West Science Interdisciplinary Studies
Vol. 03, No. 11, November and 2025: pp. 1967-1977

The Impact of Industrial IoT (IIoT) and Edge Computing Adoption
on the Operational Performance of Manufacturing Companies in

Central Java

Susatyo Handoko?, Karnoto?

! Departemen Teknik Elektro, Fakultas Teknik, Universitas Diponegoro and susatyo73@gmail.com

2Departemen Teknik Elektro, Fakultas Teknik, Universitas Diponegoro and karnoto69@gmail.com

ABSTRACT

This study investigates the impact of Industrial Internet of Things (IloT) and Edge Computing implementation
on the operational performance of manufacturing companies in Central Java. A quantitative research
approach was employed, involving 150 respondents selected using purposive sampling. Data were collected
through a structured Likert-scale questionnaire and analyzed using SPSS version 25, including descriptive
statistics, correlation, and multiple linear regression. The results indicate that both IloT and Edge Computing
have a significant positive effect on operational performance, explaining 54% of the variance. Specifically, IloT
enhances real-time monitoring, predictive maintenance, and overall production efficiency, while Edge
Computing reduces latency and accelerates data-driven decision-making. The findings provide practical

insights for manufacturing managers seeking to optimize operations through advanced digital technologies.

Keywords: Industrial Internet of Things (IIoT), Edge Computing, Operational Performance, Manufacturing Industry,

Central Java.

1. INTRODUCTION

The rapid advancement of digital technologies has fundamentally transformed the
operational landscape of manufacturing industries worldwide. Among these innovations,
the Industrial Internet of Things (IloT) and Edge Computing have emerged as pivotal
solutions enabling real-time monitoring, automation, and data-driven decision-making.
IIoT refers to the integration of smart sensors, devices, and machinery connected via the
internet to collect and exchange data, thereby enhancing operational visibility and
efficiency. Edge Computing complements this process by allowing data processing to occur
closer to the source of data generation, reducing latency, improving response times, and
optimizing resource utilization [1]-[3].

In the context of Indonesia, particularly in Central Java, manufacturing industries
are facing increasing pressure to enhance productivity, reduce operational costs, and
maintain competitiveness in a rapidly evolving market. Traditional centralized computing
approaches often result in delays and inefficiencies in handling large volumes of
operational data, which can hinder decision-making processes. Therefore, integrating IIoT
with Edge Computing provides a strategic approach to overcoming these challenges and
achieving sustainable operational performance improvements [4], [5].

Previous studies have indicated that adopting IloT and Edge Computing can

significantly impact key operational performance indicators such as productivity, quality,
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flexibility, and overall efficiency [6]-[8]. However, empirical evidence regarding the extent
of these effects within Indonesian manufacturing contexts remains limited. Most prior
research has predominantly focused on developed countries or examined IloT and Edge
Computing in isolation rather than in an integrated framework.

Given this research gap, the present study aims to quantitatively examine the impact
of IIoT and Edge Computing implementation on the operational performance of
manufacturing companies in Central Java. Utilizing data from 150 respondents collected
through a Likert-scale questionnaire and analyzed using SPSS version 25, this study is
designed to generate empirical evidence that enriches theoretical understanding while
offering practical insights for manufacturing managers and policymakers. The focus is on
how advanced digital technologies can be leveraged to strengthen operational excellence,
efficiency, and adaptability within the increasingly competitive manufacturing
environment.

The specific objectives of this study include measuring the level of IloT
implementation, evaluating the extent of Edge Computing adoption, and analyzing how
both technologies influence operational performance among manufacturing firms in
Central Java. Furthermore, the study aims to formulate actionable recommendations that
can guide organizations in enhancing operational efficiency through strategic technology
adoption. By addressing these objectives, the research contributes to a more comprehensive
understanding of how emerging digital technologies can improve performance, boost
competitiveness, and support technological advancement within Indonesia’s

manufacturing sector.

2. LITERATURE REVIEW

2.1 Industrial Internet of Things (IIoT)

The Industrial Internet of Things (IloT) represents the integration of
connected devices, sensors, and machines within industrial environments to
enable seamless data collection, communication, and analysis, distinguishing it
from consumer IoT, which focuses on personal and household applications [9],
[10]. In manufacturing settings, IloT enhances real-time machinery monitoring,
anomaly detection, production schedule optimization, and data-driven
decision-making [11], [12]. Its adoption has been linked to significant
operational benefits such as increased productivity, reduced downtime,
improved resource utilization, and enhanced product quality. Prior studies
highlight IloT’s role in enabling predictive maintenance, allowing companies to
anticipate equipment failures and avoid costly disruptions [13], [14], while also
strengthening real-time decision-making capabilities that are crucial for
maintaining  competitiveness in = dynamic and technology-driven

manufacturing environments [15], [16].
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2.2

2.3

2.4

Edge Computing

Edge Computing refers to the decentralized processing of data near its
source rather than relying solely on centralized cloud servers, a mechanism that
reduces latency, optimizes bandwidth usage, and enables faster response times
for critical industrial operations [1], [17]. Within manufacturing environments,
this approach supports real-time analysis of sensor data from machines and
production lines, allowing timely interventions and operational adjustments to
maintain efficiency [6], [18]. When integrated with the Industrial Internet of
Things (IIoT), Edge Computing further enhances the value of industrial data by
ensuring rapid processing and minimizing dependence on cloud infrastructure
for immediate decision-making. Prior research shows that the synergy between
IIoT and Edge Computing contributes to improvements in key performance
indicators such as production speed, equipment utilization, and defect
reduction [7], [19].
Operational Performance in Manufacturing

Operational performance refers to the efficiency and effectiveness with
which an organization produces goods or services while meeting established
standards of quality, cost, and time, typically measured through indicators such
as productivity, production lead time, process flexibility, quality assurance, and
cost efficiency in manufacturing settings [20], [21]. Achieving high operational
performance allows companies to sustain competitiveness, respond swiftly to
market demands, and ensure long-term organizational sustainability. The
adoption of digital technologies such as IIoT and Edge Computing has been
shown to directly influence these performance dimensions, with IIoT enabling
predictive maintenance and continuous monitoring that reduce machine
downtime and enhance throughput, while Edge Computing accelerates data
processing and supports rapid operational adjustments, thereby improving
responsiveness and process reliability [22], [23].
Theoretical Framework

This study is grounded in the Technology-Organization-Environment (TOE)
framework, which explains technology adoption through the interplay of
technological, organizational, and environmental factors (Tornatzky &
Fleischer, 1990). Within this framework, technological factors relate to the
capabilities of IloT and Edge Computing, including real-time monitoring and
decentralized data processing; organizational factors encompass management
support, workforce competencies, and readiness for digital transformation;
while environmental factors involve competitive pressure and regulatory
requirements in the manufacturing sector. Applying the TOE framework allows
this study to analyze how the implementation of IIoT and Edge Computing

interacts with organizational conditions and external pressures to influence
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operational performance. Based on the reviewed literature, the following
hypotheses are proposed.
H1: IloT implementation has a significant positive effect on the operational
performance of manufacturing companies.
H2: Edge Computing implementation has a significant positive effect on the

operational performance of manufacturing companies.

These hypotheses guide the quantitative analysis and aim to determine the
extent to which advanced digital technologies can enhance operational

outcomes in manufacturing.

3. METHODS
3.1 Research Design

This study employs a quantitative research design to examine the impact of
Industrial Internet of Things (IIoT) and Edge Computing implementation on the
operational performance of manufacturing companies in Central Java. The quantitative
approach allows for objective measurement, statistical analysis, and hypothesis testing

regarding the relationships between technological adoption and operational performance.

3.2 Population and Sample

The population of this study consists of manufacturing companies operating in
Central Java, encompassing various sectors such as textiles, automotive components,
electronics, and consumer goods. Using a purposive sampling technique, the study selected
150 respondents who are directly involved in operational management, production
supervision, or IT systems within the companies. This sample size is considered adequate

for quantitative analysis and provides reliable statistical results using SPSS version 25 [24].

3.3 Data Collection

Primary data were collected through a structured questionnaire distributed to
operational managers, IT personnel, and production supervisors. The questionnaire was
developed wusing validated measurement scales from prior studies, with IIoT
implementation assessed through indicators such as sensor integration, machine
connectivity, real-time data monitoring, and predictive maintenance capabilities [25], [26].
Edge Computing implementation was measured using indicators that capture
decentralized data processing, low-latency response, local data storage, and real-time
analytics capabilities [1], [2], [27]. Meanwhile, operational performance was evaluated
using indicators including productivity, production efficiency, product quality, process
flexibility, and cost reduction [19], [28]. All questionnaire items applied a Likert scale
ranging from 1 (strongly disagree) to 5 (strongly agree) to quantify respondents’

perceptions of IloT, Edge Computing, and operational performance.
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The measurement structure used in this study is summarized as follows: IloT
implementation is categorized under technological adoption and measured through
indicators such as sensor integration, machine connectivity, real-time monitoring, and
predictive maintenance; Edge Computing implementation falls under data processing
efficiency and is assessed using indicators related to decentralized processing, low-latency
response, local storage, and real-time analytics; and operational performance represents
operational outcomes measured by productivity, efficiency, quality, flexibility, and cost
reduction. All constructs consistently utilize a Likert 1-5 scale to ensure comparability

across variables.

3.4 Data Analysis

The collected data were analyzed using SPSS version 25 through several sequential
procedures, beginning with descriptive statistics to summarize respondent demographics
and the overall levels of IIoT implementation, Edge Computing adoption, and operational
performance. Validity and reliability tests were then conducted to ensure the accuracy and
consistency of the measurement instruments, where validity was assessed using item-total
correlation and reliability was confirmed through Cronbach’s alpha values exceeding 0.70.
Correlation analysis was subsequently employed to determine the strength and direction
of relationships among the study variables. Finally, multiple linear regression analysis was
performed to test the hypotheses and examine both the simultaneous and partial effects of
IIoT and Edge Computing on operational performance using the regression model: OP=30
+B1(IIoT)+B2(Edge)+te, where OP represents operational performance, IIoT denotes
Industrial Internet of Things implementation, Edge refers to Edge Computing
implementation, 30 is the constant term, 31 and (32 are regression coefficients, and € is the

error term.

4. RESULTS AND DISCUSSION

4.1 Respondent Characteristics

The study surveyed 150 respondents from manufacturing companies in Central
Java, consisting of operational managers, production supervisors, and IT personnel. The
demographic results indicate that the majority of respondents were male (68%) and
predominantly within the age range of 3045 years (54%). Additionally, most respondents
held at least a bachelor’s degree (62%), suggesting that the workforce involved in this study
possesses adequate educational backgrounds to understand, implement, and evaluate the
use of advanced digital technologies within their organizations.

Descriptive statistical analysis shows that IIoT implementation achieved a mean
score of 4.12 with a standard deviation of 0.52, Edge Computing implementation recorded
a mean of 3.98 with a standard deviation of 0.57, and operational performance obtained a
mean score of 4.05 with a standard deviation of 0.50—all falling into the “high”

interpretation category. These findings indicate that manufacturing companies in Central
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Java have embraced IIoT and Edge Computing at relatively strong levels and that their
operational performance is perceived as high, suggesting that ongoing digital

transformation initiatives are making a positive contribution to operational improvements.

4.2 Validity and Reliability

To ensure that the measurement instruments accurately captured the constructs
studied, validity and reliability tests were conducted on the questionnaire items related to
[IoT implementation, Edge Computing implementation, and operational performance.
Validity testing was performed using the item-total correlation method, where an item is
considered valid if its correlation coefficient exceeds 0.30 (Ghozali, 2018). The analysis
results show that all items used in this study met the validity criteria: IloT implementation
items demonstrated item-total correlations ranging from 0.525 to 0.742, Edge Computing
implementation items ranged from 0.506 to 0.714, and operational performance items
ranged from 0.552 to 0.764. These values confirm that each item accurately measures the
construct it was intended to assess.

Reliability testing was conducted using Cronbach’s alpha to evaluate internal
consistency, with values above 0.70 indicating acceptable reliability (Nunnally, 1978). The
results revealed Cronbach’s alpha values of 0.877 for IloT implementation, 0.853 for Edge
Computing implementation, and 0.895 for operational performance, all of which exceed the
reliability threshold. These findings confirm that the questionnaire items are both valid and
reliable, ensuring that the data collected are suitable for subsequent statistical analyses,

including correlation and multiple linear regression, to test the study’s hypotheses.

4.3 Correlation Analysis

Pearson correlation analysis was conducted to examine the relationships among the
study variables, revealing that IIoT implementation has a strong positive correlation with
operational performance (r = 0.625, p = 0.000), while Edge Computing implementation also
shows a strong positive correlation with operational performance (r = 0.586, p = 0.000).
These results indicate that manufacturing companies adopting IloT and Edge Computing
tend to achieve higher levels of operational efficiency, productivity, and quality, suggesting
that the integration of advanced digital technologies contributes substantially to improved

operational outcomes.

4.4 Multiple Linear Regression Analysis

Multiple linear regression was used to test the study hypotheses.

Table 1. Multiple Regression
p t- p-

(Coefficient) | value | value

Independent Variable Interpretation
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i Significant Positive
[IoT Implementation 0.416 6.236 0.000
Effect
Edge Computing Significant Positive
, 0.363 5.474 0.000
Implementation Effect
Constant 1.025 4.122 0.000 -

The results of the multiple regression analysis in Table 1 demonstrate that both IIoT
implementation and Edge Computing implementation exert significant positive effects on
operational performance in manufacturing companies. The coefficient for IloT
implementation (8 = 0.416, p = 0.000) indicates that improvements in IloT usage —such as
enhanced sensor integration, machine connectivity, real-time monitoring, and predictive
maintenance—are strongly associated with increases in operational efficiency,
productivity, and process reliability. The high t-value (6.236) further reinforces the
robustness of this relationship, suggesting that IIoT functions as a critical technological
driver for optimizing manufacturing operations. This aligns with earlier studies that
highlight IloT’s capacity to reduce machine downtime and support data-driven decision-
making (Kamble et al., 2018; Xu et al., 2018). Similarly, Edge Computing implementation
shows a significant positive effect on operational performance, with a coefficient of 3 =0.363
(p = 0.000) and a t-value of 5.474, indicating that decentralized processing, low-latency
responses, and real-time analytics substantially improve production responsiveness and
reduce delays in operational adjustments. These findings reinforce the argument that Edge
Computing helps minimize dependence on cloud infrastructure and enhances operational
agility, consistent with the literature by Shi et al. (2016) and Wang et al. (2019).

Overall, the regression model indicates that both IIoT and Edge Computing
contribute meaningfully to operational performance, with IIoT demonstrating a slightly
stronger impact. The significant constant term (8 = 1.025, p = 0.000) implies that additional
organizational elements —such as human resource capability, managerial commitment, and
operational culture—may also shape performance outcomes even without the presence of
these technologies. Nonetheless, the combined influence of IloT and Edge Computing
underscores the importance of ongoing digital transformation initiatives in driving
operational excellence within Central Java’s manufacturing sector. Furthermore, the
model’s R? value of 0.54 signifies that 54% of the variance in operational performance can
be explained by the implementation of IloT and Edge Computing, indicating a moderate-
to-strong explanatory power and highlighting the substantial role these technologies play

in shaping operational outcomes.

Discussion

The results confirm that both IloT and Edge Computing significantly enhance operational
performance in manufacturing companies in Central Java. IloT implementation demonstrates a
strong positive effect, supporting Hypothesis 1, as the use of smart sensors, connected machinery,

and real-time monitoring enables companies to optimize production processes, reduce unplanned
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downtime, and improve product quality. These outcomes are consistent with prior studies by [29]-
[31], who found that IIoT contributes to higher productivity and operational efficiency. Edge
Computing also shows a significant positive impact on operational performance, supporting
Hypothesis 2, by enabling data to be processed near its source, reducing latency, and accelerating
decision-making. This facilitates timely production interventions and is aligned with the findings of
[32], [33], which highlight the value of decentralized processing for enhancing operational
responsiveness and resource utilization.

The integrated effect of IloT and Edge Computing provides synergistic advantages, where
real-time data collection combined with rapid local processing allows companies to respond quickly
to operational challenges. This synergy not only improves efficiency and product quality but also
reduces costs associated with delays and machine downtime. Overall, the findings indicate that
manufacturing companies in Central Java that invest in both IIoT and Edge Computing achieve
measurable improvements in operational performance, underscoring the importance of adopting
advanced digital technologies as a strategic approach to strengthen competitiveness in the

manufacturing sector.

CONCLUSION
This study demonstrates that the implementation of IIoT and Edge Computing

significantly improves the operational performance of manufacturing companies in Central
Java, with quantitative findings showing that IloT adoption enhances productivity, reduces
machine downtime, and strengthens quality control, while Edge Computing facilitates
faster data processing, low-latency decision-making, and more efficient resource
utilization; together, these technologies create synergistic benefits that lead to substantial
improvements in operational efficiency, cost reduction, and overall competitiveness. The
practical implications highlight the need for manufacturing managers to invest in
integrating IIoT and Edge Computing into production processes, provide adequate
employee training to ensure effective technological utilization, and continuously update
digital infrastructure to sustain performance gains. Future research may expand the sample
size, investigate other regions in Indonesia, or analyze the long-term effects of digital

transformation on strategic and financial performance within the manufacturing sector.
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