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ABSTRACT 

 

THE READINESS FOR INDUSTRY 4.0 OF THE MALAYSIAN 

MANUFACTURING SECTOR: THE ROLES OF ORGANIZATION 

INNOVATION AND AGING WORKFORCE 

 

Hafiz Mudassir Rehman 

 

The manufacturing sector is an indispensable part of a country’s economic 

system. For Malaysia, it not only helps in transmuting raw material to finished 

goods but also an essential driver to the country’s economic growth. Owing to 

this sector, Malaysia holds a remarkable position in exports across the world. It 

is also a principal contributor to the employment of the country. Although, the 

manufacturing industry is deemed as the backbone of a country’s growth, 

however, the industry also faces many challenges due to technological 

advancements due to the industrial revolution known as Industry 4.0. 

 

The aim of Industry 4.0 is to realize productivity and improve efficiency. Its 

potential disruptive technologies are altering the way of work. Correspondingly, 

it poses challenges for companies to innovate and in analyzing their readiness 

for Industry 4.0. Thereby, current research aimed to investigate the key role of 

organization innovation and its enablers including knowledge-oriented 

leadership and decentralized organization structure. In addition, change in 

demographics has shaped another snag in the form of an aging workforce for 

manufacturing companies. Ergo, the moderating role of the aging workforce was 

gauged in support to readiness for Industry 4.0 by using Structural Equation 

Modelling (SEM). 



iv 

A quantitative and qualitative methods were adopted to establish the 

relationships and understanding of variables. Useful responses from 

manufacturing companies were collected through self-administered 

questionnaire and interviews. The responses were examined using Smart PLS 3 

and ATLAS.ti software. The results highlighted the important dual role of 

organization innovation for readiness of Industry 4.0. In Addition, Multi-Group 

Analysis was performed to confirm the importance of different aging workforce 

groups between organization innovation and readiness for Industry 4.0. 

 

Current research contributed to the body of knowledge a detailed vision of 

Industry 4.0 and its significance for manufacturing sector in Malaysia. The 

research findings confirmed a noteworthy knowledge concerning high 

dependency of readiness for Industry 4.0 on organization innovation and 

moderating effect of aging workforce between them. Additionally, knowledge-

oriented leadership was also identified as an enabler of organization innovation 

through empirical examination. The moderating role of organization innovation 

is of high interest for keen researchers.  

 

Current research provides a directive for practitioners to pave the way for 

successful implementation of Industry 4.0. For bye, the research outcomes are 

thought-provoking to national policymakers which can aid in development of 

impressive policies for Industry 4.0 while considering the vital role of 

organization innovation and aging workforce. Finally, the findings will benefit 

the aged workers to contribute and survive in growing economy.
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CHAPTER 1 

CHAPTER 

1.0 INTRODUCTION 

 

1.1. Research Background 

 

The manufacturing industry is an essential part of a country’s economic system. It 

is a key driver of economic growth that concentrates on production and provides 

value addition by converting raw materials into final useable products (Behun et al., 

2018). Especially for Malaysia, the manufacturing sector is among the major 

contributors to economic development. In 2018, this sector alone had contributed 

approximately 22.8% of Malaysia’s Gross Domestic Product (GDP) (Department 

of Statistics Malaysia [DOSM], 2018). However, the evolution of Industry 4.0 

brings major disruptions in the manufacturing business environment with 

introduction of advance technologies. Therefore, to maintain the significant profits 

of this sector, the companies need constant innovation with adoption of new 

technologies, notably in the processes of developing smart production systems. The 

technologies include but are not limited to Smart Manufacturing, Artificial 

Intelligence (AI), the Internet of Things (IoT), and many more (Erol et al., 2016).  

 

Industry 4.0 entails value-added processes and efficient resources utilization, 

mainly with the help of advanced manufacturing technologies. The primary purpose 

is to increase proficiency, reduce the dependency on human capital and drive the 

manufacturing sector towards production competitiveness (Stock & Seliger, 2016). 



 

2 

The integration of humans, machinery, production, and processes across different 

boundaries of companies enables the creation of a new intelligent value chain 

(Schumacher et al., 2016).  

 

This idea of Industry 4.0 was originated in 2011 in Germany with the aim to enhance 

the competitiveness of the German manufacturing industry (Szozda, 2017). Since 

then, this concept has been adopted by a few developed countries only including the 

United States of America, the Russian Federation, and China (Soomro et al., 2021). 

Malaysia as a developing country has recently announced the “The National Policy 

on Industry 4.0” (Ministry of International Trade and Industry [MITI], 2018), with 

the idea of implementing the concept of Industry 4.0 to strengthen the 

manufacturing sector through innovation.  

 

An innovative organizations should emphasize the new manufacturing system for 

future survivability (Palazzeschi et al., 2018), that only can be attained through the 

adoption of technology. Organization innovation along with embracement of new 

technology work together to execute operations and provide good quality products 

effectively. However, organization innovation does not just appear out of nowhere 

(Buhr, 2017) instead requires effort and challenging works. For example, companies 

can follow the footprints of Learning Organization to improve their innovation 

performances (Rehman et al., 2021). Learning Organization theory introduced by 

Senge (1990) described the process of innovation by stating the appropriate 

practices that are required for continuous learning and innovation for companies to 
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adjust and tackle uncertainties (Theriou & Chatzoglou, 2008). The theory also 

discusses the creation, acquisition, and transformation of knowledge needed to face 

the dynamic business environment (Garvin, 1993).  

 

Deriving from the concepts of Learning Organization, appropriate leadership and a 

suitable structure that supports innovation in a dynamic business environment are 

needed for companies to be ready for Industry 4.0. According to Donate and de 

Pablo (2015), leadership is an essential factor that sets the direction of a company 

for achieving its objective. More specifically, knowledge-oriented leadership is 

highly relevant to accomplish the goals of innovation performances, as every 

innovation implies the development and acquirement of new knowledge (Kianto et 

al., 2017). This leadership style focuses on knowledge creation, knowledge sharing, 

and knowledge application that are the crucial prerequisite of innovation. Therefore, 

it is considered a key enabler of innovation for any company. Additionally, it boosts 

innovation through actions with additional elements of motivation and 

communication (Donate & de Pablo, 2015). 

 

Organization structure is another important contributing factor of organization 

innovation. Waruwu et al. (2020) highlighted that an organization structure 

facilitates and enhances innovation. Therefore, an organization structure 

specifically leads to a decentralized management policy, creating more autonomy 

for employees, thus producing a high degree of freedom is considered suitable for 

innovative organizations. Also, in this era of fast changes and development 
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(Industry 4.0), innovative organizations should establish a structure that allows free 

flow of communication and fewer hierarchies that can usher quick and effective 

decision making (Cimini et al., 2020), all of which are referring to the core concepts 

of decentralized organization structure. 

 

The Malaysian manufacturing sector has been experiencing rapid evolution during 

the last few decades. The changes from mass production with the labor-intensive 

workforce to use technologies such as robotics for business efficiency, have been 

taken as a result of the consistent progress in automation (Ministry of International 

Trade and Industry [MITI], 2018). This technology-focused development, along 

with the emergence of Industry 4.0 is surpassing traditional business models, as well 

as national boundaries, since people nowadays are doing business at a much faster 

pace than before (Prince, 2017). To keep up the pace of these rapid changes, the 

companies require dynamic capabilities in form of innovation which can be 

achieved through right practices, allowing them to respond immediately to any 

possible challenges and complex situations (Teece et al., 1997). Hence, the 

application of dynamic capabilities in a key contributing sector (manufacturing in 

this case) is also important for the growth and development of Malaysia. 

 

1.1.1. Significance of Manufacturing Sector of Malaysia 

 

The Malaysian manufacturing sector is repositioning its future with the adoption of 

technologies. An established manufacturing sector paves the ways to improve 
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productivity, innovation capacity, job creation, and ultimately, economic prosperity. 

This sector is also important for Malaysia, as it is the second-largest GDP 

contributor (22.3%) towards the economy (Economic Planning Unit [EPU], 2015). 

The target of the Eleventh Malaysian Plan (11MP) is to stay on track and be resilient 

at all times in order to achieve the yearly Gross Domestic Product (GDP) targets. 

Thus, Malaysia needs to strengthen its manufacturing sector to match the pace of 

Industry 4.0.  

 

Internationally, Malaysia has experienced a relatively strong and competitive 

position in both the manufacturing and technological innovation sectors (Cornell et 

al., 2017). According to the 2016 Global Manufacturing Competitive Index, 

Malaysia was placed at the 17th position among 40 nations. It was also estimated 

that Malaysia could go four steps up into the 13th position by 2020 if it managed to 

adopt modern technologies (Giffi et al., 2016). Recently, the 2018 Future of 

Production Report provided a worldwide evaluation of 100 nations and positioned 

Malaysia in the “Leader” quadrant. The nations that are placed in the “Leader” 

quadrant are referring to the nations with a “strong current production base” and are 

also “positioned well for the future.” It is also exciting to state that Malaysia and 

China are the only two nations that are not from the high-income nations and were 

placed in the “Leader” quadrant (Kearney, 2018). On the advancement side, the 

2017 Global Innovation Index ranked Malaysia at the 37th position among 127 

nations, as well as 8th among the Asian countries (Cornell et al., 2017). 
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Besides, Malaysia aims to be in the leading innovative position for the future 

generation. The manufacturing industry has made Malaysia a well-known trading 

nation (MITI, 2018). Among 221 countries, Malaysia has also been ranked 19th as 

a world exporter with more than the two-third contribution from the manufacturing 

sector (Malaysian Investment Development Authority [MIDA], 2018; Simoes, 

2017). These statistics are impressive, but Malaysia is still facing challenges in the 

parallel transformation of businesses to Industry 4.0.  

 

Up until now, the manufacturing industry of Malaysia has performed a vibrant role 

in making the country a key player in the international value chain (Haraguchi et 

al., 2017). However, with the emergence of Industry 4.0 concepts, the key players 

of the manufacturing industry have to improve themselves in the fastest manner in 

order to maintain and to climb up in the current global competition race, in addition, 

to achieving economic development. Otherwise, other countries may perform better 

by adopting Industry 4.0 and will thus overtake Malaysia. Therefore, to embrace the 

visionary concept, it is vital to analyze the readiness of Malaysia in adopting the 

concepts of Industry 4.0 in the manufacturing sector, as well as to determine the 

awareness of stakeholders to reach the plan accordingly. 

 

1.1.2. Readiness for Industry 4.0 

 

The fast changes in the manufacturing landscape motivate the production sector to 

re-assess strategies and to remain insistent. In the context of Malaysia, industrial 
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experts see these changes as a new era of development and opportunity. The 

outcome of these changes for manufacturing companies is pushing the Malaysian 

government authorities to re-evaluate the functions that can lead to economic 

growth (MITI, 2018). The government is focusing on how to invest in technologies 

and increase advanced manufacturing. By facilitating the transformation of the 

manufacturing industry, Malaysia will ultimately increase the economic well-being 

of its citizens. 

 

The term “Readiness” means a state of being complete, prepared, or ready. It is also 

defined as “the ability to capitalize production opportunities, mitigate risks & 

challenges, be resilient and agile in responding to unknown shocks” (Kearney, 

2018, p. 5). In the review of the General Electric Global Innovation Barometer, the 

majority of Malaysians, in comparison to other professionals from all over the 

world, are positive (76% vs. 68%), confident (72% vs. 60%), and excited (67% vs. 

61%) about the prospects of implementing Industry 4.0 (Economic Intelligence 

[EI], 2018). A survey performed on more than 2000 participants from different 

sectors found that about 70% of the surveyed respondents planned to considerably 

increase their digital transformation level by 2020, while only about 33% of them 

ranked their current business as being digitally innovative (Geissbauer et al., 2016). 

The findings clearly showed the significance of readiness and its requirement for 

Industry 4.0. 
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Even though automation in manufacturing has been established for a long time, 

most of the Industry 4.0 concepts are not being applied yet. A few huge 

manufacturers and multinational companies, such as Keller und Knappich 

Augsburg (KUKA) and ASEA Brown Boveri (ABB), are already anticipating the 

benefits of this subject (Industry 4.0) (Adamu Yusuf, 2019). However, most of the 

local manufacturing companies do not consider this as of great significance, mainly 

due to low awareness of the benefits. Although these companies are likely to be the 

main players of this change (Bahrin et al., 2016), there is a risk of them being left 

behind if they remain conscious and hesitate to accept the implementation of 

Industry 4.0. 

 

Malaysia has the potential to stride towards Industry 4.0, especially with the 

adoption of advanced technologies in the manufacturing sector (Malaysian 

Industry-Government Group of High Technology [MIGHT], 2018). The federal 

government in the Eleventh Malaysia Plan (11MP) has intended to increase 

industrial productivity through a greater acceptance of technologies in companies 

and through a raise in efficiency by improving the skills of employees (Economic 

Planning Unit [EPU], 2015).  

 

The Malaysian government has also planned to spend approximately RM 210 

million to support the awareness and transition to Industry 4.0 for small-medium 

enterprises (MITI, 2018). They have come up with technology-oriented projects to 

encourage the adoption of the latest technological innovations in regional markets. 
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MIGHT (2018) presented an initiative to tackle the country’s needs in responding 

to the results of globalization and through the fast use of technology. In this 

initiative, various programs, such as the acquisition of technology, as well as 

nurturing the capacity development of companies and employees, are included. 

Malaysia targets to be at the leading position in future with technological innovation 

through such projects that are initiated by the government. 

 

The set-ups of Malaysia-Korea collaboration and Robotics programs aim to 

exchange knowledge and techniques crucial for the development of human capital. 

Another official collaboration is formed between the Malaysian Institute of 

Microelectronic Systems (MIMOS), a national research and development (R&D) 

center in Information and Communication Technology (ICT) of Malaysia, and 

China for smart manufacturing technology research programs. Along with other 

continuous projects, the Malaysian government is putting efforts to create the right 

system for manufacturing companies in order to transform the traditional 

manufacturing methods and follow the newest technological innovation to ensure 

that they can stay competitive worldwide (Bahrin et al., 2016).  

 

The MITI took some pre-emptive measures for the purpose of transforming the 

Malaysian manufacturing sector. One initiative is “The National Policy on Industry 

4.0” which was introduced in 2018 to achieve the country’s economic goals. The 

philosophy behind the policy is to attract patrons to Industry 4.0, mainly for the 

improvement of procedures and implementation of new technologies. Moreover, 
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the program supports and creates the right environment for technology adoption 

and transformation of manufacturing capabilities for the readiness to embrace 

Industry 4.0 (MITI, 2018). However, the concept of Industry 4.0 is too broad and 

therefore requires a complete restructuring of the existing manufacturing system. In 

current research, some important factors essential for manufacturing companies to 

play their role in the transition phase of Industry 4.0 are analyzed and discussed. 

 

1.1.3. Shift Factors for Industry 4.0  

 

Developing countries need to embark on the journey of Industry 4.0, first by 

transforming their manufacturing sector. For this purpose, the major shift factors, 

including People, Process, and Technology, are identified as important components 

in manufacturing companies (MITI, 2018). World Economic Forum [WEF] (2018) 

has also identified technology and human capital as the key drivers of Industry 4.0. 

Companies are comprised of a group of people (employees), thus their success is 

highly dependent on their employees' performances, management, and how they are 

controlled (Hecklau et al., 2016).  

 

For Industry 4.0, people (human capital) should be the main priority of every 

company (MITI, 2018). The most important part for human capital is leadership, as 

this treats people as an asset and promotes knowledge-sharing behavior for 

innovation (Leroy et al., 2018). Therefore, Industry 4.0 requires leadership with 

knowledge-oriented advantage and has as an extra motivational element. These can 
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ensure the development of human capital and provide supports to existing talents 

that are needed for the achievement of the company’s objectives (Agarwal, 2017). 

Besides, the demographic shift is making Malaysia an aging society (Institute of 

Labour Market Information and Analysis [ILMIA], 2017). The aging workforce is 

a critical factor for companies in the context of Industry 4.0 (Shamim et al., 2016). 

The difference between birth and death rates may affect the progress towards 

Industry 4.0 implementation, if not handled tactfully. In addition, Malaysia may 

also face the reduction of young employees’ workforce due to this demographic 

change. 

 

Secondly, the improvement of whole business processes in manufacturing is a key 

for Industry 4.0 readiness. The concept of Industry 4.0 is not about adopting new 

technologies only, but it also includes modifying business processes responsively 

(Hecklau et al., 2016). The rapid transformation of processes is crucial for future 

manufacturing competitiveness to ensure its contribution to the nation’s economic 

prosperity. Therefore, reforming processes is critical in helping manufacturing 

companies to produce highly customized products, along with efficient services. 

Additionally, this smart production concept requires continuous innovation 

(Mohelska & Sokolova, 2018). Thereby, to support continuous improvement in 

processes, the climate of innovation coupled with suitable practices like knowledge-

oriented leadership and decentralized organization structure, is important (Shamim 

et al., 2016). 
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Finally, to use the full potential of Industry 4.0, all the companies need to adopt new 

technologies. Moreover, they have to find a balance between people, processes, and 

technology (Dworschak & Zaiser, 2014). “People” refers to the workforce that is 

led and motivated by knowledge-oriented leaders, “Process” refers to the flexibility 

to support the transformation of manufacturing towards a new industry paradigm, 

while “Technology” is used to assist smart manufacturing. Most importantly, the 

requirement of technology with an aging workforce should be synchronized for 

industrial competitiveness (Schinner et al., 2017). The readiness for Industry 4.0 

can only be achieved if all the three shift factors are aligned with the requirement 

of Industry 4.0. 

 

1.2. Problem Statement 

 

The importance of learning for the progression of companies has become 

increasingly relevant, in line with the development of Industry 4.0 concepts. It 

conceptualizes the ability of a company to stay advanced and competent in the 

market through the development and acquisition of knowledge (Serban, 2021). 

Nowadays, knowledge is considered a primary source for creating an advantageous 

competitive environment (Sadeghi & Rad, 2018). Hence, various companies are 

looking for a solution to achieve and maintain this competitive advantage. 

Academical and industrial experts suggested knowledge-oriented leadership be 

executed in companies to attain advantage (Obeidat & Abdallah, 2014; Hatane, 

2015), as it plays a vital role in the creation, storage, and application of knowledge 
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(Donate & de Pablo, 2015). Such leaders are devoted to facing challenges, 

advocating innovation, and maintaining competitiveness with their skills of 

managing knowledge, specifically by considering it as the asset of a company. 

 

In this new era of development, more and more companies are moving towards 

smart manufacturing. The notion of advanced manufacturing is to align with 

forthcoming and digital production systems (Erol et al., 2016). It is clear these 

idealistic ideas lead to complexities, (either technical or operational) throughout the 

organizational levels (Erol et al., 2016). These challenges can only be tackled 

through appropriate practices, for example, knowledge oriented leadership and 

appropriate structure of organization (Gilchrist, 2016; Shamim et al., 2016). Yet, in 

the context of innovation and Industry 4.0, the prior literature has mainly discussed 

the problems and opportunities associated with this concept. Most of the published 

research on this topic does not pay much attention to organizational practices, such 

as knowledge-oriented leadership, even though this is an influencing factor that 

facilitates changes (organization innovation) for Industry 4.0 (Shamim et al., 2016).  

 

Companies that can deal with the complexities of new production systems will be 

able to withstand and survive these industrial changes (Erol et al., 2016). However, 

it is not simple for the companies to adopt smart manufacturing, as digital changes 

are usually associated with innovating challenges (Hecklau et al., 2016). The 

complexity of these intelligent manufacturing systems leads to uncertainty about 

the organizational practices in achieving organization innovation. According to 
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Ivanov et al. (2016), when the future directions of an organization are unclear and 

complex, then the company needs to come up with new and appropriate practices to 

cope with these challenges. Two of the vital practices that can develop innovation 

capacity are “knowledge-oriented leadership and decentralized organization 

structure” (Shamim et al., 2016).  

 

However, there is lack of investigation on specific leadership style; knowledge-

oriented leadership and appropriate structure of organization that support 

organization innovation and upcoming rapid technological shift important to 

achieve Industry 4.0 (Shamim et al., 2016). Thereby, a research with the Malaysian 

setting is required to determine the practices and contributing factors for innovative 

organizations in Industry 4.0 (Abdullah et al., 2017). The scarcity of empirical 

research in context of knowledge-oriented leadership and innovation has also been 

emphasized by Naqshbandi and Jasimuddin (2018). It was also recommended by 

Malaysian researchers, Mohelska and Sokolova (2018) to carry out more research 

on leadership and structure in the assistance of organizational innovation for 

effective implementation of Industry 4.0. 

 

On the other hand, the fast-advancing pace of technology has changed the nature of 

projects. These projects are now categorized as short development period projects. 

The high rate of changes in technology and processes thus requires the continuous 

innovation of manufacturing companies (Shamim et al., 2016). Advanced countries 

that rely on the manufacturing sector are also trying to reinvigorate and seek 
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innovative solutions in terms of production techniques so that they can compete 

globally (Lee et al., 2014).  

 

The manufacturing companies of Malaysia should also make innovation a part of 

their routine and develop long-term abilities that can assist in the achievement of 

Industry 4.0. Industry 4.0 can only be possible with the help of knowledge-oriented 

leadership and additional support of decentralized organization structure, as only 

these two factors have the potential to influence changes positively (Shamim et al., 

2016). Ultimately, innovative organizations can endure in the vibrant business 

conditions of Industry 4.0.  

 

Along with the opportunities that are presented by innovation, more resources and 

high-risk sustainability are required, but all these lead to managerial challenges. 

Therefore, the adoption of innovation should be handled and implemented after 

tactful analysis. Past literature usually emphasizes the direct effects of organization 

innovation (Akbar et al., 2020; Chan et al., 2019; Sharma et al., 2016), but very few 

studies discussed the mediating role of innovation according to different 

organizational aspects and overall performances (Anning-Dorson, 2018; Uzkurt et 

al., 2013). Umrani and Johl (2018) also highlighted the mediating role of 

organization innovation to achieve organizational goals. However, the indirect roles 

of organization innovation, its antecedents, and consequences still required 

examination (Zafar & Mehmood, 2019). Therefore, the roles need to be addressed 
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and confirmed so that the possible risks of manufacturing companies from being 

left behind in Industry 4.0 adoption can be reduced. 

 

According to Akdil et al. (2018), projects that are associated with Industry 4.0 are 

much costly with a lot of risks involved. The main issue regarding this concept is 

the lack of information from the manufacturing companies regarding Industry 4.0 

concepts. In an industry-wide survey conducted by Schumacher et al. (2016), a wide 

range of problems, such as the lack of strategic guidance and perception of highly 

complex Industry 4.0 concepts, companies are uncertain about the outcomes of 

Industry 4.0 (in terms of benefits), and most importantly, the companies failed to 

assess their readiness for Industry 4.0, were identified as the factors that impaired 

the practices of Industry 4.0. 

 

Several developed countries have demonstrated resilience in Industry 4.0 

acceptance, but this concept in emerging countries' settings have seldom been 

investigated (Fatorachian & Kazemi, 2018). Especially in Malaysia, the 

manufacturing companies are still in the initial stages of their understanding of 

Industry 4.0. Large multinational companies may have experienced the readiness 

for Industry 4.0 based on the information passed down from their overseas offices, 

but they may not have truly applied these concepts in Malaysia (Rajagopal et al., 

2018). According to the policy prepared for Industry 4.0, there is less knowledge 

available among the manufacturing companies on the effects and needs for Industry 

4.0. Moreover, they have lesser know-how about readiness to embark on Industry 
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4.0 and the shortage of skilful talents in the area of new technologies used in the 

manufacturing industry (Ministry of International Trade and Industry [MITI], 

2018). Since many of the companies are struggling in the transition phase, hence 

the research on assessment and guidelines for their readiness are highly 

recommended and called for. 

 

To encourage and spread awareness among the manufacturing companies, the 

Malaysian government has recently announced its National Policy for Industry 4.0. 

The policy has highlighted several issues, including a limited understanding of 

manufacturing companies about their readiness, the lack of awareness for Industry 

4.0, and many more (Ministry of International Trade and Industry [MITI], 2018). 

Therefore, in the direction of becoming competitive, the manufacturing companies 

need to know about readiness for Industry 4.0 (Juhary, 2019). The knowledge that 

can be provided to manufacturers through guidelines for their readiness help them 

in finding ways forward to Industry 4.0 implementation (Akdil et al., 2018). 

 

Although the subject of Industry 4.0 has become prominent among most of the 

research centers and companies (Dais, 2017; Drath & Horch, 2014; Hermann et al., 

2015), there are not many research for Malaysian academicians and practitioners. 

Recent research on Industry 4.0 conducted in Malaysia that analyzed the technology 

adoption and readiness issues for industry 4.0 was from the automotive and 

information technology sectors only (Maavak & Ariffin, 2018; Soomro et al., 2021). 

Besides that, a few researchers on this topic highlighted the possible challenges but 
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were related to learning in the academic sector (Juhary, 2019; Maavak & Ariffin, 

2018; Mudin et al., 2018). So, by considering the importance of the manufacturing 

sector, as well as Industry 4.0 for Malaysia, the study on the readiness for Industry 

4.0 of associated companies is in demand. 

 

In parallel to the benefits contributed by the advancement of technologies, there are 

major challenges that are directly affecting the workers and the nature of works 

(Romero et al., 2016). The challenges are not only associated with the adoption of 

technology but also with the availability of qualified and trained employees in 

companies (Schumacher et al., 2016). The key challenge ahead that impacts the 

availability of human resources is due to a demographic shift in Malaysia (Institute 

of Labour Market Information and Analysis [ILMIA], 2017). The difference 

between birth and death rates creates workforce problems for the Malaysian 

manufacturing companies, especially with an increased in the aging workforce 

(Romero et al., 2016). 

 

The aging workforce is considered the most influencing challenge faced by a 

country. More old workers on the jobs can affect the outcomes of a company. This 

will not only cause a problem for the businesses but for the individuals as well. 

Older working individuals experience problems in their functional capacity, 

proficiency, motivation, trainability, working ability, and unemployment. Similarly, 

businesses with aging employees also face various problems, such as efficiency, 

competitiveness, absentees, tolerance for change, work organization, workplace 
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environment, and recruitment (Rahim et al., 2018). Therefore, the aging workforce 

is an important subject, with relevant literary works that have been considerably 

grown over the past several years (Pease, 2017). 

 

The Malaysian manufacturing sector, as a top employment provider as well, has 

crucial responsibility to tackle these problems effectively (MITI, 2018). According 

to Hecklau et al. (2016), this social challenge (aging workforce) is highly important 

and requires further investigations and actions. Rietzschel and Zacher (2015) also 

believed that more research regarding innovation and the moderating role of the 

aging workforce in companies are required. Hence, it is recommended to understand 

the moderating effects of an aging workforce with innovation and technological 

changes that are brought by Industry 4.0 (Hitt et al., 2017). 

 

1.3. Questions of the Research 

 

The following research questions are formulated from the research gap: 

 

1. Is there a positive relationship between knowledge-oriented leadership and 

organization innovation? 

2. Is there a positive relationship between decentralized organization structure 

and organization innovation? 

3. Is there a positive relationship between organization innovation and readiness 

for Industry 4.0? 
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4. Is there a positive relationship between knowledge-oriented leadership and 

readiness for Industry 4.0? 

5. Is there a positive relationship between decentralized organization structure 

and readiness for Industry 4.0? 

6. Does the aging workforce moderate the relationship between organization 

innovation and readiness for Industry 4.0? 

7. Does the organization innovation mediate the relationship between 

knowledge-oriented leadership and readiness for Industry 4.0? 

8. Does the organization innovation mediate the relationship between 

decentralized organization structure and readiness for Industry 4.0? 

 

1.4. Objectives of the Research 

 

The following research objectives are formulated from the research questions: 

 

1. To examine the positive relationship between knowledge-oriented leadership 

and organization innovation. 

2. To examine the positive relationship between decentralized organization 

structure and organization innovation. 

3. To examine the positive relationship between organization innovation and 

readiness for Industry 4.0. 

4. To examine the positive relationship between knowledge-oriented leadership 

and readiness for Industry 4.0. 
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5. To examine the positive relationship between decentralized organization 

structure and readiness for Industry 4.0. 

6. To examine the moderating effect of the aging workforce between 

organization innovation and readiness for Industry 4.0. 

7. To examine the mediating effect of organization innovation between 

knowledge-oriented leadership and readiness for Industry 4.0. 

8. To examine the mediating effect of organization innovation between 

decentralized organization structure and readiness for Industry 4.0. 

 

1.5. Significance of the Research 

 

The concept of Industry 4.0 is picking up the pace among researchers and 

practitioners. The immense benefits of Industry 4.0 from routine work include, but 

are not limited to, the usage of data and statistics as primary abilities linked with 

technologies to provide customized solutions to the end-users (Prince, 2017). 

Various manufacturing companies are now suggesting the carrying out of Industry 

4.0 idea to create smart industries. 

 

Knowing the importance of the manufacturing market in securing their future 

industrial state, many nations, including Malaysia, have released Industry 4.0 

related policies. These policies include related guidelines and programs that support 

the research and development, in addition to the implementation of technological 

innovation and procedures for the readiness of Fourth Industrial Revolution 
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(Industry 4.0). This current research is also a small effort to contribute in multiple 

ways to the development of the Industry 4.0 concept. 

 

1.5.1. Theoretical Significance 

 

Industry 4.0 is considered an important factor and has recently become prominent 

among the research centers (Dais, 2017; Drath & Horch, 2014; Hermann et al., 

2015). However, there is still not much data and direction for the Malaysian 

academicians and practitioners to analyze and discuss on. Recent research on 

Industry 4.0 conducted in Malaysia analyzed the readiness of the automotive and 

information technology sector only (Maavak & Ariffin, 2018; Soomro et al., 2021). 

Hence, there is a lack of studies available on the readiness of Industry 4.0 in the 

manufacturing sector, especially in the Malaysian setting. As a result, it is crucial to 

explore this concept further for better understanding and achieving maximum 

benefits, largely by contemplating the significance of Industry 4.0 for the 

manufacturing sector. To the best of the researcher’s knowledge, current research 

study is the earliest attempt to examine the conceptual foundation of readiness for 

Industry 4.0 in the Malaysian manufacturing industry. 

 

Secondly, it is an effort to draw the attention of researchers towards the role of 

organizational approaches, namely “knowledge-oriented leadership and 

decentralized organization structure”, as these factors are unheeded before in the 

technological perspective for Industry 4.0 (Shamim et al., 2016). The examinations 
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of the relationships between antecedents of organization innovation; “knowledge-

oriented leadership, and decentralized organization structure” may add a 

noteworthy contribution to the existing literature. 

 

Thirdly, the findings from current research may contribute to the Industry 4.0 

literature by examining the mediating role played by organization innovation for 

“knowledge-oriented leadership and readiness for Industry 4.0” and “decentralized 

organization structure and readiness for Industry 4.0”. The existing literature mostly 

discussed the direct effects of organization innovation (Akbar et al., 2020; Chan et 

al., 2019; Sharma et al., 2016), but very few studies have focused on the mediating 

role of innovation with different organizational aspects and overall performances 

(Anning-Dorson, 2018; Umrani & Johl, 2018; Uzkurt et al., 2013). Therefore, the 

indirect role of organization innovation, its antecedents, and consequences are still 

unexplored and are thus of high interest for future researchers (Zafar & Mehmood, 

2019). In conclusion, the examination of the mediating role of organization 

innovation is reflected as the important point of this research and may add a valuable 

contribution to the body of knowledge.  

 

Fourthly, the current research attempts to advance the existing literature by 

examining the moderating role of an aging workforce. Prior researchers have 

frequently utilized the age variable as a moderator while assessing the adoption of 

technology (Tarhini et al., 2014). However, in the context of “Industry 4.0”, that is 

yet to be widely adopted, even though the aging workforce is highly relevant and 
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requires further research and action to understand its impacts (Hecklau et al., 2016; 

Hitt et al., 2017; Rietzschel & Zacher 2015). Thus, the moderating role of the aging 

workforce will be an essential lead for the researchers in understanding the new 

demographic shifts in the era of Industry 4.0. 

 

Lastly, taking into account of Learning Organization and Dynamic Capability 

theory, current research presents the prospect to identify organizational approaches 

that are required for a manufacturing company to become responsive in order to 

counter any upcoming challenges caused by Industry 4.0. Past literature on Learning 

Organization theory discussed the model with some common actions (Hatane, 

2015), including empowerment for employees, promoting dialogue, suitable 

leadership, and sharing culture. Filstad and Gottschalk (2010) also examined some 

values, such as openness, knowledge orientation, and changes in the Learning 

Organizations context. The theoretical application to examine the organization 

practices (knowledge-oriented leadership and decentralized organization structure 

in this case) in order to determine these actions and values required for organization 

innovation and Industry 4.0 have not been made before. 

 

1.5.2. Practical Significance 

 

The embracement of the Industry 4.0 concept is a chief concern for all businesses 

and national stakeholders. With the help of this, the major sector (manufacturing) 

that contributes to the economy can flourish and prosper, while the industries that 
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adopt Industry 4.0 advancements may have a competitive edge over global 

competitors. Therefore, current research is important to provide useful 

understandings from a managerial perspective and to reassess their companies’ 

strategies. It allows them to find appropriate organizational approaches that are 

required in the prospect of Industry 4.0. The aim of current research is to provide a 

practical contribution to the businesses and stakeholders, as well as policymakers. 

 

At present, the companies are seeking ways to improve innovation to acknowledge 

the industrial trends that occur with a fast shift in technologies and processes. 

Current research will help the Malaysian manufacturers to determine the 

contributing factors that promote innovation for the readiness of Industry 4.0. By 

knowing the enablers for readiness, the knowledge will help the manufacturers in 

analyzing their company strategies and in developing plans for projects accordingly 

to meet the pace of the market. In addition, it will also assist in identifying the gaps 

and improvement areas required for Industry 4.0 transformation. 

 

Besides, Malaysia is expecting an increase in the aging workforce. Thus, the 

imperative findings regarding the role of the aging workforce will help the decision-

makers and authorities to prepare related strategies. Apart from that, the current 

research will spread awareness about the significance of this concept (Industry 4.0) 

by highlighting the beneficial impacts for the manufacturing industry and economy 

of the country. The stakeholders and policymakers, including the Ministry of 

Finance (MOF), Ministry of Science Technology Innovation (MOSTI), Ministry of 
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Human Resource (MOHR), and Ministry of Education (MoE), are crucial decision-

makers. The results may provide an opportunity for these government groups to 

formulate strategies and policy enforcement for Industry 4.0 that includes but is not 

limited to budget allocation, infrastructure development, technology adoption, 

talent acquisition, and research. The goal is to raise economic well-being of 

Malaysians by facilitating changes in manufacturing sector. Accordingly, the 

current research will offer several ways to achieve the long-term economic 

objectives of the manufacturing industry and country through the implementation 

of Industry 4.0. 

 

1.6. Scope of the Research 

 

The motivation of current research is to analyze the function of organization 

innovation in helping the companies to prepare for Industry 4.0, more specifically, 

the manufacturing companies of Malaysia. The framework also contributes to 

addressing the practices of manufacturing companies that are suitable for 

organization innovation. Additionally, the research offers an empirical and 

theoretical investigation in the top-performing sector of Malaysia for its readiness 

for Industry 4.0. Furthermore, the current research investigates the organizational 

practices that are valuable in improving innovation performances as a means to 

support fast changes due to technological advancement. 
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In light of Learning Organization and Dynamic Capability theory, current research 

emphasizes the practices that affect organization innovation and play crucial roles 

in matching the pace of Industry 4.0. The practices are mainly about “knowledge-

oriented leadership” and “decentralized organization structure”. Hence, they can 

be analyzed to support innovation and preparation for Industry 4.0. Importantly, the 

intervening impact caused by organizational innovation and the moderating role of 

the aging workforce are of high interest. 

 

With the recent introduction of the Malaysian Industry 4.0 policy framework, it is 

intended that the findings of this research will contribute to dealing with the various 

challenges that may occur during the development of the new industrial shift. In 

addition, the findings will help the stakeholders to achieve the policy goals in an 

effective manner and work as a guide for the manufacturing companies of Malaysia 

in applying the best practices that support advantageous changes. 

 

1.7. Operationalized Definition of Variables 

 

Table 1.1 presents the definitions of variables that are included in this research. 

Total five variables including two independent variables, one dependent variable, a 

mediator, and moderator are defined below. 
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Table 1.1 

Definition of Variables 

Continued next page 

Variable Definition Author 

Knowledge-

Oriented 

Leadership 

“Knowledge-oriented leadership is based on a 

mixture of transformational and transactional 

leadership styles, along with communication 

and motivational elements. It includes 

knowledge creation, transfer, storage and 

application.” 

Donate and 

de Pablo 

(2015, p. 2) 

Decentralized 

Organization 

Structure 

 

“This structure seeks to reduce the hierarchy and 

distribute more decision-making authority to a 

greater number of employees. It enables 

companies to become more flexible and to better 

handle unanticipated events.” 

O’Grady 

(2019, p. 

225) 

Organization 

Innovation 

“Organization Innovation is conceived as a 

means of changing an organization, either as a 

response to changes in the external environment 

or as a pre-emptive action to influence the 

environment. Hence, innovation includes new 

product or new service and new process or new 

technology.” 

Baregheh, 

Rowley and 

Sambrook 

(2009, p. 

1326)  

Industry 4.0 

 

“Industry 4.0 refers to recent technological 

advances where the internet and supporting 

technologies (e.g., embedded systems) serve as 

a backbone to integrate physical objects, human 

actors, intelligent machines, production lines 

and processes across organizational boundaries 

to form a new kind of intelligent, networked and 

agile value chain.” 

Schumacher 

et al. (2016, 

p. 162) 
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1.8. Thesis Organization 

 

The current thesis is organized into five chapter. Chapter one outlines the 

background of research including, problem statement, research questions and 

objectives, significance of the research and identifying the scope of the research. A 

comprehensive review of variables including “knowledge-oriented leadership, 

decentralized organization structure, organization innovation, readiness for 

Industry 4.0, and aging workforce” has been presented in Chapter two. Moreover, 

the five direct hypotheses and two indirect hypotheses have been deduced from 

literature. Chapter 3 explains the methodology adopted in current research that 

contains research philosophy, research approach and research design. A data 

collection method and sample technique have also been described as well. 

Furthermore, the development of measurement scale, data analysis comprises 

measurement and structural model have been discussed. Chapter four presents the 

descriptive and inferential results to confirm the hypotheses. Finally, chapter five 

discusses the results and accomplishment of objectives, followed by research 

contribution, limitations and future recommendation. 

 

Readiness for 

Industry 4.0 

“It is the ability to capitalize production 

opportunities, mitigate risks and challenges, and 

be resilient and agile in responding to unknown 

shocks” 

 

Kearney 

(2018, p. 5) 

Aging 

Workforce 

The “aging workforce” are workers with age 55 

years or above. 

Murthy,  et 

al. (2019) 
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1.9. Summary 

 

This chapter outlined the introduction to the thesis. It starts with the background and 

overview of Industry 4.0, manufacturing sector significance; its readiness, and shift 

factors of Industry 4.0. The second section of this chapter has addressed the research 

problem and the research gap from the extant literature. The third section includes 

research questions and research objectives. Research significance and research 

scope are discussed in the next section. Finally, the definition of variables and 

summary of the chapter is provided. The following chapter will discuss the literature 

relevant to current research objectives and questions.
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CHAPTER 2 

 

2.0 LITERATURE REVIEW 

 

2.1. Introduction 

 

This chapter has discussed the existing literature of understudy variables and 

relationships.  The first section contains the background of industrial revolutions. 

The second section explain the underpinning theories. Followed by review of 

variables and hypotheses development. Finally, the research framework is 

presented. 

 

2.2. Background of Industrial Revolutions 

 

Industrialization is the modification of products and services according to the needs 

of humans. The revolution of industrialization emerged from Britain in the 1800s 

and spread across Europe and America. According to Olsson and Yuanjing (2018), 

the first industrial revolution occurred during the age of steam, as when in 1784, the 

first machinery was created. The second revolution occurred during the age of 

electricity in 1870 when the first slaughterhouse was made. The third revolution 

occurred in 1969 and was about transformation when the programmable logic 

controller was introduced. The fourth industrial revolution concept was introduced 
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in 2013 based on Cyber-Physical Systems. The history of the industrial revolution 

is as follows: 

 

2.2.1. First Industrial Revolution 

 

The First Industrial Revolution started to show its impact in Britain between 1750 

and 1830 (Kelly & Ó Gráda, 2019). With mechanization, steam and coal were used 

instead of timber, thus creating the ability to move and transport products to the 

manufacturers. In this “Mechanization Age”, also known as the period of new 

technological innovation (Bolat & Bas, 2018), steam energy played a crucial role in 

delivering coal and heavy machines. The use of energy sources, such as coal, iron, 

and steam, has also multiplied railway development. 

 

Due to these developments, people shifted from villages to urban areas to work in 

industries. The consumption classes of products also shifted, as the products 

produced were not just for royal family members only, but also for the capitalist 

class. From the unique production of products that catered for royal family members 

in European countries in the 16th and 17th centuries, the commercial trend was 

created. By 1900, the production was able to cater to growing middle classes. So, 

more people were able to own a household full of products and to travel by 

themselves to nearby cities, setting new demand for vehicles (Daemmrich, 2017). 
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2.2.2. Second Industrial Revolution 

 

This second industrial revolution emerged mainly from the use of electricity in 

manufacturing systems and the application of electric energy in assembly lines. The 

power-driven set ups in the production system first began with the installation for 

slaughtering procedures in the abattoir. These assembly lines were introduced in 

1870 with a slaughterhouse located in the USA (Harteis, 2018). Small rail-type carts 

were used to chop various meats. The lever system then carried the chopped meats 

to each of the employees waiting at the station. In the next decades, Henry Ford 

applied the same concept at the “Ford Motor”. Ford's huge industrial manufacturing 

and electronically operated system have quickly boosted industrialization. The 

second revolution thus led to new requirements to provide infrastructure from the 

government. The trend of jobs has moved toward manufacturing, and by 1916, 

about one-third of the population in America worked in manufacturing 

(Daemmrich, 2017). 

 

2.2.3. Third Industrial Revolution 

 

The first revolution was the mechanization of production, and the second was the 

serialization of production. The Third one is defined as the automation of 

production. In this interval, science developments, such as computer systems, 

microelectronics, fiber optics, and lasers, have changed the ways of manufacturing. 

Markets have been globalized with improvements in communication and transports. 
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One of the basic improvements is the idea of sustainability that was introduced due 

to the reduction of world resources (Özüdoğru et al., 2018). Table 2.1 below 

summarizes the technological advancements and the year of their emergence. 

 

Table 2.1 

Summary of Industrial Revolutions 

Year Revolutions Technology 

1784 First Industrial Revolution 

(Industry 1.0) 

Mechanical weaving loom 

1870 Second Industrial Revolution 

(Industry 2.0) 

Assembly line introduced 

1969 Third Industrial Revolution 

(Industry 3.0) 

The programmable logic control 

system 

2013 Fourth Industrial Revolution 

(Industry 4.0) 

Cyber-Physical Production 

System 

Note. With every new revolution complexity level in operations increases 

 

2.3. Review of Industry 4.0 

 

Undoubtedly, the non-renewable resources and environmental issues have 

generated a need for alternative power sources, such as solar and wind-powered 

electricity. However, innovations that were not even possible before and advanced 

aspects of technologies, such as the Internet of Things and Smart Manufacturing, 

have emerged during the 4th Industrial Revolution known as Industry 4.0. Smart 

Manufacturing creates plans for all the units that are associated with manufacturing 

to work together directly or indirectly in partnership, meaning that machines will be 
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using Artificial Intelligence and self-configuration to complete the complex tasks 

as an approach to deliver low-cost, high-quality products (Bahrin et al., 2016). The 

idea is to strengthen the manufacturing sector with the implementation of Industry 

4.0 concepts. It highly impacts manufacturing sector by revamping production 

system and developing new products and services. The prediction is that Industry 

4.0 has essential impacts on the economies of many nations (Davies, 2015; 

Özüdoğru et al., 2018).  

 

Currently, Industry 4.0 is a trending topic and many research studies are debating 

its applications (Fatorachian & Kazemi, 2018; Kolberg et al., 2017). Almost all 

country researchers from developed countries like Germany, the United Kingdom, 

the United States of America, Japan, China & Russia and developing countries 

namely Malaysia, Singapore, Thailand & Pakistan have tried to contribute to this 

meaningful concept. The extant literature discussed different aspects of Industry 

4.0, however there is still lack of research with managerial perspective as well as 

comprehensive understanding of manufacturing (Piccarozzi et al., 2018; Schneider, 

2018). 

 

The concept of Industry 4.0 was started in 2011 from hannover fair for high-tech 

strategy, with a purpose to improve the manufacturing sector (Kuo et al., 2019). 

Since then, this concept has been adopted by many countries to improve their 

manufacturing sector especially. According to Sarbu (2022), the adoption of 

industry 4.0 is of much importance for Germany. It is leading country with deep 
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roots in industry which enables it for Industry 4.0. Due to smart factory and other 

innovative concepts Germany is leader for other countries who wants to adopt 

industry 4.0 (Crnjac et al., 2017). 

 

The United Kingdom is also geared up for Industry 4.0 implementation. Infect, all 

European Union are trying to implement strategies for the adoption industry 4.0 

technologies. These policies are prepared to target digitalization and to motivate all 

countries for adoption at country level. During last decade, 25 major plans were 

introduced specifically for Industry 4.0. The examples of those policies are but not 

limited to “Digital Single Marker, Strategy Europe 2020 & Digital Innovation 

Hubs” (Teixeira et al., 2022; Liao et al., 2017). 

 

In the United States of America, Industry 4.0 has developed its roots with the 

announcement of Advanced Manufacturing Partnership policy. The purpose is to 

build local manufacturing capabilities, enabling innovation, securing talent, invest 

in new advance technologies including robotics & develop energy efficient 

manufacturing system (Kuo et al., 2019). 

 

China has announced its policy plan of 10 years in 2015 to improve production 

system. It is to be done by innovation-based manufacturing, prioritizing quality over 

quantity, attract talent and improve environment. This plan is first stage of grand 

three-stages plan. The goal is to promote Made in China by providing quality 

products, creating more China brands, improve manufacturing capability, develop 
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new materials, and produce key components of major products around the world 

(Li, 2018). 

 

From developing countries, Thailand has introduced Thailand 4.0 by dividing their 

industries into two categories “S Curve and New S Curve” in order to build them 

under their national plan. Moreover, the Eastern Economic Corridor (EEC) was also 

inculcated under industry 4.0 to transform industry and build strong connectivity 

between ASEAN countries. (Kohpaiboon, 2020). Whereas Pakistan is on initial 

stages of Industry 4.0 preparation. The stakeholders are focusing on improvement 

of current system by introducing new technologies. But they have to build capacity 

and capability first to match the requirements of industry 4.0. The policy is yet to 

be published; however, the awareness and research interests are getting wider.  

 

Malaysia has introduced “Industry 4wrd” an Industry 4.0 policy in 2018. The 

purpose behind is to improve manufacturing system, The formula is to follow 

“ACT” policy, where “A” is to “attract” stakeholders for the improvement of 

procedures and implementation of new technologies. “C” for “creating” favorable 

environment for adoption of industry 4.0 concepts and “T” for “transforming” 

manufacturing abilities for change. (MITI, 2018).  

 

To reap maximum benefits from industry 4.0, countries should start moving towards 

transformation. Currently, almost every country is trying to step into this 
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meaningful transformation without any delay. Few developed and developing 

countries’ revitalization plans are listed below in Table 2.2. 

 

Table 2.2 

Industry Revitalization Plan (Industry 4.0) 

Country Plan Reference 

Germany Industrie 4.0 Kuo et al. (2019) 

USA Advanced Manufacturing Partnership 

(AMP) 

United 

Kingdom 

Future of Manufacturing 

Japan Industrial Value Chain Initiative” 

Republic of 

Korea 

Strategy for Innovation in manufacturing 

industry 3.0 

China Made in China 2025 

Taiwan Productivity 4.0 

Malaysia Industry 4wd 

Thailand Thailand 4.0 

Australia The Next Wave of Manufacturing Teixeira and 

Tavares-Lehmann 

(2022) 

Korea Manufacturing Innovation 3.0 Strategic 

Action Programme 

India Make in India 

Singapore Research, Innovation and Enterprise 2020 

Plan 

Brasil Plano de CT&I para Manufatura 

Avançada no Brasil – ProFuturo 

Russia Digital Economy 

France La Nouvelle France Industrielle 

South Africa Manufacturing Indaba 

 

 

2.3.1. Challenges of Industry 4.0 

 

Although every country is trying to put all in and grab the opportunities which 

Industry 4.0 brings along, yet there are some challenges that slowed down its 
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adoption. A literature review is conducted to identify the challenges that developed 

and developing countries are facing during the transformation. 

 

Though many developed countries like Germany, USA and Japan have already 

implemented most part of Industry 4.0 practices, still they face challenges during 

the transformation process. The list of challenges relevant challenges in context and 

scope of current research have been highlighted in Table 2.3.  

 

Table 2.3 

Challenges for Industry 4.0 Transformation 

Challenges Countries References 

Lack of Strategy, Resource Scarcity, Lack of 

Standards, Poor Data Security, Market 

Volatility, Short-term Innovation, Complex 

Processes, Difficult Transformation, 

Competition, Human resources, Customer 

Orientation, Financial Constraint, Immature 

IT, Management Support, Lack of skill, 

Resistance to Change, Complexity, Time 

Taking, Costly, Risk, Complexity, Talent 

Acquisition, Talent Retention, Lack of 

Awareness, Training of Employees, Gaining 

confidence of employees, Inadequate Skill, 

Demographic Issues, Social Issues, Ethical 

Germany, 

Japan, 

China, 

USA, 

Russia, 

India, 

Thailand, 

Malaysia, 

Schröder (2016); 

Kiel et. al. (2020); 

Prause (2019); 

Stachová et al. 

(2019); Zhou et al. 

(2015); James, et 

al. (2022); Sony et 

al. (2021); Yadav 

et al. (2020); 

Shamim et al. 

(2016); Moktadir 

et al. (2018); 

Ghobakhloo, 
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Issues, Huge Cost, Data Security, Lack of 

Skills, Internet Connectivity, Poor 

Management, Aging Society, Shorter 

Product Life, Organizational and production 

fit, Lack of Technological Infrastructure, Job 

Opportunities, Human-machine symbiosis, 

Data Management, Knowledge 

Management, Technology Management, 

Workforce Management 

(2018); Kadir et al. 

(2019); Sony et al. 

(2021) 

 

 

Some of the major challenges faced in Industry 4.0 transformation by the developed 

and developing countries including Germany, Japan, China, USA, India, Thailand, 

and Malaysia are “Lack of Strategy, Lack of Awareness, Knowledge Management, 

Technology Management, Workforce, and Organization/Management Support” 

(Kiel et al., 2020; Prause, 2019; Zhou et al., 2015; James, et al., 2022; Sony et al., 

2021; Yadav et al., 2020; Shamim, et al., 2016; Moktadir et al., 2018; Ghobakhloo, 

2018; Kadir et al., 2019).  

 

2.4. Learning Organization Theory 

 

Organizational leaders and theorists believed that the concept of learning 

organizations is associated with the rapid changes that are occurring, mainly due to 

the changes in business conditions, uncertainty, and competition (Kontoghiorghes 
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et al., 2005). These organizations develop competitive advantages through 

continuous innovation to avert business risks. In general, the Learning Organization 

theory (LO) presented by Senge (1990) is suitable to describe the innovation of 

organizations. A learning organization is theorized as the adoption of appropriate 

organizational practices that support continuous learning to adapt to the rapid 

changes of the business environment (Theriou & Chatzoglou, 2008). The theory 

also discusses the creation, acquisition, and transformation of knowledge to face the 

dynamic environment (Garvin, 1993). 

 

Past literature discussed different features of learning organizations that include 

“leadership that support learning” (Hatane, 2015), “flatter hierarchy” (Otala, 

1995), “open communication” (Phillips, 2003; Pool, 2000), “risk-taking” (Goh, 

1998; Rowden, 2001), “support and recognition for knowledge sharing” (Griego et 

al., 2000; Wilkinson & Kleiner, 1993), “rewarding those who promote innovation” 

(Griego et al., 2000; Phillips, 2003), “support and provision of learning 

environment” (Gephart et al., 1996; Robinson et al., 1997) and “knowledge 

management” (Loermans, 2002; Selen, 2000). 

 

Linking the features discussed above of learning organization with the concepts of 

“knowledge-oriented leadership and decentralized organization structure”, it is 

derived that both practices are vital factors that initiate such actions and improve 

innovation in response to the rapid fluctuations of Industry 4.0. Former factor 

supports learning and improvement by providing the important knowledge and 
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information that are relevant for an organization to achieve its innovation 

performances and goals (Mabey et al., 2012). It also identifies the acquisition and 

application of knowledge that build organization innovation (Naqshbandi & 

Jasimuddin, 2018) since every innovation implies the development of new 

knowledge (Kianto et al., 2017). 

 

Since modern-day companies are regularly experiencing a dynamic and competitive 

environment, thus these require fast decisions to become effective and capture all 

the upcoming opportunities for success (Court, 2011). Again, organization 

innovation is vital to becoming flexible and responsive to rapid changes. Therefore, 

by drawing from the concepts of Learning Organization theory, all the companies 

require open communication, an innovation-focused environment, risk-taking, and 

flexibility, which are the core concepts of a decentralized organization structure. 

This structure supports the development of new ideas and interaction, enabling the 

companies to focus on innovation and fast reaction to changes (Arnold et al., 2005; 

Watkins, 1998).  

 

In application to Learning Organization theory, “knowledge-oriented leadership 

and decentralized organization structure” work as the enablers for organization 

innovation. Knowledge-oriented leadership energizes innovation by fostering new 

information to bring meaningful modifications (Mabey et al., 2012). New 

knowledge that is created and shared is considered as a key for the companies to 

innovate continuously. Additionally, a decentralized organization structure acts as 
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an enabler through promoting learning and development, subsequently empowering 

the companies to aim on innovation and rapid response to changes. Moreover, it 

reduces communication barriers and empowers the employees in decision-making. 

All of these ultimately assist in innovation for purposeful changes. 

 

 

2.5. Dynamic Capability Theory 

 

Industry 4.0 is bringing effective changes in the business processes, but these 

changes need enormous abilities from the companies to match with the speed and 

to create a competitive advantage. The essence of this process is captured by 

Dynamic Capability Theory that states the capacity of the organization to deal with 

dynamic and complex situations (Teece et al., 1997). Dynamic capability is an 

ability of a firm to achieve new advantages and perform tasks in opposing situations 

with the help of appropriate practices. Moreover, dynamic capability states that 

organizations must build themselves continuously and competently, especially 

when the situation is critical and complex with technological changes are rapid and 

the future is difficult to be predicted (Teece et al., 1997), like the situations that may 

occur in “Industry 4.0”. Not limited to that, it also states that organizations must 

create the required ability to respond rapidly to any threats, as well as to grab any 

upcoming opportunities (Teece, 2018). 
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This ability of an organization is very crucial that can be developed by applying the 

proper practices and achieving continuous innovation that assists changes. Wheeler 

(2002) suggested knowledge-based practices because these approaches can create 

innovation and enable organizations to face a dynamic business environment. 

However, not every employee will step out from their definite roles to get in ad-hoc 

troubleshooting since this requires dynamic abilities and therefore needs specific 

leader-type personnel (Lee & Kelley, 2008). Thereby, knowledge-oriented 

leadership acts as an enabler that brings forward organization innovation by 

facilitating new and valuable knowledge for favorable changes (Mabey et al., 2012). 

This application of knowledge-oriented leadership is vital for modern-day 

organizations. The knowledge these leaders bring along helps in developing 

innovation and enabling their organizations to tally with the speed of Industry 4.0. 

 

Another vital practice, “decentralized organization structure” is also important in 

aiding the organization to build competencies and to face the uncertain business 

environment. It assists decision-making by empowering employees, consequently 

increasing response time and averts risks (Dedahanov et al., 2017). Such favorable 

conditions can eventually build organizational abilities to enable a fast reaction to 

change. Therefore, both of these practices improve an organization to be capable 

enough to grab opportunities and block threats during Industry 4.0 transformation, 

ultimately acquiring a competitive advantage. 
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2.6. Review of Variables 

 

In the following section, the literature review of variables, including “knowledge-

oriented leadership, decentralized organization structure, organization innovation, 

readiness for Industry 4.0, and an aging workforce”, is explained. 

 

 

2.6.1. Knowledge-Oriented Leadership 

 

Knowledge is power and is considered the most essential asset of any organization. 

It differentiates good companies over others by developing a competitive advantage. 

Considering its importance, knowledge should be shared between the employees in 

the form of organizational knowledge (Sigala & Chalkiti, 2015). For this reason, the 

role of leadership motivating the employees and promoting knowledge-sharing 

practices is deemed valuable.  

 

Leadership is also crucial for any organization, as it impacts the direction of 

organizational performances (Al Khajeh, 2018). It describes a clear strategy to 

control workers and urges them to assist the leader in achieving organizational goals 

(Khanzada et al., 2018). Leadership in learning companies is mainly crucial so that 

the employees can realize them as an effective and inspired person that assists in 
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knowledgeful innovative actions. Moreover, these leaders should be able to 

recognize and reward those who perform innovative actions (Donate & de Pablo, 

2015). Such a leadership style that comprises inspiration and communication 

components is called knowledge-oriented leadership. However, it’s not very well 

known and much defined (Mohsenabad & Azadehdel, 2016); thus requires further 

explanation and investigation. 

 

“Knowledge-oriented leadership is based on a mixture of transformational and 

transactional leadership styles, along with communication and motivational 

elements. It includes knowledge creation, transfer, storage, and its application” 

(Donate & de Pablo, 2015, p. 2). It is also defined as a capability that encourages 

essential information for constructive changes (Mabey et al., 2012). Companies 

having knowledge-oriented leadership engaged with employees are often more 

successful than others (Donate & de Pablo, 2015). 

 

Knowledge-oriented leadership is crucial for manufacturing organizations. It sets 

up the ideal working conditions to maximize the use of knowledge for smart 

production and innovation performances. This approach is developing quickly in 

most companies since it helps in improving the processes and efficiency 

(Mohsenabad & Azadehdel, 2016). Moreover, the companies may consider this 

factor as useful because it adds value to the organization's performance. 
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2.6.2. Decentralized Organization Structure 

 

The situations dealt with by most of the companies nowadays are not the same as 

the situations faced a few decades before when the markets were consistent. 

Moreover, decisions had not been revised for some time. That old concept is no 

longer true; therefore, more importance is now given to those organization 

structures that empower decision-making, standardize the procedures, and integrate 

work activities (Joseph & Gaba, 2020). Generally, the organization structure is 

defined as “the formal allocation of work roles and administrative mechanisms to 

control and integrate work activities” (Lin, 2011, p. 242).  

 

The structure is the most influencing factor and plays an essential role in the success 

of an organization. A resource may not be used to its full potential if an appropriate 

structure is not in place. It is well known that a company is made up of employees, 

and its success is dependent on the workforce. However, the coordination between 

employees is influenced by the control mechanism (organization structure). In order 

to get a real advantage, the structure of the organization must be aligned with the 

organizational objectives (Gupta, 2020). 

 

In this current research, the decentralized organization structure is discussed. This 

decentralized structure is the opposite of a centralized structure, with both being 

essential in influencing the successful implementation of organization innovation. 
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Chi et al. (2021) mentioned that centralization is a major hurdle in adopting 

organization innovation. It has very low complexity, flexibility, and have specific 

rules and defined roles. In opposite to that, the decentralized structure promotes 

creativeness (Dedahanov et al., 2017). It has informal control, more flexibility, and 

open communication. This kind of structure has few organization levels 

(hierarchies) that allow the flow of knowledge and ideas (Islam et al., 2015), in 

addition, to promoting an innovative environment across the organization. 

According to O’Grady (2019, p. 225), “Decentralized organization structure seeks 

to reduce the hierarchy and distribute more decision-making authority to a greater 

number of employees. It enables companies to become more flexible and to handle 

unanticipated events better”. 

 

The idea of creating boundaries in an organization is to handle the coordination of 

employees within and across all the functioning units (Torfing & Ansell, 2016). It 

also defines the flow of information and guides the processes (Serrat, 2017). The 

free flow of information in a business environment, along with the motivational 

element of employees to bring creativity, can improve innovation performances. A 

decentralized organization structure assists the flow of information for the 

employees to achieve the innovation objectives of an organization (Gantino et al., 

2017). It is done by providing complete information that directs and guides the 

employees in performing their tasks efficiently. Thus, it provides the right 

environment to the employees, where the information is easily accessible by all the 
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employees for their learning and motivation to bring innovation into the 

organization they are working with (Bianchi, 2018). 

 

2.6.3. Organization Innovation 

 

There are several definitions available for innovation in literature. Baregheh et al. 

(2009, p. 1326) stated that “Innovation is the process of transforming ideas into new 

products or processes to advance and differentiate themselves successfully in the 

marketplace”. Innovation is also defined as “non-routine, significant, and 

discontinuous organizational change that embodies a new idea that is not consistent 

with the current concept of the organization's business” (Lam, 2004, p. 12). In short, 

innovation is any new activity in the organization that is performed for 

improvement. The important dimensions of organization innovations include 

products and processes, with an emphasis on technology. 

 

Innovation and versatility are crucial aspects for the success of organizations and 

workers. The survival of companies is dependent on the level of adoption in 

innovation. It is an aspect that helps companies to endure the fast-changing world 

(Direction, 2021) and is recognized as a means of accomplishing success through 

outperforming opponents and building new product portfolios (Lee et al., 2020). 

Moreover, it contributes by creating a competitive advantage (Lukes & Stephan, 

2017) that is considered an important aspect for the long-term survival of companies 

(Hassan et al., 2018).  
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Wahlster (2014) believed that upcoming production systems would be based on 

innovation, including innovation of intelligent products and services. Therefore, 

new production techniques should be developed to solve individual and customized 

needs (Lasi & Kemper, 2014). It can be possible with new information and by 

thinking outside the box, generally in areas that are irrelevant to current functions 

(Lee & Kelley, 2008). 

 

Digital transformation in the production industry brings comprehensive disruption 

to all of the areas and throughout a value chain, leading to efficient manufacturing 

procedures, more powerful customer-based initiatives, and new products (Özüdoğru 

et al., 2018). Since it is just the beginning of changes, many innovation studies and 

policy techniques from all over the world have been following this concept. The 

principle is “the more, the better”, meaning that the companies can spend as much 

as possible on innovation and then sit back to reap the beneficial results from the 

manufacturing industry (Buhr, 2017). 

 

The Malaysian government has announced the National Science, Technology, and 

Innovation Policy (NSTIP 2013-20) that offers guidelines for the Malaysian 

manufacturing sector to move forward into an innovation economy by 2020 (World 

Bank & OECD, 2016). However, the implementation is not the only responsibility 

of government officials but also the stakeholders from the municipal community, 

businesses, and sciences as well. All these stakeholders have to build a thorough 
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understanding of the innovation development to guide the implementation of 

extensive digitalization procedures for manufacturing companies (Buhr, 2017).  

  

2.6.4. Readiness for Industry 4.0 

 

“Industry 4.0 is defined as smart manufacturing” since it involves the execution of 

Cyber-Physical Systems (CPS) for production, i.e., connecting the machines to the 

value chain. Moreover, it is considered as the re-engineering of products that 

describes extremely personalized items. It adds significance to the real product with 

an inclusion of economical and effective supply chain (Shamim et al., 2016), as the 

whole new system of Industry 4.0 concentrates on manufacturing systems that 

function independently. Different countries have started to adopt the concepts of 

Industry 4.0 under different initiatives. Industry 4.0 is known as "Smart 

Manufacturing" in the US, "Made in China" in China, and "Innovation 25" in Japan 

(Stăncioiu, 2017), while in Malaysia, it is named as “Industry 4.0”, as stated in the 

National Policy 2018 (MITI, 2018). 

 

“Readiness for Industry 4.0 is referred to as an ability to capitalize on production 

opportunities, mitigate risks and challenges, and be resilient and agile in 

responding to unknown shocks (Kearney, 2018, p. 5).” According to the definition 

highlighted by Botha (2018), “readiness for Industry 4.0 means having enough 

capabilities in embracing Industry 4.0” in order to have a potential to meet the pace 

and challenges that are created due to changes in the business environment.  
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In the current research, readiness for Industry 4.0 is measured through nine 

dimensions. The first “strategy” dimension is about the implementation of a road 

map for a new shift, adaptation of new business models, and availability of 

resources. Next, the “leadership” dimension of Industry 4.0 deals with building 

competencies and ensures the central coordination for the organization. The 

“customer” dimension discusses the digitization of sales/services, digital media 

competencies, and better utilization of customer data. The “product” aspect covers 

the customization, digitalization, and product integration to other systems. The fifth 

dimension, “operation”, handles the decentralization of processes, application of 

modeling with simulations, and collaboration among different departments. The 

“culture” dimension outlines and examines the sharing behavior, openness to 

changes, and cross-organization collaborations. Meanwhile, the “people” 

dimension discusses the competencies, autonomy, and openness to the technology 

of employees. The “governance” dimension deals with the regulations of human 

capital, standards, and intellectual property procedures. Finally, the “technology” 

aspect verifies the modern ICT, its utilization, and application. 

 

The concept of Industry 4.0 is quite broad and not easy to implement in a short 

period, but the technology and resources that the organizations can generate under 

this concept are unlimited (Schwab, 2017). A small example is a machine with the 

concept of Industry 4.0 that can start processing autonomously and respond to 

uncommon changes in operation, as well as can predict failure and service the errors 

automatically (Sung, 2018). Aligning with the supreme vision of Industry 4.0, the 
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manufacturers need to prepare and accept this industrial revolution in order to stay 

competitive in the strong and hyper-competitive market (Ghobakhloo, 2018). 

 

Many researchers and analysts are placing high expectations on the fourth industrial 

revolution (a.k.a. Industry 4.0). Nowadays, only about one in every five 

organizations has a great level of digitization throughout its business processes. In 

the next five years, it is projected that the number will increase by more than 80% 

for all of the businesses. A report by Kearney (2018) on the readiness for future 

production provided an assessment and positioned Malaysia in the “Leader 

Quadrant” among other 100 countries. This means that Malaysia has a solid current 

manufacturing base and is thus positioned well in the production sector. Most 

important, only China and Malaysia, which are from the non-high-income countries, 

are positioned in the “Leader Quadrant”. For each driver of Industry 4.0, Malaysia 

is ranked between 21st to 30th out of 100 countries, especially in the technology and 

human capital groups. However, the gap of Malaysia, as compared to other world 

leaders, such as Japan, Germany, and China, is still very wide, as these countries 

are moving fast into Industry 4.0 implementation. Therefore, Malaysia has to come 

up with aggressive plans to catch up on this new world of revolution. 

 

2.6.5. Aging Workforce 

 

The definition of old employees is still not standardized since different companies 

and agencies are using a wide variety of age groups, usually ranges between 40 to 
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65 years or more age (Poscia et al., 2016). Hashim and Wok (2013) mentioned that 

many of the prior studies defined “older workers” as those from between 40 to 75 

years old. However, according to the study of Murthy et al. (2019) on aging 

workforce productivity in Malaysia, the minimum age for the old worker is 55 years. 

The age of 55 years old is consistent with the definition of the International Labour 

Organization [ILO] (2015), as this report stated that those between 25 to 54 are at a 

prime age for work and considered 55 years and above as older workers. Current 

research considers the aging workforce with employees who are of 55 years of age 

or older. 

 

The population of Malaysia in 2017 was estimated at 32 million, with 28.7 million 

are national citizens. According to the Malaysian National Policy, the national aim 

is to increase the number of citizens to approximately 70 million by 2100 

(Manimaran et al., 2017). Moreover, due to the good health facilities that are 

available in Malaysia, the mortality rate has been decreasing, while the lifespan of 

an individual has been increasing. The number of older people in Malaysia has 

doubled in the last 28 years and is expected to make up around 15% of the total 

population by 2030 (Hamdan et al., 2018). The analysis done by the World Health 

Organization [WHO] (2015) found that the number of individuals who are older 

than 60 will increase by 20% to 30% by 2050. Thus, due to the demographics of 

reducing infertility rate and increasing life span, more and more old-age citizens are 

going to remain working (Yang & Nie, 2017). 
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The statistics analyzed by the Department of Statistics Malaysia (DOSM, 2018) 

indicated that the birth and death ratio in 2018 is not neutral. The live birth rate is 

approximately three times more than the death rate, thus is creating a gap in 

industries, especially in manufacturing. This sector is one of the top employment 

providers. Therefore, it will be more affected by the demographic shift.  

 

On the other hand, as compared to the older generation, male individuals who are 

65 years old and above are expected to live 15 years longer, while females are 

predicted to live 17.2 years longer. Furthermore, the newest trend for newly born 

babies indicates that boys are expected to live until the age of approximately 73 

years old, whereas the girls are expected to live until the age of 78 years old, five 

years longer than the boys. With a comparison to the past two decades, an increasing 

trend can be seen in the life expectancy of humans. In the year 2000, the average 

age of Malaysians was 72.2; this value was increased to up to 73.7 in the year 2008. 

It showed that in 2018, the individuals are living 2.8 years longer until the age of 75 

years old than the individuals in the year 2000 (DOSM, 2018). A summary of the 

life expectancy of Malaysians is presented in Table 2.4. 

 

Table 2.4 

Life Expectancy of Malaysia 2018 

Period Male Female 

At Birth 72.7 Years 77.6 Years 

At age 65 15.0 Years 17.2 Years 

Note. Abridged life tables, Malaysia. Source: Adapted from DOSM (2018)  
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All of the above-discussed statistics are indicating that the Malaysian population is 

heading towards an aging population and will eventually lead to an aging workforce. 

This aging effect changes the labor market and take the companies into a difficult 

situation. Consequently, companies should find and apply appropriate strategies in 

order to manage aging employees so that the company's performance can be 

maintained (Čiutienė & Railaitė, 2014). Whether and how to retain an old age 

employee are determined by the actions of the institution and the hurdles the 

institution may face by doing so. The Eastern and Western countries are in favor of 

extended working lives. Therefore these nations have legislated the retention of the 

aging workforce (Beazley et al., 2017). Malaysia has also changed its retirement 

policy from around 56 or 57 years to 60 years of age (Fong, 2017). Regardless of 

the facts, the examples discussed above are alarming and will cause more problems 

for the companies in the near future as more aged people continue working. 

 

2.7. Hypotheses Development 

 

The following section will discuss the relationship between independent and 

dependent variables to develop hypotheses based on existing literature. In line with 

research questions, the relationships of “knowledge-oriented leadership, 

decentralized organization structure, organization innovation, and readiness for 

Industry 4.0”, including aging workforce (moderator) and organization innovation 

(mediator) will be discussed comprehensively. 
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2.7.1. Knowledge-Oriented Leadership & Organization Innovation 

 

Ability of an individual is exceptionally crucial in developing organization 

innovation. However, not every employee will step out from their routine roles to 

get into ad-hoc troubleshooting, as this initiative usually requires dynamic abilities, 

and these abilities are usually shown by personnel with leader-type mentality (Lee 

& Kelley, 2008). In fact, for technology-intensive companies, leadership is 

important in achieving innovation objectives. As a result, individuals possessing 

leadership capability with the main focus on knowledge are considered useful 

nowadays. Knowledge-related practices applied by leadership for organization 

innovation performances are considered as a type of competitive advantage. These 

practices help in increasing profits significantly. However, the challenges for 

management include evaluating those who can lead the innovation development and 

offer supports to them. Leading companies appoint knowledge-oriented leaders to 

improve the willingness of employees to be involved with innovation performances 

(Mohsenabad & Azadehdel, 2016). 

 

Knowledge-oriented leadership can play an essential role in promoting innovation 

(Naqshbandi & Jasimuddin, 2018). The companies can improve the desires of 

workers for innovation performances with the help rendered by those leaders 

(Mohsenabad & Azadehdel, 2016). They can develop longer running abilities in 
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employees and improve knowledge management in the businesses that impact 

innovation positively for an organization (Donate & de Pablo, 2015). 

 

The significance of a leader for organization innovation is not limited to their 

experiences and technical abilities but also involves knowledge and motivation (Lee 

& Kelley, 2008). Knowledge-oriented leaders act differently based on the situations 

for the organizations that want to increase their innovation. They create an 

environment that is favorable for research, development, and creative learning. 

Knowledge-oriented leaders communicate the expectations to the workers and 

ensure that the expectations are aligned with the organizational goals. Moreover, 

these leaders have an element of motivation in them. They reward actions, for 

example, knowledge exchange and knowledge transformation, thus stimulating the 

workers to provide new ideas (Donate & de Pablo, 2015). In other terms, 

knowledge-oriented leaders guide workers to learn and use the information to 

accomplish organizational objectives (Serrat, 2017). Thereby, such leadership 

offers a major role in the organization by generating the opportunities to innovate 

(Mehmood & Hussain, 2017). 

 

Companies are dependent on the leaders, especially on how they manage, 

encourage, and develop a structure that maintains the innovation processes (Tuan, 

2017). They can set up a culture that encourages continuous innovativeness. On the 

other hand, the motivation of the organization members also plays a vital part in 

organization innovation (Tuan, 2017). Motivation is the intrinsic factor that 
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provides the inspiration to engage in innovation. For that, most companies prefer 

knowledge-oriented leadership because they reward and appreciate new ideas 

(Naqshbandi & Jasimuddin, 2018) that arouse the employees to show more 

productivity (Yang et al., 2014). 

 

According to the study of Sadeghi and Rad (2018), there is a significant correlation 

between knowledge-oriented leadership and organizational innovation. The 

important role played by a leader is through motivating employees to achieve 

organization innovation (Naqshbandi & Jasimuddin, 2018), along with the 

assignment of an appropriate role that ultimately boosts performances (Rosing et 

al., 2011). Such leaders bring the workers into believing that knowledge 

development via research and development (R&D) is essential for business growth 

and competitiveness (Faccin & Balestrin, 2018). Moreover, knowledge-oriented 

leaders guide the employees to obtain knowledge that leads to an exploration of new 

knowledge, or in other terms, “innovation”. 

Based on the literature review discussed above hypothesis below can be formed.  

H1: Knowledge-oriented leadership has a positive relationship with organization 

innovation. 

 

2.7.2. Decentralized Organization Structure & Organization Innovation 

 

Organization structure is highly important in enabling innovation (Waruwu et al., 

2020). It is directly enhanced if the organization is putting in efforts to facilitate it, 
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whether formally or informally. There is a need for an effective organization 

structure to achieve an advanced level of innovation inside the organization. 

Normally, organization structure in an innovative organization is decentralized, 

with fewer policies and controls, as well as a high degree of independence (Lin, 

2011). 

 

Research conducted by Su et al. (2019) stated that a business structure favorably 

impacts organization innovation. According to Dedahanov et al. (2017), centralized 

and decentralized structures affect the flow of knowledge and thus impact 

organization innovation. However, the companies should have a flexible structure 

to ensure better innovation (Tuan, 2017). Moreover, horizontally integrated 

structures are considered more open and fluid. Thus, a decentralized organization 

structure that has flexibility, openness, and flat structure is more focused on 

organization innovation (Abouzeedan & Hedner, 2012). 

 

Past researchers that studied organization innovation indicated that centralization is 

a crucial part of innovation performances (Dedahanov et al., 2017). Centralization 

is the opposite of decentralization and refers to the level of organization that controls 

and has decision power, usually under one authority or concentrated at the top of 

the organization (Dedahanov et al., 2017). In centralization, many rules and 

regulations are to be obeyed (Janićijević, 2013), therefore may limit the creativity 

in products and operations (Bianchi, 2018), since most of the decisions are made by 

the managers, so the employees will just follow the rules (Chen et al., 2010), while 
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communication between associates is low. As a result, the workers are less likely to 

look for new ideas, and ultimately leading to a low level of innovation. 

 

With the hierarchical structure, the focus is on the top management rather than on 

lower management employees. Hence most employees are discouraged from 

bringing new ideas and involved in decision making (Dedahanov et al., 2017). The 

workers who are omitted from decision-making and have low autonomy might 

experience some limitations. They are not able to impact their organizational 

environment and may consequently become hesitant to perform creativeness. This 

type of structure also reduces the opportunities for individual growth and blocks 

creative solutions to problems (Liu et al., 2018; Mahmoudsalehi et al., 2012).  

 

Another critical factor for organization innovation is communication. Most 

organizations cannot bring changes and improvements in a situation with blocked 

or reduced communication. This is because of the waiting time and procedures 

following protocols that are required to get approval from the authority at the top. 

However, easy communication is a requirement for organization innovation. 

Prajogo and McDermott (2014) confirmed that those companies who stop or limit 

the free circulation of ideas could also limit the organization's innovation.  

 

Accordingly, appropriate actions are required to deal with the specified 

circumstances and quicker decision-making. Azar and Ciabuschi (2017) revealed 

that the improvements in organization structure enhance innovativeness and support 
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the adoption of organization innovation. Therefore, the initial business hierarchies 

need to be decreased to allow a free flow of communication (Lasi & Kemper, 2014). 

Moreover, the decision-making power needs to be transferred downwards for a 

quicker solution. The decentralized companies have fewer hierarchies, free flow of 

information, and power to make a decision since these are transferred to the lower 

levels of management (Shamim et al., 2016). It is applied to companies that are 

using sophisticated technologies and need flexibility, along with high innovation 

(Janićijević, 2013), because they support new ideas and complicated processes that 

are associated with innovative activities (Bresman & Zellmer-Bruhn, 2013). 

 

Evidence showed that organization structures, especially those with fewer rules, 

favorably affect innovation. The results of studies also revealed that innovative 

organizations usually have fewer hierarchies and inter-functional groups (Bianchi, 

2018). This means that as more members are involved in decision-making, then 

there will be more new ideas proposed (Darvishmotevali, 2019). According to 

Darvishmotevali (2019), independence is required since it motivates the workers to 

be involved in idea development. By giving the independence of sharing their ideas, 

the employees take part in discussions with their best interests and may eventually 

come up with newer concepts for the organization (Dedahanov et al., 2017). 

 

There are a lot of complexities attached to innovation and new concepts. To 

overcome such challenges, an organization must proactively set up a structure that 

supports the whole innovative process (Rubin & Abramson, 2018). Introducing a 
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structure that supports teamwork leads to the improvement of coordination and, as 

a result, creates a suitable environment for organization innovation (Gunday et al., 

2011). Therefore, a decentralized structure that has all such characteristics is 

suitable for an innovative organization. The existing literature also supports the 

dependency of decentralized organization innovation on organization structure. Lee 

et al. (2014) found a significant effect of organization structure on organization 

innovation. Similarly, Dedahanov et al. (2017) believed that a decentralized 

structure supports the employees in seeking new techniques and in fostering 

organization innovation. Thus, a favorable environment for new ideas development 

can be created by trusting employees and empowering them. 

Considering the above discussion subsequent hypothesis is formed.  

H2: Decentralized organization structure has a positive relationship with 

organization innovation. 

 

2.7.3. Organization Innovation & Readiness for Industry 4.0 

 

“Industry 4.0” symbolizes a new shift towards smart ways of manufacturing (Müller 

et al., 2018; Veza et al., 2015) that resulted in a swifter and better decision-making 

(Kang et al., 2016). This technology shift also refers to digital innovations that assist 

in the rise of new industrial technologies (Gilchrist, 2016; Ghobakhloo, 2018). The 

development has started from the adoption of mechanical systems leading to today’s 

extremely automated assembly lines in reaction to robust market needs. Prominent 
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growth in innovation and introduction of technology have changed perception of  

customers for the products (Lee et al., 2014). 

 

The use of innovative technologies like artificial intelligence (AI), makes the 

corporations more responsive and more faster than others, mainly in the customers’ 

needs and technologies (Jones, 2017). Industry 4.0 has the potential to produce 

innovative products and sometimes amazing work opportunities for businesses that 

are innovative and adopt smart manufacturing. Industry 4.0 is well developed 

concept now and has become a reality, as it is already influenced the people and 

businesses. The idea of Industry 4.0 is significantly impacting companies, systems, 

and societies.  

 

For getting maximum advantages from Industry 4.0, manufacturing companies 

require a high level of automization, or in other term, organization innovation. This 

allows them to create opportunities in the era of Industry 4.0, rather than being 

threatened by the changes of Industry 4.0 (Müller et al., 2018). Manufacturing 

companies in developed countries have improved their organization's innovation by 

shifting themselves from simple products and services to integrated value-added 

technologies. However, Malaysia is still lagging in technological innovation and 

Industry 4.0 implementation (MITI, 2018). 

 

Many developed nations, whose economy depends on the manufacturing sector, 

have made innovative initiatives to convert their existing system and revive the 
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market. Things are changing so rapidly that the developing nations have lesser time 

to set up the infrastructure and modify guidelines that are required to meet the 

demands for quick changes. They have to risk themselves in the growing markets 

and the international production supply chain so that they can aim for maximum 

benefits. For this reason, the manufacturing companies of these nations are now 

looking for innovation in production techniques (Lee et al., 2014). 

 

Internationally, Germany is leading towards a transformation that is based on CPS-

enabled production and business innovation (Frontoni et al., 2018). From other 

ASEAN countries, Thailand has also introduced the “Thailand 4.0” strategy for 

Industry 4.0. Their economic design depends on new technological innovation and 

high-quality services (Bussi, 2017) that are aimed to improve well-being. 

Thailand’s Prime Minister, Prayut Chan-o-cha, said that the process to achieve this 

is to discover the use of technology, coupling with innovation, to increase the 

country's economic system. According to their agenda for Industry 4.0, all the 

industries will support innovation-driven enterprises through the following 

developments, (1) the transformation from traditional farmers to “Smart Farmer”, 

(2) a shift from traditional manufacturing to “Smart manufacturing”, and (3) switch 

from traditional services to “High-Value Services” (Jones, 2017). 

 

Malaysia also has announced National Policy on Industry 4.0 with three objectives, 

namely Attract, Create, and Transform. The purpose of this policy is first to “attract 

stakeholders to Industry 4.0 technologies & processes, and to increase Malaysia’s 
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attractiveness”, then “to create the right ecosystem for Industry 4.0 to be adopted 

and align existing and future development initiatives”, and finally, “to transform 

Malaysia’s industry capabilities in both a holistic and an accelerated manner” 

(MITI, 2018). The target is to make the manufacturing sector the highest contributor 

to the economy. 

 

So far, it has mainly been big companies that have shown interest in being 

associated with Industry 4.0. However, many of the Malaysian companies are 

smaller, so they can only spend lesser funding on research and development as 

compared to big companies. Their powerful points, however, are collaboration and 

representation in the industry, with modernization as the innovation in their 

processes. These small companies are both suppliers as well as customers. For them, 

it is essential for the diffusion of new technological innovation and methods of 

Industry 4.0. They could be the market leaders in innovation and deserve the 

assistance that bigger companies are getting, especially now that the market is under 

the umbrella of the “high-tech” mania (Buhr, 2017). 

 

The projects of Industry 4.0 are a smaller period in nature. Therefore, the period for 

development and innovation needs to be decreased. The pace of changes in Industry 

4.0 is high-level (Ochs & Riemann, 2017), so the innovation may not last for long. 

However, this doesn’t mean the companies should ignore long term viewpoints. 

Instead, they have to maintain innovation performances for a longer period and 

make it a routine process for the organizations. 
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The ability of organizations to innovate is the first condition to become successful 

in the utilization of intensive technologies. The implementation is widely possible 

through good planning that envisions a step ahead of the digital manufacturing 

business (Sarvari et al., 2018). Modern-day companies use a strategic road map to 

assist research and development of future technological innovation inside an 

organization in order to maintain a competitive edge by preparing themselves for 

Industry 4.0. However, the introduction of new technologies brings along 

complexities in operations, and this requires organization innovation to respond 

promptly (Johansson et al., 2020; Tushman et al., 2011). Therefore, the ultimate 

success is reliant on organization innovation (Shamim et al., 2016) and is essential 

for readiness for Industry 4.0 (Lasi et al., 2014). 

Hence, the subsequent hypothesis is proposed. 

H3: Organization Innovation has a positive relationship with readiness for 

Industry 4.0. 

 

2.7.4. Knowledge-Oriented Leadership & Readiness for Industry 4.0 

 

This era is fusion of the latest technologies that changed the economies of the world. 

According to the CEO of the World Economic Forum, the speed of this revolution 

is faster than the previous three revolutions. The point is, can we cope with the rapid 

upcoming challenges just like in the last revolutions? Who will prepare the 

organizations for the abruption of technologies? The literature suggested that the 
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leadership of the organization is important and can be used to align the changes and 

needs, as well as to predict the challenges (Xu et al., 2018). The traditional 

leadership styles are obsolete and cannot fit into this new concept of smart 

production (Peshawaria, 2018). A leadership that is based on knowledge is 

recommended by the researchers for this change, as it is aligned with the objectives 

and initiatives that assist the organizations in tackling digital challenges. 

 

This transformation is highly demanding. Hence, this is a great challenge to tackle 

these technologies, even for knowledge-oriented leaders. Leaders have to think 

outside the box for the survival of organizations (Shamim et al., 2016). They also 

need to think long ahead and foresee the changes for a timely solution. Knowledge-

oriented leaders have the capability to use their knowledge wisely. By creating, 

sharing, and application of knowledge, they can come up with smart and effective 

ways to embrace the changes caused by Industry 4.0 (Donate & de Pablo, 2015). 

Crucially, such leaders can identify new policies that help them in achieving the 

required objectives. 

 

There are a few real business examples of leadership that adopted advancements 

with their effective skills. For instance, the CEO of “Amazon”, Jeffery Preston 

Bezos, is an early adapter of Industry 4.0, as he anticipated the technological 

disruption and used the advanced tacit knowledge to become a $150 billion 

company. Secondly, Kasper Rorsted from “Adidas” introduced AI and 3D printing, 

as he believes that Industry 4.0 transformation is obligatory (Skinner et al., 2018). 
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The leadership of Industry 4.0 is not only about power but also about a complete 

change of basic mindset. It can only be possible for the leaders who believe and 

depend on new knowledge (Oosthuizen, 2017). Thus, knowledge-oriented 

leadership develops opportunities brought over by Industry 4.0, primarily through 

their unique ability to create and share knowledge. In reality, the embracement of 

new technology is a replacement of functions when the human performance is not 

up to mark, only knowledge leaders can discover the strengths of humans in this 

change (Petrillo et al., 2018). 

 

Specifically, Industry 4.0 emphasizes knowledge and innovation. Therefore, 

knowledge-oriented leadership has been introduced to combine transactional and 

transformational leadership with the additional element of motivation (Donate & de 

Pablo, 2015). This new style of leadership plays a crucial role in increasing the 

development and application of knowledge, in addition to encouraging new ideas 

by promoting the sharing culture. Most of the companies nowadays are obtaining 

knowledge from external sources, with the help of integration by knowledge-

oriented leaders (Islam et al., 2017; Naqshbandi & Jasimuddin, 2018). Besides that, 

these leaders excel with knowledge and nurture innovation abilities to embrace 

Industry 4.0. Moreover, the existing empirical research also suggest a significant 

positive relationship between these factors (Sadeghi & Rad, 2018; Yang et al., 

2014). 

Based on above literature the following hypothesis can be proposed. 
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H4: Knowledge-oriented leadership has a positive relationship with readiness for 

Industry 4.0. 

 

2.7.5. Decentralized Organization Structure & Readiness for Industry 4.0 

 

Structures are essential in bringing any significant changes in any organization. It 

has the ability to stop or speed up any new adoption of technologies. However, the 

implementation of structure is not a single-step process and requires proper effort 

and time. Therefore, the organizations should apply the structures carefully and 

according to their operations and requirements. Industry 4.0 has more complex 

operations, thus requires more flexibility in its processes. Usually, the structure with 

fewer hierarchies is able to create an environment effective for Industry 4.0 

implementation (Sivathanu & Pillai, 2018). The lesser hierarchies are linked to 

decentralization since fewer hierarchies reduce the communication gap and speed 

up decision-making. Moreover, the autonomy or power in the decentralized 

structure is distributed equally and has the ability to adjust according to project 

requirements. Sivathanu and Pillai (2018) also recommended a decentralized 

structure for efficient Industry 4.0 implementation and overall growth of the 

organization. 

 

According to Bartodzieg (2016), volatility is a principal factor of this changing trend 

that emerged due to Industry 4.0. Such instability is a major concern for the 

manufacturing sector with the increasing complexities of operations. New 
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management practices required for organizational innovation to master these new 

challenges. Thus, all organizations require more decentralized structures for their 

smart production processes. The same need is anticipated by future companies to 

invest in flexibility because traditional measures are no longer useful for such high 

volatility (Bartodzieg, 2016). Most investigations agreed that smart factories' 

inflexible structures are not correct; only decentralized structures are the key to 

success, meaning that organizations have the ability to change according to their 

requirements. 

 

Future manufacturing companies are based on decentralization and autonomy. 

These characteristics are perceived as among the highest productive factors for the 

system (Bartodziej, 2017). An example of a decentralization idea is shown by a 

Fraunhofer company. In this company, some engineers were trying to find out the 

ideal solution for a production system. They had a paper to conceptualize the 

solutions, but after an intensive discussion, only a corner of a paper had one point, 

while the rest of the paper was empty. This scenario of emptiness exactly defines 

the concept of decentralization, showing that the complexity of future systems can 

only be identified and tackled at the point of encounter (Schuh, 2013). So, the 

manufacturing sectors should apply a decentralized structure for scenario-based or 

rapid decision-making processes in Industry 4.0. 

 

According to Cimini et al. (2020), a structure of the organization that is 

conceptualized on empowerment and decentralization is suitable for innovative 
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changes. Moreover, the structures with high decentralization characteristics are 

considered as a facilitator for Industry 4.0 (Shamim et al., 2016). Therefore, any 

changes in the organizations (that are already applying or planning to apply Industry 

4.0) can be adopted smoothly with the help of a structure with less hierarchical 

levels and a wider span of controls, in other words, “decentralization”.  

Therefore, the researcher proposes that; 

H5: Decentralized organization structure has a positive relationship with 

readiness for Industry 4.0. 

 

2.7.6. Moderating Role of Aging Workforce between Organization 

Innovation & Readiness for Industry 4.0 

 

Economist Intelligence Unit [EIU] (2015) stated that aging would have a major 

impact on the structure of the population. It affects many community life areas, 

including the economy, businesses, social security and etc. In the future, the 

companies will also face complications in hiring people, as the baby boomers are 

going to retire in good numbers and employee replacements are lesser. This causes 

a larger problem when the companies are not able to get successors to remain 

competitive. Therefore, the shift of aging will affect the economy and the labor 

workforce (Duxbury & Halinski, 2014; Huang et al., 2019) to become one of the 

most important challenge faced by countries from all over the world. On the other 

hand, an increasing number of the aging workforce also opens new opportunities 

(Čiutienė & Railaitė, 2014; Hertel & Zacher, 2018) because this range of age (aging 
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workforce) has different sets of experiences, skills, and knowledge that are 

beneficial for companies. 

 

For technology-oriented companies, age is an important variable to consider (Elias 

et al., 2012), as this demographic factor has a moderating effect on the adoption and 

acceptance of technologies (Chung et al., 2010; Porter & Donthu, 2006). Several 

studies found that putting an aging workforce as a moderator increases explanatory 

prowess. Venkatesh et al. (2016) also mentioned that the aging workforce plays a 

role as a moderator for technology acceptance or the use of technology (Venkatesh 

et al., 2016). Moreover, the Technology Acceptance Model (TAM) and Unified 

Theory of Acceptance and Use of Technology (UTAUT) also highlighted the age 

demographic factor as a moderator to the use or adoption of technology (Tarhini et 

al., 2014). Hence, the functions of the aging workforce are highly relevant and need 

to be studied as a moderator in “Industry 4.0” (the new era of technological 

development and adoption of technologies) that is yet to be widely adopted. 

 

Few researchers studied the impacts of aging demographics on technology usage. 

The results on new technology adoption indicated the predominance of younger 

workers as compared to older workers. Studies also found that older workers have 

a lower inclination towards technology adoption, and they also avoid uncertainty 

(Laukkanen, 2015). Furthermore, in terms of computer usage, older people have 

lower self-efficacy due to their beliefs that they are too old to learn new technology 

(Tarhini et al., 2014). 
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On the other side, knowledge matures with age and builds experiences, 

subsequently resulting in wisdom and intelligence. The researchers defined it as a 

competitive advantage and related it to organizational innovation (Stoffers et al., 

2018). However, an aging workforce with outdated knowledge can reduce 

organization innovation. The research of Park (2018) examined the contrasting 

effects between the aging workforce and organization innovation. The study 

observed that due to organization-specific knowledge and experiences, the aging 

workforce, at some level, contributes to organizational innovation. Older people 

excel at a task where experiences and knowledge are majorly required. The 

intellectual and sentimental changes that occur after performing a process many 

times build expertise, and that is beneficial for job efficiency.  

 

Older employees often have deep knowledge about the system and step-by-step 

information about their works, thus boosting their abilities in performing 

knowledge-intensive works. In particular, older employees have the ability to learn 

and adapt to the jobs, similarly as in the younger workers (Schinner et al., 2017). 

An aging worker is able to develop strategies and organize projects in different 

ways, such as by looking further forward, making notes, and trimming choices with 

the help of their experiences.  

 

The researchers believed that older employees have plenty to offer. Their values 

consist of knowledge, wisdom, experiences, connections, the skills to detect lies, 
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and also the understanding that violation of rules can cause damages. Moreover, old 

employees are loyal, trustworthy, dedicated to the job, and are willing to stay more 

on the job. Hence, at the time of retirement, the industry will face losses (Rahim et 

al., 2018). Some companies are creating apprenticeships and choosing retired 

persons to train new employees. This was done as a method to turn the aging market 

pattern into an advantage by gaining their knowledge through training new staff 

(McKinsey, 2012). Kocak (2011) revealed that the elements of the aging process 

should be incorporated into the organization’s strategies so that they may 

concentrate on small level requirements, such as re-training, working conditions, 

and enhancement of skills needed by old age employees. 

 

Older employees tend to work towards domain specialization, meaning that they 

may pick the projects where they can make use of intellectual efforts that rely on 

their expertise. Eventually, an older employee may exhibit high performances in a 

field of expertise but is disinterested in other fields. Even where a great level of 

management is required, the aged workers may outshine the younger ones, 

especially in a situation where they may use more specialized abilities. When motor 

abilities are needed, the older employees may bypass lower skill sets by thinking 

forward and pre-planning their projects (Downing et al., 2005; Schinner et al., 

2017).  

 

Normally, job performances decrease as age increases. However, some researchers 

reported uncertain results regarding age, learning, and performance (Ismail et al., 
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2015). In "Handling the Ageing Workforce," it was highlighted that there is no 

difference in tasks performances between older and younger employees (Hamdan 

et al., 2018; Hertel & Zacher, 2015). Contrary to that, Gruescu (2007) realized that 

the aging population is affecting the economy negatively. Particularly, age reduces 

physical capabilities, as well as decreases the desire to learn new things and to work 

with the new technology and innovation. Thus, it adversely impacts workability, 

ultimately decreasing the GDP per capita of the country. For competitiveness, the 

companies should deal with these changes effectively (Monostori, 2014). They need 

to focus on the needs of the aging workforce and prepare developmental programs 

by evaluating organization technologies (Schinner et al., 2017). To conclude, the 

aging of employees is an issue of a level of human resources. Therefore, it should 

be resolved tactically. 

 

There is a belief that older workers are not much innovative and are resisting 

innovation. They are deemed as less flexible, less motivated, and less open to 

change. However, their positive performances can also be found in the literature. 

Now the question is whether the extensive knowledge and experiences of older 

employees put them in a position to implement new ideas and prepare their 

organizations for the implementation of Industry 4.0? There is limited data available 

in the literature that can be analyzed to answer this. For example, Rietzschel and 

Zacher (2015) believed that more research regarding innovation and the moderating 

role of aging workers in companies are required. 
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From the literature discussed above researcher proposed a moderating relationship 

of an aging workforce. 

H6: Relationship between organization innovation and readiness for Industry 4.0 

is moderated by an aging workforce. 

2.7.7. A Mediating Role of Organization Innovation between Knowledge-

Oriented Leadership & Readiness for Industry 4.0 

 

The organizational innovation is an application of changing processes and adopting 

technologies. It also helps in developing competencies for an organization. 

Moreover, it is considered a solution for organizations to stay updated with the 

market trends and to remain active in global market competition (Georgy, 2017). In 

this current situation, Industry 4.0 is bringing disruptions into all the traditional 

structures and processes; thus, organization innovation is becoming a survival 

factor. Despite the number of benefits innovations can bring along, the extent to 

which it supports Industry 4.0 in the availability of knowledge-oriented leadership 

is unclear, especially in the context of the manufacturing sector of a developing 

country that is moving forward to embrace Industry 4.0.  

 

Many researchers examined knowledge-related practices for creation, sharing, and 

application in order to achieve organizational objectives and to become competitive 

(Darroch, 2005; Nonaka & Takeuchi, 2007). Effective knowledge practices guided 

by the knowledge leaders can lead to improved organization with different kinds of 

innovation. Improved or better organization is more resilient since resilience is 
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about adapting to new changes (Industry 4.0) and staying competitive (McManus, 

2008).  

 

The organizations that are targeting competitiveness and trying to achieve the 

readiness level for Industry 4.0 should invest in finding and training knowledge 

leaders. However, these changes will not appear overnight since it requires 

continuous struggles and improvements. Hence, the organizations must develop 

tacit knowledge through the right practices, as well as build innovation by finding 

new and smarter ways for Industry 4.0 adaptation (Weeks & Feeny, 2008). The 

same arguments were discussed by Niu et al. (2010) on knowledge, innovation, and 

adaptation. They believed that the knowledge generated and accumulated by 

knowledge leader become part of new ideas, while these ideas and creativity speed 

up the adaptation process. 

 

Mafabi et al. (2012) explained how the knowledge-oriented leaders and their 

generated tacit knowledge are helpful in timely solutions, such as by predicting the 

future and adapting new techniques. The leaders use their experiences to analyze 

the problems and prepare the solution. All of these might involve innovation as a 

part of their Industry 4.0 adaptation processes. For prediction, knowledge leaders 

anticipate risks and solutions through their expertise and conceptualize the ideas, 

concretized with hits and trials, after that implement the perfect changes.  
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Innovation act as a mediator between leadership and organization overall 

performances (Zafar & Mehmood, 2019). Leaders have motivational capabilities 

that can create an innovative environment with their charismatic speeches and can 

achieve the organization's long-term goals. Their different behavior (such as leading 

by example) become a driving force in the adoption of changes. The capabilities 

they transfer to employees, in the form of knowledge management, can generate 

new knowledge, subsequently contributes to a high level of achievements for the 

organizations. It will also help in making new products that make them more 

successful. Based on the discussions above, this research proposes that: 

H7: Relationship between Knowledge-oriented leadership and readiness for 

Industry 4.0 is mediated by organization innovation. 

 

2.7.8. A Mediating Role of Organization Innovation between Decentralized 

Organization Structure & Readiness for Industry 4.0 

 

Organization structure plays an important role in developing the innovation 

capacities of the organization. Researchers argued that the decentralized structure 

favors innovation and assists in achieving the high-performance goals of 

organizations. It helps in developing an innovation-friendly environment by 

promoting knowledge sharing, empowerment, decision making, and 

decentralization of management decision making. Furthermore, innovation helps in 

the application of abilities to prepare the organizations for any upcoming shifts, 

currently is referring to Industry 4.0. Now, the understudy question is to determine 
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the extent of indirect influence caused by organization innovation to the readiness 

of Industry 4.0. 

 

Kaliappen and Abdullah (2014) and Ylijoki et al. (2019) also highlighted the 

mediating role of organizational innovation for big data and organizational 

performances. However, it requires the support of organization structure that enable 

the capability of organization to innovate. Further it strengthen the whole 

organization system to adopt Industry 4.0 changes smooth. In an argument on the 

implementation of Industry 4.0 concepts by Sivathanu and Pillai (2018), it is 

highlighted that organization structure is vital for every organization. It creates a 

conducive environment for the preparation of Industry 4.0.  

 

Decentralized organization structure brings the function of flat hierarchy, which 

reduces the communication barrier and fasten the decision-making. With the 

distribution of power to make decisions enables employees to work autonomously 

and respond immediately according to the project demand. Hence, organization 

structure would be required for efficient Industry 4.0 implementation that would all 

departments to play a more strategic role in the overall organization growth.  

 

Organization structure enables the innovation by promoting the new ideas that 

brings changes for dynamic business environment. Extant literature has discussed 

the innovation as bridge between structure and adoption of technology. Hao et al. 

(2012) examined the mediating role of organization innovation in influencing 
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decentralized organization structure. The results also supported the direct and 

indirect roles of organization innovation. Based on the discussions above, this 

research proposes that: 

H8: Relationship between decentralized organization structure and Readiness for 

Industry 4.0 is mediated by organization innovation. 

 

Summary of all hypotheses developed above are presented in Table 2.5 below. 

Table includes Hypothesis, its number, and proposed relationship based on 

literature review. 

 

Table 2.5 

Summary of Hypotheses 

Number Hypotheses Proposed 

H1 Knowledge-oriented leadership and organization 

innovation 

Positive 

H2 Decentralized organization structure and 

organization innovation 

Positive 

H3 Organization innovation and readiness for Industry 

4.0 

Positive 

H4 Knowledge-oriented leadership and readiness for 

Industry 4.0 

Positive 

H5 Decentralized organization structure and readiness 

for Industry 4.0 

Positive 

H6 Aging workforce between organization innovation 

and readiness for Industry 4.0 

Moderates 

H7 Organization innovation between Knowledge-

oriented leadership and readiness for Industry 4.0 

Mediates 



 

82 

 

 

 

2.8. Proposed Research Framework 

 

Based on the literature review of variables and their relationship, research 

framework has been presented (see Figure 2.1). In application to Learning 

Organization and Dynamic Capability theories, this framework assists in 

developing organizational innovation and prepare organizations for new revolution. 

Figure below presents the figure of hypotheses that are developed. 

 

 

 

Figure 2.1: Proposed Framework to Readiness for Industry 4.0 

 

 

 

H8 Organization innovation between decentralized 

organization structure and readiness for Industry 4.0 

Mediates 
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2.9. Summary 

 

The literature is reviewed in accordance with the relevant theoretical and empirical 

background to contextualize the study. The purpose is to examine the readiness of 

Malaysian manufacturing for Industry 4.0 through appropriate practices and 

organization innovation. The objective of the literature review was to study the 

existing relationships between variables and theories in the context of the Malaysian 

manufacturing industry. However, the task to test the framework is remaining. The 

following chapter will discuss the methodology of study in the manufacturing sector 

of Malaysia. 
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CHAPTER 3 

 

3.0 RESEARCH METHODOLGY 

 

3.1. Introduction 

 

This chapter outline the research methodologies that are organized in different 

sections. The first section focuses on research paradigm and research approach 

applied in current research. The second section includes the explanation of research 

purpose and research design. The third section explains the data collection method, 

population and sample. The subsequent section describes the operationalization of 

questionnaire design and development of structure. The fifth section provides the 

view of data analysis in which the measurement and the structural model of the 

study are explained. Finally, a summary of the research methodology is provided at 

the end of this chapter. 

 

3.2. Research Paradigm 

 

Research paradigms talks about the development of knowledge. These are defined 

as belief-based systems that passes across the generation. It deals with nature, 

source, and development of knowledge (Saunders et al., 2016). Based on research 

objectives discussed in the first chapter, current research has adopted an 

epistemological philosophical view of positivism. 
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3.2.1. Positivism 

 

Current research follows the epistemological approach of finding the answers to 

research questions and its type “positivism” that is suitable for research objectives. 

The positivism approach promotes the method from social science (Bryman & Bell, 

2015). It is a study of society that relies upon scientific evidence collected through 

the survey and later revealed through statistics about how society operates (Burrell 

& Morgan, 2017). The positivism approach says that there is a fixed stance on 

reality (Hollway, 2018). The principle is that scientific knowledge that develops 

from the affirmation of theories by applying scientific methods is authentic. Unlike 

positivism, constructivism relates the knowledge as human constructs and thus is 

subjective. That means, it is generated by scientists. Therefore, it rejects the 

verification of knowledge through scientific methods and not relevant for current 

empirical research.  

 

Positivist research paradigm believe that there is generally a single reality. It 

involves a structural approach to develop hypotheses and selection of suitable 

methodology. Consistent with the past literature, current research tries to keep 

distinction among science, facts, and experience (Mack, 2010). Hence, a 

quantitative method is applied to investigate the relationship between “knowledge-

oriented leadership, decentralized organization structure, organization innovation, 

and readiness for Industry 4.0”. As it applies statistical methods which are the core 

of positivist research to disclose knowledge of objects (Chen et al., 2011). 
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Current research follows the progressive schema, moving from eight main research 

questions, development of hypotheses, data collection, and analysis. Therefore, 

Positivism, a well-known epistemological position in research philosophy is 

employed. It can quantify measures, draw inferences about phenomena and explain 

them objectively. Since the research focuses on the practical meaning of how 

management practices support for innovation and preparation of companies for 

Industry 4.0. Thus, the positivist philosophy applies techniques in accordance with 

the research problem and is considered most suitable for current research.  

 

3.3. Research Approach 

 

Decisions in business research are to be made after getting reliable information. The 

information must be processed in a logical way to use effectively in the decision-

making process. Therefore, a scientific methodology is used to solve the issues 

systematically through data analysis for drawing a valid conclusion (Creswell & 

Creswell, 2017). Current research considered the deductive approach of reasoning 

because it follows a systematic way based on theory. 

 

3.3.1. Deductive Approach 

 

A deductive approach is the basis of developing a hypothesis from theory and 

collection of data. It also helps in designing a strategy to test the proposed 

hypotheses (Bryman & Bell, 2015). According to Saunders et al. (2016), deductive 
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approach characteristics include; use of hypotheses to explain the causal 

relationship. In addition, it requires the operationalization of concepts to measure 

them quantitatively. Finally, to generalize the findings, the sample should be large 

enough. Based on the application of a deductive approach, the current research has 

developed the hypotheses from the literature of Learning Organization and 

Dynamic Capability theory, followed by data collection process. Further, the 

relationships between independent and dependent variables are operationalized 

properly. Finally, the causal relationships are tested, and results revealed are 

generalized accordingly. 

 

3.4. Research Purpose 

 

The aim of current research is two-fold; to describe the variables of the study and 

to investigate the relationship between them. Therefore, descriptive and explanatory 

research designs are applied to fulfil the aim by gathering information about 

variables. Besides, it explains the phenomena and allows testing the relationship 

through hypothesis (Sekaran & Bougie, 2016).  

 

The objective of descriptive research study is to provide a complete picture of 

understudy phenomena. It helps in describing the topic precisely, like events, 

individuals, or situations (Kowalczyk, 2015). The application of descriptive 

research technique in the current study will benefit in explaining the statistics of two 

dependent variables, two independent variables, mediator, and moderator 
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“knowledge-oriented leadership, decentralized organization structure, 

organization innovation, readiness for Industry 4.0, and aging workforce” properly, 

including their mean and standard deviation. Moreover, the demographic profile of 

companies and employees can be understood using descriptive technique. Whereas, 

the explanatory research design allows to test the causal relationship between above 

mentioned variables.  

 

3.5. Research Design 

 

A research design is associated with the objective and purpose of research originated 

from research questions. It provides a framework for the collection of data, 

measurement, and analysis based on research objectives (Cooper & Schindler, 

2014). Research design decides how the researcher answers the research questions 

and identifies the methods for analysis. The researcher employed Quantitative with 

Cross-sectional research design for research purpose.  

 

3.5.1. Quantitative Study 

 

In line with the positivist philosophy and deductive approach, this research will 

apply the quantitative research design to answer research questions. The 

quantitative research is an empirical investigation of phenomena with statistical 

techniques (Bernard, 2017). It is applied to test the readiness of Industry 4.0 in 

Malaysian manufacturing sector. This approach provides the researcher with an 
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opportunity to analyse “knowledge-oriented leadership and decentralized 

organization structure” that support “organization innovation for the readiness of 

Industry 4.0”, numerically. Since the variables of study can be defined, isolated, and 

linked for the hypothesis generation, thus the quantitative approach is appropriate 

for the findings that are generalizable (Hammarberg et al., 2016). Antecedents of 

organization innovation will be analysed quantitatively to understand the role of 

management practices. Especially the examination of moderating and mediating 

effect of the aging workforce and organization innovation respectively are of high 

interest. Therefore, the quantitative analysis is applied to get a precise measurement 

of causal as well as moderating and mediating relationships to make evidence-based 

decisions. 

 

The quantitative method is preferred over qualitative due to the reason that the later 

would impede a broad investigation. It limits the size of sample that would result in 

generalizability issues to the population under study (Morgan, 2016). Moreover, a 

qualitative approach is used while inspecting underdeveloped phenomenon or when 

there are challenges to identify the target population (Hammarberg et al., 2016; 

Hammarberg et al., 2014). The constructs of current research can be isolated and 

connected to develop a hypothesis, therefore the quantitative approach is more 

relevant for examination (Morgan, 2016). 
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3.5.2. Cross-Sectional study 

 

Current research applied cross-sectional design that is widely adopted in the 

management field of research. The cross-sectional design allows the collection of 

data from defined population at a specific time (Fagerland et al., 2015; Samuel, 

2018). It can measure the prevalence of all factors and assist in examining the 

relationship between variables. Current research contains multiple variables to 

study and analyse data that were collected from the representative of manufacturing 

companies at a specific time. Thereby, this design facilitates the empirical 

investigation of management practices that are useful for developing innovation 

capacity of manufacturing companies and to measure their readiness for Industry 

4.0. Further, it enables the researcher to identify moderating effect of aging 

workforce and mediating effect of organization innovation. The same design is 

recommended by Schmidt and Kohlman (2008) to check the causal effect of 

variables. 

 

3.6. Data Collection Method 

 

Data were facts provided to the researcher from the environment (Cooper & 

Schindler, 2014). Data collection is the process of gathering it from all the sources 

that are relevant and available to evaluate them and get a solution for research 

problem. For the current research purpose, raw data were used to analyse the 

research problem. The researcher collected primary data from first-hand sources of 
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manufacturing companies in Malaysia by keeping the current research project in 

mind. Data collected were used specifically for current research (Stephanie, 2018). 

To collect the data a survey questionnaire strategy was used for data collection 

purposes. This strategy is widely adopted and considered suitable for management 

studies. 

 

3.6.1. Survey Questionnaire 

 

A survey is a strategy that is used to collect standardized primary data from 

respondents. Current research design suggested a quantitative nature of the study 

and intended to collect data from companies for solving research problems, 

therefore, survey strategy was adapted to gather standardized data that can be coded 

and analysed analytically by using statistical techniques (Borges et al., 2017). In the 

survey, a questionnaire was a method used for collecting data where respondents 

responded in a predetermined way through written questions, also called items. 

 

Current research has adopted a questionnaire technique that is also popular in survey 

work. The aim was to collect data from manufacturing company representatives. 

The questionnaire used in this research consists of closed-ended questions and was 

self-administered to collect reliable data without the involvement of any other 

factors. This method enabled researcher to get the required data without any risk of 

biases (Nardi, 2018). Moreover, it is less expensive, easy to complete, generalizable, 

convenient, and has low bias features (Saunders et al., 2016). The research 
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questionnaire prepared for current research has two sections. Section “A” includes 

demographic related questions for respondent and company, whereas section “B” 

comprises the items related to variables. Further details are discussed in 

questionnaire design and structure section 3.10. 

 

3.7. Population and Sample 

 

A population is a number of all elements upon which inferences are made (Cooper 

& Schindler, 2014). Identifying and justifying the target population is an important 

stage of research (Sekaran & Bougie, 2016). In current research, the population 

includes the registered manufacturing companies of Malaysia that are 49,101 

(DOSM, 2018; MITI, 2018). The target population was selected from the database 

of Federation of Malaysian Manufacturers [FMM] (2018) which is highlighted by 

an official department “Malaysian Investment Development Authority [MIDA] 

(2018)", as the major data source related to manufacturing companies in Malaysia. 

The FMM is a representative company of Malaysia for manufacturers globally. 

Moreover, this database has been used in various research and thus considered as 

an appropriate source (Bakar & Ahmed, 2015; Lee et al., 2019; Long & 

Khairuzzaman, 2008; Mamoun et al., 2020; Mohd Mokhtar et al., 2009; 

Ramakrishnan et al., 2015). 

 

Further, the element of a population concerning current research is a single 

manufacturing company. A unit of analysis is “one individual/representative” from 

“each company” was requested to answer research questionnaire. That individual 
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can be “Owner, CEO, Director, General Manager, Manager, or Executive”. These 

individuals are selected due to their significant experience and knowledge of 

operations along with the better vision of company’s activities ((Bahari et al., 2018; 

Hambrick & Mason, 1984). The objective was to collect non-biased data that 

reflects organization practices for innovation and readiness of the manufacturing 

industry for Industry 4.0. 

 

3.7.1. Sampling Technique and Sample Size 

 

With the help of G*Power software, the sample size was calculated. The minimum 

size required for research was recorded 107 (Faul et al., 2019). The value is achieved 

through statistical test “Linear Multiple Regression” with type of power analysis “A 

priori”. The parameters include medium effect size, 95 percent power and 2 

predictors. Researcher was able to collect 155 usable responses which are adequate 

for structural equation modeling (Hair, 2007). The Simple Random Sampling (SRS) 

technique was used to select respondents from the list of companies that are 

available with the (FMM). This technique is deemed least biased, and the finding 

can be generalized to wider population (Jawale, 2012). 

 

Companies registered with the Federation of Malaysian Manufacturers were 

contacted through e-mails. A request was sent to fill the questionnaire from an 

individual that can be “Owner, CEO, Director, General Manager, Manager, or 

Executive” because they have significant experience, know the operations well and 
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have better vision of company’s activities. They also have a great influence on 

company performance and strategies (Bahari et al., 2018; Hambrick & Mason, 

1984). For getting instant response, a Google form link has also been provided 

through email. Non respondents were contacted and requested twice additionally to 

ensure the response. 

 

3.8. Development of Measurement Scale 

 

According to Kumar (2005), a measurement scale should have three qualities; all 

items must be clear and understandable; the scale should be short to avoid 

respondent fatigue; and a suitable Likert Scale should be selected to avoid hasty and 

neutral responses (Lindell & Whitney, 2001). Current research has adopted a 5-

point Likert scale to measure the perception of respondents (Cox, 1980). 

 

It is highly important to ensure accuracy, persistence, and quality of scale. For the 

reason, current research has adapted well-adopted scales from existing empirical 

studies (Bryman, 2015). Further the items were processed through the pre-testing 

and pilot testing stage. The questionnaire is prepared in English language to increase 

the quality and better responses. It is also written in a standard font size that is easy 

to read and includes clear instructions. 
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3.8.1. Scale for Knowledge-Oriented Leadership  

 

The scale for knowledge-oriented leadership is adapted from the study of Donate 

and de Pablo (2015). It contains items with a mixture of transformational and 

transaction style to measure knowledge-oriented leadership. Items seek to measure 

actions among workers and groups in context of their responsible behaviors 

(Rosenbloom, 2000), the management role for applying information and evaluating 

workers to promote learning innovation (Bollinger & Smith, 2001), leading by 

example (Bryant, 2003) and rewarding those who apply and share knowledge (Haas 

& Hansen, 2005). For an overview of measurement details, (see Table 3.1). 

 

Table 3.1 

Operationalization of Measurement Scale for Knowledge-oriented leadership 

Items Reference 

Our company managers have been creating an 

environment for responsible behavior among employees 

and teams. 

Donate and 

de Pablo 

(2015) 

Our company managers assume the role of knowledge 

leaders as a mediator for sharing and applying 

knowledge. 

Our company managers promote learning from 

experience rather than work output. 

Our company managers behave as advisers, and controls 

are just an assessment of the accomplishment of 

objectives. 

Our company managers promote the acquisition of 

external knowledge. 

Continued next page 
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Our company managers reward employees who share and 

apply their knowledge. 

 

 

 

3.8.2. Scale for Decentralized Organization Structure 

 

To measure decentralized organization structure, a scale is adapted from the study 

of Willem et al. (2007) and Cunningham and Rivera (2001). It helps to examine the 

decentralization characteristics of organization by reverse coding the items during 

analysis (Wan et al., 2005). Items measured the flexibility and autonomy of 

employees for making any decision. The list of items for organization structure are 

presented (see Table 3.2). 

 

Table 3.2 

Operationalization of Measurement Scale for Decentralized Organization 

Structure 

Items Reference 

Every matter in our company has to be referred to someone 

higher up for the final answer. 

Willem et al. 

(2007) 

In our company, a person who wants to make a decision on 

his own is discouraged. 

In our company, any decision employees make needs higher 

management approval. 

In our company, no actions are performed until the higher 

management makes a decision. 
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3.8.3. Scale for Organization Innovation 

 

Several researchers evaluate organization innovation by using a reliable scale. For 

current research the researcher has adapted a unidimensional scale from García-

Morales et al., (2012). Items presented in Table 3.3 are included in scale to measure 

the technology and product-based innovation of the company. An overview of the 

items for organization innovation is presented below. 

 

Table 3.3 

Operationalization of Measurement Scale for Organization Innovation 

Items Reference 

Our company's emphasis is on developing new products. García-Morales 

et al. (2012) In our company, introduction of new products into the 

market increased in last 12 months. 

Our company has spent on new product development 

activities in last 12 months. 

New products of our company have been introduced for 

the first time in the market in last 12 months. 

 

Our company invested in developing proprietary 

technologies in last 12 months. 

Our company's emphasis is on technological innovation. 

 

 

3.8.4. Scale for Readiness for Industry 4.0 

 

To check the readiness for Industry 4.0, a reflective second order measurement scale 

is adapted from the study of Akdil et al. (2018). The items included in questionnaire 

are measuring the nine high order dimensions of Industry 4.0 including Industry 4.0 
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Strategy, Industry 4.0 Leadership, Industry 4.0 Customer, Industry 4.0 Products, 

Industry 4.0 Operation, Industry 4.0 Culture, Industry 4.0 People, Industry 4.0 

Governance, and Industry 4.0 Technology. This construct will be measured with a 

5-point Likert scale. For an overview of measurement, items (see Table 3.4), 

whereas the readiness for Industry 4.0 is acting as a dependent variable. 

 

Table 3.4 

Operationalization of Measurement Scale for Readiness of Manufacturing 

Industry for Industry 4.0 

Items Reference 

Industry 4.0 Strategy 

Our company is using a plan for the implementation of 

industry 4.0 activities. 

Akdil et al. 

(2018) 

Our company has adopted a business model that is compatible 

with industry 4.0. 

Our company possesses adequate resources for the realization 

of industry 4.0. 

 

Industry 4.0 Leadership 

Our company managers are willing to face the challenges of 

industry 4.0 activities. 

 

Our company management possesses adequate competencies 

to face the challenges of industry 4.0 activities. 

In our company, central coordination for industry 4.0 is 

available. 

Industry 4.0 Customer 

Our company has digitalized sales and services. 

Our company analyses customer data for sales improvement. 

Our company customers are competent with Information and 

Communication Technology (ICT). 

Continued next page 
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Industry 4.0 Product 

It is possible to integrate products into other systems that are 

compatible with industry 4.0. 

 

Our company products have flexibility in their characteristics. 

Our company products are digitally compatible. 

Industry 4.0 Operation 

Our company has decentralized the process of operations. 

Our company encourages interdepartmental collaboration. 

Our company is adopting modeling and simulation methods 

in their operations. 

 

Industry 4.0 Culture 

Our company encourages open innovation (cross-company 

collaboration). 

Our company encourages knowledge sharing among 

employees.  

In our company, the employees value Information and 

Communication Technology (ICT). 

 

Industry 4.0 People 

Our company employees are having high ICT competencies. 

Our company employees are open to accepting new 

technologies. 

Our company employees enjoy autonomy. 

Industry 4.0 Governance 

Our country business policies have suitable technology 

standards. 

Our country business laws protect the company’s intellectual 

property. 

Our country business laws have adequate labour regulation 

for industry 4.0. 

Continued next page 
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Industry 4.0 Technology 

Our company has adopted Information and Communication 

Technology (ICT). 

Our company is utilizing mobile and related devices. 

Our company has integrated computers with machines and 

tools. 

 

3.8.5. Scale for Aging Workforce 

 

To analyse the aging workforce, the following question was asked from the 

respondent “What percentage of employees in your company would you estimate to 

be over the age of 55?” The responses received were in the range (0% to 20%). It 

was further divided into two categories with the help of median split approach. 

Median split is a common technique to dichotomize the data for further analysis 

(Sörensen et al., 2020). The values below median are categorized as “Low Aging 

Workforce” that ranges from (0% to 10%) and the value above median is named as 

“High Aging Workforce” ranges from (11% to 20%) for analysis. The application 

of median split will help in analysing the moderation as well as the Multi Group 

Analysis. 

 

3.9. Pre-Test and Pilot Test 

 

Before the original survey, a trial (pre-test) should be carried to check for 

improvements. It is crucial because of the feedback by experts that can be used to 

find out the relevance of the research query. It ensures that there are no wording 
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problems, rectifies inadequacies to reduce biases (Hilton, 2017). It also clarifies 

ambiguities in questions for a clear understanding to interviewee/respondent. This 

test also helps to ensure that the items reflect the variables of construct.  

 

Since the survey is self-administered so the feedback from experts enhanced the 

interaction part that made it easier and understandable. For pre-testing of current 

study, ten experts five each from their respective industry (academics & 

manufacturing) were requested to review the questionnaire and rate the items. The 

experts consisted of CEOs and Managers from different manufacturing companies. 

The rest were professors with relevant research interests and a language expert.  

 

A widely adopted Content Validity Index approach is applied to examine the content 

validity. Item level (I-CVI) and Scale level (S-CVI) were calculated in the process. 

The experts rated the instruments for clarity and relevancy as per theoretical 

definitions on a scale of 4 “Not Relevant to Highly Relevant” as suggested by 

Zamanzadeh et al. (2015). The items with a rating of 3 and 4 (Quite Relevant or 

Highly Relevant) were given 1 score in calculation. The average of all responses 

against each item should be more than 0.78 for I-CVI as suggested by Lynn’s, 

(1986) to retain the item. Whereas the S-CVI should be more than 0.90. Two items 

including “I have to ask the boss before I do almost anything” of decentralized 

organization structure and “Number of new products or services added by the 

organization and already on the market” of organization innovation were eliminated 

due to their rating below threshold (Appendix B). Further, the suggestions and 
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corrections especially related to sentence structure were incorporated for overall 

improvements. The pretesting questionnaire is also presented in Appendix A. 

 

To confirm the validity between constructs and items, a pilot study was conducted. 

The pilot test is a small-scale preliminary test that is carried out by a group of 

selected people who responds to every question that is included in the survey. This 

trial is required for the research before going to the actual study for feedback to 

improve validity, reliability, and operationalization practicability, to get answers in 

true manner ( Kumar & Kothari, 2018; Xie & Lee, 2013). Moreover, it ascertains 

the variance item range, scale reliability, factor loadings, and review of the items 

(Artino et al., 2014; Nunally, 1978). In this research, pilot test was performed in 

manufacturing companies of Malaysia. Thirty-five respondents were selected as 

suggested by Connelly (2008) from the same database that was used for the actual 

study later. Top-level employees from different categories of manufacturing sectors 

were requested to fill the survey and assess the content of the questionnaire to bring 

clarity in instrument. 

 

The questions were arranged properly in a chronological manner with their 

respective constructs in order to avoid any confusion. Each step taken has further 

enhanced the quality of questionnaire and subsequently supported to yield 

significant results. A statistical tool SPSS has been employed for pilot study upon 

the collected data. The value of Chronbach’s Alpha was examined to check the 

internal consistency. A minimum accepted Alpha value was considered at 0.60. 
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During the pilot study, the individual item Cronbach’s value and overall instrument 

Cronbach’s value were checked thoroughly. Initially, the value of Cronbach’s 

Alpha for organization innovation was calculated 0.519 due to the items OI_5 “Our 

company's Emphasis on creating proprietary technologies” and OI_8 “Our 

company's emphasis on pioneering technological developments in its industry”. 

Both items variance was abnormal (Appendix C). Thus, the items were deleted to 

achieve Cronbach’s value 0.913. Finally, six items of knowledge-oriented 

leadership, four items of decentralized organization structure, six items of 

organization innovation, and twenty-seven items of readiness for Industry 4.0 were 

confirmed for actual research. 

 

3.10. Questionnaire Design and Structure 

 

An introductory letter was attached at the start of questionnaire that briefly explains 

the objective of research and to get the consent before beginning the survey. The 

questionnaire is divided into two sections. Section “A” includes demographics 

profile of respondent and company. A total number of nine questions were asked in 

section “A”. It includes two options for Gender, five ranges for Age from “less than 

24 years old to more than 55 years old”, three main categories for Position 

“Owner/CEO/Director/G.Manager, Senior Manager/Manager, Executive”, five 

categories of Working Experience from “less than 5 years to more than 20 years”, 

thirteen states and three federal territories of Malaysia for Company Location to be 

selected, seven categories for manufacturing Company Products, two choices 
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“Local or Foreign” for Company Ownership, five categories for Company Type 

based on their registration “Private Limited, Public Limited, Sole Proprietorship, 

Partnership, or Limited Liability Partnership”, and “estimate of employees 

percentage as per age”. Section “B” covers the items of four variables that include 

“knowledge-oriented leadership, decentralized organization structure, 

organization innovation, and readiness for Industry 4.0” (see Appendix D). 

 

The term’s definitions are provided in footnotes for respondents’ better 

understanding. A 5-point Likert scale specially designed to measure attitudes or 

opinions was selected by the researcher due to its fixed choices. It increases the 

response quality, decreases the level of frustration, and allows the use of statistical 

tools (Collis & Hussey, 2009). According to Johns (2010), the data becomes less 

accurate when more than 7 or less than 5 points scale is employed. It lowers the 

quality of responses with an increase in categories, therefore, 5-Point Likert Scale 

is considered a better option and hence recommended (Revilla et al., 2014). 

 

3.11. Data Analysis 

 

Current research has applied Smart PLS 3 and SPSS software to conduct data 

analysis. Smart PLS was employed to test the reliability and validity of survey 

questionnaire data. It is known for analysis with fewer sample size restrictions and 

considered a better choice in comparison with covariance-based structural technique 

(CB-SEM) (Chin et al., 2003). Smart PLS 3 has the capacity of analysing the data 
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efficiently (Henseler et al., 2009). Moreover, due to its higher ability (Afthanorhan, 

2013) the measurement and structural model of the framework will be analysed 

effectively. It is also suitable for model building studies and is considered 

appropriate for examining the cause-effect relationship (Hair et al., 2012). 

Importantly, it allows the analysis of higher order construct without the issues of 

reliability and validities with the provision of latent variable scores. Thus, the 

relationships of dependent variable (Readiness for Industry 4.0) and antecedents of 

organization innovation (knowledge-oriented leadership and decentralized 

organization structure) were assessed by using Smart PLS. Additionally, the 

moderating effect of aging workforce and mediating effect of organization 

innovation were also examined. But before the data analysis, data preparation and 

screening were performed thoroughly. 

 

3.11.1. Data Preparation and Screening 

 

Data were screened to ensure the reliability as well as the validity (Tabachnick & 

Fidell, 2013). In this process, initially the missing values were checked. Missing 

data is a common incidence but can have a significant effect on results. More than 

10% of the data that is missing can cause a serious issue (Tsikriktsis, 2005). Missing 

data can be due to a deliberate act of ignoring some questions. But within an 

acceptable limit, data can be mitigated by the exclusion of that cases of missing data 

from specific research as suggested by (Hair et al., 2010). Smart PLS 3 offers two 
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approaches to deal with missing data issues, either substitute the mean of overall 

cases of a variable or case-wise deletion (Temme et al., 2006).  

 

Further the response bias and the outliers within and between variables were tested 

during the cleaning process by using SPSS. According to Hair et al. (1998), 

univariate and multivariate are used for the identification of outliers. As suggested 

by Kline (2005), a univariate outlier is an extreme value of a single variable, and in 

a multivariate outlier at least two variables have an unusual score. For current 

research, outliers were tackled by checking the z-score and Mahanalobis. The value 

of z-score should be less than 4 and Mahanalobis probability must not be (P<0.001) 

(Hair et al., 1998). Finally, the screening of normality assumptions was performed. 

It is important to have a normal data for appropriate results and precise predictions 

(Das & Imon, 2016). The indicators including Kolmogorov-Smirnov, Histogram, 

Skewness and Kurtosis were examined to ensure normality. 

 

3.11.1.1. Multicollinearity 

 

Multicollinearity is the absence of a correlation between variables (Saunders et al., 

2016). It thus threatens the measurement model integrity, fitness, and constructs 

validity. In order to reduce this issue, before creating an inter-item correlation, data 

should be mean-centered (Kutner et al., 2005). Variance Inflation Factor (VIF) test 

was performed to check and avoid concerns of multicollinearity. The value <=0.10 
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or >=5 is considered as problematic and thus to be removed from the analysis 

(Menard, 2002; Rogerson, 2001). 

 

3.11.2. Measurement Model 

 

The measurement model describes the relationship between constructs. The 

measurement model for the latent construct must be assessed initially before the 

presentation of the structural model (Hair et al., 2010). It is also used to perform 

confirmatory factor analysis (CFA). The reflective measurement model is evaluated 

for consistency and accuracy through reliability and validity analysis. Initially, the 

uni-dimensionality test was taken to eliminate any artificial correlation between 

constructs. 

 

3.11.1.2. Uni-Dimensionality Test 

 

It refers to the measurement of a single ability, construct, skill, or attribute. The 

factor loading procedure and “Kaiser-Meyer-Olkin (KMO) and Bartlett’s tests of 

Sphericity” will be applied to check uni-dimensionality. Moreover, for the newly 

developed item, the criteria of factor loading for a single construct is 0.5 or higher 

and 0.6 is the minimum score for the established item (Awang, 2012). Items should 

be deleted and retained one by one with lowest item deleted first. This test helps in 

finding artificial correlation among constructs.  
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3.11.1.3. Reliability Analysis 

 

Reliability is the level of getting the same results (consistency) from a test if it is 

repeated more than once. This test is applied to check the reliability of scales used 

in this research. It aims that the data is free from error, either it is a random or 

unstable error. (Cooper & Schindler, 2014).  

 

The internal consistency was examined by using Chronbach’s alpha for two reasons. 

Firstly, it is used to check consistency across time and various items of an 

instrument. Secondly, it is widely recognized and very common in testing multi-

item reliability for a scale (Cooper & Schindler, 2014). The Cronbach's alpha should 

be between 0 and 1 with a rule “higher the better”. The least value considered for 

this research and believed as strong is 0.70 (Hinton et al., 2004). 

 

3.11.1.4. Validity Analysis 

 

Validity refers to the level at which measurement gets the real meaning of which it 

is intended to measure. It means that the responses received from the questionnaire 

represents exactly what is being measured (Saunders et al., 2016). For valid 

research, the two methods of content validity and construct validity were applied. 

 

Content validity refers to the level to which measurement of study provides 

adequate coverage of questions. Adequacy can be judge through careful review of 
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definition from literature (Polit & Beck, 2006; Saunders et al., 2016) or by using a 

panel of the individual to assess measurement questions. Measurement for current 

research is adapted from previous studies and thorough assessment from experts 

will be applied during pre-test for content validity purposes.  

 

Construct validity also called composite reliability confirms the questions of 

measurement, measures the construct exactly as intended. From the types of 

construct validity, convergent validity checks two measures measuring the same 

construct and demonstrates that they are related. It is tested through factor loading 

(Anderson & Gerbing, 1988) within each construct. Additionally, for convergent 

validity, the value of Average Variance Extracted (AVE) should be greater than 0.5 

as suggested by Afthanorhan (2013). Besides, the value of composite reliability 

(CR) should be greater than 0.7 and factor loadings greater than 0.6 (Yap et al., 

2012). Further, discriminant validity which measures the two items that are 

expected to be unrelated, are unique is tested through correlation analysis (Hair et 

al., 2010). For the purpose, Heterotrait-Monotrait ratio of correlations (HTMT) test 

was applied with the maximum threshold of 0.85 (Henseler et al., 2015). For 

excellent validity, both types of validities are required. The measurement model is 

completed after establishing all the above validities and reliabilities. Summary of 

Measurement model tests and criteria is presented below (see Table 3.5). 
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Table 3.5 

Summary of Measurement Model Tests and Criteria 

Indicator/Procedure Purpose Criteria Reference 

AVE Convergent 

Validity 

It should be 

greater than 0.50 

Afthanorhan 

(2013) 

CR Composite 

Reliability 

Greater than 0.70 Yap et al. (2012) 

Cronbach's Alpha CA Internal 

Consistency 

Greater than 0.70 Hair et al. (2010) 

Heterotrait-Monotrait 

(HTMT) 

Discriminant 

Validity 

Threshold 0.85 Henseler et al. 

(2015) 

 

 

3.11.3. Structural Model 

 

Structural model analysis is performed using Smart PLS bootstrapping technique. 

But before the application, Pearson’s coefficient (R)2 is to be gauged. Current 

research followed the study of Henseler et al. (2009) which suggested (R)2 0.25, 0.5, 

and 0.75 as a weak, moderate, and substantial respectively. The value of (R)2 is 

achieved by running PLS Algorithm in Smart PLS. Moreover, Stone-Geisser 

indicator (Q2-Relevance of predictive validity) was applied to predict the quality of 

model. It reflects how much the model matches the expectations. The value of Q2 

must be greater than 0. Where Q2 = 1 represents a perfect model without errors. By 

using the blindfolding module in Smart PLS 3, the value of Q2 general redundancy 

can be achieved by eliminating each variable one by one. The formula for q2 is (q2 

included – q2 excluded) / (1 - q2 included). Additionally, usefulness of each 

construct is examined by Cohen’s indicator f2 (f2 included – f2 excluded) / (1 - f2 
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included)) for adjustment model. It is the ratio of part explains with a part not 

explained. The required value of Cohen’s indicator can be achieved by including 

and excluding constructs one by one in bootstrapping technique. Whereby, f2 value 

0.02, 0.15, and 0.35 are considered small, medium, and large respectively (Cohen, 

1988). The structural model is considered accurate if the entire tests mentioned 

below in Table 3.6 met the criteria. 

 

Table 3.6 

Summary of Structural Model Tests and Criteria 

Indicator 

Procedure 

Purpose Criteria Reference 

Pearson’s 

Determination 

(R)2* 

Portion of variances of 

endogenous variables 

Weak 0.25 

Moderate 0.50 

Substantial 0.75 

Henseler et al. 

(2009) 

t-statistics Significance of 

correlation and 

regression 

t >= 1.96 Hair et al. 

(2014) 

Cohen’s 

Indicator (f)2 

Effect Size Small 0.02 

Medium 0.15 

Large 0.35 

Cohen (1988) 

Stone-

Geisser’s 

Indicator (Q)2 

Accuracy of Adjusted 

Model 

Q2>0 Hair et al. 

(2014) 

Path co-

efficient (Γ) 

Causal Relation  Hair et al. 

(2014) 

Note. *R2 Quality of adjusted model. 

 

 



 

112 

3.11.3.1. Hypotheses Testing 

 

A bootstrapping method is applied to test the direct and indirect relationship. 

Hypotheses are considered accepted if the test statistics value is greater than 1.96 

and p-value less than 0.05. Indirect effect results were examined to see the 

mediation effect of organization innovation for Hypothesis 7 and Hypothesis 8. 

Further H1, H2 and H3 were checked to assess the partial or full mediation. On the 

other side, moderating effect of aging workforce was also tested in Smart PLS. A 

moderator is introduced in model between “organization innovation and readiness 

for Industry 4.0”. The results achieved through bootstrapping were evaluated based 

on the above test statistics and p-value criteria. 

 

3.11.3.2. Multi-Group Analysis 

 

Multi-Group analysis allows to understand the different groups effect on results 

(Henseler et al., 2009). A pre-defined data groups is created, and analysis is 

performed to test significant difference in parameters. To understand the aging 

workforce effect better on the H3, both lower aging workforce and higher aging 

workforce groups will be examined by using Multi-Group Analysis. The existing 

results will be then compared separately with each aging workforce group for 

noteworthy implications. 
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3.11.3.3. Importance Performance MAP Analysis (IPMA) 

 

The Importance Performance Analysis (IPMA) will be performed to see the 

importance of exogenous variable on endogenous variable. Moreover, it will also 

help in analysing the performance of exogenous variable on map. The results will 

be used to extend the knowledge of understudy variables relationships. Moreover, 

it will have an important implication for managers to understand the important 

factors with their relevant performance and strategize accordingly. 

 

3.12. Supplementary Qualitative Study Design 

 

To strengthen the quantitative research findings and support the sample size of 

quantitative study, a supplementary qualitative study was applied. This additional 

research and analysis helped in understanding the findings of main eight research 

questions and accomplishment of objectives. 

 

The interview was divided into two sections. Section “A” contains the questions 

related to demographic profile of respondent and company. Following section 

covers the twelve (open ended) questions related to business awareness. The 

questions are mainly related to the awareness of industry 4.0 and aging workforce, 

and the roles of knowledge-oriented leadership and decentralized organization 

structure. A covering letter including the research information and voluntary 

consent was also attached at the start of survey (Appendix E).  
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An ATLAS.ti software was used to analyze the nine interviews of top management 

from manufacturing organizations. This software is selected because it has ability 

to show better outcome and organize, retrieve, and analyse the data with precision 

(Ronzani et al., 2020). The results are explained in section 4.8. 

 

3.13. Ethical Consideration 

 

Research ethics should be considered in research design, data storage, and reporting 

stage as suggested by Saunders et al. (2016). Several ethical issues like privacy and 

volunteerism will be taken in to account during current research. For the purpose, 

current research has obtained ethical approval (U/SERC/36/2019) prior to research 

from Universiti Tunku Abdul Rahman (UTAR) in accordance with their guidelines, 

due to the involvement of human subject. The present research used questionnaire 

for collection of data that contains the cover letter which states the purpose of 

research, voluntary participation, and confidentiality assurance of data being 

collected. Moreover, respondents are required to provide their consent and have the 

right to withdraw from the survey anytime. 

 

3.14. Summary 

 

The current chapter has discussed research paradigm, research approaches, and 

research design. Additionally, the adoption of research methods and techniques for 
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data collection is presented comprehensively. Finally, measurement model and 

structural model are explained in the data analysis section. The results of the survey 

will be evaluated in following chapter. 
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CHAPTER 4 

 

4.0 RESULTS 

 

4.1. Introduction 

 

The objective of this chapter is to provide the insights of data analysis for 

assessment of the theoretical model hypothesized in the research. The first section 

includes descriptive analysis of respondents and constructs. It is followed by the 

factor analysis that helps researcher to classify the items that can measure constructs 

properly. The reliability and validity tests are described based on measurement 

model. Finally, confirmation of hypotheses through structural model is explained.  

 

4.2. Response Rate 

 

Although the G*Power suggested 107 sample size, but researcher tried to get a 

maximum of 150 responses which is also suggested by Hair (2007, 2010) for 

structural equation modeling. A total of 2801 companies’ representatives were 

contacted from the database of Federation of Malaysian Manufacturers. An online 

survey was sent to companies across Malaysia. For getting instant response, a 

Google form link has also been provided through email. Respondents were 

contacted twice to ensure better response rate. The data collection process period 

was counted from 3rd September 2019 to 20th December 2019. Prior studies 

indicated low response for surveying owner-manager (Anseel et al., 2010; 
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Bartholomew & Smith, 2006; Hiebl & Richter, 2018; Pielsticker & Hiebl, 2020). In 

addition, the application of online survey can reduce the response rate further low 

(Shih & Fan 2008). Abd Aziz and Mahmood (2011) had received the low response 

rate for mail survey in 5 months from manufacturing companies of Malaysia. The 

study of Wong and Sam (2011) and Marimuthu and Bidin (2016) also experienced 

the low response in Malaysia. Whereas a study of Tang et al. (2013) received only 

9% response from research conducted in Malaysia. 

 

A total of 163 responses were received which accounted approximately 6% 

response rate. The response rate is calculated through the ratio of responses received 

with total distributed survey questionnaire. This response rate is acceptable as it is 

common in different countries including developed ones. For instance, 6% response 

rate in USA mail survey (Spencer et al., 1994), and 4% in UK (Wright & Burns, 

1998). Generally, the response rate varies between 5% to 10% in online surveys, 

whereas Malaysia normally has low response rate (Sulaiman et al., 2012). Two of 

the questionnaires were omitted due to the doubt of bias response that can trouble 

the interest of research. The omitted respondents only answered the same values for 

all variables. Six responses were removed from data analysis because they fall in 

“Others” category of position. It may cause serious issues to the generalizability; 

therefore, respondents were removed from the sample. A total 155 responses were 

selected for final analysis. 
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4.3. Response Bias 

 

Response bias is a common issue in a survey. It deals with the quality of data 

therefore, it is important to avoid for meaningful responses (Xu et al., 2017). The 

data is divided into two groups based on early and late responses by using SPSS. 

Both groups were tested through Paired-Sample t-test. The results of each variable 

groups must be insignificant to avoid any difference between groups i.e., response 

bias. Results confirmed that there is no response bias in the data as all the groups 

have insignificant difference (see Table 4.1). 

 

Table 4.1 

Paired Sample Test 

  Mean Std. 

Deviation 

Significance  

Pair 1 KOL_E - 

KOL_L 

1.037 0.146 0.892 

Pair 2 DOS_E - 

DOS_L 

1.392 0.196 0.346 

Pair 3 OI_E - OI_L 1.359 0.192 0.918 

Pair 3 I4.0_E - 

I4.0_L 

1.005 0.142 0.840 

Note: “KOL = Knowledge-oriented leadership, DOS = Decentralized 

organization structure, OI = Organization innovation, I4.0 = Readiness 

for Industry 4.0, E = Early Responses, L = Late Responses. Std. = 

Standard” 
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4.4. Data Cleaning 

 

Prior to the analysis, data were cleaned properly to ensure the validity and 

reliability. The missing values, normality tests, KMO and Bartlett's and Harman’s 

Single Factor tests were performed. The data validation technique is applied by 

using Google form to avoid possibility of any missing values. 

 

4.4.1. Assessment of Outliers 

 

The presence of outliers, either it is univariate or multivariate, can affect the 

estimation as well as the model fit of data. To analyse and resolve the issues of 

outliers if any, the standardized values “z-scores” for all items were generated 

(Kline, 2005) and presented in (Appendix F). The range of z-score should be 

between -4 to +4. The values presented confirms that all the items of variables are 

within the required range, thus no outliers found. Further, the Mahanalobis 

probability was calculated by computing variables (1-CDF.CHISQ(MAH,43)). The 

probability values are above the minimum threshold (P<0.001) which confirms no 

multivariate outliers. 

 

4.4.2. Descriptive Statistics 

 

The descriptive analysis has been performed by using SPSS software. The values 

of mean and standard deviation of all constructs are presented (see Table 4.2). The 



 

120 

mean value of each construct shows that the “knowledge-oriented leadership, 

decentralized organization structure, organization innovation, and readiness for 

Industry 4.0” values are towards medium to a high level due to their scores above 

midpoint i.e., 2.50. For standard deviation, all variables were reported closer and 

below 1 which is considered an acceptable range. Additionally, the Skewness and 

Kurtosis were calculated to test the normality of the data. The values for Skewness 

are within +2 to -2 and for Kurtosis all the values are within +7 to -7, thus confirms 

the normal contribution of data (see Table 4.2). The item wise normality, Q-Q plot 

and Histogram are affixed (see Appendix G and H). 

 

Table 4.2 

Descriptive Statistics and Assessment of Normality 

  

Mean 

Std. 

Deviation Skewness Kurtosis 

  Statistic 

Std. 

Error Statistic 

Std. 

Error 

KOL 3.717 0.764 -0.505 0.195 0.217 0.387 

OSR 2.671 0.960 0.319 0.195 -0.503 0.387 

OI 3.377 0.959 -0.423 0.195 -0.928 0.387 

I4.0 3.312 0.704 -0.311 0.195 -0.342 0.387 

 

For achieving the uni-dimensionality of factor analysis, Lowry and Gaskin (2014) 

has suggested the “Kaiser-Meyer-Olkin (KMO) and Bartlett’s tests of Sphericity”. 

The indications of sampling adequacy for both tests were acceptable with KMO 

(0.789) inside meritorious range and Bartlett’s test significant at (0.000) proving an 

adequate sample for Exploratory Factor Analysis. Finally, a total 155 items were 
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finalized for data analysis. The results presented (see Table 4.3) ascertain the 

convergence of items and thus emergence of factors. 

 

Table 4.3 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling 

Adequacy. 
0.789 

Bartlett's Test of Sphericity Approx. Chi-Square 6442.708 

df 903 

Sig. 0.000 

 

4.5. Common Method Variance 

 

Common Method Variance explains the measurement error that is compounded due 

to the respondent who wants to be positive while answering the questions (Chang 

et al., 2010). It normally arises in cross-sectional design studies. According to Kock 

(2015), if the factor level value of VIF is greater than 3.3, it indicates that the model 

is unclean and has a common method bias. Therefore, Common Method Bias was 

confirmed from Collinearity by connecting variables one by one to each construct 

and analyzing Variance Inflation Factor (VIF) through Smart PLS 3. All the values 

are less than required threshold with a maximum recorded value is 1.342 (see Table 

4.13), hence, the model is considered free from common method bias. Moreover, 

Harman’s single factor test was performed to verify the issues of common method 

variance due to the use of self-administered questionnaire in a single survey. 

Through SPSS software, the exploratory factor analysis was conducted by choosing 

one fix factor under principal factor axis. A value of one common factor for total 
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variance should be less than 50% to avoid any issues. For current research, the result 

of Harman’s single factor analysis is accounted 36.437%, that means a single factor 

is extracting 36% of total variance, and thus confirms no major problems (see Table 

4.4). 

 

Table 4.4 

Harman’s Single Factor 

Initial Eigenvalues 

Extraction Sums of Squared 

Loadings 

Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% 

16.218 37.716 37.716 15.668 36.437 36.437 

 

4.6. Demographic Profile 

 

The respondents of current research were (Owner, CEO, Director, General 

Manager, Manager, and Executives) of manufacturing companies that are operating 

inside Malaysia. The summary of respondent’s demographic profile is presented 

(see Table 4.5). Interestingly, (55%) respondents are male and (45%) are female. It 

indicates that there is not much difference between male and female workers in the 

Malaysian manufacturing industry. More than two-thirds of the respondents were 

between the age group of 25 to 44 years. While the highest percentage of 

respondents (35%) were from the age group of 35 to 44 years. Only (6%) 

respondents belong to a group of workers that are from aging workforce (55 or 

more) years old. Furthermore, the total number of representatives (74%) are 
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associated with local (Malaysia) companies and (26%) belongs to foreign 

manufacturing companies operating in Malaysia. 

 

Table 4.5 

Summary of Demographic Profile 

Demographics No. of 

Respondents 

Percentage 

Gender Male 85 55 

Female 70 45 

Age Group 25 - 34 years old 52 34 

35 - 44 years old 54 35 

45 - 54 years old 40 26 

More than 55 years old 9 6 

Company Type Local 114 74 

Foreigner 41 26 

 

The respondents also provided the data about their company product, type, and 

ownership while answering to the “Section A” of questionnaire. Most number of 

responses were from Transport Equipment (19%), Metal & Non-Metallic Mineral 

(19%), Food, Beverages & Tobacco (17%), Petroleum, Chemical, Rubber & Plastic 

(16%), and Electrical & Electronics (16%), which accumulates the 87% of total 

response. Current research is more valuable because of the responses received from 

major product categories including Electrical & Electronic and Petroleum, 

Chemical, Rubber & Plastic that are good contributors to the GDP of Malaysia. 

Whereas, Food, Beverages & Tobacco and Petroleum, Chemical, Rubber & Plastic, 

that are the fast-growing and leading Malaysian industries respectively (see Table 

4.6). 
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Table 4.6 

Summary of Responses Categorized by Company’s Products 

Company Products Responses Percentage 

Transport Equipment 29 19 

Metal & Non-Metallic mineral products 29 19 

Food, Beverages & Tobacco 27 17 

Petroleum, Chemical, Rubber & Plastic 25 16 

Electrical & Electronics 25 16 

Textile, Wearing, Apparel, Leather & 

Footwear 10 6 

Wood, Furniture, Paper & Printing 10 6 

Grand Total 155   

 

On the other hand, mostly the respondents (47%) are holding the managerial 

positions while (37%) belong from top management. Additionally, (72%) of 

companies included in current research are registered as Private Limited Sendirian 

Berhad. Followed by (18%) Public Limited Berhad and (6%) Partnership registered 

companies (see Table 4.7). 

 

Table 4.7 

Company Registration Type and Job Position 

Position Responses Percentage 

Owner/CEO/Director/G. Manager 58 37 

Senior Manager/Manager 73 47 

Executive 24 15 

Summary of Responses Categorized by Company Registration Type 

Continues next page 
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Registration Type Responses Percentage 

Private Limited Sdn. Bhd. 112 72 

Public Limited Berhad 28 18 

Partnership 9 6 

Sole Proprietorship 6 4 

 

In comparison with respondents to their company location (states), it can be seen in 

Table 4.8 that most of the companies (30%) are from Selangor. Followed by Kuala 

Lumpur (17%), Perak (15%), and Penang (12%) sharing (74%) of total responses. 

These states are also known for business activities and are considered as business 

hubs of many industries. 

 

Table 4.8 

Summary of Responses from States 

State Total Percentage 

Selangor 46 30 

Kuala Lumpur 26 17 

Perak 24 15 

Penang 18 12 

Johor 15 10 

Kedah 10 6 

Negeri Sembilan 8 5 

Sarawak 4 3 

Kelantan 2 1 

Sabah 2 1 

Grand Total 155  
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4.7. Partial Least Squares Structural Equation Modelling (PLS-SEM) 

Analysis 

 

Before initiating the analysis, the Weighted PLS method was applied to ensure that 

the sample collected represents the actual population of research. The weights were 

generated through the ratio of responses received’ percentage with the actual 

percentage of manufacturing products category in Malaysia stated by Department 

of Statistics Malaysia (DOSM, 2018). Table 4.9 presents the Weighted PLS 

calculations for representation of population. Additionally, the data collected 

through questionnaire for decentralized organization structure were coded reverse 

to analyse the decentralized characteristics. The items have the characteristics of 

centralized structure which should be reverse to get the real meaning of 

decentralized organization structure, the other extreme of it. For the further analysis 

in Smart PLS 3, WPLS and reverse coded values were used for required results. 

 

Table 4.9 

Weighted Partial Least Square 

Row Labels Responses Actual WPLS 

Electrical & Electronics 16.13% 8% 1.941 

Food, Beverages & Tobacco 17.42% 18% 0.932 

Metal & Non-Metallic mineral products 18.71% 18% 1.035 

Petroleum, Chemical, Rubber & Plastic 16.13% 9% 1.794 

Textile, Wearing, Apparel, Leather & 

Footwear 6.45% 

19% 0.360 

Transport Equipment 18.71% 11% 1.807 

Wood, Furniture, Paper & Printing 6.45% 17% 0.365 
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Moreover, the readiness for Industry 4.0 is representing the second-order of nine 

first-order constructs including “Industry 4.0 Customer, Industry 4.0 Product, 

Industry 4.0 Culture, Industry 4.0 Strategy, Industry 4.0 Leadership, Industry 4.0 

Technology, Industry 4.0 Operation, Industry 4.0 Governance & Industry 4.0 

People” was measured through repeated indicators (Chin, 1998; Lallmahomed et 

al., 2013; Wang & Scheepers, 2012; Wetzels et al., 2009). 

 

After setting the data, the researcher applied a two-step analysis that includes the 

analysis of measurement model and structural model as recommended by Anderson 

and Gerbing (1988). Measurement model was checked thoroughly and the scores 

for validity and reliability of constructs were ensured satisfactory for the 

establishment of models (Lin et al., 2012; Scott & Walczak, 2009). The tests were 

conducted by using PLS Algorithm. 

 

Finally, the structural model was assessed to examine the relationship between 

variables. All the hypotheses were tested in this stage and results were concluded 

based on analysis. To perform both stages, Smart PLS 3 was used because it allows 

better results as compared to CBSEM when a model has more items (Chin, 2010). 

Moreover, it was opted due to the capability of efficient measurement even with 

small samples (Puschel & Mazzon, 2010). The following sections will present the 

complete analysis of data. 
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4.7.1. The Measurement Model 

 

In the first stage of analysis (measurement model) also known as the outer model 

was validated. The strength of measurement model was examined through 

measuring the convergent, construct, discriminant validities, and composite 

reliability of each indicator (Ramayah et al., 2011). The researcher was able to 

determine the stability (consistency) of instrument with the help of a reliability test 

and accuracy of instrument (for which it is developed) through a validity test 

(Sekaran & Bougie, 2010). 

 

4.7.1.1. Convergent Validity 

 

Convergent validity is described as a capability of measurement to produce the same 

results with alternative measures when applied. Convergent validity is considered 

valid if factor loadings, Average Variance Extracted (AVE) and Composite 

Reliability (CR) are more than 0.60, 0.50 and 0.70 respectively (Fornell & Larcker, 

1981; Hair Jr., 2006; Leong et al., 2013; Tan et al., 2014). 

 

The Table 4.11 presents the values of Average Variance Extracted (AVE). All 

values of (AVE) are greater than 0.50, with maximum value of readiness for 

Industry 4.0 (0.824) and minimum value of organization innovation (0.607) were 

recorded. The value of readiness for Industry 4.0 was measured manually by 

dividing the sum of total loadings to the number of standard loadings squared due 
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to its second-order construct characteristics. Whereas knowledge-oriented 

leadership and decentralized organization structure has values of (AVE) 0.618, and 

0.721 respectively. 

 

The total variance explained has also been calculated through SPSS from dimension 

reduction – factor tab, it shows 77.3% of total variance explained (Appendix I). 

Besides, the loadings of all remaining items for both models are more than 0.60 (see 

Figure 4.1 and Table 4.10). The minimum 60% variance also confirms no 

dimensionality problems (Hatcher, 1994). Hence, the convergent validity has been 

established. 

 

Table 4.10 

Outer Loadings 

Items Loadings Items Loadings Items Loadings 

KOL_1 0.841 OI_6 0.801 I4_PP3 0.690 

KOL_2 0.825 I4_St1 0.900 I4_C1 0.810 

KOL_3 0.722 I4_St2 0.924 I4_C2 0.881 

KOL_4 0.652 I4_St3 0.858 I4_C3 0.727 

KOL_5 0.802 I4_OP1 0.785 I4_G1 0.859 

KOL_6 0.854 I4_OP2 0.672 I4_G2 0.643 

OSR_1 0.824 I4_OP3 0.891 I4_G3 0.886 

OSR_2 0.824 I4_CL1 0.818 I4_P1 0.854 

OSR_3 0.889 I4_CL2 0.790 I4_P2 0.892 

OSR_4 0.857 I4_CL3 0.757 I4_P3 0.783 

OI_1 0.726 I4_L1 0.867 I4_T1 0.869 

OI_2 0.844 I4_L2 0.943 I4_T2 0.816 

OI_3 0.781 I4_L3 0.925 I4_T3 0.808 

OI_4 0.740 I4_PP1 0.905 

OI_5 0.775 I4_PP2 0.855 

Loading > 0.60 (Bagozzi & Yi, 1988) 
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Figure 4.1: PLS-SEM Results of Readiness for Industry 4.0 

 

4.7.1.2. Reliability Analysis 

 

The Composite Reliability (CR) is examined through measurement model analysis. 

It is calculated through formula: “(Square of the summation of the factor 

loadings)/{(Square of the summation of the factor loadings + (summation of error 

variances)}” (Chau & Hu, 2001, p. 709). The value of Composite Reliability for 

knowledge-oriented leadership (0.906), decentralized organization structure 

(0.912), organization innovation (0.902), and readiness for Industry 4.0 (0.960) are 

presented (see Table 4.11). All values for CR are achieving the satisfactory grades 

as recommended by Molina et al. (2007). 
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In order to keep the internal consistency, the value of Cronbach’s Alpha should be 

between 0.5 and 0.70 for moderate and above 0.7 for strong reliability (Hinton et 

al., 2004). The values of Chronbach’s Alpha for all factors are greater than 0.70 

which confirms strong reliability. It includes “knowledge-oriented leadership and 

decentralized organization structure” (0.875), “organization innovation” (0.871), 

“readiness for Industry 4.0” (0.956). Hence, the values reported for all constructs 

are greater than minimum accepted value. 

 

Table 4.11 

Construct Reliability and Validity 

Variables 
Cronbach's 

Alpha 

Composite 

Reliability 

Average 

Variance 

Extracted 

Knowledge-Oriented 

Leadership 
0.875 0.906 0.618 

Organization Innovation 0.871 0.902 0.607 

Decentralized Organization 

Structure 
0.875 0.912 0.721 

Readiness for Industry 4.0 0.956 0.960 0.824 

Cronbach’s Alpha > 0.60 (Nunnally, 1978), AVE > 0.50 (Hair Jr., 2006), CR > 

0.70 (Fornell & Larcker, 1981). 

 

4.7.1.3. Discriminant Validity 

 

“The degree to which the items of variables differentiate between each other is 

referred as Discriminant validity” (Thong, 2001, p. 152). It is measured through the 

ratio of correlation Heterotrait-Monotrait (HTMT). This method has been 

recommended by Henseler et al. (2015) because of its efficiency in results.  In a 
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simulation study of Monte Carlo, HTMT has 95 to 97 percent sensitivity rates with 

comparison to Fornell-Lacker (Fornell & Larcker, 1981) which only has 20. The 

criteria for checking validity through HTMT states that the values near to 1 mean a 

lack of discriminant validity. To establish discriminant validity the recommended 

value is less than 0.85 (Kline, 2011). 

 

The ratio of correlation among each construct has been presented (see Table 4.12). 

It can be seen clearly that the ratios are less than 0.85. Meaning that the items highly 

load with their respective latent construct. The highest value of HTMT recorded is 

0.651 between Readiness for Industry 4.0 and organization innovation. Which 

confirms HTMT values are within the required range and below maximum 

threshold. 

 

Moreover, the pattern of loading and cross-loadings confirms that each of the item 

values are more than 0.60 and thus was loaded properly with their respective latent 

construct. It suggests the existence of convergence between all variables. Hence, 

with the strong discriminant validity confirms the establishment of measurement 

model (Venkatesh et al., 2012). 
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Table 4.12 

Discriminant Validity – HTMT 
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Aging Workforce           

Knowledge-Oriented 

Leadership 0.144 
    

Aging Workforce 0.007 0.159 
   

Organization 

Innovation 0.110 0.499 0.083 
  

Dec. Organization 

Structure 0.124 0.211 0.093 0.188 
 

Readiness for 

Industry 4.0 0.184 0.587 0.212 0.651 0.153 

HTMT<0.85, Dec. = Decentralized 

 

4.7.1.4. Collinearity 

 

Collinearity occurs if the correlation coefficient is too high between predictors. 

Variance Inflation Factor (VIF) and Tolerance values were checked for Collinearity 

issues if there are any. The value of VIF must be less than 5 and Tolerance should 

be more than 0.10 to avoid the issue of a high correlation coefficient (Menard, 2002; 

Rogerson, 2001). All the values have met the criteria of VIF less than 5 and 

Tolerance above 0.10 (see Table 4.13). The maximum value for VIF is 1.342 and 

minimum Tolerance of minimum 0.701 is recorded between “knowledge-oriented 
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leadership and readiness for Industry 4.0”. Hence, the dataset is clear from any 

Collinearity problems as well. 

 

Table 4.13 

Collinearity - Variance Inflation Factor (VIF) & Tolerance 

  

Organization 

Innovation 

Readiness for 

Industry 4.0 

Tolerance 

Aging Workforce 
 

1.042 0.950 

Knowledge-Oriented 

Leadership 1.029 1.342 

0.701 

Organization 

Innovation 
 

1.317 

0.730 

Decentralized 

Organization Structure 1.029 1.061 

 

0.964 

VIF<5 (Rogerson, 2001)  

 

4.7.2. The Structural Model 

 

After validating the measurement model, the Structural Model was examined 

through Smart PLS 3 (Ringle et al., 2005). By using bootstrapping (5000 sub-

samples) the path coefficient of indicators and level of significance were assessed 

(Okazaki et al., 2012). The following sections explains the results of structural 

model. 
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4.7.2.1. Path Analysis 

 

The pictorial view of structural model has been displayed in Figure 4.2 and the 

results of direct effects are concluded (see Table 4.14). Both Figure and Table 

explain the hypotheses and level of significance for each path. The structural 

measurement PLS-SEM test was conducted to answer the eight main research 

questions that are presented in Chapter 1. 

 

The results presented in Figure 4.2 confirms the significance results for H1 (T-

Statistics = 6.274 and P-Value = 0.000) i.e., (Relationship between knowledge-

oriented leadership and organization innovation). The result answered the first 

research question in a way that there is a strong positive relationship between 

knowledge-oriented leadership and organization innovation. Secondly, the result 

confirms the insignificance of H2 (T-Statistics = 1.217 and P-Value = 0.224) i.e., 

relationship between “decentralized organization structure and organization 

innovation” and answered the research question two by showing no meaningful 

relationship between “decentralized organization structure and organization 

innovation”. Thirdly, the confirmation of significant results in H3 (T-Statistics = 

5.817 and P-Value = 0.000) relationship between “organization innovation and 

readiness for Industry 4.0” answers the research question three that there is a strong 

positive relationship between organization innovation and readiness for Industry 

4.0. Moreover, the results of H4 (T-Statistics = 3.101 and P-Value = 0.002) 

approves the positive relationship between “Knowledge-oriented leadership and 
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readiness for Industry 4.0”. Whereas the H5 (T-Statistics = 1.682 and P-Value = 

0.093) shows the insignificant results in context of positive proposition between 

“decentralized organization structure and readiness for Industry 4.0”, and thus 

answered the fifth question of the research. 

 

Table 4.14 

Structural Model Results, Direct Effects 

H Relationships Beta 

T 

Statistics 

P-

Value Decision 

H1 Knowledge-Oriented 

Leadership -> Organization 

Innovation 

0.443 6.274 0.000 Supported 

H2 Dec. Organization Structure -

> Organization Innovation 

-0.119 1.217 0.224 Not 

Supported 

H3 Organization Innovation -> 

Readiness for Industry 4.0 

0.496 5.817 0.000 Supported 

H4 Knowledge-Oriented 

Leadership -> Readiness for 

Industry 4.0 

0.309 3.101 0.002 Supported 

H5 Dec. Organization Structure -

> Readiness for Industry 4.0 

0.161 1.682 0.093 Not 

Supported 

H6 Moderator Aging Workforce -

> Readiness for Industry 4.0 

0.148 2.236 0.025 Moderated 

Note: H=Hypotheses, P < 0.05, t > 1.96, Decentralized 
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Figure 4.2: Structural Model: Assessment of Readiness for Industry 4.0 

 

Interestingly, for the aging workforce, the result shows an indirect significant 

impact (T-Statistics = 2.236 and P-Value = 0.025) confirming H6 (Aging Workforce 

moderates the relationship between organization innovation and readiness for 

Industry 4.0). Thus, answers the research question in a way that aging workforce 

moderates the relationship positively between “organization innovation and 

readiness for Industry 4.0”, exactly same as proposed hypothesis in chapter 2. 

Figure 4.3 displays the slope for moderating effect between “organization 

innovation and readiness for Industry 4.0”. It explains that the aging workforce 

strengthens the existing positive relationship between “organization innovation and 

readiness for Industry 4.0”. Whereas the high aging workforce influence more in 

high organization innovation environment. In current research, aging workforce will 

support companies to become more ready for Industry 4.0. 
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Figure 4.3: Moderating Effect of Aging Workforce 

 

On the other side, the mediating roles of organization innovation have also been 

tested. The result of H7 i.e., “mediation of organization innovation between 

knowledge-oriented leadership and readiness for Industry 4.0” confirms a partial 

mediation (T-Statistics = 4.648, P-Value = 0.000) by showing significant results of 

both direct (H4) and indirect hypotheses (H7). However, the result of H8, the 

“mediating effect of organization innovation between decentralized organization 

structure and readiness for Industry 4.0” shows an insignificant result (T-Statistics 

= 1.250, P-Value = 0.221) and thus no mediation was concluded. A summary of 

indirect effects is presented (see Table 4.15). 
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Table 4.15 

Structural Model Results, Indirect Effects 

H Relationships Beta 

T 

Statistics 

P 

Value Decision 

H7 Knowledge-Oriented 

Leadership -> Organization 

Innovation -> Readiness for 

Industry 4.0 0.220 4.648 0.000 

Partial 

Mediation 

H8 Dec. Organization Structure 

-> Organization Innovation -

> Readiness for Industry 4.0 -0.059 1.250 0.221 

No 

Mediation 

Note: H=Hypotheses, S.D = Standard Deviation, P < 0.05, T > 1.96, Dec. = 

Decentralized 

 

4.7.3. Multi-Group Analysis 

 

In addition to measurement model and structural model assessment, the Multi-

Group Analysis has been performed to understand the interaction of aging 

workforce more clearly. Multi-Group analysis allows to examine the different 

groups effect on the results (Henseler et al., 2009). Two groups “High Aging 

Workforce” and “Low Aging Workforce” were created and tested through MGA 

technique to compare the significant difference on results. A significant difference 

has been found for H3 “organization innovation and Readiness for Industry 4.0”. 

Further, the contribution of aging workforce (High) and aging workforce (Low) 

separately have been analyzed to understand their impact more precisely on 

hypothesis. The results H3 shows a significant impact for high aging workforce with 

p-Values less than 0.05 and insignificant impact for low aging workforce with p-
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value 0.218. The results summary of Multi-Group Analysis is presented below (see 

Table 4.16). 

 

Table 4.16 

Multi-Group Analysis 

(Aging Workforce High and Aging Wrokforce Low) 

H Relationships Path Coefficients p-Values 

H3 
Organization Innovation -> 

Readiness for Industry 4.0 

-0.514 0.002 

High Low High Low 

0.732 0.218 0.000 0.062 

P < 0.05; High = High Aging Workforce; Low = Low Aging Workforce 

 

4.7.4. Coefficient of Determination and Effect Size  

 

Pearson Coefficient (R2) and Effect Size (F2) values have been posted (see Table 

4.17 and Table 4.18). Based on the explanation of Henseler and Ringle (2009) there 

is weak to moderate value of R2 for “organization innovation and readiness for 

Industry 4.0”. Both dependent variables “knowledge-oriented leadership and 

decentralized organization structure” contributed approximately 22.5 percent 

towards organization innovation. Whereas “knowledge-oriented leadership, 

decentralized organization structure, organization innovation and aging 

workforce” contributes 52.7 percent towards the readiness for Industry 4.0. 
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Table 4.17 

R Square – Coefficient of Determination 

 
R Square R Square Adjusted 

Organization Innovation 0.225 0.215 

Readiness for Industry 

4.0 0.527 0.511 

Note: R2 = 0.75, 0.50, and 0.25 are substantial, moderate and 

weak respectively (Henseler Jr. et., 2009) 
 

The value of F2 effect size reporting is vital for results interpretation as it presents 

the understanding of significant and non-significant effects (Fairchild & McQuillin, 

2010). Effect size calculates the influence of latent exogenous variables on latent 

endogenous variables. Table 4.18 highlights the effect size f2 values, confirming the 

medium effect size for “knowledge-oriented leadership with organization 

innovation” (0.249), and for “organization innovation and readiness for Industry 

4.0” (0.425), large effect size. Whereas Decentralized organization structure and 

moderating effect of aging workforce has a small effect size for their respective 

endogenous variables (Cohen, 1988). 

 

Table 4.18 

Effect Size 

Predictor Endogenous Effect Size - 

f2 

Knowledge-Oriented 

Leadership 

Organization Innovation 0.249 

Decentralized Organization 

Structure 

Organization Innovation 0.019 

Knowledge-Oriented 

Leadership 

Readiness for Industry 

4.0 

0.131 

Continues next page 
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Decentralized Organization 

Structure 

Readiness for Industry 

4.0 

0.053 

Organization Innovation 

Readiness for Industry 

4.0 

0.425 

Moderator Aging Workforce 

Readiness for Industry 

4.0 

0.068 

Note: Effect Size impact indicators are according to Cohen (1988) (f2) values 0.35 

(large), 0.15 (medium), and 0.02 (small) 

 

4.7.5. Importance Performance Map Analysis 

 

To extend the results in structural model, Importance Performance Map Analysis 

(IPMA) was performed through Smart PLS to learn about the variable importance 

and their performance. This test will help in strengthening the managerial 

implications, as it will provide a guide to managers of manufacturing companies to 

reevaluate their strategies based on the importance and performance of specific 

variables. The current research result displays the important variable that are 

knowledge-oriented leadership as well as organization innovation. However, 

decentralized organization structure importance score is average, but aging 

workforce has the lowest importance impact in this research study. Besides, the 

performance of both important factors is quite good showing the right direction of 

the companies (see Figure 4.4). 
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Figure 4.4: Importance Performance Map Analysis 

 

 

4.8. Supplementary Qualitative Study Analysis 

 

An ATLAS.ti software was used to analyze the nine interviews. The interview 

questions were responded by manufacturing representatives. The representative 

belongs from top management including “CEO/Owner/Director or General 

Manager/Manager/Supervisor” position. 78% person respondents are male and 

22% are female. Four of the interviewees represents large manufacturing 

companies “More than 100 employees”, while others are from medium scale 

manufacturing companies “5 to 19” employees”. The responses covered the 

awareness, adoption level and challenges of Industry 4.0, the benefits and 

challenges of aging workforce, and the roles of knowledge-oriented leadership 

& decentralized organization structure. The codes for the responses are attached 

in (Appendix J) and the results are explained in next section. 
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4.8.1. Industry 4.0 

 

Most of the respondents believe that Industry 4.0 is about adoption of advance 

technologies and development smart manufacturing industries. While other 

believes that Industry 4.0 is related to Human-Machine integration, Internet of 

Things, Big Data, Artificial Intelligence, and automation (Appendix K). 

Besides, from nine pillars of Industry 4.0, most companies have applied Cloud 

Computing, followed by Internet of Things, and System Integration. Whereas 

Augmented Reality is not applied yet by any of the organization (Appendix L).  

 

 

While answering to the second question, the majority of the respondents stated 

that their organizations are not ready for Industry 4.0 due to lack of control, low 

awareness and underdeveloped processes. A couple of companies are trying to 

develop different prototypes on the concepts of Industry to meet their business 

requirements. 33% of the representatives think that the level of adoption of 

industry 4.0 in their organization is at lowest, while others have just started 

applying some ideas. However, organizations have started planning for the 

implementation of it. The planning includes “adoption of new technologies, 

automation, speedy internet connection, big data applications, research and 

development, and engaging a special workforce” (Appendix M). During this 

transformation, the major challenges faced by the organizations are but not 

limited to “less awareness, cost/budget issues, low experience and connectivity, 

complexity of the concepts, and shortage of skilled employees (Appendix N).  
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4.8.2. Aging Workforce 

 

Aging workforce is considered an important aspect for organizations. The 

respondents perceive multiple benefits of aged workers including “practical 

knowledge and experience, less turnover, assistance in quality improvement and 

transformation, and provision of training and guidance to young workers (see 

Appendix O). Nevertheless, the top management also perceive some challenges 

that are; “resist change, avoid new technologies, conservative and outdated 

knowledge, and low energy and motivation” (see Appendix P). 

 

4.8.3. Role of Knowledge Oriented Leadership 

 

The respondents from top management of manufacturing sector believed on the 

important role of knowledge-oriented leadership for organizations that are 

preparing for industry 4.0. It acted as a “technology leader who train and guide 

everyone, prepare strategies, motivate others, encourage new knowledge and 

learning by providing environment, spread awareness, improve communication, 

assist in adoption of new technologies, educate on industry 4.0, and focus on 

improving processes”. Ultimately, it helps in augmenting innovation and prepare 

manufacturers for Industry 4.0. Moreover, knowledge-oriented leadership are 

competent to enhance innovation with their “growth and change mindset, 

motivational element, guidance, leading role, knowledge sharing, support, and 

awareness” (see Appendix Q).  
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4.8.4. Role of Decentralized Organization Structure 

 

The respondents shared the importance of “decentralized organization structure 

for organization innovation and readiness for industry” 4.0. Couple of 

respondents believe that decentralized structure cannot improve the adoption of 

industry 4.0. While others believe that this structure is helpful, but it requires 

time to reach maturity. It is also perceived that decentralized organization 

structure assist innovation through “flexibility, rapid response, friendly and 

learning environment, quick decision making, support change, empowerment, 

decentralization, quick solutions (see Appendix R).  

 

 

4.9. Conclusion 

 

Current chapter has provided a detailed statistical analysis of causal relationship 

between independent and dependent variables. Eight research questions were 

analyzed, and the results of hypotheses are confirmed using PLS-SEM. The 

result shows that (H1) knowledge-oriented leadership is a good contributor to 

the innovation and preparation for Industry 4.0. While organizational innovation 

serves the readiness in direct as well as indirect ways. However, decentralized 

organization structure shows insignificant impact on manufacturing Industry 

4.0s’ readiness and innovation. Finally, the moderator (aging workforce) also 

shows the positive influence between innovation and Industry 4.0. The 

following chapter will discuss the details about findings of current chapter, 

contributions, limitations, and future research. 
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CHAPTER 5 

 

5.0 DISCUSSION, IMPLICATIONS AND CONCLUSION 

 

5.1. Introduction 

 

This chapter has been constructed on the discussion and implications of the 

research. The first section contains a discussion about the results presented in 

chapter four. The answers to all eight research questions are well explained in 

following chapter based on the results revealed during data analysis. The section 

5.4 and 5.5 covers theoretical and practical contributions. Finally, the limitations 

and recommendations for future research are presented at the end. 

 

5.2. Accomplishment of Research Objectives 

 

The current research discussion revolves around the analysis of eight main 

objectives, that are: (1) “to examine the positive relationship between 

knowledge-oriented leadership and organization innovation, (2) to examine the 

positive relationship between decentralized organization structure and 

organization innovation, (3) to examine the positive relationship between 

organization innovation and readiness for Industry 4.0, (4) to examine the 

positive relationship between knowledge-oriented leadership and readiness for 

Industry 4.0; (5) to examine the positive relationship between decentralized 

organization structure and readiness for Industry 4.0; (6) to examine the 

moderating effect of aging workforce between organization innovation and the 

readiness for Industry 4.0; (7) to examine the mediating effect of the 
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organization innovation between knowledge-oriented leadership and readiness 

for Industry 4.0; and (8) to examine the mediating effect of the organization 

innovation between decentralized organization structure and the readiness for 

Industry 4.0”; in the Malaysian manufacturing industry. 

 

5.2.1. Discussion on Relationship Between Knowledge-Oriented 

Leadership and Organization Innovation 

 

Knowledge is considered as a basis for the creation of products and services. 

Most nations nowadays are more swayed towards a knowledge-based economy. 

Therefore, it is worthwhile to pursue this meaningful economic concept. The 

first objective of current research aims to explain the relationship between 

knowledge-oriented leadership and organization innovation. The proposed 

hypothesis (H1) associated with the first objective states a positive relationship. 

The results favors the manufacturing companies that are apprehensive about 

their innovation objectives and specific leadership styles (i.e., knowledge-

oriented leadership). This leadership has a strong positive influence on 

organizational innovation in the manufacturing sector of Malaysia. It indicates 

that an increased in organization innovation can be attained by appointing 

knowledge-oriented leadership in a project or a company. The findings proved 

significant influences of knowledge-oriented leadership upon organization 

innovation that was examined through probability and statistical test values. The 

results were consistent with the research of Sadeghi and Rad (2018) and Yang 

et al. (2014), as these studies also reported a positive relationship between both 

variables. By knowing the importance of specific leadership practices, 
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innovation-focused companies are most likely to adopt this practice to fulfil their 

goals. 

 

Past studies have documented a few management practices that influence 

organization innovation. Leadership style, abundant knowledge, and HR 

Practices are among those management practices, highlighted by Shamim et al. 

(2016). To attain organization innovation, such practices should be managed and 

controlled properly. The extant literature supported the current research findings 

by showing statistical evidence about the positive relationship between 

knowledge-oriented leadership style and organization innovation (Donate & de 

Pablo, 2015). Because of the reason that knowledge-oriented leaders can clearly 

communicate the innovative strategies of an organization to the employees 

(Bertoldi et al., 2018). Likewise, they inspire the team members to heighten 

organization innovation (Ribiere & Sitar, 2003) and reward the employees for 

their innovative ideas (Singh, 2008). Safari and Azadehdel (2015) also 

concluded the same results from an empirical investigation. The study explained 

that the companies involved in innovation activities use knowledge leadership 

and advanced information to counter any problems. It also builds the company 

capacity in generating new ideas and changes for sustainable competitive 

advantages over competitors. 

 

With the emergence of the “knowledge is a power” notion, the application of 

knowledge-oriented leadership in companies has become an essential need for 

the day. Such leadership style is indispensable for manufacturing companies of 

a country, including Malaysia, that is eyeing to be listed as developed countries 
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soon. The outcomes of the current research study have also emphasized the 

significance of knowledge-oriented leadership for Malaysian manufacturing 

companies in today’s dynamic business world. These leaders can learn fast and 

manage the employees, as well as new knowledge. Not limited to that, they also 

build the right environment and conditions for the formation and application of 

such knowledge (Naqshbandi & Jasimuddin, 2018).  

 

In parallel to that, the rapid technology shift is challenging every other company 

and compelling them to make innovation a part of their continuous processes. 

Subsequently, Industry 4.0 has brought along a fast pace of transformation. 

Therefore, innovation has become the only survival strategy for manufacturing 

companies. Here, knowledge-oriented leaders lead with examples by promoting 

knowledge-sharing and new ideas generation. Few companies across the world 

have already applied knowledge-oriented leadership to improve their 

organization's innovation for the provision of better products and services 

(Sadeghi & Rad, 2018). 

 

The existing literature endorsed the employees that are more open to new 

knowledge and are more willing to learn and become creative (Užienė, 2015). 

For innovation-focused companies in Malaysia, knowledge-oriented leadership 

can communicate strategies clearly to their employees and lead them to achieve 

the organization’s objectives (innovation). Such leaders also motivate their 

followers to enrich organization innovation by recompensing those who bring 

new knowledge into the company. Consequently, the study results supported the 
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specific knowledge-oriented leadership for the development of organization 

innovation in the Malaysian manufacturing sector. 

 

5.2.2. Discussion on Relationship Between Decentralized Organization 

Structure & Organization Innovation 

 

Second objective aims to illuminate the connection of “decentralized 

organization structure and organization innovation”. Hypothesis (H2) 

associated with this research objective proposed a positive relationship. But the 

results of statistical analysis are unlike to what researcher proposed and 

anticipated. Herewith, decentralized organization structure showed an 

insignificant effect on organization innovation of Malaysian manufacturing 

companies. This means that this structure is not of much significance for 

organization innovation in the Malaysian manufacturing companies’ setting. 

This explanation was articulated from numerical values achieved through 

statistical analysis that was stated previously in chapter four (i.e., test statistics). 

In conclusion, the organization that adopts a decentralized structure do not have 

a significant impact on organization innovation. 

 

The results of the current research are not favorable enough to support the 

significance, heretofore discussed in the literature part of chapter two. The value 

of path coefficient and probability are too scant to conclude a positive impact 

between “decentralized organization structure and organization innovation”. 

The extant literature mostly favors the positive influences of decentralized 

structure on organizational innovation, as this factor supports the employees in 

achieving the organization’s innovation objectives through the structure with 
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loose control, openness to ideas, and experiences that are useful for improving 

innovation performances. Thus, a decentralized organization structure can 

reduce communication barriers and create awareness for innovation (Lee et al., 

2016). 

 

Interestingly, the discussion of decentralization and innovation performances 

has a long history but is still far from consensus (Yang et al., 2014). There are 

some studies available that concluded different results. The study of Hage and 

Aiken (1967), in particular, indicated that the decentralization structure brings a 

lot of new information that initiates the discussion of needs and appropriateness. 

It likely increases the conflicts between competing ideas, thus blocking 

innovation. Similarly, the studies of Hirst et al. (2011), Dewar and Dutton (1986) 

and Yang et al. (2014) found an insignificant relationship between the 

“decentralized organization structure and organization innovation”. Those 

studies argued that the impacts of decentralized structure on innovation were 

affected by the effectiveness, quality, and quantity of information. The impacts 

were also dependent on the employees’ willingness to share important ideas. In 

short, innovation is possible if the information sharing is properly compensated, 

and the motivation of employees is adjusted.  

 

Consistently, current study results were insignificant but can be clarified with 

some specific reasons that are explained next in support. Primarily, the reason 

for unexpected results is the maturity level of Industry 4.0 in Malaysia. Industry 

4.0 brings a lot of technological and procedural changes with the conception of 

Artificial Intelligence and Smart Manufacturing. Such technical and complex 
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concepts are not easily understandable. For this purpose, Malaysia has initiated 

some formal efforts for this valuable shift but has only started a couple of years 

ago (MITI, 2018). Therefore, the manufacturing industry is still not mature 

enough to follow the standards applied by the developed countries and to get 

benefits from it. They may require some more time to strategize and prepare 

themselves for the implementation. Along with further development, there are 

chances for changes in current results, but at this time, the results do not show 

enough impacting evidence from specific decentralized structure to organization 

innovation in the Malaysian manufacturing context. 

 

Most importantly, only a decentralized organization structure was not proven to 

support innovation goals. There are other factors that have to be considered to 

understand this. For example, while gathering and sharing the new innovation, 

it is important to analyze the quality and quantity of that information. Moreover, 

it is also important to check the feasibility of the idea for the company. Many 

ideas are attractive but may not be practicable enough due to limited resources 

and existing strategies or policies of the organization. Additionally, the impact 

of that innovative idea on the employees are also a point to ponder. A lot of 

innovations are useful for the organizations but may also be a threat or 

considered as a threat for the employees. Ergo, the employees may try to block 

those ideas. Some employees avoid sharing new information because they 

believe that sharing will help other people instead of themselves.  

 

Besides, with the involvement of internet facilitated services, most of the work 

is done without physical interaction with humans. This kind of ease in business 
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processes has disrupted the existing processes and driven the companies away 

from structural boundaries. Accordingly, the present study illustrated the same 

trend that showed insignificant impacts of decentralized organization structure 

on organization innovation. These results were also valid to the current 

pandemic issue of Covid-19, where most of the companies are getting a setback 

due to the dramatic disruption. This sudden change has forced the companies to 

bypass their set of rules and duly follow the trend. Therefore, an insignificant 

impact can be seen in the current research analysis. 

 

In addition, the scope of the study is different from most of the literature and 

showed that decentralized organization structure influences organization 

innovation. Current research results are only applicable to the Malaysian 

manufacturing sector, hence having unique demographic characteristics. First of 

all, most of the manufacturing companies (approximately 98.5%) are Small 

Medium Enterprises (SMEs) (MITI, 2018; SMECorp. Malaysia, 2019). These 

companies are comprised of fewer employees and do not have a formal planned 

structure that they follow. Usually, they adapt the strategies of bigger companies 

and are mostly dependent on their policies. Such companies keep on learning, 

through time by time with hits and trials, without having much focus on their 

structure. The application of specific structures by the companies with a single 

owner or multiple owners and having few members inside is hard to consider. 

Their structure is a mixture of different characteristics that may vary in different 

situations. Most importantly, the stakeholders of small companies are even not 

even aware of the structural significance and therefore do not know about the 

benefits. Moreover, the flexibility and autonomy among the employees during 
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work are not distributed properly or vague. Thus, this investigation concluded 

that the manufacturing companies of Malaysia are not influenced by a 

decentralized structure. However, they need to learn and adjust to transforming 

themselves immediately to adapt to any fast changes that are happening in the 

business environment. 

 

5.2.3. Discussion on Relationship Between Organization Innovation & 

Readiness for Industry 4.0 

 

The third objective aims to explain the relationship between “organization 

innovation and readiness for Industry 4.0”. This objective is associated with a 

positive proposition of hypothesis (H3). Data analysis was performed to confirm 

the above-mentioned hypothesis and achievement of research objective. The 

outcomes of the analysis endorsed that the readiness of Malaysian 

manufacturing companies for Industry 4.0 was highly dependent on their levels 

of innovation. The more innovative the companies are, the more likely they are 

ready for Industry 4.0. Empirical testing of relationships showed a strong 

positive influence between “organization innovation and readiness for Industry 

4.0”. The above discussion was explained based on probability and test statistic 

values that were generated and presented in chapter four. In Industry 4.0 era, 

innovation is very much important for organizations (Guimaraes & Paranjape, 

2019) and it is highly important for manufacturing companies of Malaysia to 

prepare them for it. If the companies want to be considered as beneficiary of 

Industry 4.0, they improve and carry out innovation consistently for their 

manufacturing process. Consequently, innovation-based strategies will support 

them in gaining the most advantages from Industry 4.0. 
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The findings showing a significant relationship between organization innovation 

and readiness for Industry 4.0 were consistent with existing literature. Therefore, 

innovation is an important element that demonstrates the organization’s 

orientation, as needed by Industry 4.0 (Prause, 2015; Schumacher et al., 2016). 

Reddy and Reinartz (2017) also linked Industry 4.0 to values addition or new 

changes. These new changes in manufacturing processes will augment customer 

satisfaction, enabling the companies to offer customization (the core concept of 

the new shift). The same judgments in research of Cachay and Abele (2012) 

explained that the companies must adopt new innovative production procedures 

and be capable enough to improve their system continuously for Industry 4.0. 

Since the companies with the main inclination towards innovation have a higher 

propensity to be ready for Industry 4.0 (Agostini & Filippini, 2019). 

 

Besides, the modern (innovative) structure of Internet and Communication 

Technology (ICT) is also considered as core prerequisite of Industry 4.0 (Erol et 

al., 2016). In the same way, the Internet of Technology (IoT), as technological 

innovation, is leading to a smart industry known as Industry 4.0 (Metallo et al., 

2018). However, the purpose of innovation in today’s world is not only limited 

to new technology deployment but also re-conceptualize the industry to develop 

superior values (Matthyssens, 2008). Moreover, it builds the capacity of 

companies for any kind of situation that can occur during business processes. 

 

The notion of Industry 4.0 remained in the interests of researchers and 

practitioners over the last few years. The companies are trying to embrace the 
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changes of Industry 4.0 as soon as possible. The manufacturing sector of 

Malaysia is one important sector that is trying to achieve maximum benefit from 

this paradigm shift. However, the concept of Industry 4.0 is quite broad, as it 

brings along changes in all levels of the organization. Generally, it is about the 

adoption of new technologies and improvement in the production processes 

(Tortorella et al., 2019). The fast pace of changes in Industry 4.0 brings 

complexities. Therefore, its implementation can only be possible for the 

companies that can act in a timely manner and can develop innovation rapidly. 

If a company is well equipped with innovative technologies of the day (such as 

AI, IoT, and Smart Manufacturing), it can execute complex operations of 

production processes that are required by Industry 4.0. 

 

The companies must develop short-term and long-term innovation abilities for 

competitiveness. The higher the levels of technological and process innovations 

shown by the organizations, the more likely they are considered to be ready for 

Industry 4.0. For that reason, the results of this research highlighted the 

imperative role of organization innovation in preparing an organization for a 

new revolution. Nevertheless, organizational innovation does not only bring in 

new changes, but it also develops the capacity of employees, as well as the whole 

system, to efficiently resolve the unexpected challenges that may appear during 

operations (Nambisan et al., 2019). So, Malaysian manufacturing companies 

need to deploy an innovatively skilled workforce, adopt new processes, and 

integrate digital technologies in the processes to attain Industry 4.0. 
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5.2.4. Discussion on Relationship Between Knowledge-Oriented 

Leadership & Readiness for Industry 4.0 

 

The fourth objective enabled to explain the relationship “between knowledge-

oriented leadership and readiness for Industry 4.0”. Hypotheses (H4) related 

with this research question proposed a positive relationship which is proven by 

the statistical results. The analysis concluded that knowledge-oriented 

leadership is useful in making the manufacturing companies of Malaysia ready 

for Industry 4.0. Companies that deploy knowledge-oriented leader are more 

likely capable of embracing the Industry 4.0 trend. The same significance was 

discussed in the study reported by Nazlina et al. (2019). Accordingly, the 

traditional styles of leadership are not well-suited and well-capable for Cyber-

Physical systems. This system integrates humans and machines at a great level. 

An advanced learning culture is required for this notion. As the name suggests, 

the idea of knowledge-oriented leadership revolves around knowledge and its 

management. Accordingly, Industry 4.0 is also about continuous learning. 

Therefore, this new style of leadership is a perfect match for the companies that 

are seeking ways for Industry 4.0 implementation. 

 

The limits of Industry 4.0 are beyond the imagination, while the operations are 

usually in control of machines. Such an environment brings challenges at every 

level. Hence, the learning of new knowledge becomes a prerequisite. Here, 

knowledge-oriented leadership plays its role in creating a learning and 

knowledge-sharing culture in an organization. Individual knowledge is 

considered as organizational knowledge, and everyone feels motivated while 

sharing it. Due to the “motivation” factor that is integrated into the 
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characteristics of knowledge-oriented leaders, they are able to set an example by 

starting from themselves and rewarding those who learn and share. In particular, 

this type of leadership still contains traditional leadership ways, in combination 

with transactional and transformational leadership characteristics (Politis, 2001; 

Sivathanu & Pillai, 2018). Therefore, the mixture of old ways with additional 

elements of knowledge management and motivation have made the new way of 

leadership inevitable for Industry 4.0. 

 

Research conducted by Islam et al. (2017) and Naqshbandi and Jasimuddin 

(2018) stated that the companies are now doing collaborations with other firms 

to share and gain external knowledge, in addition to implementing knowledge-

oriented leadership for internal application of new knowledge to face Industry 

4.0. Additionally, knowledge-oriented leadership also plays an important part in 

the development of infrastructure and as a source for promoting new ideas and 

cultures to bring positive changes. Moreover, it helps the companies to adopt 

new technologies faster through learning different ways of innovation. 

Therefore, it is essential for the companies to foster knowledge capabilities and 

strive in the challenging environment of Industry 4.0 with the help of 

knowledge-oriented leaders. 

 

5.2.5. Discussion on Relationship Between Decentralized Organization 

Structure & Readiness for Industry 4.0 

 

Fifth objective enabled the researcher to understand the relationship between 

“decentralized organization structure and readiness for Industry 4.0”. The 

hypotheses (H5) linked with this objective proposed a positive relationship 
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between them, however the results are otherwise. The impact of “decentralized 

organization structure on readiness for Industry 4.0” is not observed to be 

significant in the case of the Malaysian manufacturing sector. Any favorable 

changes in such a structure will not influence the Industry 4.0 preparations in a 

substantial manner. The results were achieved through the values of test 

statistics while analyzing the data through Smart PLS. These different results 

opened new approaches and discussion of structure for today’s business. 

 

The prior literature stated that the decentralization of management favors the 

changes by endorsing flexibility and free flow of information (Maria et al., 

2017). The employees who are relaxed are more willing to adopt new 

technologies. In the case of Malaysian manufacturing companies, this research 

found that the decentralized structure is not appropriate for the adoption of new 

technologies and processes, including Industry 4.0. The main reason is the 

maturity level of manufacturing companies for Industry 4.0, as most of the 

companies are not aware of this new trend. According to MITI (2018) in the 

National Policy regarding Industry 4.0, manufacturing companies are still not 

aware of this new shift. They have very little knowledge and have yet to start 

preparing for it. In 2018, the government of Malaysia had allocated a budget to 

instil awareness for Industry 4.0 concepts, but still, there is a lot to learn and 

develop. 

 

Another important factor is the complexity level of Industry 4.0 concepts. 

Industry 4.0 is a revolutionary change, it cannot be implemented or accepted 

overnight. Even developed countries took decades to understand and embrace 
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but still are at the improvement stage. Malaysia is still a long way to reach its 

maturity MITI (2018). Therefore, the traditional perceptions and techniques may 

produce different results. The complicated processes involved in Industry 4.0 

require more than just the decentralization structure. In contrast, it needs a 

different or hybrid structural model that has the flexibility to change according 

to different circumstances. As a result, the findings obtained are indifferent to 

the proposition discussed in chapter two. 

 

5.2.6. Discussion on Moderating Role of Aging Workforce Between 

Organization Innovation & Readiness for Industry 4.0 

 

Sixth objective aims to understand the moderating role of “aging workforce 

between organization innovation and readiness for Industry 4.0”. The proposed 

hypothesis (H6) associated with this objective state that; “aging workforce 

moderates the relationship between organization innovation and readiness for 

Industry 4.0”. To answer the research question, moderation analysis was 

executed by using Smart PLS 3. The results of the study confirmed the 

moderation effect of an aging workforce between “organization innovation and 

readiness for Industry 4.0”. Based on the literature discussed, in combination 

with the proven results obtained later, the aging workforce was found to act as a 

moderator and provides more strength to the existing relationship between 

“organization innovation and readiness for Industry 4.0”. 

 

The relationship between the independent variable (i.e., organization 

innovation) and dependent variable (i.e., readiness for Industry 4.0) showed a 

positive and substantial impact. Meanwhile, the inclusion of an aging workforce 
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as a moderator has also strengthened that association. The existing literature 

mostly discussed the influences of the aging workforce on innovation and 

organization’s performances, especially for technology and innovation-focused 

companies where the workers’ age is considered as an important factor (Elias et 

al., 2012). It concludes that the success of a company is dependent on the 

performance of workers and their age, because the employees who are getting 

older also have more experience and knowledge, accordingly. The knowledge 

and experiences the age can bring along will eventually be developed into 

wisdom and intelligence. The researchers claimed that the wisdom that develops 

over the years becomes a competitive edge for innovative companies and 

surpasses any negative aspects of age. Thus, the age factor is contributing 

positively to the direction of innovation (Stoffers et al., 2018). Moreover, 

Industry 4.0 also requires the same intellectual ability that can only be obtained 

after processing the tasks so many times. Hence, large companies value the 

worth of old workers by retaining them and developing customized strategies so 

that they do not lose the company’s assets. 

 

To justify, there are several possible reasons behind the results, and are positive 

signs for the Malaysian manufacturing industry. As discussed previously in 

chapter one, the number of aged Malaysian people is increasing. Very soon, the 

aging workforce will make up 15% of this country’s population. This 

demographic shift will have a mammoth impact on the structures and 

performances of industries (Bento & Garotti, 2019). Based on present research 

findings, an aging workforce is vital and has a capacity to bring positive 

influences in the age of Industry 4.0. By having years of job knowledge and 
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industry experiences with them, the aging workforce (workers above 55 years 

of age) (Murthy et al., 2019) is regarded as human capital (asset) that provides 

competitive advantages for the companies. Then, by application of their 

experiences and knowledge, the aging workforce benefits in increasing the 

performances of companies and in preparing them for Industry 4.0. Aging 

Workers prepare strategies to organize works in a way that improves processes, 

mainly through their ability to look forward in the longer term and to screen the 

choices with their experiences (Downing et al., 2005). Therefore, the current 

research results reveal that in the existence of an aging workforce, the companies 

should be able to be more progressive and innovative to achieve the readiness 

for Industry 4.0. 

 

The experienced elderly workers may perform knowledge-oriented tasks more 

efficiently than an average younger inexperienced worker. Moreover, they are 

eager to learn as a means to prepare for effective long-term strategies that are 

required by their companies. The time the aging workforce spent in performing 

their jobs is worth more than anything owned by a company. Most importantly, 

the competitive advantages they gained throughout their lives and experiences, 

including knowledge, wisdom, experiences, connections, the skill to detect lies, 

decision power, patience, strategic planning, loyalty, long term oriented, and 

efficiency, will lead the companies to embrace the Industry 4.0 in a confident 

way (Hertel & Zacher, 2018). Hence, based on the statistical results, the 

researcher can conclude that the aging workforce is constructive for Malaysian 

manufacturing companies in the preparation of Industry 4.0. Their knowledge 
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and experiences will boost innovation and lay the foundation for Industry 4.0 

adoption. 

 

5.2.7. Discussion on The Mediating Role of Organization Innovation 

Between Knowledge-Oriented Leadership & Readiness for Industry 

4.0 

 

Seventh objective aims to comprehend mediation influence of “organization 

innovation between knowledge-oriented leadership and readiness for Industry 

4.0”. The hypothesis (H7) associated with it proposed a mediating effect of 

organization innovation. An indirect relationship test was performed through 

Smart PLS 3 to analyze the proposition. The results on the “indirect effects 

organization innovation” were found to be significant, especially between 

“knowledge-oriented leadership and readiness for Industry 4.0”, meaning that 

the relationship is interconnected to the presence of organization innovation. The 

results were consistent with the research of Mafabi et al. (2012) who also 

focused on the mediating effect of organizational innovation. The research 

explained that innovation indirectly helps in building the capacity of an 

organization.  

 

The hypothesis H1, a significant direct effect of “knowledge-oriented leadership 

and readiness for Industry 4.0”, was also connected to this relationship. It 

confirmed the partial mediation of organization innovation for this hypothesis 

and explained that the readiness for Industry 4.0 could be achieved in two ways, 

either directly through knowledge-oriented leadership support or with the 

intervention of organization innovation. 
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The previous works had discussed the importance of knowledge and innovation 

(e.g., Akbar et al., 2020; Basadur & Gelade, 2006; Carneiro, 2000; du Plessis, 

2007; Goh, 2005; Xu et al., 2010) and emphasized the impacts of various 

knowledge processes through innovation outcomes (e.g., Chan et al., 2019; 

Chang & Lee, 2008; Chou, 2005; Darroch, 2005; Leiponen, 2006; Matusik & 

Heeley, 2005; Taminiau et al., 2009). However, these researchers mainly 

focused on the direct relationships and overlooked the intervening effects of 

organization innovation. Therefore, the key role of organization innovation is 

the chief finding in this study. The direct and indirect effects will open a lot of 

opportunities for researchers and practitioners. Knowledge-oriented leadership 

is the key that initiates the processes and impacts innovation in a positive way. 

Activities that focus on knowledge storage and sharing create new information 

which ultimately brings new ideas and develops innovation. Organization 

innovation can be triggered by specific leadership, as well as advances the 

organizations in embracing new technologies and processes that are the 

prerequisite of Industry 4.0 concepts. 

 

Hither, organization innovation as a mediator supports the organizations to 

resolve problems by enhancing organizational capacities. If the companies are 

eager to apply innovation, then these companies can acquire advantages over 

others and become successful. The ability to seize opportunities enables them to 

be the lead in the market (Chang, 2011) by providing new solutions. Hence, the 

innovation works as a bridge and ensures the Industry 4.0 implementation in a 

smoother way. The presence of organization innovation adds value to the 

readiness of Industry 4.0, especially when coupled with the support of 
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knowledge-oriented leadership. In other words, knowledge-oriented leadership 

facilitates innovation and prepares the manufacturing sector of Malaysia for 

Industry 4.0. 

 

5.2.8. Discussion on The Mediating Role of Organization Innovation 

Between Decentralized Organization Structure & Readiness for 

Industry 4.0 

 

The eighth objective aims to explain the the mediating effect of “organization 

innovation between decentralized organization structure and readiness for 

Industry 4.0”. The hypothesis (H8) associated with this objective outlines the 

proposed mediating effect between “decentralized organization structure and 

readiness for Industry 4.0”. The objective is achieved by testing the indirect 

effects via bootstrapping technique. The indirect effects of “organization 

innovation” between “decentralized organization structure and readiness for 

Industry 4.0” have not been found significant. Results confirmed that there is no 

mediation effect of organization innovation between the organization structures. 

 

The relationship showed that the presence of organization innovation as an 

intercessor would not help a manufacturing company with a decentralized 

organization structure in embracing Industry 4.0. Similarly, the findings further 

support the objective two argument that a simple decentralized structure is not 

enough to prepare the organization for Industry 4.0. Even the presence of a 

mediator that showed direct and indirect impacts on the readiness for Industry 

4.0 had not been impacted by a decentralized organization structure. Earlier the 

insignificant impact of “decentralized organization structure for organization 

innovation” already laid the foundation for insignificance of H8.  
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In an ideal situation, decentralization is an enabler for innovation (Suling et al., 

2020), and further innovation can setups the organization for any changes. 

However, the comprehensive model of this research, with the inclusion of a 

mediation effect, observed different results, possibly due to the changes caused 

by Industry 4.0 are so complex and require quite strategic decisions for its 

adoption. The adaption further involves different drivers that must work together 

to embrace it. Therefore, all companies require continuous but long-term 

collective efforts from all the stakeholders. 

 

Consistent to the findings of direct effect of second hypothesis, the results are 

expectedly same. Just like the relevant hypothesis H2 suggest that the 

complexity of Industry 4.0 cannot be overcome by a specific structure, likewise 

the current hypothesis explains that the availability of innovation for 

decentralized structure to facilitate Industry 4.0 in the Malaysian manufacturing 

sector is of no use and need to handle tactfully.  

 

5.3. Multi-Group Analysis 

 

The Multi-Group Analysis (MGA) was performed to understand the significant 

difference between different groups of data. In this current research, the low 

aging and high aging groups were created and tested separately for their impacts 

on relationship. This test was applied to analyze H3, and the results were found 

to be significant (see Table 4.16). This hypothesis proved a significant 

relationship based on the analysis of a complete set of data. It explained that the 
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association between “organization innovation and readiness for Industry 4.0” is 

influenced by the intensity of the aging workforce. The Multi-Group Analysis 

demonstrated that H3 is impacted significantly by a high aging workforce. While 

exploring it further, the results indicated that H3 is not influenced by the low 

aging workforce group. In conclusion, the readiness for Industry 4.0 is achieved 

differently for a different set of aging workforce groups. 

 

5.4. Theoretical Contribution 

 

Current research helps to fill in the initially identified literature gaps, including: 

(1) the linkage between the variables in the context of Learning Organization 

theory and Dynamic Capability Theory, (2) discussion and empirical 

investigation on the connection between organization innovation and readiness 

for Industry 4.0, (3) the dual position of organization innovation (4) and 

empirical analysis of aging workforce as a moderator. 

 

The current research is an earliest attempt to examine the conceptual foundation 

of the readiness for Industry 4.0 in the Malaysian manufacturing industry setting. 

It acmes the importance of organization innovation and its role in preparation 

for Industry 4.0. These efforts are also useful in drawing the attention of the 

researcher to focus on the management practices that have been ignored before 

instead of focusing only on the technological aspects of Industry 4.0. 

 

Two organization practices, “knowledge-oriented leadership and decentralized 

organization structure”, were tested. The inference has enriched the body of 
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knowledge as a guide and opened up a new investigation aspect for the other 

researchers. For instance, the findings recommended that organization practices 

do contribute to organization innovation as well as the readiness for Industry 

4.0. The specific style of leadership (knowledge-oriented leadership) was shown 

to establish a supportive relationship with both “organization innovation and the 

readiness for industry 4.0”. It acted as an enabler for both of these variables, and 

the results are added to the literature. One unexpected and new result from this 

study is that decentralized organization structure showed an insignificant 

influence on “organization innovation and readiness for Industry 4.0”. Most 

cited studies prior in hypothesis development, including Marín-Idárraga and 

Cuartas (2016), supported the relationship between decentralized structure and 

organization innovation, but the results from the current investigation confirmed 

otherwise. Subsequently, the other researchers can probe further into this 

finding. 

 

Most importantly, the results also confirmed the high dependency of readiness 

for Industry 4.0 on innovation is considered as a new knowledge. The gap filled 

in by current research helps the other researchers to rectify their directions by 

considering organization innovation as a precedent to readiness for Industry 4.0 

rather than as a part of it. Significantly, the dual role (i.e., direct and indirect) of 

organization innovation is a lead to contribute to the trending researchers on 

Industry 4.0. The results supported the mediating effect of organization 

innovation on knowledge-oriented leadership. In contrast, the findings observed 

that a decentralized organization structure does not support the readiness for 
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Industry 4.0 was unsupported, hence opening up new opportunities for 

arguments and exploration.  

 

Another noteworthy contribution to the extant literature is the indirect effect of 

the aging workforce. In the context of the Malaysian manufacturing sector, the 

aging workforce acts as a moderator between “organization innovation and 

readiness for Industry 4.0”, and the effects have not been much investigated 

before. Empirical analysis approved that the presence of a moderator has a 

significant impact, and this strengthens the existing positive relationship 

“organization innovation and readiness for Industry 4.0”. Findings of current 

research are a steppingstone for future researchers of the countries that are facing 

challenges by the aging workforce to extend the knowledge in order to find a 

solution and prepare themselves for Industry 4.0. 

 

Additionally, the supplementary qualitative analysis has added a significant 

contribution to literature in multiple ways. It highlighted the understanding of 

industry 4.0 concepts, the adopted pillars, level of adoption and the challenges 

that are being faced during transformation. The analysis also shed light on the 

benefits and challenges of aging workforce. It helps in understanding the 

quantitative findings better. Lastly, the roles of “knowledge-oriented leadership 

and decentralized organization structure” for innovation as well as for industry 

4.0 from the view of top management is of great interest for future researchers. 

 

Finally, the Learning Organization Theory (LO) introduced by Senge (2006), in 

addition to the Dynamic Capability theory were applied to test the two 



 

172 

organization practices that may help the companies to innovate. Previous studies 

that applied these theories were testing specific values and actions (see section 

2.4), that support innovation. To enrich the literature, two major practices 

(namely knowledge-oriented leadership and decentralized organization 

structure) that cause the actions discussed in extant literature were introduced as 

the enablers of organization innovation. Hence, this novel investigation, in the 

context of Learning Organization and Dynamic Capabilities theories, adds great 

value to the facts of these theories and helps to better understand the processes 

of readiness for Industry 4.0 in a better way. 

 

5.5. Practical Contribution 

 

The following section will further discuss two implications of current research 

concerning a practical perspective. It includes managerial implications that 

discourses the importance of research findings for manufacturing companies and 

national implications useful for national stakeholders. 

 

5.5.1. Managerial Implications 

 

Current research is important in providing useful understandings from the 

managerial perspective to reassess their companies’ strategies. Most of the 

respondents in current research are from the managerial or top positions such as 

“Owner, CEO, Director, General-Manager, Senior-Manager, Manager” of 

manufacturing companies. Importantly, this tier of job is involved in policy and 

decision-making. Therefore, current research results portray the actual stance of 
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companies’ directions. Hence, the results provide critical insights for the 

managers to plan accordingly in the current Industry 4.0 transformation. The 

results of current research can be applied to the examined companies, regardless 

of their type, ownership, and product categories. Decision-makers from many 

types of organizations (whether locally or foreignly owned, public or private 

institutions, etc.) can espouse the results for their Industry 4.0 implementation 

goals.  

 

The outcomes of current research offer the provision of practices that are 

supportive in enhancing innovation and Industry 4.0 performances of 

companies. Decision-makers in the manufacturing companies can use the 

findings of this investigation to prepare themselves way earlier than their 

competitors. At present, with a fast shift in technologies and processes, the 

companies are seeking ways to improve innovation so that they can match the 

pace of industrial trends. Current research resolved the matter by demonstrating 

a strong positive relationship of “knowledge-oriented leadership” for 

“organization innovation and readiness for Industry 4.0”. Herewith, the 

companies that are aiming to enrich the innovation and trying to reap most of 

the benefits from Industry 4.0 can freely deploy knowledge-oriented leadership 

during their practices. Since this type of leadership helps in promoting the 

knowledge sharing culture and supporting new ideas (Naqshbandi & 

Jasimuddin, 2018), eventually will be helpful in mounting organization 

innovation. The same argument is supported by the Importance Performance 

Map Analysis (see Figure 4.4), as this analysis also presents knowledge-oriented 

leadership and organizational innovation as important factors for companies. 
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The analysis provides a direction for the managers by highlighting major factors 

that are crucial in planning for their performances and inputting more focuses 

on Industry 4.0 readiness. 

 

Furthermore, the results of hypotheses H2 and H5 confirmed the insignificant 

effects of “decentralized organization structure on organization innovation and 

readiness for Industry 4.0”, respectively. The understandings of these findings 

help the managers and other stakeholders inside the companies to set their 

directions by following the recommendations of current research. They must 

avert their endeavors from a decentralized organizational structure. Instead, they 

should invest their time and assets in the right organizational practices, for 

example, in a specific leadership style (knowledge-oriented leadership), to 

achieve the company’s higher objectives. 

 

Even though the Industry 4.0 concept is in the midst of its revolution, most of 

the companies still have no clue about their future directions in this area. Current 

research provided the answer to the question of “How to become ready for 

Industry 4.0?” that every company is seeking. A clear direction was provided 

through statistics by proving that organization innovation is a precedent and 

mediator to the readiness for Industry 4.0. Findings approved the notion “the 

more the better” for organization innovation in relevance to readiness for 

industry 4.0. Furthermore, the intervening role of organization innovation 

boosted its prominence for the manufacturers. Hence, the decision-makers in 

companies should put all their energies into developing innovation that will 

eventually result in preparation for Industry 4.0. This is crucial with the notion 
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that more innovative technologies in a system will subsequently lead to more 

adaption of Industry 4.0 practices. 

 

The empirical results concluded the support to moderating hypothesis. A 

moderating effect of the aging workforce was observed between “organization 

innovation and readiness for Industry 4.0”. With the fear of the increasing 

number of aging workforce that looms over Malaysia, these imperative findings 

can help the managers in reviewing and revising the existing strategies (e.g., 

retirement, recruitment, compensation, and many more) that are related to their 

workforce. This will also be a sigh of relief for the managers who are involved 

in human resource management. The application of results suggests the human 

resource managers to hold the existing aged talent for their companies’ well-

being and prepare a win-win strategy for workers, as well as for the company. It 

also helps the companies to retain their human capital (i.e., aged workers) and 

get the maximum benefits from their experiences as an approach to face the 

world of Industry 4.0. 

 

The qualitative results portrayed the current understanding, adoption, and 

challenges of industry 4.0. It also displayed the benefits of aging workforce and 

importance of leadership and innovation. This allows the managers and 

strategists for developing better plans for transformation by facilitating change 

and decreasing hurdles. Most importantly, the review of policies and challenges 

for Industry 4.0 spread awareness among stakeholders to lead the transformation 

more smoothly. The HR managers also will get some useful insights while 

planning a career for aging workforce. 
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Above all that, the research offered an opportunity to highlight the significance 

of the new industrial revolution (Industry 4.0) and prepare the company 

management for its implementation. It does not only clarifies the concept of 

Industry 4.0 in an easy manner but also spreads awareness to the stakeholders 

from all over the industrial sectors, especially the manufacturing companies of 

Malaysia. The results of current research concentrated on the prominence of 

practices, especially on knowledge-oriented leadership and organizational 

innovation. So, top managers who are responsible for the performances of 

companies can get some valuable knowledge from current research. Likewise, 

it helps the practitioners in preparing their organization for Industry 4.0 based 

on the application of qualitative and quantitative findings and step into the race 

of gaining benefits from this new shift before it is too late.  

  

5.5.2. National Policy Implications 

 

The Malaysian manufacturing sector is regarded as a key sector for economic 

growth that also contributes an attractive percentage of profit to the Gross 

Domestic Product (GDP) of the country. The government is well aware of the 

contribution of the manufacturing sector to exports, as this sector alone 

accumulates 80% of the total exports volume (MATRADE, 2020). Moreover, 

they are aware of the values of Industry 4.0 and the impacts on the 

manufacturing industry. Therefore, the officials are working hard to spread 

awareness for Industry 4.0 concepts. As compared to other ASEAN countries, 

Malaysia is still lagging, with its initial national policy on Industry 4.0, known 
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as “INDUSTRY4WRD”, has been announced in 2018. This policy highlights 

the main issues, including unclear understanding about the new shift in the 

companies. They are unaware of their status in preparation for this industrial 

trend. For this reason, Malaysia has also prepared a plan in 2021 to measure the 

readiness of Industry 4.0 for the companies (Malaysia Productivity Corporation 

[MPC], 2019). 

 

Based on the discussions above, current research has multiple offerings for 

different ministries, especially those that are directly involved in transforming 

manufacturing businesses and achieving policy goals (MITI, 2018). For 

example, Goal 9 of Industry 4.0 policy discusses the development of 

infrastructure to promote faster innovation, and this study highlights the 

importance of innovation, hence can lead the Ministry of Finance (MOF) to 

allocate and manage funds properly in order to achieve the goal. The same policy 

goal highlights the need for technological solutions by stating that “without 

technology and innovation, industrialization will not happen, and without 

industrialization, the development will not happen”. Hence, there are also some 

key highlights that are targeting the Ministry of Science, Technology, and 

Innovation (MOSTI), so that this Ministry can establish technological and 

collaborative programs for technology adoption that facilitate smart 

manufacturing. By considering this as an earlier effort, the Ministry of Education 

(MOE) can motivate academicians with grants and scholarship programs to 

conduct more research in the same area but with different industries, as this 

initiative can prepare these industries for Industry 4.0. Additionally, it assists in 

finding solutions for the successful implementation of Industry 4.0. Moreover, 
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it creates awareness of this concept. Lastly, the results can be used as supports 

for the Ministry of Human Resource (MOHR) to ensure the training and 

employment of the right talent with the right skill sets, in addition, to preparing 

policies of Industry 4.0 for the aging workforce.  

  

The national policy predicts an increase in the population by 2100 (Peng et al., 

2014), mainly because better health facilities are available and more people can 

survive longer every year. These numbers are predicted to double in the last 28 

years, and by 2030, around 15% of the total population will be from the older 

age category (Hamdan et al., 2018). Such alarming statistics are an eye-opener 

for the officials. Accordingly, there is a need for policy development that is 

tailored to the aging workforce. The policymakers, especially MOHR, should 

start preparing the strategy, as most of the aging workers need to keep working 

to maintain their livelihood. They will try to remain a part of the workforce for 

as long as possible. By using the positive findings revealed in current research, 

the government can plan for an attractive policy (e.g., retirement policy) for the 

aging workforce with the maximum benefits from Industry 4.0. 

 

In a nutshell, current research aids in developing the forthcoming strategies, 

especially for the manufacturing sector. The results obtained can be used to 

direct the officials in the allocation of more resources to important factors that 

were discussed previously to achieve the required developmental objectives for 

the industrial sector. The government should pay thorough attention to 

innovation factors and prepare an awareness campaign on innovation and the 
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importance of Industry 4.0 for the companies so that these can be smoothly 

transformed for Industry 4.0. 

 

5.6. Limitations and Recommendations for Future Research 

 

The identification of the research gap, development of instruments, data 

collection, and data analysis was performed to answer the research questions 

that are laid out at the start of the research. However, there are several limitations 

that have been presented in this section. A detailed list is provided and proposed 

future studies to fill the literature gaps are presented based on the best of the 

researcher’s knowledge. 

 

Initially, the current research was executed on the manufacturers only, and this 

is limited by type of industry, the manufacturing processes, and market structure, 

as all of these are limited to manufacturing only. Hence, the conclusions cannot 

be generalized to all industries besides manufacturing. Accordingly, current 

research presents an opportunity to other researchers to perform the same 

research in other industries e.g., construction and education, that are also 

considered as a backbone for the country’s development in tangible and 

intangible ways, respectively. 

 

 

The stage of data collection for this research was a bit challenging because the 

target respondents included top management personnel as well. Initially, it was 

difficult to reach out to this group of respondents and to get their time to 
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complete the survey later. But still, the researcher was able to collect 37% of the 

responses from the top tier, and 47% from the mid-level of the organization, 

since both the top and mid-level management are usually involved in decision 

making. Though the collected responses were sufficient for research, but to 

increase the response rate, an awareness seminar covering the understanding and 

significance of Industry 4.0 for their company is suggested prior to the data 

collection step. 

 

The current research examined the aging workforce (moderator) based on the 

perception of respondents. There is an opportunity for another research that is 

based on the responses of the aging workforce itself. This extended version will 

provide a comparative analysis and with more effective strategic decisions.  

 

The Learning Organization and Dynamic Capability theories applied in this 

research answered the research questions in the best possible way by identifying 

the practices that enable innovation and build competencies. For further 

exploration, other types of variables, such as Human Resource Management, in 

combination with the concepts from Ability Motivation Opportunity (AMO) 

(Hughes, 2007), would be a valuable addition to new knowledge. 

  

Current research is based on a model limited to knowledge-oriented leadership 

and decentralized organization structure that showed 22.5 percent (R2) for 

organization innovation. Hence allowing the analysis of other factors that could 

add value to innovation development. There are several other practices that can 

be useful (in the context of organization innovation) and are recommended for 
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investigation. Henceforward, it is highly recommended for keen researchers to 

test other organization practices, like Organization Culture and Human Resource 

Practices, for the development of organization innovation (Bhatti et al., 2021; 

Haneda & Ito, 2018). 

 

In the same way, management practices and organizational innovation are 

contributing half to readiness for Industry 4.0. This report opens an opportunity 

for future research on the other contributing factors for the readiness of Industry 

4.0. An addition of Learning and Knowledge Management (mediator) could be 

a significant contribution to the existing literature to unveil the mystery of 

Industry 4.0 (Shamim et al., 2016). Most importantly, with an insignificant result 

obtained from the analysis of decentralized organization structure upon 

organization innovation, an opportunity arises for profound researchers to test 

on the other types of models, for example, formalized, specialized, matrix, and 

bureaucratic or mix structure, so that further knowledge and understandings can 

be enhanced. 

 

Large and foreign companies have more resources to invest, as compared to 

Small Medium Enterprises (SME). Therefore, Multi-National Companies 

(MNC) and other giant businesses can be more ready for Industry 4.0. However, 

this research has provided general guidelines to all of the companies, 

irrespective of their size and type. Future research can be performed separately 

on SMEs and MNC’s to deeply understand their readiness status for Industry 4.0 

and their different policy analyses. 
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Finally, this research used cross-sectional data for analysis. Dramatic changes 

due to the fast pace of Industry 4.0 and natural disasters (for example, Covid-

19) have already affected and impacted a lot of business conditions in Malaysia 

(KPMG, 2020). Thus, longitudinal research will be helpful for policymakers and 

other business stakeholders to track the changes and prepare viable strategies for 

their companies. 

 

5.7. Conclusion 

 

The core objective of current research is to highlight the significance of 

innovation for manufacturing companies. The research has investigated 

“knowledge-oriented leadership and decentralized organization structure” to 

enhance the innovation performance of companies. It further analyzed the dual 

job of organization innovation. Lastly, a significant impact of aging workforce 

as a moderator between “organization innovation and readiness for Industry 

4.0” has been studied comprehensively. 

 

Out of eight main hypotheses proposed, five of them including the effect of: 

“knowledge-oriented leadership and organization innovation”, “organization 

innovation and readiness for Industry 4.0” “knowledge-oriented leadership and 

readiness for Industry 4.0” “organization innovation mediator between 

knowledge-oriented leadership and readiness for Industry 4.0”and “Aging 

Workforce moderator between organization innovation and readiness for 

Industry 4.0” has been supported by showing significance impact among their 

relations. However, the relationship between “decentralized organization 
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structure and organization innovation” “decentralized organization structure 

and readiness for Industry 4.0” and “organization innovation mediator between 

decentralized organization structure and readiness for Industry 4.0” are tested 

insignificant and the proposition is hence not supported. 

 

To conclude, the significance for Industry 4.0 is unquestionable and thus 

preparation for its adoption for the manufacturing sector is need for the day. 

Achievement of current research objectives is a small contribution to support 

companies in fulfilling their performance goals. It has provided a direction for 

practitioners and policymakers to remarkably consider the development of 

innovation for nurturing the capacity of companies for Industry 4.0 

complexities. Moreover, theoretical, and managerial perspective contributions, 

limitations, and recommendations for future studies have been discussed 

extensively in current research. 

 

Overall, the current research has revealed that knowledge-oriented leadership as 

well as organization innovation are very essential in developing organization 

and support for preparing organizations for Industry 4.0. Whereas, for Malaysian 

manufacturing sector, decentralized organization structure is not of much 

relevance. Moreover, companies that are good in innovation performance are 

well prepared for Industry 4.0 and the presence of the aging workforce will 

enrich the organization’s readiness for Industry 4.0. 
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APPENDIX 

 

Appendix A: Pre-Test Questionnaire 

 

UNIVERSITY TUNKU ABDUL RAHMAN 

QUESTIONNAIRE FOR VALIDATION - PRE TESTING  

 

Dear Sir/Madam, 

Greetings, 

I am Doctor of Philosophy student at UTAR doing a research on assessing the 

readiness of Malaysian manufacturing sector for Industry 4.0. The idea of 

Industry 4.0 is to strengthen the manufacturing sector with the use of innovation 

and technology. In order to encourage manufacturing firms to become 

competitive it is important to know about their state of readiness for Industry 

4.0. Therefore, this research is vital for manufacturing sector to be conducted. 

I have managed to prepare an instrument with measurement items adapted from 

previous studies to measure the variables. The current stage is to face validate 

and content validate the measurement items to establish whether they matched 

their operational definition. I would be grateful if you could spend some time to 

read through the questionnaire and assess and provide feedback on face validity 

and specifically read the measurement items and assess their content validity. 

Yours Sincerely,  

Hafiz Mudassir Rehman 

Ph.D. Student, ID: 18ABD07059  

Faculty of Business & Finance 

Universiti Tunku Abdul Rahman, Kampar Campus  

E-mail: mudassir@1utar.my, Phone: 013-5903202 
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Knowledge Oriented Leadership 

“Knowledge-oriented leadership is based on a mixture of transformational and transactional 

leadership styles, along with communication and motivational elements. It includes knowledge 

creation, transfer, storage and application.” 

No Measurement Item Not 

Relevant 

Somewhat 

Relevant 

Quite 

Relevant 

Highly 

Relevant 

1 

 

Leadership has been creating an 

environment for responsible 

employee behavior and teamwork.  

1 2 3 4 

2 Managers are used to assuming the 

role of knowledge leaders, which is 

mainly characterized by openness, 

tolerance of mistakes, and mediation 

for the achievement of the firm's 

objectives.  

1 2 3 4 

3 Managers promote learning from 

experience, tolerating mistakes up to 

a certain point.  

1 2 3 4 

4 Managers behave as advisers, and 

controls are just an assessment of the 

accomplishment of objectives.  

1 2 3 4 

5 Managers promote the acquisition of 

external knowledge.  

1 2 3 4 

6 Managers reward employees who 

share and apply their knowledge. 

1 2 3 4 

Organization Structure 

“This structure seeks to reduce the hierarchy and distribute more decision-making authority to 

a greater number of employees. It enables companies to become more flexible and to better 

handle unanticipated events.” 

No Measurement Item Not 

Relevant 

Somewhat 

Relevant 

Quite 

Relevant 

Highly 

Relevant 

7 There can be little action here until 

the supervisor make a decision. 

1 2 3 4 

8 A person who wants to make a 

decision on his or her own would be 

quickly discouraged. 

1 2 3 4 

9 Even small matters have to be 

referred to someone higher up for a 

final answer. 

1 2 3 4 

10 I have to ask the boss before I do 

almost anything. 

1 2 3 4 

11 Any decision I make have to have 

my boss boss's approval. 

1 2 3 4 

Organization Innovation 

“Organization Innovation is conceived as a means of changing an organization, either as a 

response to changes in the external environment or as a pre-emptive action to influence the 

environment. Hence, innovation includes new product or new service and new process or new 

technology.” 

No Measurement Item Not 

Relevant 

Somewhat 

Relevant 

Quite 

Relevant 

Highly 

Relevant 

12 Organization's emphasis on 

developing new products or 

services.  

1 2 3 4 

13 Rate of introduction of new 

products or services into the market.  

1 2 3 4 

14 Organization's spending on new 

product or service development 

activities.  

1 2 3 4 
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15 Number of new products or services 

added by the organization and 

already on the market.  

1 2 3 4 

16 Number of new products or services 

that the organization has introduced 

for the first time on the market.  

1 2 3 4 

17 Investment in developing 

proprietary technologies. 

1 2 3 4 

18 Emphasis on creating proprietary 

technologies.  

1 2 3 4 

19 Organization's emphasis on 

technological innovation.  

1 2 3 4 

20 Organization's emphasis on 

pioneering technological 

developments in its industry. 

1 2 3 4 

Readiness of Industry 4.0 

“Industry 4.0 refers to recent technological advances where the internet and supporting 

technologies (e.g., embedded systems) serve as a backbone to integrate physical objects, human 

actors, intelligent machines, production lines and processes across organizational boundaries to 

form a new kind of intelligent, networked and agile value chain.” Whereas “readiness is the 

ability to capitalize production opportunities, mitigate risks and challenges, and be resilient and 

agile in responding to unknown shocks” 

No Measurement Item Not 

Relevant 

Somewhat 

Relevant 

Quite 

Relevant 

Highly 

Relevant 

21 The company is using a road map 

for the planning of industry 4.0 

activities. 

1 2 3 4 

22 The company adapted a business 

model that is compatible to industry 

4.0. 

1 2 3 4 

23 The company possess adequate 

resources for realization of industry 

4.0. 

1 2 3 4 

24 The leaders are willing to face the 

challenges of industry 4.0 activities. 

1 2 3 4 

25 The management possess adequate 

competencies and methods in order 

to face the challenges of industry 

4.0 activities. 

1 2 3 4 

26 The existence of central 

coordination is available in within 

the company for industry 4.0. 

1 2 3 4 

27 The company do digitalize the sales 

or services. 

1 2 3 4 

28 The company do utilize the 

customer data for sales 

improvement. 

1 2 3 4 

29 The customer’s do possess digital 

media competence. 

1 2 3 4 

30 The company do digitalize the 

products. 

1 2 3 4 

31 The company do individualize each 

product. 

1 2 3 4 

32 The company encourage product 

integration into other systems that is 

compatible to industry 4.0. 

1 2 3 4 

33 The company is decentralized the 

process of operations. 

1 2 3 4 
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34 The company encourage 

interdepartmental collaboration. 

1 2 3 4 

35 The company adopting modeling 

and simulation methods in their 

daily operation. 

1 2 3 4 

36 The company is encouraged open 

innovation and cross company 

collaboration. 

1 2 3 4 

37 The company encourage knowledge 

sharing among employees. 

1 2 3 4 

38 The employees value the ICT in 

company. 

1 2 3 4 

39 The member of organisation are 

having high ICT competencies. 

1 2 3 4 

40 The member of organisation are 

openness to new technology. 

1 2 3 4 

41 The member of organisation enjoy a 

considerable degree of autonomy. 

1 2 3 4 

42 The country business regulation 

does possess a suitable 

technological standard. 

1 2 3 4 

43 The country business regulation 

does protect the company 

intellectual property. 

1 2 3 4 

44 24. The country business regulation 

does possess adequate labour 

regulation for industry 4.0. 

1 2 3 4 

45 The company is adopted modern 

ICT. 

1 2 3 4 

46 The company is utilizing mobile 

devices or technology. 

1 2 3 4 

47 The company is adopting machine 

to machine communication for 

production efficiency. 

1 2 3 4 

 

Perceived Age Composition: 

What percentage of employees in your company would you estimate to be under the age of 24? 

________ 

What percentage of employees in your company would you estimate between the age of 25 

and 54 years? _________ 

What percentage of employees in your company would you estimate to be over the age of 55? 

______ 

 

 

 

Section B: Respondent’s Demographical Profile 

Please indicate your gender: 

[   ] Male  

[   ] Female 

 

Age Group: 

[   ] Less than 24 years old 

[   ] 25 – 34 years old 

[   ] 35 – 44 years old 

[   ] 45 – 54 years old 

[   ] More than 55 years old 

 

Position: __________    

Company Location (State)_______ 
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Working Experience: 

[   ] Less than 2 years 

[   ] 2 years – 4 Years 

[   ] More than 4 years – 6 years  

[   ] More than 6 years – 8 years 

[   ] More than 8 years 

 

Please select the category of industry your company is associated with: 

[   ] Petroleum, Chemical, Rubber & Plastic 

[   ] Food, Beverages & Tobacco 

[   ] Electrical and Electronics 

[   ] Textile, Wearing, Apparel, Leather and Foot wear 

[   ] Transport Equipment 

[   ] Wood, Furniture, Paper products and Printing 

[   ] Metal Products and Non-Metallic mineral products 

Others (please specify):  _____________ 

 

Please select the type of your company: 

[   ] Private Limited Sdn Bhd 

[   ] Public Limited Berhad 

[   ] Foreign 

 

  

Thank you for your valuable time. If you have any suggestion or comments regarding above 

instrument, please mention here: 
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Appendix B: Content Validity 

Item ICVI Result Item ICVI Result Item ICVI Result 

1 1 Added 17 0.8 Added 33 1 Added 

2 1 Added 18 1 Added 34 0.9 Added 

3 1 Added 19 1 Added 35 1 Added 

4 0.9 Added 20 1 Added 36 1 Added 

5 0.9 Added 21 1 Added 37 1 Added 

6 1 Added 22 0.9 Added 38 1 Added 

7 1 Added 23 1 Added 39 1 Added 

8 1 Added 24 1 Added 40 1 Added 

9 1 Added 25 1 Added 41 1 Added 

10 0.7 Deleted 26 1 Added 42 1 Added 

11 1 Added 27 1 Added 43 1 Added 

12 0.9 Added 28 1 Added 44 1 Added 

13 0.9 Added 29 0.9 Added 45 1 Added 

14 1 Added 30 1 Added 46 0.9 Added 

15 0.6 Deleted 31 1 Added 47 0.9 Added 

16 1 Added 32 1 Added    
SLCVI = 0.96 

 

Appendix C: Pilot Study 

 

Cronbach’s Alpha Value if Item Deleted 

Item Value Item Value Item Value Item Value 

OI_1 .331 KOL_1 .847 I4_Ldr2 .638 I4_Pp1 .661 

OI_2 .236 KOL_2 .839 I4_Ldr3 .622 I4_Pp2 .655 

OI_3 .260 KOL_3 .879 I4_Cst1 .660 I4_Pp3 .628 

OI_4 .301 KOL_4 .859 I4_Cst2 .658 I4_Gvr1 .665 

OI_5 .771 KOL_5 .867 I4_Cst3 .654 I4_Gvr2 .654 

OI_6 .370 KOL_6 .845 I4_Prd1 .631 I4_Gvr3 .644 

OI_7 .339 OSR_2 .794 I4_Prd2 .620 I4_Tec1 .643 

OI_8 .709 OSR_3 .919 I4_Prd3 .643 I4_Tec2 .648 

OI_1 .901 OSR_4 .813 I4_Opr1 .635 I4_Tec3 .685 

OI_2 .879 OSR_5 .824 I4_Opr2 .636   
OI_3 .909 I4_Str1 .662 I4_Opr3 .643   
OI_4 .906 I4_Str2 .666 I4_Clt1 .652   
OI_6 .889 I4_Str3 .653 I4_Clt2 .634 

  
OI_7 .898 I4_Ldr1 .649 I4_Clt3 .659   
Value: Cronbach's Alpha if Item Deleted. The correlation values of OI_5 and 

OI_8 was negative (-0.805 and -0.537). 

 

 

Reliability Statistics 

Variable No. of 

Items 

Items 

Deleted 

Cronbach’s 

Alpha 

Cronbach’s 

Alpha New 
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Knowledge-Oriented 

Leadership 

6 0 0.877 NA 

Decentralized 

Organization Structure 

4 0 0.827  

Organization Innovation 8 2 0.519 0.913 

Readiness for Industry 

4.0 

27 0 0.657 0.657 
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Appendix D: Study Questionnaire 
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Appendix E: Interview Questionnaire 
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Appendix F: Z-Scores 

 

Z-Scores 

Variables N Min Max Variables N Min Max 

Zscore(KOL1) 155 -1.996 1.319 Zscore(I4C1) 155 -1.980 1.347 

Zscore(KOL2) 155 -1.932 1.265 Zscore(I4C2) 155 -3.037 1.373 

Zscore(KOL3) 155 -2.395 1.345 Zscore(I4C3) 155 -2.510 1.352 

Zscore(KOL4) 155 -1.711 1.472 Zscore(I4P1) 155 -2.340 1.438 

Zscore(KOL5) 155 -2.843 1.354 Zscore(I4P2) 155 -2.237 1.442 

Zscore(KOL6) 155 -2.993 1.283 Zscore(I4P3) 155 -2.096 1.638 

Zscore(OS1) 155 -1.284 2.384 Zscore(I4O1) 155 -1.979 1.651 

Zscore(OS2) 155 -1.785 1.599 Zscore(I4O2) 155 -2.647 1.288 

Zscore(OS3) 155 -1.389 2.323 Zscore(I4O3) 155 -2.079 1.690 

Zscore(OS4) 155 -1.799 2.486 Zscore(I4Cl1) 155 -1.951 1.372 

Zscore(OI1) 155 -2.365 1.220 Zscore(I4Cl2) 155 -3.224 1.225 

Zscore(OI2) 155 -1.924 1.199 Zscore(I4Cl3) 155 -2.136 1.411 

Zscore(OI3) 155 -2.026 1.288 Zscore(I4Pp1) 155 -1.947 1.378 

Zscore(OI4) 155 -1.669 1.411 Zscore(I4Pp2) 155 -2.658 1.391 

Zscore(OI5) 155 -1.813 1.656 Zscore(I4Pp3) 155 -1.649 1.280 

Zscore(OI6) 155 -2.144 1.345 Zscore(I4G1) 155 -2.193 1.385 

Zscore(I4S1) 155 -1.898 1.553 Zscore(I4G2) 155 -2.328 1.501 

Zscore(I4S2) 155 -1.809 1.674 Zscore(I4G3) 155 -2.431 1.676 

Zscore(I4S3) 155 -1.718 1.590 Zscore(I4T1) 155 -2.355 1.341 

Zscore(I4L1) 155 -2.281 1.220 Zscore(I4T2) 155 -2.526 1.257 

Zscore(I4L2) 155 -2.136 1.616 Zscore(I4T3) 155 -2.503 1.570 

Zscore(I4L3) 155 -1.783 1.650     

Accepted Range = (-4.0 to +4.0) 3.29 
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Appendix G: Descriptive Statistics 

 

Descriptive Statistics and Assessment of Normality (Items) 

  

Mean 

Std. 

Deviation Skewness Kurtosis 

Statistic Statistic Statistic 

Std. 

Error Statistic 

Std. 

Error 

KOL1 3.81 .905 -.617 .195 -.269 .387 

KOL2 3.81 .938 -.381 .195 -.720 .387 

KOL3 3.56 1.070 -.404 .195 -.412 .387 

KOL4 3.61 .942 -.237 .195 -.810 .387 

KOL5 3.71 .953 -.481 .195 -.250 .387 

KOL6 3.80 .936 -.746 .195 .202 .387 

OSR1 2.40 1.091 .701 .195 .085 .387 

OSR2 3.11 1.182 -.119 .195 -.988 .387 

OSR3 2.50 1.077 .671 .195 -.046 .387 

OSR4 2.68 .934 .224 .195 -.620 .387 

OI1 3.64 1.116 -.667 .195 -.449 .387 

OI2 3.46 1.281 -.568 .195 -.797 .387 

OI3 3.45 1.207 -.465 .195 -.884 .387 

OI4 3.17 1.298 -.190 .195 -1.096 .387 

OI5 3.09 1.153 -.281 .195 -.937 .387 

OI6 3.46 1.147 -.420 .195 -.742 .387 

I4ST1 3.20 1.159 -.221 .195 -.899 .387 

I4ST2 3.08 1.148 -.309 .195 -.626 .387 

I4ST3 3.08 1.209 -.083 .195 -.869 .387 

I4L1 3.61 1.142 -.610 .195 -.456 .387 

I4L2 3.28 1.066 -.185 .195 -.808 .387 

I4L3 3.08 1.165 -.077 .195 -.758 .387 

I4C1 3.38 1.202 -.658 .195 -.458 .387 

I4C2 3.75 .907 -.657 .195 .220 .387 

I4C3 3.60 1.036 -.627 .195 -.372 .387 

I4P1 3.48 1.059 -.688 .195 -.240 .387 

I4P2 3.43 1.087 -.499 .195 -.265 .387 

I4P3 3.25 1.071 -.312 .195 -.542 .387 

I4OP1 3.18 1.102 -.247 .195 -.642 .387 

I4OP2 3.69 1.017 -.473 .195 -.559 .387 

I4OP3 3.21 1.061 -.290 .195 -.573 .387 

I4CL1 3.35 1.204 -.429 .195 -.758 .387 

I4CL2 3.92 .879 -1.125 .195 1.364 .387 

I4CL3 3.81 .846 -.401 .195 -.337 .387 

I4PP1 3.34 1.203 -.438 .195 -.774 .387 

I4PP2 3.63 .988 -.663 .195 .295 .387 

I4PP3 3.25 1.366 -.202 .195 -1.215 .387 

I4G1 3.45 1.118 -.372 .195 -.599 .387 
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I4G2 3.43 1.045 -.424 .195 -.348 .387 

I4G3 3.37 .974 -.326 .195 -.138 .387 

I4T1 3.55 1.082 -.578 .195 -.226 .387 

I4T2 3.67 1.058 -.442 .195 -.756 .387 

I4T3 3.46 .982 -.236 .195 -.347 .387 

 

 

Appendix H: QQ-Plot, Box Plot & Histogram 

 

QQ-Plot 
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Histogram 
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Appendix I: Total Variance Explained 

 

Total Variance Explained 

Factor 

Initial Eigenvalues 

Extraction Sums of Squared 

Loadings 

Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% 

1 16.218 37.716 37.716 16.218 37.716 37.716 

2 3.926 9.129 46.845 3.926 9.129 46.845 

3 2.567 5.970 52.815 2.567 5.970 52.815 

4 2.248 5.227 58.043 2.248 5.227 58.043 

5 1.785 4.151 62.194 1.785 4.151 62.194 

6 1.521 3.536 65.730 1.521 3.536 65.730 

7 1.412 3.284 69.014 1.412 3.284 69.014 

8 1.326 3.084 72.099 1.326 3.084 72.099 

9 1.214 2.822 74.921 1.214 2.822 74.921 

10 1.040 2.420 77.340 1.040 2.420 77.340 
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Appendix J: Responses and Coding 
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Appendix K: Concept of Industry 4.0 

 

 

 

Appendix L: Pillars of Industry 4.0 Applied 
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Appendix M: Plan for Industry 4.0 

 

 

 

 

Appendix N: Challenges in Industry 4.0 
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Appendix O: Benefits of Aging Workforce 

 

 

 

Appendix P: Challenges of Aging Workforce 
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Appendix Q: Role of Knowledge Oriented Leadership 
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Appendix R: Role of Decentralized Organization Structure 
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