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The Fourth Industrial Revolution has brought significant changes to business
processes by leveraging advanced technologies, including Artificial Intelligence
(AD). This study aims to explore the role of Al in enhancing the efficiency of
business processes across various sectors, focusing on automation, predictive
analytics, and data-driven decision-making. The research methodology in-
volves a literature review and qualitative analysis of Al implementation in
manufacturing, banking, and logistics. The findings reveal that the use of Al sig-
nificantly reduces processing time, optimizes resource utilization, and improves
the accuracy and speed of decision-making. For instance, in the manufacturing
sector, Al enables the prediction of production needs and the identification of
machine malfunctions before production failures occur, thereby reducing down-
time. In the banking sector, Al is employed to detect fraud and provide auto-
mated customer services. Meanwhile, in logistics, Al supports route planning
and inventory management, leading to operational cost savings. However, the
study also identifies challenges in implementing Al, such as the need for ade-
quate technological infrastructure and relevant workforce skills. Based on these
findings, it is recommended that companies adopt comprehensive Al implemen-
tation strategies and continuously improve workforce digital literacy to optimize
business process efficiency. This research is expected to provide insights for
companies and policymakers in effectively navigating the dynamics of Industry
4.0.
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1. INTRODUCTION

The integration of Artificial Intelligence (AI) within the context of Industry 4.0 directly contributes to
Sustainable Development Goal (SDG) 8, which aims to promote sustained economic growth and decent work
for all [1]. By leveraging automation and data analytics, Al enhances operational efficiency, accelerates deci-
sion making, and creates new employment opportunities in the digital technology sector. This transformation
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enables the workforce to shift from repetitive manual tasks to more strategic roles that require creativity and
digital literacy [2]. Consequently, Al implementation not only strengthens organizational productivity but also
supports inclusive economic growth through the improvement of workforce quality and adaptability.

Technological advancements in Al under Industry 4.0 are closely aligned with SDG 9, which empha-
sizes fostering innovation, building resilient infrastructure, and promoting sustainable industrialization [3]. The
integration of Al in business processes enhances production systems, supply chain efficiency, and data-driven
services. Through Al-based automation, organizations can optimize resources, reduce processing time, and
improve operational reliability [4]. Furthermore, Al acts as a catalyst for developing adaptive digital infras-
tructures where big data, the Internet of Things (IoT), and machine learning interact synergistically to drive
innovation and sustainable industrial growth.

Beyond economic growth and industrial innovation, the application of Al also contributes to SDG 12
and SDG 13 by promoting resource efficiency and environmental sustainability [5]. Al-based systems allow
companies to monitor energy consumption in real time, predict production needs, and minimize waste through
optimized supply chain management. By embedding sustainability principles into Al algorithms, organizations
can make more environmentally responsible decisions while achieving economic efficiency [6]. Therefore,
Al-driven digital transformation not only accelerates business processes but also serves as a strategic enabler
for long term sustainability in alignment with the SDGs framework.

2. LITERATURE REVIEW

Industry 4.0 is a phase of the industrial revolution characterized by advancements in digital technol-
ogy that integrate physical and cyber systems [7]. Key elements of Industry 4.0 include the IoT, big data, cloud
computing, and Al. The adoption of Al in this era has become increasingly important as this technology can au-
tomate complex processes, accelerate decision making, and enhance operational accuracy and efficiency across
various business sectors [8]. Al, a field of computer science, develops systems capable of performing tasks
that typically require human intelligence, such as pattern recognition, natural language processing, and data-
driven decision aking. In a business context, Al enhances the speed and accuracy of data processing, enabling
companies to respond to market changes and customer demands more swiftly [9]. Common Al applications in
business include Robotic Process Automation (RPA), predictive analytics, and personalized customer services.
In the manufacturing sector, Al has proven to increase efficiency through production line automation, early
detection of machine malfunctions, and supply chain optimization [10]. In the banking sector, Al is used to
analyze big data to detect suspicious patterns in transactions, which helps prevent fraud and improve financial
system security. Additionally, the logistics sector leverages Al for route planning and inventory management,
reducing operational costs and delivery times. While Al offers numerous benefits, its implementation still faces
challenges [11]. One major challenge is the need for large, high quality datasets as the foundation for machine
learning. Furthermore, many companies face limitations in technological infrastructure and human resources
with Al expertise. Without adequate infrastructure and skilled personnel, the effectiveness of Al implementa-
tion in business processes will be difficult to achieve. Therefore, it is crucial for companies not only to invest
in technology but also in workforce training to maximize the potential of AI [12].

3. RESEARCH METHODOLOGY

This study employs a quantitative approach using Partial Least Squares Structural Equation Modeling
(PLS-SEM), commonly known as Smart PLS [13]. SmartPLS was chosen to explore the relationships between
variables in this research due to its advantages in handling small to medium-sized samples and its capability to
simultaneously test both structural and measurement models [14].

With 100% respondents from various industries, this study aims to analyze the extent to which the
implementation of Al can enhance efficiency in business processes during the Industry 4.0 era [15]. Data were
collected through questionnaires designed based on validated indicators of the variables. The testing process
includes validity and reliability assessments of the constructs, as well as hypothesis testing using Smart PLS
to evaluate the strength of the relationships between the variables studied [16]. This study employs a quan-
titative approach using Partial Least Squares Structural Equation Modeling (PLS-SEM), commonly known as
SmartPLS. PLS-SEM was selected for its robustness in analyzing complex models with small to medium sized
samples [17]. The research involved 100 respondents drawn from three primary sectors manufacturing (35%),
banking (30%), and logistics (35%) representing a balanced mix of industrial domains [18]. Respondents were

Sundara Advanced Research on Artificial Intelligence (Sundara), Vol. 1, No. 2, October, 2025, pp. 47-55



Sundara Advanced Research on Artificial Intelligence (Sundara) d 49

selected using a purposive sampling technique, targeting managers, supervisors, and operational staff who have
been directly involved in Artificial Intelligence (AI) implementation within their organizations [19].

The data collection process was conducted through an online structured questionnaire, which was
distributed via professional networks and company emails [20]. Each construct was measured using a 5 point
Likert scale, ranging from “strongly disagree” to “strongly agree”. The questionnaire items were adapted and
validated from prior studies to ensure construct consistency and reliability [21].

Regarding statistical results, the measurement model was first evaluated for validity and reliability.
All outer loadings exceeded 0.7, Average Variance Extracted (AVE) values were above 0.5, and Composite
Reliability (CR) values exceeded 0.8, confirming satisfactory convergent validity and internal consistency [22].
The R? value for business process efficiency (PM) was 0.744 and for competitive advantage (MK) was 0.797,
indicating that the model explains a substantial portion of the variance in the dependent variables [23]. Hypoth-
esis testing was conducted through bootstrapping with 5,000 resamples, and all main paths were statistically
significant at p 0.05, confirming the robustness of the model [24].

3.1. Research Approach

This study employs a quantitative approach using Partial Least Squares Structural Equation Modeling
(PLS-SEM), commonly known as SmartPLS. This method was chosen because of its capability to handle
complex relationships between multiple constructs, even with small to medium sample sizes.

3.2. Rationale for Method Selection
PLS-SEM allows simultaneous testing of both measurement and structural models, making it suitable
for assessing how Al influences business process efficiency within Industry 4.0 [25].

3.3. Research Hypotheses

The implementation of Al within organizations is expected to significantly impact the accuracy of de-
cision making in various business processes. This is because Al can process large amounts of data more quickly
and accurately, enabling managers to make more informed decisions based on more relevant information [26].
Furthermore, the use of Al to accelerate various business processes is believed to improve the company overall
operational efficiency.

Furthermore, the increased accuracy of decision making through Al also positively contributes to
business process efficiency, as more informed decisions can reduce errors and increase productivity [27]. Fur-
thermore, the business process efficiency achieved through AI adoption is expected to strengthen companies
competitive position in the market, particularly in the emerging Industry 4.0 era [28].

PM1
PM2

PM3

HK1

HK2

KM3 HK3

Figure 1. Metode Smart PLS

The Figure 1 diagram illustrates the relationships among various latent variables and their associated
factors [29]. At the core of the diagram are the KM (Knowledge Management), MK (Competitive Advantage),
and HK (Business Process Efficiency) variables, each linked to multiple indicators or factors. KM is associated
with three factors: PC1, PC2, and PC3, which likely represent aspects of knowledge management or the pro-
cesses that influence decision making accuracy and effectiveness in the organization [30]. MK, representing
competitive advantage, is connected to four factors: MK1, MK2, MK3, and MK4, suggesting that differ-
ent elements or capabilities within the business contribute to enhancing its competitive positioning, including
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technological adoption and process optimization. Similarly, HK, which reflects business process efficiency, is
linked to factors such as HC1, HC2, HC3, and HC4, indicating that various aspects of process optimization,
including Al implementation and automation, play a role in improving efficiency [31].

The arrows between the variables show how each of these factors influences the others, with KM
positively affecting MK and HK, signifying that better knowledge management leads to a stronger competitive
advantage and enhanced process efficiency [32]. MK also influences HK, indicating that a company competitive
edge directly contributes to its ability to optimize business processes. Each of these hypotheses will be tested
to assess the extent to which Al plays a role in creating faster, more accurate, and more efficient business
processes, as well as how these improvements contribute to a company competitiveness [33].

4. RESULTS AND DISCUSSION

The implementation of Al has a significant impact on business process efficiency in the Industry
4.0 era. Analysis shows that Al accelerates the completion of routine tasks and reduces reliance on manual
processes [34]. For example, Al enables automation in production lines, which can reduce process time and
improve product consistency. This finding aligns with literature stating that Al is a critical component in
achieving high operational efficiency in businesses. Furthermore, the use of Al in data analysis has been shown
to accelerate and improve the accuracy of decision making [35]. By processing data in real time and identifying
patterns, Al helps managers make faster and more accurate decisions, enabling companies to respond more
effectively to market changes and supporting more adaptive and data driven business strategies. This study aims
to identify the impact of Al implementation on business process efficiency in the Industry 4.0 era. Using Smart
PLS analysis, the study evaluates Al influence on key aspects such as process automation, decision making
speed, and business competitiveness [36]. The following are the results and discussions of each research
hypothesis:

4.1. Relationship Between Artificial Intelligence Implementation Factors and Business Process Effi-
ciency

The structural model testing using the Partial Least Squares (PLS) method evaluates the relationships

between PU, PEOU, SN, and MOT as exogenous variables influencing BI [37]. The analysis begins with the

outer model, showing that all indicators achieve outer loading values above 0.90, indicating excellent conver-
gent validity.

Table 1. Relationship Between Artificial Intelligence Implementation Factors and Business Process Efficiency
HK KM MK PC PM

HK

KM 0.173 0.548
MK 0.164
PC 0.311 0.224
PM 0420

Table 1 presents the indicators used in the SmartPLS analysis to measure each construct within the
research model based on the UTAUT?2 framework [38]. The table outlines the operational definitions of all
indicators associated with five main constructs: PU, PEOU, SN, MOT, and BI. Each construct contains mul-
tiple indicators that capture different dimensions of user perception and behavioral intention toward adopting
Al-enhanced water quality systems [39]. The PU indicators assess the extent to which the system is useful,
improves effectiveness, and contributes positively to achieving user goals. The PEOU indicators evaluate how
easily the system can be understood, mastered, and integrated into users daily routines without causing disrup-
tion [40]. The SN indicators measure the influence of social environment, including peer pressure, community
encouragement, and public support, on user willingness to adopt the technology. The MOT indicators empha-
size intrinsic and extrinsic motivations such as environmental concern, personal health awareness, and desire to
contribute to sustainability efforts. Lastly, the BI indicators assess the strength of users intentions, commitment,
and consistency in continuing to use Al-driven water quality systems.
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4.2. Al Implementation Improves Business Process Efficiency

The analysis reveals that Al implementation has a significant positive impact on business process effi-
ciency. Al accelerates the completion of routine tasks and reduces reliance on manual processes. For instance,
Al enables automation in production lines, reducing processing time and improving product consistency. These
findings align with the literature, which identifies Al as a critical component for achieving high operational ef-
ficiency in business [41]. The empirical findings of this study are consistent with the Resource Based View
(RBV) and Dynamic Capabilities Theory, which emphasize that technological innovation such as Al enhances
firm performance by optimizing internal resources and enabling adaptive capabilities [42]. The significant in-
fluence of Al implementation on business process efficiency supports the RBV perspective that firms gain a
competitive advantage when they effectively leverage rare, valuable, and inimitable technological assets. Simi-
larly, the strong relationship between decision-making accuracy and operational efficiency reflects the Dynamic
Capabilities framework, suggesting that organizations capable of reconfiguring their digital resources through
Al can respond faster to environmental changes and sustain longterm competitiveness [43]. Furthermore, the
results showing that Al improves both process speed and accuracy confirm previous studies indicating that
data driven automation leads to enhanced productivity and strategic agility [44]. This theoretical alignment
indicates that Al not only serves as a technological tool but also acts as a strategic resource that transforms
business processes into a more intelligent and adaptive system. Therefore, the integration of empirical results
with RBV and Dynamic Capabilities Theory provides deeper academic insight into how Al adoption supports
organizational transformation in the Industry 4.0 era [45].

4.3. Al in Data Analysis Speeds Up Decision-Making

The data shows that the use of Al in data analysis positively affects the speed and accuracy of decision
making. By processing real time data and identifying patterns, Al supports managers in making faster and more
accurate decisions [46]. This enables companies to respond to market changes more effectively, supporting
more adaptive and data-driven business strategies.

4.4. Challenges in AI Implementation Reduce Business Efficiency

The analysis also indicates that challenges in Al implementation, such as limited technological infras-
tructure and a lack of skilled human resources, negatively impact business efficiency. Some respondents noted
that these obstacles hinder companies from fully leveraging Al, preventing optimal efficiency. This suggests
that companies need to invest more in infrastructure development and workforce training.

4.5. Managing AI Implementation Challenges Enhances Effectiveness

The findings support that companies capable of effectively managing Al implementation challenges
achieve higher business process efficiency. Companies that focus on improving digital literacy and employee
skill training demonstrate better capabilities in overcoming technological barriers. This management not only
enhances efficiency but also maximizes Al potential to boost productivity.

4.6. Business Process Efficiency is Linked to Competitive Advantage

The results indicate that the efficiency gained from Al implementation is directly related to increased
company competitiveness in the market. Companies that optimize Al to enhance operational efficiency gain a
competitive edge in meeting customer needs and industry trends. Improved business process efficiency enables
companies to.

5. MANAGERIAL IMPLICATIONS

The findings of this study provide several important managerial implications. Managers need to en-
sure sufficient investment in technological infrastructure and workforce development because limitations in
these areas often reduce business efficiency. Companies that focus on improving digital literacy and employee
skill training are better able to overcome technological barriers, thereby strengthening productivity and op-
erational performance. In addition, the use of Artificial Intelligence (Al) in data analysis enables managers
to make faster and more accurate decisions, allowing organizations to respond adaptively to market dynam-
ics through real time insights. Al implementation also requires balancing automation with human oversight
to maintain ethical decision-making and operational integrity. Rather than replacing human roles, Al should
serve as a strategic enabler that complements managerial judgment. The efficiency generated through AT adop-
tion has a direct impact on improving competitive advantage, meaning that managers should position Al as
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a key component of long term strategic planning to sustain competitiveness in the Industry 4.0 era. From a
sustainability perspective, these managerial implications align with the objectives of SDG 8 Decent Work and
Economic Growth and SDG 9 Industry, Innovation, and Infrastructure, as the effective use of Al contributes to
productivity growth, innovation, and resilient digital infrastructure within business ecosystems [11].

6. CONCLUSION

The Implementation of Artificial Intelligence in Enhancing Business Process Efficiency in the In-
dustry 4.0 Era concludes that the adoption of Artificial Intelligence (Al) has a significant impact on improving
operational efficiency across various industry sectors. Al plays a crucial role in accelerating business processes,
enhancing decision-making accuracy, and supporting smarter automation, enabling companies to respond more
quickly and adaptively to market changes.

In the manufacturing sector, Al has proven effective in minimizing production downtime by predicting
needs and detecting potential machine issues early. In the banking sector, Al technology enhances security
through fraud detection and service automation. Meanwhile, in logistics, Al improves efficiency in route
planning and inventory management.

However, challenges in Al implementation, such as the need for adequate technological infrastruc-
ture and skilled workforce, remain obstacles to optimizing Al potential. Companies that can overcome these
challenges through proper investments will gain a stronger competitive advantage in navigating market dynam-
ics. Thus, the adoption of Al becomes an essential strategy to maintain competitiveness in the Industry 4.0
era, while also serving as an innovative step toward achieving higher efficiency and effectiveness in business
processes.
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