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Abstract: Incorporating industry 4.0 technologies into manufacturing operations is hindered
by significant organizational and managerial challenges. This research addresses the problem
of insufficient organizational and managerial strategies in embracing industry 4.0 within
Indonesian manufacturing companies. Utilizing a quantitative approach, data was collected
through a survey distributed among Indonesian manufacturers. The collected data was analyzed
using PLS-SEM to identify the critical factors influencing successful Industry 4.0 integration.
The findings highlight the critical role of dynamic capabilities — sensing, seizing, and
reconfiguring — in enhancing Industry 4.0 capabilities. By fostering these dynamic capabilities,
companies can effectively integrate Industry 4.0 technologies, leading to increased
competitiveness and operational efficiency within the Indonesian manufacturing sector. This
study offers valuable insights for managers and policymakers as they navigate the challenges
of Industry 4.0 and build a robust manufacturing ecosystem in Indonesia.

Keyword: Dynamic capabilities, Industry 4.0 capabilities, Manufacturing companies PLS-
SEM.

INTRODUCTION

The Indonesian government is trying to encourage the industry 4.0 initiative as a strategy
to spur economic growth towards its ambition to be among the top 10 world economies. The
manufacturing industry as one of the largest contributors to the economy was chosen to be used
as a pilot project with the launch of the "Making Indonesia 4.0" roadmap in 2018. However,
the transition towards implementing Industry 4.0 technology did not take place without
obstacles. Various factors such as obscure Industry 4.0 policies, high risk investments,
insecurity of data exchange, lack of skillful men power, and unclear incentives from the
government, are identified as major roadblocks to this adoption process (Fernando et al., 2022)

An assessment carried out by the Ministry of Industry in 2019 using the INDI 4.0
readiness index on 326 manufacturing companies in Indonesia, highlighted that companies
exhibited a moderate level of readiness to integrate Industry 4.0 advanced technologies. The
finding shows that, apart from the low level of application of advanced technology, the main
challenge faced is the limited knowledge and ability of company management in designing
programs and roadmaps for transformation towards Industry 4.0 (Paryanto, 2021). This finding
aligns with a survey carried out by Deloitte (Deloitte, 2020), of 2000 company executives in
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19 countries, only 10% of companies had a comprehensive and holistic strategy in adopting
Industry 4.0.

Industry 4.0 is characterized by seamless connectivity across manufacturing processes,
both within factories and across the supply chain, accompanied by the widespread application
of electronic and information technology across manufacturing and service sectors (Roblek et
al., 2016), (Dalenogare et al., 2018). Definition of industry 4.0 technology in the context of the
Dynamic Capability View (DCV) is a set of technological capabilities, organizational
structures, and human resources, collectively known as industry 4.0 capabilities (A. W. (A)
AL-Khatib, 2023). According to Felsberger (Felsberger et al., 2022), industry 4.0 capabilities
foster seamless collaboration across departments, thereby improving operational capabilities.
Strong operational capabilities are recognized as key factors in enhancing operational
performance. Empirical findings provided by existing studies (A. W. (B) AL-Khatib, 2023),
(Toorajipour et al., 2021) confirm the significance of industry 4.0 capabilities in improving
operations performance.

There are several factors that could affect the application of industry 4.0 in a company.
These factors also need to be analyzed. Implementing Industry 4.0 is not solely about adopting
new technology (Agostini & Filippini, 2019), (Piccarozzi et al., 2018), it also hinges on
organizational and managerial strategies (Ozen-Ozkan et al., 2020). In facing these challenges,
dynamic capabilities can play an important role in helping companies adapt to rapidly changing
business environments (Winter, 2003). An organization's ability to acquire and integrate new
knowledge and technology can be enhanced by dynamic capabilities (Cho et al., 2023)boosting
innovation levels and operational performance. The implementation of innovative technologies
that improve industry 4.0 capabilities can be facilitated by dynamic capabilities (Chatterjee et
al., 2023), therefore, dynamic capabilities enable these companies to develop the abilities to
innovate by offering the ability to handle data, artificial intelligence systems, and machine
learning (Lepore et al., 2023).

Teece (Teece et al., 1997) defined dynamic capabilities into three primary clusters: (1)
sensing, the ability to detect opportunities and challenges; (2) seizing, the ability to catch
opportunities and turn it into tangible outcome with economic and moral value; and (3)
reconfiguring, the ability to mobilize and exploit resources and turn them into new business
values. The combination of these three abilities as dynamic capabilities helps companies
enhance their exploration capabilities through sensing (Ellstrom et al., 2022), capitalize on new
opportunities by integrating them into internal routines (Atiku & Abatan, 2021), and
reconfigure resources for sustainable reform and organizational change (Lepore et al., 2023),
enhancing the adaptability of their resources and assets to technological advancements
(Aghimien et al., 2022).

Recently, there has been a growing interest in empirical studies. about the significance
of dynamic capabilities, and in particular the capability of dynamic technology in improving
performance (Eslami et al., 2021; Wu et al., 2023) is increasing. Recent studies emphasize the
significance of dynamic capabilities in enhancing a firm's capacity to acquire and assimilate
novel knowledge and technology, thereby elevating levels of innovation and operational
efficiency.

Based on recent research in academic works, more research is needed to observe the
adoption of Industry 4.0 capabilities. It is crucial to understand the antecedents of Industry 4.0
capability for effectively deploying this new technology (Laskurain-Iturbe et al., 2023). This
study aligns with prior research in literature which shows that the company's dynamic
capabilities facilitate new technology adoption (Gupta et al., 2020), thus empowering to
leverage the benefits of industry 4.0 capacity in these organizations
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METHOD

This research employs quantitative method through a survey, with manufacturing
companies in Indonesia as the research population. The research successfully collected 123
valid responses from participants holding strategic positions in the operations of a
manufacturing company, who were chosen via a purposive sampling method. Research data
was acquired through the distribution of online questionnaires. The questionnaires included
statement items utilizing a Likert scale ranging from 1 to 5. The research data analysis was
performed using Partial Least Squares Structural Equation Modeling (PLS-SEM) technique via
the SmartPLS 4.1 software. The data analysis process involves verifying validity, testing
reliability, and conducting hypothesis testing. The independent variable comprises dynamic
capabilities, encompassing sensing, seizing, and reconfiguring, while the dependent variable is
industry 4.0 capabilities.

The research hypothesis as illustrated in Fig. 1.
H1: Sensing capability has a positive and significant relationship with industry 4.0 capabilities.
H2: Seizing capability has a positive and significant relationship with industry 4.0 capabilities.
H3: Reconfiguring capability has a positive and significant relationship with industry 4.0

capabilities.
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Fig. 1. Research Model

RESULTS AND DISCUSSION
"Validity & Reliability Test

In the initial stage, the focus is on evaluating the validity and reliability. To be
considered as valid, the indicators are required to have loading factor value exceeds 0.70. This
threshold ensures that each indicator has a strong correlation with the underlying factor,
demonstrating its validity in measuring the construct. The model will exclude indicators with
loading factor values below 0.70. The reliability test employs composite reliability, deemed
valid when exceeding 0.70, and Cronbach's alpha must surpass 0.60. Two indicators with
loading factor values below 0.70 are shown in Fig. 2 below, SEN3 and KI5. As such, both
indicators are removed from the model, and the test is then run for the new model.
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Fig 3. Validity Testing After Deletion

The Fig. 3 above shows that all indicators have the value of loading factor higher than
0.7. So, the new model meets the convergent validity criteria. Table 1 indicates that all variables
surpass the thresholds of 0.70 for composite reliability and 0.60 for Cronbach's alpha.

Therefore, it can be inferred that all variables satisfy the requirements.
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Table 1. Reliability Test

Cronbach's ho a Composite Average variance
alpha - reliability (rho c) extracted (AVE)
Industry 4.0 0.809 0.82 0.875 0.637
capabilities
Reconfiguring 0.854 0.856 0.896 0.632
Seizing 0.873 0.883 0.907 0.662
Sensing 0.869 0.876 0.911 0.719

Based on Table 2 below, the results of the Heterotrait-Monotrait (HTMT) calculation
for all variables have values smaller than 0.90. So, it can be decided that each construct variable
can form its own latent variable and has met the HTMT criteria.

Table 2. Discriminant Validity
Industry 4.0 capabilities Reconfiguring Seizing Sensing

Industry 4.0 capabilities

Reconfiguring 0.815
Seizing 0.755 0.703
Sensing 0.854 0.750 0.620
Collinearity VIF

Assessing multicollinearity in a regression model involves calculating the Variance
Inflation Factor (VIF). This step quantifies the extent to which the accuracy of regression
estimates is affected by independent variables that are closely related. If the VIF exceeds 5, it
shows there’s a multicollinearity issue between the independent variables. As shown in Table
3, the VIF values were all below 5. It implies that there are no indications of multicollinearity
in the model.

Table 3. Collinearity (VIF)
Industry 4.0 capabilities

Reconfiguring 2.099
Seizing 1.728
Sensing 1.856

f2 Effect Sizes Evaluation

Hair et al. (2019) (Hair et al., 2019) outlines that an 2 value of 0.02 reflects a small
effect, 0.15 indicates a moderate effect, and 0.35 suggests a large effect. Based on Table 4 it
describes that sensing variable, which has the highest {2 value of 0.248 represents the medium
effect, while seizing and reconfiguring variable, with the f2 value of 0.126 and 0.085
respectively represents a small effect.

Table 4. 2 Effect Sizes Evaluation
Industry 4.0 capabilities

Reconfiguring 0.085
Seizing 0.126
Sensing 0.248

Q2 Evaluation

The model holds predictive relevance for specific endogenous constructs when the Q2
value exceeds 0. In contrast, poor predictive relevance is indicated by values of 0 and below.
The Q2 value for the industry 4.0 capabilities variable in Table 5 is 0.392, which is exceeds 0.
This suggests that the variable demonstrates predictive relevance.
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Table 5. Q2 Evaluation
Q2
Industry 4.0 capabilities 0.392

R2 Evaluation

From the R-square table, one can infer that 64.6% of industry 4.0 capabilities are
explained by the variables in the model, implying that external variables beyond the study's
scope might affect the remaining portion.

Table 6. R2 Evaluation
R-square R-square adjusted
Industry 4.0 capabilities 0.646 0.637

Hypothesis Testing

Hypothesis testing is a vital step in analyzing data, helping to determine if our
assumptions about the population are supported by the evidence from our sample. The
conditions for this testing include a T value exceeding 1.657 and a P value below 0.050. As
indicated in Table 7, all hypotheses are supported.

Table 7. Hypothesis Testing

Correlation T Statistics P values Conclusion

Reconfiguring -> Industry 4.0 capabilities 3.050 0.001 Supported
Seizing -> Industry 4.0 capabilities 2.922 0.002 Supported
Sensing -> Industry 4.0 capabilities 4.427 0.000 Supported

DISCUSSION
H1: The relationship between sensing and industry 4.0 capabilities

The analysis of Table 7 reveals a significant relationship between the variables, as
indicated by a P value of < 0.05. This finding confirms that higher sensing capabilities
correspond to higher Industry 4.0 capabilities, a conclusion that aligns with prior studies (A.
W. AL-Khatib et al., 2023; Lepore et al., 2023). This finding emphasizes the pivotal role that
sensing capability plays in driving Industry 4.0 advancements within manufacturing
companies.

Sensing capability serves as the foundation upon which companies can build their
adaptive strategies in response to external stimuli. By effectively identifying opportunities and
threats in the external environment, manufacturing companies can tailor their operations to
capitalize on favorable conditions and mitigate potential risks. This adaptive capacity is crucial
for maintaining competitiveness in today's rapidly evolving business landscape.

To foster sensing capability, manufacturing companies must implement strategies such
as market research and intelligent marketing. These methods facilitate understanding of
customer needs (Hunt & Madhavaram, 2020). By gaining insights into consumer preferences
and behaviors, companies can align their product development and marketing strategies more
effectively, thus enhancing their competitive positioning.

Additionally, companies should establish digital sensing capabilities to monitor
technological advancements, companies can track emerging technologies and assess their
potential impact on business operations (Ellstrom et al., 2022). This proactive approach enables
companies to identify opportunities for innovation and efficiency gains, thereby driving
continuous improvement and adaptation in the industry 4.0 landscape.

Furthermore, sensing capabilities empower companies to more adeptly recognize
external opportunities and threats (Teece et al., 2016), thereby mitigating risks associated with
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Industry 4.0 technology adoption (Drydakis, 2022). The development of robust sensing
capability is essential for manufacturing companies seeking to navigate the dynamic landscape
of Industry 4.0 effectively and sustainably.

H2: The relationship between seizing and industry 4.0 capabilities

A significant relationship between seizing and industry 4.0 capabilities is also evident
from the analysis of Table 7, as demonstrated by a P value of < 0.05. Therefore, it is concluded
that a significant relationship between the two variable exists. Industry 4.0 capabilities are
positively impacted by seizing capability. by capturing opportunities or mitigating threats and
leveraging them for the benefit of the company.

According to Atiku & Abatan (Atiku & Abatan, 2021), seizing capability refers to the
capability of a company to capture opportunities and convert them into the organization's
internal routines, and subsequently exploiting them to enhance business efficiency and
effectiveness. This definition highlights the dynamic nature of seizing capabilities,
emphasizing their role in driving organizational adaptability and innovation. By leveraging as
many opportunities as possible, seizing capability facilitates administrative and organizational
commitment towards goals (Lepore et al., 2023), as merely identifying sources of opportunities
is insufficient for goal attainment (Ellstrom et al., 2022). Thus, it becomes imperative to
employ these capabilities to translate the opportunities into tangible realities in the field.

When embracing new technologies like Industry 4.0, organizations may encounter
various challenges, including fear of risk, uncertainty avoidance, or reluctance toward
technology (Laskurain-Iturbe et al., 2023). In response to these challenges, possessing seizing
capabilities becomes indispensable. By formulating rules, procedures, and policies that endorse
and facilitate the adoption and utilization of new technologies, organizations can effectively
leverage seizing capabilities to enhance the adoption and integration of Industry 4.0
technologies (Garbellano & Da Veiga, 2019). Seizing capabilities are crucial in driving
organizational agility, innovation, and competitiveness in the industry 4.0 landscape. By
enabling organizations to capture opportunities, mitigate threats, and adapt to changing market
dynamics, seizing capabilities empower organizations to realize their strategic objectives and
thrive in an increasingly digital and interconnected world.

H3: The relationship between reconfiguring and industry 4.0 capabilities

The data in Table 7 is showing the P value is < 0.05, indicating the significance of
relationship between the variables. Reconfiguring capabilities play a pivotal role in managing
the existing resources owned by a company, empowering them to adapt effectively to changes
in the environment. This adaptability is crucial for maintaining smooth and routine operations
within the dynamic business (Jantunen et al., 2018).

At its core, reconfiguring capability entails identifying, organizing, and coordinating
the regulated resources and assets that a company (Teece et al., 2016). By harnessing the
competencies, skills, and knowledge possessed by individuals within the organization, both
implicit and explicit, companies can leverage their existing resources effectively (Ellstrom et
al., 2022). Additionally, reconfiguring capabilities focus on enhancing organizational learning
capabilities, facilitating knowledge exchange among individuals within the company (Jantunen
et al., 2018). This fosters the development of a flexible and robust knowledge base essential
for sustaining company operations amidst changing circumstances.

Reconfiguring capability encompasses different factors that allowing firms to translate
their resources into tangible value. These factors involve state-of-the-art technological
equipment, databases, administrative structures such as organizational frameworks, rules, and
policies, as well as standards and organizational culture (Ellstrom et al., 2022). By aligning
these elements with organizational goals and objectives, companies can enhance their capacity
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to adapt to evolving market dynamics and technological advancements. In the context of
Industry 4.0, reconfiguring capabilities are particularly crucial for preparing organizations for
continuous updates and changes in organizational routine (Lepore et al., 2023).

This proactive approach ensures that company resources and assets remain compatible
with technological changes, thereby enhancing Industry 4.0 capabilities (Aghimien et al.,
2022). Consequently, to align their assets and resources with dynamic changes and innovative
digital strategies, companies must prioritize the development of their reconfiguring
capabilities.

CONCLUSION

The outcomes of the data analysis indicate that sensing, seizing, and reconfiguring
capabilities as part of dynamic capabilities, each have a positive and significant correlation
with Industry 4.0 capabilities in manufacturing companies in Indonesia. Specifically, sensing
capabilities enable companies to effectively identify external opportunities and threats, seizing
capabilities allow companies to capture and convert these opportunities into actionable
strategies, and reconfiguring capabilities facilitate the adaptation and management of resources
to align with environmental changes.

Therefore, it can be concluded that these dynamic capabilities collectively enhance the
overall Industry 4.0 capabilities of manufacturing companies. The novelty of this research lies
in establishing a comprehensive model that elucidates the relationship between dynamic
capabilities and Industry 4.0 capabilities within the context of Indonesian manufacturing firms.
This model highlights the critical role of sensing, seizing, and reconfiguring capabilities in
fostering technological adaptation and operational efficiency. Consequently, manufacturing
companies must prioritize the development of these dynamic capabilities to handle the
complexities of the industry 4.0 landscape successfully.

Managers in manufacturing companies should focus on both internal and external factors
to effectively enhance their Industry 4.0 capabilities. This involves conducting thorough market
research to understand technological trends and customer needs, implementing intelligent
marketing strategies that utilize digital tools and data analytics, and fostering a culture of
continuous learning and adaptation to new technologies.

By doing so, companies can build stronger communication channels with customers,
enhance brand loyalty through personalized and responsive interactions, and maintain a
competitive edge in the rapidly evolving Industry 4.0 landscape. This research is limited by its
use of a cross-sectional analysis, due to various situational and environmental factors
influencing the companies, it may not fully capture the long-term impacts and relationships
between variables.

Additionally, studies conducted at a single point in time may overlook time lags in the
relationships between variables. Hence, it is recommended that future research adopts a
longitudinal approach to offer more robust managerial insights at the organization level. Future
research should explore how dynamic capabilities (sensing, seizing, and reconfiguring) impact
the implementation of industry 4.0 technologies in the service industry and SMEs. This
research could investigate customer-centric strategies and the role of digital transformation in
improving service delivery and operational efficiency. By focusing on these areas, future
studies can provide valuable insights into best practices and common challenges, helping
service-oriented businesses and SMEs leverage Industry 4.0 technologies to enhance
competitiveness and customer satisfaction.
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