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ARTICLE INFO ABSTRACT

This paper aims to review and analyze the connection between Business
analytics and Management Information Systems in the Industry 4.0. The
ability to facilitate decision-making and foster a sustainable intelligent
environment in smart manufacturing companies. Industry 4.0 has brought
the biggest change in the manufacturing industries today by providing more
efficiency and sustainability. Launching Management Information Systems
and business analytics, business intelligence is a key strategic tool that enables
sustainable economic growth by improving an organization’s efficiency and
cutting down on unnecessary spending. Examining the supply and demand of
Management Information Systems and the effects of business analytics to
support and accelerate sustainable economic growth. The research included
case analysis of smart manufacturing firms and qualitative surveys with
industry specialists. A real-time system environment was developed for
manufacturing IoT innovative systems, with specific applications of predictive
and prescriptive models. The sustainability and analysis capabilities of the
Management Information Systems platforms are assessed. The study
concludes that incorporating business analytics in smart manufacturing
together with Management Information Systems offers a substantial
enhancement to the economy’s sustainability. This is accomplished by
improving resource use, reducing the output of waste, and using big data
analysis for innovation. The study emphasizes how different Industry 4.0
technologies integrated into a proper Management Information Systems
framework led to the development of a sustainable manufacturing
environment. These aspects provide important information for any company
that would like to integrate its performance goals with the general economic
and environmental goals.

Key Words: Business Analytics, Sustainable Economic Growth, Industry
4.0, Data-Driven Decision-Making, IoT-Enabled Manufacturing, Resource
Efficiency, Sustainable Practices
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Introduction:

The manufacturing industry all around the world is shifting towards Industry 4.0, brought in by IoT, artificial
intelligence, robotics, and automation. The smart manufacturing revolution are increasing operatlonal
efficiency and spurring much innovation (Valaskova et al., 2022). The core of this change process is the
assimilation of Business Analytics and Management Information Systems which introduce prominent
organizational applications to use data for the aims of effective decision-making and future-oriented
management (Ren et al., 2019). Economic sustainability which is an important aspect of economic
development, depends on the efficiency of resource consumption of resources and optimization of waste in
various fields. These objectives are not easy to maintain in traditional manufacturing systems because of
various draw Business Analytics associated with the methods used and a limited ability to gain real-time data
analyses (Andronie et al., 2021).The use of Business Analytics and Management Information Systems in
Industry 4.0 enables monitoring, estimation, and optimization of supply chains in order to enhance sustainable
economic development (Pappas, I. O., Mikalef et al., 2018). In smart manufacturing, business analytics helps
analyze the massive amount of data collected by IoT-connected devices to improve decision-making and
operational efficiency.

Predictive analytics provides methods that enable one to forecast machine breakdown and cut on the overall
repair expenses. Prescriptive aids in offering the best strategies on how the production calendar could be
arranged (El-Haddadeh et al., 2021).Management Information Systems reinforces these capabilities by being
able to present data in one program so that each of the organizational functions easily exchange information
with the others (Dutta et al., 2020).The simplified usage of Business Analytics and Management Information
Systems in the Industry 4.0 The institutions face when adopting technology include the high cost of adopting
technologies, handling of large volumes of data and limited availability of skilled personnel (Morgan et al.,
2021).This research aims at establishing the contribution of Business Analytics and Management Information
Systems in the promotion of sustainable economic growth for smart manufacturing and identifying the
innovative technology solutions for a sustainable economy and their environmental impacts (Bag et al., 2021).

Figure No.o1: Key components of Industry 4.0 Contributing to sustainability
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Problem Statement:

The fast tempo of industrialization has positively impacted the country’s economy in terms of efficiency,
development and growth. It has led to the most stringently questioned sustainability deficits, like resource
exhaustion, environmental pollution and supply chain disorganization (Aheleroff et al., 2022). Many
manufacturing industries cannot overcome these problems using traditional manufacturing methods that do
not have sufficient flexibility and tools to analyze the data (Bednar and Welch, 2020). There is pressure from
the policies and regulations and other stakeholders to establish sustainability and enhance economic
development in industries. The requirement for achieving profit and environmental conservation makes the
analysis even more challenging. To prevent these challenges, organizations require sophisticated instruments
that would help to use data for management purposes (Haseeb et al., 2019). Business Analytics and
Management Information Systems appear as enablers in this context. The data flows produced by smart
manufacturing IoT devices. Business Analytics offers relevant recommendations for improving efficiency,
minimizing losses, and increasing the effective usage of resources (Li, 2022).

Predictive and prescriptive analytics help the manufacturing firms to prevent disruptions and avoid disruptions
that are critical to the firm’s operations. Management Information Systems plays the role of a system that
supports the organization by providing the framework for the proper delivery of data flow between those
Management Information Systems departments (Javaid et al., 2021). That saves time for monitoring events in
real-time, makes work more collaborative and helps in making better decisions. Business Analytics and
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Management Information Systems do more than provide effective solutions while supporting manufacturing
practices that are more sustainable and contribute to overall economic performance (Morrar et al., 2017).

Research Objectives:

e Investigate how Business Analytics and Management Information Systems improve production, resource
management, and decision-making.

e Examine how they reduce waste, optimize resources, and minimize environmental footprints.

e Assess how IoT, Al and automation support data-driven sustainability strategies.

¢ Examine Business Analytics carriers like cost, complexity and workforce readiness.

Literature Review

Smart Manufacturing and Industry 4.0:

Smart manufacturing defined as manufacturing where various technologies are incorporated into
manufacturing in order to scale up the production and increase flexibility. Some of the key technologies that
power this transition include IoT, where physical objects are connected for real-time monitoring and control
(Mittal et al., 2018). Artificial Intelligence data analytics and machine learning improve decision-making;
robotic use such as in assembling and packaging with high speed and precision, where machines are used to
perform repetitive tasks (Cinar et al., 2020). The implementation of smart manufacturing throws in its ticket
several advantages, including enhanced productivity, enhanced quality through analysis by artificial
intelligence and enhanced flexibility of manufacturing (Zheng et al., 2018).

It has the advantage of cutting long-term costs by reducing human intervention in activities that could
otherwise be automated. A number of issues remain critical, high initial capital costs, great technical difficulty
in implementing new systems alongside the current infrastructure, and personnel training, as workers need to
learn how to operate complex technologies (Tao et al., 2019). Threats stumble on the interconnected systems
as more gadgets come into the network. The opportunity to reap big from smart manufacturing makes it one
of the major enablers of innovation in most contemporary industries (Mittal et al., 2019).

Business Analytics in Industry 4.0:

Business analytics in Industry 4.0 is concerned with the proactive use of an organization’s data assets to
enhance performance management in smart manufacturing systems (Silva et al., 2021). In Industry 4.0,
business analytics utilizes data from multiple origins, which include the Internet of Things, sensors, and
production forums to reinstate information that enhances manufacturing. The help of Al and machine
learning, Business Analytics assists in terms of predicting, anticipating potential choice trends and demands
(Ghobakhloo, 2020).This results in improved resource allocation, efficient processes within business-making
operations and improved ability to forecast events in a company.

The application of Business Analytics in Industry 4.0 supports real-time decision-making and helps companies
to be more promptly operational in response to market changes and various issues (Ustundag and Cevikean,
2017). It encourages ongoing improvement for the implementers by finding out the gaps and the best timing to
arrange product schedules. Some issues are critical and include data quality, quantity and how to integrate the
Business Analytics systems with already established manufacturing systems (Frank et al., 2019). Its aim to form
the Business Analytics of competitive advantage by offering practical solutions for the improvement of
production efficiency and effectiveness (Gilchrist, 2016).

Management Information Systems:

Management Information Systems are defined as the application and integration of technologies aimed at
handling data to enhance decision-making within an organization (O'brien and Marakas, 2006). Management
Information Systems is very critical as it involves live analytics and informs on proper management of
resources. Artificial Intelligence and big data Management Information Systems in the fourth paradigm
acquires, stores, processes, and analyzes data to make proper decisions (Laudon and Laudon, 2004).

Such systems improve operations by offering correct and timely data within the demand chain, buying,
manufacturing and distribution. There are several principal functions of Management Information Systems in
Industry 4.0; these are data integration, resource allocation, automation and decision support (Leidner and
Kayworth,2006). The importance of Management Information Systems has been brought by advantages like
cost benefits and efficiency. The disadvantages experienced are integration issues, security of data, and skilled
people needed. It has become mandatory to adopt Management Information Systems for leveraging the
benefits of Industry 4.0 technologies and indeed for achieving sustainability in manufacturing practice (Peffers
etal., 2007).
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Sustainability in Economic Growth:

Sustainability in economic growth is about the capacity of an economy to carry on a process of qualified growth
in the very long term, without Management Information Systems ing the availability of natural resources for
future generations (Panayotou, 2003). The importance of socio-economic development and that at the same
time it conserves the environment. The connotation of the term Industry 4.0, sustainability discusses a
technological angle with endeavors taken to try and help the environment (Brock and Taylor, 2005).Business
analytics and management information systems are essential in the utilization of resources, minimization of
wastage and enhancement of energy utilization. IOT , Al and automation reduce environmental impacts
because collected data improves decision-making and efficient use of resources at the right time (Purvis and
Robinson, 2019).

The application of Industry 4.0 technologies to sustainability objectives would reduce on waste, energy use,
and greenhouse Management Information Systems (Omri, 2013). These technologies enhance effective and
efficient utilization of resources in the production process so as to increase sustainable development of
industries and the economy (Eugenio-Martin et al., 2004). It is difficult to develop a sustainable economic
growth agenda due to issues like the cost of technology adoption, appropriate legal reforms and other issues,
looking at the fact that growth has to be promoted in a way that it benefits all sectors in the society. Through
innovative technologies and cementing them with sustainability objectives and then aligning the developed
economy for the betterment of generations yet unborn (Dritsakis, 2004).

Research Gaps:

Smart manufacturing and industry 4.0, business analytics and Management Information Systems research
areas presented in this paper show the areas of further empirical or theoretical investigation that would strive
to improve the concept implementation. It was revealed that there is scant literature on how sustainability has
been linked with Industry 4.0 technologies such as IoT, Al, and robotics to meet sustainability goals of
environmental impacts reduction and resource management. The vast research examining the performance of
Business Analytics and Management Information Systems in a business context, the long-term economic
return relating to its correlation with sustainable growth. The manner in which Business Analytics and
Management Information Systems increase long-term firm profitability and support environmental and social
sustainability, has not been well documented. There is a lack of information concerning the possibility of using
training and developing a suitable workforce for Industry 4.0 environments. There are few explorations on
these technologies’ adoption Business Analytics, especially in the emergent economy, with areas such as
infrastructure and costs of VPUs crying for more attention.

Methodology

Research Design:

This study uses an online survey to obtain qualitative data from the manufacturing firms in regards to Business
Analytics and Management Information Systems in smart manufacturing. The survey cover questions related
to how these technologies improve operations, resources and sustainability management. Besides cross-
sectional self-administered Online surveys, interviews and case studies, approaches are used to discuss real-
life applications of the Business Analytics and Management Information Systems and real-life implementation
of policies for sustainable economic development.

Data Collection:

The method of data collection comprises of an online survey, qualitative interviews and case studies. The
manufacturing companies will be asked to fill in an online questionnaire that generate quantitative data on the
incorporation of Business Analytics and Management Information Systems into the companies with an
emphasis on efficiency, sustainability and economic growth. The targeted industry participants give valuable
qualitative data on the stress and advantage of these technologies. Taiwanese companies, including Delta, Yue
heel, Foxconn, Wistron, Quanta, Nanya and briefly introduced as the case studies to illustrate the role of
Business Analytics and Management Information Systems in realizing the sustainable and operational
advancements in smart manufacturing.

Analytical Tools and Techniques:

The importance of Analytical tools and techniques rises to the occasion of increasing efficiency and
sustainability in smart manufacturing. Demand forecasts are useful in the following ways because they allow
companies to be more efficient with their resources for those predictions rather than wasting cash, time, and
stock on products that don’t have high demand. Prescriptive analytics is for decision-making and operational
changes in a business sense. It offers suggestions for adjusting a production line Business Analytics on the
insights so that businesses meet emerging demands. Management Information Systems platforms use real-
time control and show a detailed view of business processes, resources, and sustainability issues to provide a
fast reaction to fluctuating market conditions and enhance the general business control.
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Scope and Limitations:

The manufacturing industry is concerned in this study mainly focusing on automotive and electronics
industries where the implementation of business analytics and management information systems produces
awareness for operation efficiency growth and sustainability. This research falls short in getting secret
industrial data since firms inclined to disclose information about performances, technologies, and other
practices in their organizations. There are some limitations arising from this method since the study restricted
to the kind of data and information available to the participants.

Findings from Data Analysis:

Table No.o1: The findings related to Improved Production Efficiency:

Factor Description Impa}ct on Production
Efficiency
Streamlined Business Anglytlcs analyzes prodqctlp | Reduced downtime and
. . data to identify bottlenecks and optimize | .
Production Lines increased throughput.
workflows.
Minimized Predictive analytics identify potential | Improved machine availability
Downtime machine failures before they occur. and fewer interruptions.
Improved Real-time data helps adjust operations il/{lgher output Wlth9Ut
. . anagement Information
Throughput dynamically to ensure smooth production. . .
Systems ing quality.
.. Business  Analytics helps allocate | Reduced waste, better
Optimized Resource . . e .
. resources (labor, machines, materials) | utilization of available
Allocation .
more effectively. resources.
. Management Information Systems enable | Faster response to changing
Data-Driven . . . . . o
. . . quick, data-driven decisions that improve | production conditions and
Decision Making . :
operational efficiency. demands.

Figure No.o2: Impact of Business Analytics and Management Information Systems on
Production Efficiency

Data-Driven Decision Making

Optimized Resource Allocation

Improved Throughput

Minimized Downtime

Streamlined Production Lines

0 20 20 60 80
Impact on Production Efficiency (%)

The integration of Management Information Systems with Business Analytics has some significant advantages
for firms. A major benefit is real-time analysis, where the operations being monitored result in the ‘real-time’
insights. Real-time data implies that managers quickly change tactics and succeed in altering the delivery of
processes to support continuous business ongoing operations, increase flexibility and increase the capability of
responding to market actions, customer behaviors and organizational breakdowns. The company dramatize
the mechanization of usual activity that may need human intervention and, at the same time, will improve the
organizational productivity and reduce the organizational costs. Automation plays a role in carrying out the
predictive maintenance and enables organizations to determine when some of their equipment are likely to
lead to a problem in the future, preventing the occurrence. The above-stated system does not only improve
performance but also has involved so many cost savings that it makes business competitively better and more
efficient in resource use.
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Case Studies:

Table No.o2: The case studies and the benefits of Business Analytics and Management
Information Systems implementation:

Company Key Benefits Specific Achievements Ezzl&nologl es
Optimized resource Achieved 51gn1ﬁ.cant. energy savings Business Analytics
. e s and met sustainability targets by | Management
Siemens utilization, energy | . . . .
. integrating real-time data and | Information
savings - .
predictive analytics. Systems
Improved Enhanced resource management, | Business Analytics
General Electric opgrfltlonal improved energy efficiency, and Management
efficiency, reduced operational costs through | Information
sustainability goals | data-driven decision-making. Systems
Reduced operational costs and | Business Analytics
T Increased market | improved supply chain management | Management
oyota . . .
share, cost savings | by automating processes and | Information
leveraging predictive maintenance. Systems
. Reduced inventory costs and | Business Analytics
Streamlined . . .
. improved sales forecasting using | Management
Walmart operations, cost . . .
. data  analytics and real-time | Information
reduction Lo
monitoring systems. Systems
Enhanced Enabled better strategic decision- | Business Analytics
decision-making, making and optimized internal | Management
IBM . e . .
operational processes by utilizing real-time data | Information
efficiency analysis. Systems

Challenges and Solutions:

Organizations often encounter a lot of resistance to change whenever they are implementing high technology
like business analytics and management information systems. This is mainly due to cultural and organizational
resistance as well as a lack of experience with IT tools by personnel. People still used to old systems of work,
and following organometallic processes, would likely resist change since new instruments are more automated
and data-driven and they may lack confidence and may fear losing their jobs. One way of activity is providing
the possibilities of the workshops, online courses and hands-on sessions that would make employers more
confident in using these novel systems, which they encountered at the workplace. There is a need to establish
and help the organization in developing an environment that support innovation. Staff is encouraged to speak
to the leadership. There are high chances that employees accept change when the leaders show them the
benefits of change in the long run and how this improves job satisfaction and growth in their careers.
Leadership help to lead the change by expending resources, defining tangible goals, and providing a vision.
This commitment helps to guarantee the right focus upon technology, training, and resources, which assist in
minimizing resistance and in turn facilitate a smooth change process.

Discussion of Trends:

The combined use of AI with the IoT together with business analytics or management information systems, is
changing the manufacturing industry at a very fast rate. This convergence allows for the use of ‘predictive
maintenance,” machine learning tools assess data gathered through connected sensors on equipment before
they break down. This is proactive and helps in minimizing downtime, improving productivity, and most
importantly, decreasing periods of high maintenance. Constant monitoring of operations through real-time
data collection has been made possible by IoT devices, providing important insights, particularly for decision-
making. The automation increased, so the manufacturing processes require direct human input, and the usage
of the resources significantly optimized.

Another prominent trend that characterizes business functioning at the present stage is the increasing attention
paid to the transition to a circular economy Business Analytics on resource recovery and recycling processes
and the reduction of waste generation. Business Analytics and Management Information Systems , companies
are able to analyze product life cycles and sources of consumables, as well as find ways of reusing material to
help cut costs. Analytical tools that allow businesses to have strategies for designing products that are
disassembled in the production line and consumption process, it becomes possible to close the loop. This trend
towards a circular economy is not only beneficial for the environment but also for businesses to create new
sources of value from the resources collected and to minimize expenses linked with purchasing of raw
materials.



Md Ekrim Hossin et.al / Kuey, 30(10), 9643

736

Table No.oz2: the trends of AI and IoT Integration with Business Analytics and Management
Information Systems and the shift towards a Circular Economy in the manufacturing

industry:
Trend Key Focus Impact Statistical Insights Technologies
Involved
- Reduced | - 70% of manufacturers | Artificial
Predictive downtime by up | implementing IoT devices | Intelligence
. o .
AI and IoT Malntgnance, to 30% by 2025 Inte.rnet of Thlqgs
. Real-time Data Business Analytics
Integration . - Increased o .
Collection, . - 60% of companies use Al | Management
. operational . . .
Automation . o, | for predictive maintenance | Information
efficiency by 25%
Systems
- 20% reduction | - 45% of companies | Business Analytics
Resource in raw material | focusing on circular | Management
Focus on | Recovery, costs economy strategies by 2030 | Information
glrcular Recycling, - 50% reduction | - 40% of manufacturers Systems Advanced
conomy Waste . . Analytics,
N in waste | have started recycling R
Minimization . e Sustainability
generation initiatives
Platforms

The manufacturing sector is being revolutionized by the combination of both artificial intelligence and the
Internet of Things, business analytics and management information systems. With integration of these
technologies, organizations are able to introduce the concept of predictive maintenance, a fact proven to cut
down downtime by around 30% and at the same time increase operational efficiency by 25%. The use of IoT
devices, makes real-time data capture possible on the camp equipment and process, which is important for
faster decisions and efficiency in the deployment of resources. By 2025, the 10T devices’ penetration in
manufacturing industries will hit 70%, while the use of AI for predictive maintenance will reach 60%,
enhancing automation. At the same time, the transition to the circular economy in the manufacturing sector is
under way while conceiving manufacturing as resource recovery, recycling and waste reduction processes. This
has been precipitated by the desire to go green and cut on operating expenses in equal measure. The numbers
of economic effects are such that companies that adapt to the principles of the circular economy have achieved
reductions of up to 20% in their raw material expenses, and waste Management Information Systems are down
to 50%. The future outlook for the circular economy is expected to be 45% for companies to be implementing
these strategies and 40% for companies to be actively recycling. This change is not only positive from the
sustainability perspective but also generates new opportunities for increasing cost efficiencies and resource
utilization. Such trends with support from Business Analytics, Management Information Systems and
advanced analytics are gaining the manufacturing industry and turning it into a more environmentally and
financially beneficial industry.

Recommendations

implement a successful Business Analytics and Management Information Systems for smart manufacturing It
is recommended that organizations undertake the following steps, initially on a trial Business Analytics is in
areas such as maintenance predictability and supply chain efficiency. It generalized across the whole business
organization. Laying down a strong technological platform to capture, process, and integrate large volumes of
data is fundamental in providing information that is timely and valuable in an organizational setting. working
with the experienced technology partners help organizations to speed up the integration of Business Analytics
and Management Information Systems to facilitate the achievement of business objectives. The strategic
partnerships foster the fact that the businesses stay relevant to such trends as sustainability and the circular
economy, which are increasingly defining the manufacturing industry. It supports innovation and gives access
to knowledge exchange, promoting the industry’s development. With advancements in technologies like
artificial intelligence, the Internet of Things, and advanced analytics, firms should spend on research and
development and look for new opportunities in Business Analytics and Management Information Systems .

Conclusion

Business analytics and management information systems have the potential of contributing significantly
towards the attainment of sustainable economic development if applied to improve organizational efficiency,
significantly cut on costs and efficiently marshal scarce resources. These technologies applied to manufacturing
industries so that informed decisions made with the aim of enhancing productivity, minimizing waste and
supporting sustainable development in the manufacturing industries, ensuring that the business organizations’
practices correspond with their environmental framework. This evolution offers a chance for the
manufacturing sector to follow the principles of the circular economy, minimize wastage, and make better use
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of resources, all of which is necessary for manufacturing to sustain itself when the Business Analytics
community increasingly focuses on the circular economy all over the world. To optimally harness all these
technologies, it is necessary for more organizations that are in the various sectors to embrace them; besides,
more studies need to be conducted in this branch. More research conducted as the integration of Business
Analytics, Management Information Systems and Industry 4.0 technologies is deepened to analyze the
expanded influence of different aspects of sustainable manufacturing more thoroughly.
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