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Abstract: This paper examines the main drivers and challenges of adopting Industrial 
Revolution (IR) 4.0 technologies in the electrical and electronics (E&E) manufacturing 
industry in Malaysia. The E&E industry is selected as a case study because it is 
Malaysia’s largest contributor to manufacturing employment, value added and exports. 
The empirical findings indicate that the two strongest drivers for adoption are internal 
benefits associated with improvements in production efficiency and cost reduction. 
The findings also suggest that the biggest challenges faced by the E&E industry are 
the shortage of necessary talents and skills, limited funds available for technological 
upgrading, and a lack of convincing business evidence to justify such investment. 

Keywords: IR 4.0, technology adoption, electrical and electronics, Malaysia
JEL classification: O14, O31, L63

1. Introduction
The focus of economic development policy studies has shifted from the analysis of 
specialisation on the basis of factor endowments to techological upgrading. Under 
neoclassical economic policy assumptions, industrial transformation from labour-
intensive to capital-intensive was a desirable policy outcome with capital accumulation 
(including human capital and foreign capital), and this transformation is argued to 
be the key driver of economic growth (Romer, 1986; Solow, 1956). By contrast, the 
heterodox approach emphasises technological upgrading through deliberate inter-
ventions from government as the driver of economic catch up and leapfrog (Kaldor, 
1957; Nazeer et al., 2021; Rasiah & Jomo, 2013; Rasiah & Nazeer, 2016). For example, 
Kaldor (1957) denied a prevailing proposition that economic growth would be propor-
tional to the rate of capital acculturation, and proposed a technical progress function, 
which is determined by the relationship between the growth rate in capital per worker 
and the growth rate in output per worker. Subsquent extensions to the heterodox 
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approach to address the shortcomings of Kaldor’s earlier models took on industrial 
strategies targeted at stimulating industrial upgrading (see Oqubay et al., 2020).

In this way, economic growth through technological upgrading could be achieved 
through two distinctive approaches. The neoclassical approach emphasises the achieve-
ment of economic convergence between the high and low income countries through 
specialising on relative factor endowments with the role of government to follow 
such market (relative) signals through strengthening law and order and building the 
infrastructure. By contrast, the second approach focuses on technology acquisition 
and upgrading through deliberate industrial strategies to achieve economic catch 
up. The movement in this technology ladder could involve climbing up from simple 
manufacturing activities of component assembly to manufacturing of frontier products. 
Stepping up the ladder also means that the main manufacturing activities should 
undergo rapid transition from original equipment manufacturing (OEM) to the original 
design manufacturing (ODM), then further to the original brand manufacturing (OBM) 
(Nazeer et al., 2021; Rasiah & Jomo, 2013; Rasiah & Nazeer, 2016). However, as Rasiah 
(2022) has argued, some frontier firms have remained in OEM activities but sought to 
reach the technology frontier by investing heavily into R&D. For example, the Taiwan 
Semiconductor Manufacturing Company (TSMC) has remained an OEM but is the 
leader in shaping the logic chips technology frontier. Nevertheless, there is evidence of 
industrial policies accounting for the rapid development of a number of the East Asian 
countries, such as Japan (Johnson, 1982), South Korea (Amsden, 1989), Taiwan (Wade, 
1990), and Singapore (Rasiah, 2013, 2020). These countries successfully climbed up the 
technology ladder from the initial stage to the final stage and achieved an impressive 
industrial catch up by stimulating industrial structural changes (Jomo, 2019; Rasiah, 
2017; Rasiah et al., 2016; Rasiah & Yap, 2016a).

Malaysia appeared to be climbing steadily up the technological ladder. However, 
prevailing issues prevented the transformation of its industrial structure into high 
technology-based and innovative-driven (Jomo & Edward, 1993; Rasiah & Yap, 2016b; 
Suffian, 2021). The electrical and electronics (E&E) is the dominant industry amongst 
a few manufactured products that have driven the export industry (Jomo, 2019; Lall, 
1995). The Mid-Term Review (MTR) of the Twelfth Malaysia Plan (12MP) claimed that 
the expansion of Malaysian exports was driven by the high demand in the E&E industry, 
which contributed RM593 billion in 2022 (Ministry of Economy, Malaysia, 2023). In 
terms of job creation, approximately 600,000 Malaysians are employed in the E&E 
industry (Huong, 2023). However, the local content of manufactured exports remains 
low (Jomo, 2019; Lall, 1995). There have been three main challenges identified in the 
industrial transformation in Malaysia. Firstly, as illustrated before, Malaysia’s industrial 
structure is rather narrow and shallow. Secondly, Malaysia’s manufacturing industry 
has something of a dual structure. Foreign firms tend to have a dominant position in 
the export industry while local firms tend to concentrate in the manufacturing industry 
for the domestic market. There is a lack of scale effect for the local manufacturing 
industry due to the relatively small local market (Rasiah, 2011, 2020; Suffian, 2021). 
Furthermore, there is a limited degree of technological and supply linkages between 
foreign and local firms (Jomo, 2019; Lall, 1995; Rasiah, 2017). Thirdly, there is an issue 
in human resource planning (Jomo, 2019; Lall, 1995;). Malaysia still has an insufficient 
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base of vocational education at the tertiary education level as well as the technical 
and vocational education and training (TVET) level. Thus, there is a mismatch and gap 
between demand and supply in various kinds of skilled and unskilled workers in the 
labour market (Jomo, 2019; Lall, 1995a).

Against this backdrop, the current study examined the drivers and challenges of 
adopting industrial revolution (IR) 4.0 technologies in Malaysia. The basic conceptual 
framework of the IR4.0 technologies was conceived by the German government to 
introduce a new concept to their economic policies that utilised high-tech strategies 
in 2011 (Anderl, 2015; Kagermann et al., 2013; Mosconi, 2015). It is the driving 
component of the fourth technological revolution combining the usage of cyber-physical 
systems (Babiceanu & Seker, 2016; Lee et al., 2015; Wang et al., 2015), Big Data (Santos 
et al., 2017; Wan et al., 2017), Internet of Things (Ashton, 2009; Cooper & James, 
2009; Gilchrist, 2016; Lee & Lee, 2015), Internet of Services (IoS), Artificial Intelligence 
(Brödner, 2018; Yao et al., 2017; Zhong et al., 2017), and Smart Factory (Anderl, 2015; 
Lasi et al., 2014; Mosconi, 2015). The concept’s ultimate purpose is to create agile 
companies that can continuously learn and adapt following a dynamic changing market 
environment (Benitez et al., 2020; Dalenogare et al., 2018). The objective of this 
research is to understand the key sources, drivers and challenges that influence a firm’s 
ability to adopt Industry 4.0-related technologies. This research also looks into the 
specific company characteristics that affect these factors (Bauer et al., 2018; Schuh et al, 
2017; Yeap & Rasiah, 2023).

This study chooses the E&E industry as a case study because this industry has 
been a critical contributor to the Malaysian economy and is often considered one of 
the most technologically advanced industries in Malaysia. Thus, this industry could be 
used to measure the technological changes through targeted policymaking and better 
institutional synergy for a country seeking to deepen its engagement in high-value 
industrialisation (North, 1990; Rasiah, 2020; Williamson, 1985). For the past 50 years, 
Malaysia has tried to develop a holistic E&E ecosystem that can support front-end and 
back-end semiconductor manufacturing operations and trade. Foreign MNCs as well as 
local companies have established themselves in Malaysia to cater to the global supply 
chain (Yeap & Rasiah, 2023).

This paper consists of five sections. Following this introductory section, the second 
section reviews the major literature on technological changes in Malaysia, especially in 
the E&E industry in the country. The third section explains the data collection methods 
and data analysis. The fourth section reports the empirical findings on the drivers and 
barriers to technological adoption in the E&E industry in Malaysia. The fifth section is 
the conclusion. 

2. Literature Review
Some pioneer studies examine the intricate linkage between productivity growth 
and industrial upgrading through technical change (Dahlman et al., 1987; Lall, 1992, 
1994; Rosenberg, 1976). For example, Rosenberg (1976) stressed the “centrality” of 
technology in the process of economic growth by claiming that technological change 
basically happens when producers find a new input or raise productivity. The four 
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main categories of technological change are (1) to raise output per unit of input, (2) 
to develop new materials, (3) to raise the productivity of extraction or exploration, 
and (4) to develop new technology for reuse, recycling and usage of alternative inputs 
(Rosenberg, 1976). In this context, Rosenberg claimed that technology is a collection of 
“principles and techniques” which are embodied in a set of machines or commodities. 
Thus, innovative activities tend to be a continuous and gradual process, rather than 
the Schumpeterian notion of a discontinuous process (Schumpeter, 1927, 1928). 
Furthermore, Dahlman et al. (1987) asserted that new technology development or the 
invention of new products is not crucial for technological development in developing 
countries. Instead, they stressed the centrality of the acquirement of “capabilities 
needed for efficient production and investment” by creating a synergy between foreign 
and local technologies. In this sense, innovation and new production development 
are normally preceeded by the development of production capabilities in developed 
countries. However, developing countries could purchase “technology that already 
exists”. What developing countries need is to build a production capability which is 
the foundation for innovation activities (Dahlman et al., 1987). Lall (1992) claimed 
that there is industrial upgrading through the trajectory of deepening technological 
capabilities from production capability to innovation capability through investment 
capability. More importantly, Lall (1996) asserted the importance of technological 
capabilities in the economic growth of developing countries. He operationally defined 
technological capabilities as a set of skills, such as technical, managerial and institu-
tional skills which would contribute to making producers efficiently use equipment, 
information and knowledge. These technological capabilities are firm-specific and could 
be called “institutional knowledge” which is a combined stock of knowledge, skills and 
information over time (Lall, 1996, p. 28).

Based on the pioneering literature, Rasiah (2003, 2007) made a significant con-
tribution to the existing literature by defining clearly the measurement of technological 
capabilities. Rasiah (2003) systematically separated technological capabilities into three 
broad categories, namely the human resource capabilities, the process capabilities and 
the R&D capabilities. Human resource capabilities incorporate three measurements, 
i.e., the training mode (TM), the training expense (TE) and the cutting-edge human 
resource (CHR) practices while process capabilities incorporate four measurements, 
i.e., equipment (E), machinery (M), information technology components (ITC) and 
quality control (QC) instruments. He used these measurements to compare electronics 
exporting industries in Malaysia and Thailand. He concluded that the technological 
capabilities of local firms in Thailand are higher than those in Malaysia. However, 
the technological capabilities of foreign firms in Malaysia are generally higher than 
in Thailand (Rasiah, 2003). Furthermore, Rasiah (2007) re-categorised technological 
capabilities into three distinctive capabilities, namely the human resource capabilities, 
process capabilities and product capabilities. The product capabilities are similar to the 
R&D capabilities and it incorporates two measurements, namely the percentage of R&D 
expenditure (RDE) in total sales and the percentage of the R&D personnel (RDM) in the 
total workforce. He used these measurements to compare computer and component 
firms in Johor and Penang, Malaysia. He concluded that computer and component firms 
in Penang developed better technological capabilities than in Johor. For example, there 
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was one firm that conducted R&D activities and had some R&D personnel in Johor. 
By contrast, there were more than fifteen firms which conducted R&D activities and 
employed R&D personnel in Penang (Rasiah, 2007).

There are two major studies which examined the technological change in the 
E&E industry in Malaysia (Rasiah, 2013, 2017). Rasiah (2013) investigated whether 
Malaysia’s electronic firms climbed up the technological ladder. He used the trajectory 
of technological capability deepening from the lowest level of simple manufacturing 
activities, the complete knock-down (CKD) and the complete built-up unit (CBU), to the 
highest level of the original brand manufacturing (OBM), through the major improve-
ment of original equipment manufacturing (OEM) and the early R&D activities of 
the original design manufacturing (ODM). He claimed that there is at least one firm 
in the E&E industry which developed the highest technological capabilities or OBM 
capabilities. He also concluded that there are some improvements in capability-building 
and upgrading in the knowledge intensities in the E&E industry in Malaysia. However, 
there is also stagnation in the productivity growth in the industry. Furthermore, Rasiah 
(2017) used the taxonomy of capability deepening to classify the 25 firms in the 
E&E industry in Malaysia into seven levels of technological capabilities from simple 
manufacturing activities to frontier production manufacturing activities. He claimed that 
foreign firms have relatively higher technological capabilities than local firms. There are 
seven foreign firms in the E&E industry which have original brand manufacturing (OBM) 
capabilities in Malaysia. However, there is no local firm which has the same level of 
technological capabilities. 

In this context, the fourth industrial revolution (IR4.0) can be differentiated from 
earlier industrial revolutions by three features. They are increasing automation and 
digitisation (Brettel et al., 2014; Oesterreich & Teuteberg, 2016), the agglomeration of a 
collective group of technologies (Hermann et al., 2016; Szalavetz, 2019), and outcomes 
produced by the transformation expected in production (Kagermann et al., 2013; 
Pereira & Romero, 2017). In this study, seventeen technologies are observed. These are 
separated into five major technology groups: infrastructure, tracking and monitoring, 
production, transport and digitalisation (Yeap & Rasiah, 2023). Some key benefits could 
be summarised as job creation, sustainability and better resource efficiency, improved 
decision-making process, increased flexibility and customisability in production, more 
efficient production, synchronisation of production, better response to customer 
demands, profitability, and increase in competitiveness of the firm. These benefits are 
linked to key drivers of technological adoption (Oesterreich & Teuteberg, 2016; Yeap & 
Rasiah, 2023).

On the other hand, some challenges associated with IR4.0 would embody the 
risks, concerns and circumstances that make manufacturing technologies more difficult 
or less attractive to acquire (Moeuf et al., 2019; Rauch et al., 2020; Stock et al., 2018; 
Vaidya et al., 2018). These issues and challenges include suitability of current production 
infrastructure (Rojko, 2017), data variation (Brettel et al., 2014), cybersecurity threats 
(Roblek et al., 2016), lack of technological understanding (Szalavetz, 2019), low-value 
perception, unfavourable surrounding infrastructure and ecosystem (Brettel et al., 
2014), changes in job structures (Oesterreich & Teuteberg, 2016), demand and supply of 
technologies, lack of technological sophistication, lack of government support, financial 
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constraints, lack of strategy, and legal concerns (Kagermann et al., 2013). Furthermore, 
E&E manufacturing has been understood in the literature to be cutting-edge in both 
product and process development. These are developed both internally through R&D or 
sourced externally from partners and suppliers. However, there are still limited studies 
that explore the sources of IR4.0 technological adoption amongst manufacturing firms 
(Yeap & Rasiah, 2023). This is particularly true in the E&E industry in Malaysia.

3. Methods and Data
A questionnaire was developed by adapting the one used by Rasiah and Yap (2016a, 
2016b). The questionnaire, specifically targeted at IR4.0 technologies, uses Likert 
scale scores to capture E&E firms’ rating of critical supporting organisations that 
are important for the promotion of IR4.0 technologies. The population used for this 
study was defined by the largest database available from the Malaysian Industrial and 
Development Authority (MIDA) of 485 companies across all the sub-sectors of the E&E 
industry (Yeap & Rasiah, 2023). 

There are two main criteria for the selection of firms, namely the size of firms 
and the location of firms. Based on these criteria, a stratified sampling technique, in 
consultation with the E&E industry association, was used to identify 10 firms in the 
E&E industry for a pilot study. After the implementation of the pilot study, the full-scale 
research was conducted through a non-discriminative snowball sampling method. Based 
on the two selection criteria, 55 companies were selected for the full-scale research. 
These firms were directly approached and eventually, 50 firms joined the survey. The 
face-to-face semi-structured interviews conducted for all these firms lasted between 45 
to 90 minutes each and took place across two years, throughout 2019 and 2020. The 
response rate was 90.9% of the sample of firms identified (Yeap & Rasiah, 2023). 

Among the 50 firms in the sample, 33 firms are owned by foreign multinational 
corporations (MNCs). Concerning employment size, 24 firms employed less than 
1,000 employees and only 11 firms employed more than 3,000 employees (Yeap & 
Rasiah, 2023). The location of the firm is an important factor in influencing the level of 
technological adaptation. These 50 firms are spread over 8 states in Malaysia, namely 
Johor (3), Kedah (3), Melaka (1), Negeri Sembilan (1), Penang (30), Perak (1), Sarawak 
(1), and Selangor (10). Among these selected E&E firms, 30 firms are in Penang which 
is commonly considered the Malaysian hub of the E&E industry. There are five main 
sub-sectors among these 50 E&E firms: electronic components, consumer electronics, 
industrial electronics, electronic machinery and equipment, and electric appliances 
(Yeap & Rasiah, 2023).

As Figure 1 indicates, this research delves into the driving internal and external 
forces that encourage, deter and enable the process advancement and adoption 
of IR4.0 technologies in Malaysia’s E&E manufacturing industry. These drivers and 
challenges are drawn from literature and touch on both the internal capabilities of the 
firm and the external influences of its surrounding ecosystem. E&E manufacturing firms 
operate in a highly competitive environment and under unique circumstances that make 
acquisition of new process technologies varied. These internal and external sources 
enable firms to implement process changes within their operations after a decision is 
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made. This analytical framework describes the rationale behind the findings established 
in this study.

4. Empirical Findings
From the literature review, eleven factors were found to influence firm’s decisions to 
adopt IR4.0 technologies in their production processes. These factors were included 
in the questionnaire and the respondents were asked to rate their importance on a 
Likert scale of 0 (least important) to 5 (most important). As Figure 2 shows, the primary 
drivers behind the adoption of IR4.0 technologies are internal benefits, particularly 
improvements in production efficiency and cost reduction. External factors such as 
shifts in customer demand and heightened global competition serve as additional 
drivers for embracing Industry 4.0. The least influential drivers encompass changes in 
regulations, the aspiration to decentralise decision-making processes, and fluctuations 
in labour availability. 

The questionnaire also sought information on the barriers to IR4.0 technology 
adoption. As Figure 3 indicates, the top three challenges faced are a shortage of 
necessary talents and skills, limited funds available for technology upgrading, and a lack 
of business case justifying such investment. Although less severe, other barriers include 
the lack of a unified vision for innovation within the firm, concerns over cybersecurity, 
and a lack of understanding of these IR4.0 technologies. 

Figure 1. Analytical framework
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Figure 2. Drivers of the IR4.0 technology adoption

Figure 3. Barriers of the IR4.0 technology adoption
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 In order to understand the shifting motivations of technological adoption, firms 
were asked about their primary source of new process technologies. Figure 4 shows 
that the sources with the highest average scores are through transfer from the parent 
firm, equipment and component suppliers, and the hiring of skilled employees. The 
lowest scoring sources were universities and public research institutes, joint venture 
R&D, and technology licencing. 

5. Discussion
The main internal drivers for the adoption of IR4.0 technologies in the E&E manufac-
turing industry in Malaysia are production efficiency and cost reduction (Figure 2). 
Organisations are increasingly drawn towards integrating IR4.0 technologies when 
they demonstrate the potential to enhance overall production performance. This not 
only elevates the quality of products but also boosts competitiveness in the market. 
External drivers like changing customer demands and increased global competition 
also encourage its adoption. These factors underscore the necessity for companies to 
stay responsive to evolving market dynamics, encouraging them to leverage advanced 
technologies for sustained growth and adaptability. The least impactful drivers in 
the context of IR4.0 adoption are changes in regulations, the desire to decentralise 
decision-making processes, and labour availability. While the Malaysian government has 
prioritised incentivising and providing financial support to encourage IR4.0 technology 
adoption within the manufacturing industry, the impact of these initiatives is limited by 
a lack of significant changes in legal regulations that effectively mandate alterations in 
firms’ production processes and technological upgrades. In contrast to the more direct 
benefits of efficiency improvements, the decentralisation of decision-making processes 

Figure 4. Average scores for source of new process technology
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is anticipated to be an indirect advantage resulting from a more interconnected 
production system. Lastly, the Malaysian E&E manufacturing industry has historically 
heavily relied on foreign low-skilled labourers for labour-intensive tasks and operator 
roles. This dependence presents a unique challenge amid the IR4.0 transition, requiring 
thoughtful strategies to address shifts in labour dynamics while ensuring a smooth 
technological upgrade.

The most prominent challenges are a shortage of necessary talents and skills, 
limited funds available for technology upgrading, and a lack of business case justifying 
such investment (Figure 3). Many companies expressed the need for upskilling within 
the firm’s workforce in order to handle new technologies and the incompatibility 
of the educational qualifications of fresh graduates with that of the firm’s changing 
needs. Companies insist that there are limited funds available for spending on process 
technology upgrading, either due to tight financial control by parent firms or unwilling 
senior management. As many of these IR4.0 technologies are not associated with short-
term profitability, companies are not convinced to make large investments in significant 
changes in production systems. Other barriers include the lack of a unified vision for 
innovation within the firm, concerns over cybersecurity, and a lack of understanding of 
these IR4.0 technologies. Although firms find that there are insufficient funds to invest 
in Industry 4.0, they do not equate that with a lack of unified vision for innovation. 
Physically embedded technologies that transmit data and an Internet enabled cloud 
computing and storage system poses a threat to cyber security attacks from external 
agents. However, electronics firms have acknowledged that cybersecurity is in itself a 
necessary investment to support the productivity and bolster the potential of other IR 
4.0 related technologies.

The primary sources to acquire new production technologies in the E&E manufac-
turing industry in Malaysia are through transfer from the parent firm, equipment 
and component suppliers, and the hiring of skilled employees (Figure 4). The firms 
interviewed are either subsidiaries of large parent companies or overseas factory sites 
of MNCs. This finding implies that they have upgraded or integrated new process 
technologies under the instruction of their parent firm. There is limited evidence that 
these E&E firms do not have sufficient technological capabilities to innovate internally 
at the technological frontier. Similarly, when companies look for new technologies, they 
also turn to existing equipment and component suppliers to provide recommenda-
tions. To introduce new process technologies, firms look to continuously hire skilled 
employees from competitor firms who might assist in knowledge transfer and expertise 
in handling different technologies. The less relevant sources were universities and 
public research institutes, joint venture R&D, and technology licencing. Domestic 
research institutions are less active in process technology development, and few have 
collaborative relationships with firms. Joint venture R&D is rare domestically due to 
the nature of the products manufactured in Malaysia. Furthermore, as most firms 
serve lower value-added functions within the E&E value chain, the types of production 
processes do not require cutting-edge technologies. This reasoning also explains the 
lower dependence on technology licencing.

The adoption of automation and digitisation technologies is an appropriate 
way forward for the Malaysian E&E industry. However, it faces a serious problem 
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of labour shortage and reliance on employment of foreign unskilled workers. Thus, 
the main policy implication highlighted by this empirical study is the importance of 
the promotion of such IR4.0 technologies in Malaysia. The right policies can support 
institutional drivers and simultaneously address fundamental challenges that companies 
face when considering technological advancement. These involve developing the 
human capital availability for high skilled workers, providing targeted support for 
specific clusters including SMEs, setting clear regulations that incentivise improved 
production processes, and enhancing the capabilities of our universities and public 
research institutions. In particular, more needs to be done to improve the quality of the 
science, technology and information (STI) infrastructure in Malaysia. It is hindering the 
potential for manufacturers to improve production capabilities up the value chain and 
overall competitiveness. Additionally, this has previously and will continue to discourage 
investors from considering the nation as a potential destination for higher value-
added production and product technologies in the highly competitive E&E industry. 
Universities and technical training institutes have room for quality improvement to 
increase relevance in curriculum and to become more active contributors to innovation 
within the domestic ecosystem. 

Other policy approaches include targeted support for high performing and 
emerging domestic firms that can provide related technical services for the develop-
ment of such infrastructure. This can include financial and other policy incentives for 
research and development activity to deserving firms and institutions that are tied to 
stringent performance standards. For public education and training, the focus should 
be on producing more industry relevant content through collaboration with the private 
sector to conduct regular syllabus review and source funding. Malaysia can learn from 
and adapt innovative and compatible case studies based on other successful models, 
such as Taiwan, for human capital development, especially for vocational training and 
reskilling and upskilling programmes. Finally, the topic of IR4.0 should be promoted 
more widely amongst the general population because a more informed labour force 
and customer base will be both ready and also demand higher quality products linked 
to better production processes. 

6. Conclusion
In conclusion, there are significant internal and external drivers and challenges that 
determine the adoption of new process technologies, particularly IR4.0 technologies 
amongst the Malaysian E&E firms. Different types of firms consider different factors 
to be drivers and challenges when implementing new process technologies. However, 
we have established that a large proportion of the E&E firms are driven to adopt new 
technologies if they are perceived to have clear internal benefits to profitability and 
production efficiency, as well as external influences from the market. As domestic 
regulations are not considered to be as impactful, there is great potential for effective 
policy to assist firms in tackling their biggest challenges in regards to human capital, 
financial incentives and high technology ecosystem development. Lastly, a clear 
understanding of where E&E firms in Malaysia are positioned in the global supply chain 
is important to determine their sources of new technologies. Operating as subsidiaries 
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of MNCs, many firms will obtain technological transfer from their parent firm. Ensuring 
that domestic firms can innovate at the technological frontier is essential in order to 
attain Malaysia’s ambitions to move up the technological ladder. 

There are some limitations in this study. Although in-depth interviews were 
conducted with 50 firms in the E&E industry, the sample size may not be sufficiently 
representative of the whole industry in Malaysia, considering its complexity. Further-
more, the face-to-face interviews did not sufficiently cover some adjacent issues, such 
as the comparatives of skilled versus unskilled workers and the exact role of AI. The 
lack of information on these matters could be considered a limitation of the study’s 
applicability. Lastly, future research may consider using more advanced statistical 
methods, such as multiple regression methods for a more robust empirical analysis. 
Overall, future research may consider expanding the sample size, including wider 
thematic issues, and adopting different empirical methods to supplement the findings 
of this study.
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