage SMEs to
prepare for digital transformation should be investigated depending on various theories.

5.5. Summary and Conclusions

This study relied on the RBV theory in identifying the driving factors of Malaysian
SME manufacturing firms toward Industry 4.0 readiness. The objective of this study was to
examine the relationship between organizational capabilities, institutional support, perceived
advantage, market factors, and SMEs’ readiness for Industry 4.0, and to assess whether firm
size moderated the relationship between organizational capabilities, institutional support,
perceived advantage, market factors, and SMEs’ readiness for Industry 4.0.

In this study, organizational capabilities, SME institutional support, perceived ad-
vantage, and market factors explained 20.16% of the variance in Industry 4.0 readiness.
According to Cohen’s (1992) rule of thumb, variances explained for an endogenous variable
with values greater than 26% is regarded as high, while values greater than 13% are seen
as medium and values greater than 2% are regarded as small. Therefore, the variance ex-
plained in Industry 4.0 readiness by the mentioned independent variables can be regarded
as medium and substantial.
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Based on the hypotheses tested, organizational capabilities and SME institutional
support were found to have a significant positive impact on Industry 4.0 readiness, while
perceived advantage and market factors were discovered to possess a significant negative
impact on Industry 4.0 readiness. Regarding firm size as a moderator, it can be identified
that firm size moderates the relationship between SME institutional support and SME’s
readiness for Industry 4.0. Conversely, firm size is determined not to be a strengthening
factor of organizational capabilities, perceived advantage, and market factors on SME’s
readiness for Industry 4.0.

This study provides theoretical and practical contributions critical to practitioners
and policymakers. For policymakers, empirical support is provided in this study for
applying the RBV theory in explaining the Industry 4.0 readiness level of Malaysian SME
manufacturing firms. For practitioners, the study supplies recommendations that could
help to increase the Industry 4.0 readiness level among Malaysian SME manufacturing
firms, potentially boosting the organization performance of Malaysian SME manufacturing
firms.

Manufacturing SMEs must strive towards a high-tech production model and skilled
workforce by embracing Industry 4.0 if Malaysia is to maintain its manufacturing com-
petitiveness in the future. Overall, this research contributes to the body of information
showing that readiness for a digital revolution is influenced by some characteristics that
both practitioners and policymakers should pay greater attention to. First and foremost,
this study highlights that, to begin the road towards Industry 4.0, SMEs have to first pre-
pare by planning for all requirements from three key aspects: managerial, operational,
and technological. Secondly, it emphasizes that being ready necessitates a coordinated
effort to alter the mindsets of management staff before they can shift the mindsets of the
non-managerial staff who will be allocated to handle new workers, machines, equipment,
systems, procedure, process, and goods.

In conclusion, SMEs should keep in mind that the benefits of digital transformation
may not be apparent immediately, but can be achieved over time. The autonomous or
digitalized workplace may be a long way off for some, but it is useful to have a sense of
what that vision might look like, and what benefits it might bring. In a nutshell, SMEs must
be convinced of the advantages of implementing Industry 4.0, and this study addresses
the reasons that may prompt them to prepare for this difficult but profitable shift along the
digital wave.
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