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Abstract. Manufacturers are aware of Industry 4.0 trends due to the new technologies and the
transformation of processes that require new competencies of employees and an integrated system
in the supply chain network. The purpose of this paper is to examine the role of a leader through a
transformational leadership style and the effect of a customer’s smart factory investment on a firm’s
Industry 4.0 technology adoption in the Thai manufacturing industry. In total, 125 valid samples
from different companies surveyed in the Thai manufacturing industry were used to analyze the
mentioned relations. The multiple regression results show that a leader’s transformational
leadership and external pressure, such as a customer’s smart factory investment, have positive
impacts on a firm’s operational technology (OT) and information technology (IT) adoptions. These
results reveal that successful technology implementation requires both internal and external factors
to push for organizational change.
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1. Introduction

Industry 4.0 or the smart factory is an industrial revolution that challenges
manufacturing companies. Operational technology (OT) and information technology (IT)
are converging by using the Internet of Things (10T), cyber-physical systems (CPS), big data,
and analytical, artificially intelligence, cloud computing, and autonomous robots
(Schumacher et al., 2016; Fatorachian and Kazemi, 2018; Berawi, 2020). These advanced
technologies are transforming products, processes, and business models to form new
industrial patterns. The development results of the fourth industrial revolution are not only
the new technologies but also a new entrepreneurial mindset (Sterev, 2017). For this
reason, business leaders play an essential role in developing and motivating their individual
followers by determining and setting clear missions and visions (Wang and Howell, 2012;
Cinnioglu, 2020). Top management strategies pose significant challenges to managing
employees to change their behaviors and adopt new technologies (Ihua, 2009). Various
research studies on the modern leadership theory have explored the distinct attributes of a
leader who has a transformational leadership style as an agent of change (Yu etal., 2002;
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Hallinger, 2003; Bass and Riggio, 2006). Thus, it is essential to study how transformational
leadership affects Industry 4.0 technology adoption.

While large-sized companies are very flexible in their investments to upgrade their
technologies toward Industry 4.0, small- and medium-sized companies (SMEs) have limited
budgets, knowledge, and expertise. These barriers faced by SMEs bring a low level of
Industry 4.0 technology implementation in their enterprises. Nguyen'’s (2009) study about
the impacts of internal and external forces on IT adoption shows that customer pressure
positively affects the IT adoption of manufacturers, especially SMEs. Similarly, Intalar and
Jeenanunta’s (2019) research has confirmed the positive influence of a customer’s
information and communication technology (ICT) investment on a supplier’s ICT adoption.
Thus, this study includes the effect of a customer’s smart factory investment as another
empirical factor.

The key research question addressed in this study includes an analysis testing of the
impact of transformational leadership and the effect of a customer’s smart factory
investment on a firm’s OT/IT adoption. The rest of this paper is organized as follows: The
theoretical background and the hypotheses are presented in Section 2. The hypothesis
model is empirically tested in Section 3, and the results are discussed in Section 4. Finally,
the conclusions are drawn in Section 5.

2. Literature Review

2.1. Industry 4.0 and OT/IT Convergence

The fourth industrial revolution is a phenomenon that affects the traditional approach
to digitization. This leads to the creation of a digital twin or a virtual world. The digital
counterpart can comprise the entire process of an organization, starting from the purchase
of materials for production to the delivery of products and services. The digital twin aims
to predict productivity, optimize the production volume, and solve complex technical
industry problems (Golovina et al., 2020). The digital transformation merges OT and IT,
which makes it possible to connect the physical factory floor and the cyber computational
space for real-time data exchange and monitoring among all related perspectives (Lee et al.,
2015). To develop automated interfaces between business and control systems, the ISA-95
standard, known as the automation pyramid, is widely adopted in the manufacturing
industry. The automated stage is clearly defined by five layers of architecture, as follows:
Level 0 - Physical production process, which comprises mechanical operations, field
devices, sensors, actuators, and wiring; Level 1 - Process control network, which includes
automation network and safety instrumented systems; Level 2 - Supervisory control
applications, which include supervisory control and data acquisition (SCADA), human-
machine interface (HMI), a distributed control system (DCS), a manufacturing execution
system (MES), and industrial control systems; Level 3 - Operations management, which
consists of scheduling, operations management, production, maintenance, optimizing
process, and remote access; and Level 4 - Business planning, which combines enterprise
resource planning (ERP) work management and enterprise data systems (lkram and
Thornhill, 2010; Koerber et al.,, 2018; Cirgref, 2019). The synchronization of OT and IT for
industrial automation systems based on ISA-95 occurs between Levels 2 and 3 (The and
Kuusk, 2021). OT is used for control and monitoring while utilizing the IT infrastructure;
however, according to Haider (2012), 0T and IT are considered separate and distinct. In the
present study, Industry 4.0 technology adoption is investigated in terms of OT and IT. In
this study, an organization’s OT/IT adoption is determined based on the definitions of OT
and IT taken from the Gartner IT glossary (cited in Cirgref, 2019). A firm’s OT adoption is
defined as the implementation of hardware and software to control or monitor processes,
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machines, and industrial equipment (Cirgref, 2019, p. 8). A firm’s IT adoption is defined as
the implementation of information processing technologies, which consist of hardware,
software, communications technologies, and related services (Cirgref, 2019, p. 7).

2.2. Transformational Leadership and a Firm’s Technological Adoption

The rapid changes in the world order due to digitalization have brought many
innovations and new technologies to business processes. To transform organizations,
Eisenbach et al. (1999) have noted leadership as an influence aimed to initiate changes in
organizational processes and procedures for business improvement. A leadership style is a
behavioral pattern that differs among leaders, based on their leadership capabilities,
including knowledge and skills (Mumford et al.,, 2000). Leadership capabilities can be
developed over time through education and experience (Northouse, 2016). In the
workplace, leaders can apply their leadership style as a communication approach. Different
leadership styles can encourage followers, with varying results (Van de Vliert, 2006).
According to the modern leadership theory, transformational leadership is more effective
than other leadership styles in enhancing innovation at the organizational level (Howell and
Avolio, 1993; Lowe et al, 1996; Gardner and Avolio, 1998). For transformational
leadership, this leadership style aims leaders to initiate emotional and physical efforts
jointly with their followers and to motivate one another to attain higher levels of
achievement. Such collaboration encourages sharing the organizational mission and
infusing everyone with a sense of purpose, direction, and meaning (Bass, 1999). Previous
studies (Schepers et al., 2005; Seyal, 2015; Waziri et al., 2015; Davutoglu, 2018) have
indicated that the transformational leadership style plays a critical role in the successful
implementation of a technology. Transformational leaders have been determined as agents
of change (Hallinger, 2003). Leaders who practice transformational leadership behaviors
can motivate their followers to transcend their self-interest in order to achieve the
organizational goals and objectives (Kocel, 2014, p. 668; Cinnioglu, 2020). Additionally,
transformational leaders who develop their followers’ skills to increase self-efficacy can
positively affect the latter’s creativity (Bass, 1999). Employees with enhanced self-efficacy
are more likely to be motivated to generate novel ideas and solutions (Gumusluoglu and
lIsev, 2009). In line with this, transformational leadership aims for organizations to solve
their problems, such as an insufficient number of professionals, the lack of motivation and
support, and inadequate staff training (Waziri et al., 2015). Hence, this leadership style is
selected for this present study as the influencing factor for technology adoption.

Transformational leadership is defined as a process whereby a leader engages with
his/her followers and makes a commitment to realize the organizational missions and goals
by prompting some changes in the attitudes and behaviors of the organization’s members
(Yukl, 1999). According to the multifactor leadership questionnaire (MLQ-5X),
transformational leadership behavior comprises five distinct components: (1) inspirational
motivation, where the leaders motivate their followers through new ideas and goals by
articulating a clear vision and viewing the future with a positive attitude; (2) idealized
influence (attributed), where the followers attribute charisma to their leaders based on
their trust, respect, admiration, and loyalty; (3) idealized influence (behavior), where the
followers observe their leaders’ behavior as having a sense of mission and value; (4)
intellectual stimulation, where the leaders stimulate their followers to be creative and
innovative by developing their abilities to confront and solve problems in a variety of ways;
and (5) individualized consideration, where the leaders consider the individual needs of
their followers and develop their individual strengths (Waziri et al., 2015; Northouse,
2016). This study expects a higher level of transformational leadership practices to lead to
a higher OT/IT adoption level.
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2.3. The Effect of a Customer’s Smart Factory Investment on a Supplier’s Adoption of Industry

4.0 Technologies

Smart factory systems enable information sharing between customers and suppliers in
the supply chain network. In other words, Industry 4.0 makes customers and suppliers or
partners work closely through real-time data sharing (Alam and Noor, 2009). By upgrading
an ICT system, many customers request their suppliers to improve their business
transactions and operation management (i.e., control, monitor, and exchange information)
(Intalar and Jeenanunta, 2019). Customers encourage their suppliers to adopt compatible
technologies in order to enhance the efficiency of information communication and increase
their reliability (Youssef et al., 2012). Without customer pressure, many firms, especially
SMEs, would be reluctant to invest in an ICT system due to their limited financial support,
technological capability, resources, and IT knowledge (Nguyen, 2009; Consoli, 2012). A
previous study on the Japanese automotive supply chain network (Sako, 2004) has
explored the coordination between customers and the next-tier suppliers in procurement
and joint research and development (R&D) activities. Customers may influence their
suppliers to make a strategic planning decision on a particular technology investment
related to their customer investment plan (Intalar and Jeenanunta, 2019). Therefore, it is
crucial to investigate the role of customer pressure in the technology implementation by
suppliers.

This study focuses on digitization and automation. Customers’ smart factory
investments refer to customer investments in Industry 4.0 technologies, both hardware and
software, to improve business transactions, information processing capacity, production
efficiency, automation in processes, and abilities to monitor/control the service and
product value chain (Youssef et al.,, 2012; Intalar and Jeenanunta, 2019; Berawi, 2020).
According to an important role of customer pressure in the supply chain, the effect of a
customer’s smart factory investment is defined as the pressure exerted by the customer in
influencing his/her suppliers to invest in and adopt technologies related to Industry 4.0/a
smart factory. Both internal and external factors have altered the level of a firm'’s
technology adoption. Thus, the following hypotheses are formulated:

Hypothesis 1. Transformational leadership and the effect of customer’s smart factory
investment have a positive impact on a firm’s OT adoption.
Hypothesis 2. Transformational leadership and the effect of customer’s smart factory
investment have a positive impact on a firm'’s IT adoption.

3. Methods

3.1. Sample and Data Collection

The data were collected from January to February 2020 through a survey by using mail
(domestic services and e-mail). The target respondents were top-level management
executives, such as the CEO, the factory director, and the plant manager, of Thai
manufacturing firms. The survey questionnaires were distributed to 1,155 manufacturing
firms. The list of firms was randomly selected from the Industrial Estate Authority of
Thailand (IEAT) and the Thai Auto Parts Manufacturers Association (TAPMA) online
databases. A total of 125 firms, comprising 10.82% of the target respondents, provided
valuable and complete information for this research. A multiple regression test was
performed to test the hypothesized relations between the independent variables
(transformational leadership and the effect of a customer’s smart factory investment) and
the dependent variable (a firm’s OT/IT adoption). According to Hair et al. (2019), a multiple
regression requires at least 50 samples and preferably 100 observations for most research
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situations to maintain the power (probability) level of 0.8. Thus, this study had enough data
for hypothesis testing by multiple regression analysis.

The respondents’ characteristics are summarized in Table 1. In terms of business
activities, approximately 15.20% of the responding firms belonged to the automobile
industry; 10.40% were in the food, beverage, and tobacco industry; and 8.80% belonged to
the plastic and rubber products industry. Based on the number of employees, the
respondents represented large-sized firms (44%) and SMEs (28% each). In terms of
gender, most firms had male CEOs (93.60%), and female CEOs comprised 6.40%. Regarding
the nationalities of the CEOs, approximately 76.80% of the respondents were Thai, and
23.20% were expatriates.

Table 1 Demographic characteristics of the sample

Demographic Classification n (%)
Main business activity Automobile, auto parts 19 15.20
Food, beverages, tobacco 13 10.40
Plastic, rubber products 11 8.80
More than one main product 9 7.20
Chemicals, chemical products 6 4.80
Iron, steel 6 4.80
Other electronics and components 6 4.80
Metal products 5 4.00
Machinery, equipment, tools 5 4.00
Non-ferrous metals 4 3.20
Textiles 3 2.40
Other non-metallic mineral products 2 1.60
Other manufacturing 36 28.80
Company size Large (= 200 employees) 55 44.00
Medium (50-199 employees) 35 28.00
Small (< 50 employees) 35 28.00
Gender of CEO Male 117 93.60
Female 8 6.40
Nationality of CEO Thai 96 76.80
Foreign 29 23.20

3.2. Measures

The multi-item scales of all the variables in the questionnaire were based on previously
published scales, which were initially developed in English. The back-translation method
was applied to translate all questions and their scales from English to Thai. Management
researchers have frequently applied this translation technique (Matsumoto, 1994; Hwang
et al,, 1996). The translation of the survey was validated by three experts, including two
academics and one top executive. The questions (particular words or sentences) were
revised if they were ambiguous. The final survey was then conducted for the data collection.
Transformational leadership was measured using the MLQ-5X questionnaire, which was
adopted from Northouse’s (2016) research. Five items were used to measure
transformational leadership as the self-perception of leadership behaviors, with scale
values from 1 to 5 (1 = Notat all, 2 = Once in a while, 3 = Sometimes, 4 = Fairly often, and 5
= Frequently). The effect of a customer’s smart factory investment construct was measured
using a 4-point Likert scale based on the one applied by Intalar and Jeenanunta (2019),
ranging from 0 to 3 (0 = No, 1 = Little, 2 = Somewhat, and 4 = Much). Technology adoption
was measured by 12 items for 2 dimensions: a firm’s OT adoption and a firm’s IT adoption.
These constructs were developed from the ICT system adoption by Intalar and Jeenanunta
(2019) and from Industry 4.0 technology-related studies (Ikram and Thornhill, 2010; Illa
and Padhi, 2018; Frank et al., 2019). This study focuses on the following seven technologies
applied in a firm’s OT adoption: (1) automation controlled by programmable logic
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controller (PLC), computer numeric control (CNC), or robotic process automation (RPA);
(2) design and manufacturing system (computer-aided design (CAD)/computer-aided
manufacturing (CAM)/ computer-aided engineering (CAE)/ process simulation); (3) MES;
(4) automation system for machines’ synchronization (IoT/real-time control system
(RCS)/HMI/machine-to-machine (M2M)); (5) SCADA; (6) material handling technology
(conveyor/automated guided vehicles (AGVs)); and (7) tracking technology
(barcode/radio frequency identification (RFID)/quick response (QR) code). For a firm’s IT
adoption, this study focuses on the following six technologies: (1) material resource
planning (MRP); (2) cloud technology; (3) ERP; (4) customer relationship management
(CRM); (5) business process management (BPM); and (6) supply chain management (SCM).
All these items were measured on a scale with values from 0 to 4 (0 = No plan to adopt, 1 =
Under evaluation or consideration, 2 = Trial adoption, 3 = Adopted, 4 = Adopted and
integrated with another system). The descriptive statistics of the constructs are presented
in Table 2.

Table 2 Reliability test and factor analysis

Factor

Variables Mean SD . KMO a
loading
Firm’s OT adoption 0.867 0.901
Automation controlled by PLC/CNC/RPA 2.296 1.437 0.780
Design and manufacturing system 2.072 1.514 0.740
(CAD/CAM/CAE/process simulation)
Manufacturing execution system (MES) 1.792 1.427 0.837
Tracking technology (barcode /RFID/QR code) 1.688 1.394 0.815
Automation system for machines’ synchronization 1.648 1.466 0.855
(IoT/RCS/HMI/M2M)
Supervisory control and data acquisition (SCADA) 1.592 1.460 0.814
Material handling technology (conveyor/AGVs) 1.360 1.461 0.712
Firm'’s IT adoption 0.848 0.904
Material resource planning (MRP) 1.872 1.344 0.854
Cloud technology 1.824 1.392 0.682
Enterprise resource planning (ERP) 1.800 1.276 0.836
Customer relationship management (CRM) 1.568 1.207 0.866
Business process management (BPM) 1.432 1.207 0.884
Supply chain management (SCM) 1.344 1.290 0.824
Transformational leadership 0.872 0.876
Idealized influence (behavior) 3.296 0.852 0.818
Inspirational motivation 3.216 0.955 0.827
Individualized consideration 3.144 0.877 0.803
Intellectual stimulation 3.016 0.898 0.810
Idealized influence (attributed) 2.584 0.935 0.834

4. Results and Discussion

This study used a multiple regression analysis implemented in the SPSS statistics
software (version 23) to investigate the hypothesized relations. The data were analyzed
using descriptive statistics, factor analysis, and correlations. The results are presented in
two stages. At the first stage, the measurement instruments’ construct validity and
reliability are assessed. At the second stage, the model of the hypotheses is tested.

4.1. Validity and Reliability Test

A confirmatory factor analysis (CFA) was conducted on the measurement instruments
for a firm’s OT adoption, a firm’s IT adoption, and transformational leadership. The
construct reliability assessed the internal consistency of the components by using
Cronbach’s alpha (a). The seven items that measure a firm’s OT adoption have a Cronbach’s
alpha value of 0.901. The six items that measure a firm’s IT adoption have a Cronbach’s
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alpha value of 0.904. The five items that measure transformational leadership have a
Cronbach’s alpha value of 0.876. According to Vanichbuncha (2012), the recommended
Cronbach’s alpha value is more than 0.70. Consequently, the measurement instruments of
the constructs are reliable. Based on the CFA, the Kaiser-Meyer-0Olkin (KMO) value should
be more than 0.60 and the factor loading values should be more than 0.50 to ensure
sampling adequacy (Vanichbuncha, 2012). The KMO values for transformational
leadership, a firm’s OT adoption, and a firm’s IT adoption are 0.872, 0.867, and 0.848,
respectively. All measurement instruments of the constructs have a factor loading value of
more than 0.60. Therefore, the constructs are accepted, as shown in Table 2.

A Pearson product-moment correlation coefficient was applied to assess the impact of
collinearity among the independent variables and to ensure the linear relations between
the independent and the dependent variables. According to Hair et al. (2019), a collinearity
problem occurs when the correlation coefficient is 0.70 or higher. The correlation
coefficient values between the independent and the dependent variables are significant, as
shown in Table 3. Moreover, the results show the non-significant correlation coefficient
value between transformational leadership and the effect of a customer’s smart factory
investment on a firm’s OT adoption (Hypothesis 1) and IT adoption (Hypothesis 2).

Table 3 Pearson’s correlation coefficients between variables

Variables 1 2 3

Hypothesis 1

1. Firm’s OT adoption 1

2. Transformational leadership 0.265™ 1

3. Effect of customer’s smart factory investment 0.334™ 0.115 1
Hypothesis 2

1. Firm’s IT adoption 1

2. Transformational leadership 0.244* 1

3. Effect of customer’s smart factory investment 0.245™ 0.115 1

Note: “The correlation is significant at the 0.01 level

4.2. Hypothesis Testing

The two multiple regression models were used to explain the two dependent variables.
The equations of the hypothesized models for the multiple regression analysis are as
follows:

Hypothesis 1. Firm'’s OT adoption = a + 8, X; + (X5,
Hypothesis 2. Firm's IT adoption = a + ;X5 + ,X3,

where X; denotes transformational leadership, and X, represents the effect of a customer’s
smart factory investment.

The results shown in Table 4 demonstrate that both models are significant
(Vanichbuncha, 2012). For Hypothesis 1, the results are accepted at the significance level
of 0.01; the value of the F-testis 11.952 (sig. = 0.000), and the adjusted R? is 0.150. Both
transformational leadership and the effect of a customer’s smart factory investment are
significant, with t-test values equal to 2.764 (b = 0.230, sig. = 0.007) and 3.697 (b = 0.308,
sig. = 0.000), respectively. Consequently, transformational leadership and the effect of a
customer’s smart factory investment have a positive impact on a firm’s OT adoption.

For Hypothesis 2, the result of the F-test is 7.336 (sig. = 0.001), and the adjusted R? is
0.107, which are accepted at the significance level of 0.01. Transformational leadership is
significant, with a t-test value 0f 2.541 (b =0.219, sig. = 0.012), and the effect of a customer’s
smart factory investment is also significant, with a t-test value of 2.563 (b = 0.221, sig. =
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0.012); both independent variables are accepted at the significance level of 0.05. These
results confirm that transformational leadership and the effect of a customer’s smart
factory investment have a positive impact on a firm’s IT adoption. Therefore,
transformational leadership and the effect of a customer’s smart factory investment are
important factors for both OT and IT adoption in the Industry 4.0 revolution.

Table 4 Results of multiple regression analysis on Hypotheses 1 and 2 (H1 and H2)

. Adjusted Standard .
Independent variables F-test t-test Beta R2 Error of the Conclusion
Estimate
H1. Firm’s OT adoption 11.952* 0.150 0.922
Transformational leadership 2.764™ 0.230 Supported
Effect of customer’s smart 3.697 0.308 Supported
factory investment
H2. Firm’s IT adoption 7.336™ 0.107 0.953
Transformational leadership 2.541" 0.219 Supported
Effect of customer’s smart 2.563" 0.221 Supported

factory investment

Note: *"The correlation is significant at the 0.01 level; *The correlation is significant at the 0.05 level

The results of the multiple regression analysis reinforce previous studies’ findings
about the impact of transformational leadership on technology adoption in organizations
(Schepers et al., 2005; Seyal, 2015; Waziri et al,, 2015). In their study about the Nigerian
construction industry, Waziri et al. (2015) have found that construction managers who
practice transformational leadership can quickly motivate their subordinates to implement
a new technology. This implies the top management’s aim toward the firm’s successful
implementation process by providing clear project goals and allocating resources well
(Jafari et al., 2006). However, many top management executives have not arranged
anything to prepare for technological changes or keep the concept of smart technologies.
Bencsik’s (2020) research about the challenges of management in the digital economy in
three European countries (Germany, Hungary, and Slovakia) shows the German leaders’
vision toward Industry 4.0 and digitalization beyond those of the two other nations. The
German leaders are concerned about the future heading toward digitalization, Al, robotics,
international relations and expansion, and investments. Consequently, German ownership
holds the top rank in terms of investment and value-added production per country.
Therefore, the top management should be concerned about the technology revolution and
new leadership styles relevant to digitalization.

The outcomes of this study also highlight the importance of external pressure, such as
the effect of a customer’s smart factory investment on a firm'’s adoption of both OT and IT.
The research results correlate with previous studies explaining how customers encourage
their suppliers to invest in new technologies (Sako, 2004; Nguyen, 2009; Consoli, 2012;
Intalar and Jeenanunta, 2019). Intalar and Jeenanunta (2019) have mentioned that
customers can force their suppliers to apply the same technology that the customers have
already implemented. Large enterprises have provided the supplier development program,
which affects supplier investment decisions, especially among suppliers that are SMEs. This
is a system of corporate governance that allocates resources to a compatible technology
and new skill learning related to network technologies (Sako, 2004; Fabiani et al., 2005).
SMEs should adopt investments in smart technology to acquire knowledge from their
customers, especially technology-based firms. The aim is for SMEs to upgrade their level of
automation, as well as increase their positive attitude toward adopting a new technology.
Transformational leadership can inspire the assignment of higher values to technology
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implementation and promote the new technology in workplaces, with the intensive toward
smart factory from the customer. Consequently, the customers’ smart factory investments
can help the firms successfully promote new technology practices in their organizations.

5. Conclusions

The main purpose of this paper is to investigate how transformational leadership
(internal factor) and the effect of a customer’s smart factory investment (external factor)
affect a firm’s OT and IT adoption. Successful technology adoption requires leaders to play
an important role in designing the core technological values, purpose, and vision by
creating policies, strategies, and structures that will guide their organizations toward
successful technology integration and implementation. Additionally, there is strong
evidence that when customers invest in new technologies related to Industry 4.0, this will
affect their suppliers’ Industry 4.0 technology adoption. The same level of technology aims
to reduce coordination failures between manufacturers and their suppliers. Therefore, the
top management executives (CEOs) should have a vision toward Industry 4.0 or a smart
factory to lead their firms to achieve digital transformation. Moreover, the firms need to
establish strong relationships and collaboration with their customers to learn how to
improve their OT/IT systems and create automation in the production process. The higher
level of automation in manufacturing processes aims to reduce the manufacturing lead
time, increase productivity, and enhance product quality.

This study has not examined other internal and external dimensions. Further research
could link other leadership theories (such as those involving leadership skills, leadership
behavior, and agile leadership etc.) with a firm’s technology adoption to analyze the
former’s influence on the latter. Researchers could also include other external factors, such
as the government’s Industry 4.0 policy, which supports manufacturers in collaborating
with an external organization (e.g, a government labor training institution and a
university) to upgrade a technology and upskill/reskill employees. It is also important to
determine the appropriate strategic to enhance the success of Industry 4.0 technology in
each business size in Thailand. Thus, further studies should test the initial hypothesis to
investigate the effects of the leadership style and customer investment on a firm’s
technology adoption in the different contexts of the business size, the leader’s gender, and
the leader’s nation. Furthermore, this study has conducted a narrow analysis. Future
research should apply a non-linear regression method to investigate the effects of
transformational leadership and a customer’s smart factory investment on a firm’s Industry
4.0 technology adoption.
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