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ABSTRACT

Attaining cost estimation accuracy in secondary unit management is a critical issue of concern for organizations in
various industries. Secondary units—such as components, subassemblies, or related resources—significantly impact the
overall cost of production. A key factor in refining costing methods is the precise measurement of '‘Content," which, in
this context, refers to the gross weight of an item. Accurate gross weight data is essential for developing reliable cost
models, especially in industries where material consumption and logistics play a major role.

Traditional cost allocation techniques, including Activity-Based Costing (ABC), often fail to accommodate the
complexities of modern production environments, leading to estimation inaccuracies. Emerging technologies like
machine learning, big data analytics, and the Internet of Things (IoT) offer the potential to improve cost accuracy by
providing real-time, granular data on secondary unit performance—including weight and usage metrics. However, there
is a notable gap in the integration of these technologies with traditional cost management frameworks. Furthermore, the
potential of emerging trends such as blockchain and augmented reality (AR) in enhancing cost monitoring and
transparency remains underexplored.

While practices like lean management and strategic sourcing have proven effective in reducing operational costs, their
direct influence on the accuracy of secondary unit cost estimation—particularly with weight-based considerations—has
not been sufficiently investigated. Additionally, growing emphasis on environmental sustainability and regulatory
compliance introduces further complexity in capturing the true costs of secondary units, especially within multi-tiered
supply chains.

This paper aims to bridge these research gaps by reviewing existing literature and proposing innovative solutions for
achieving cost accuracy in secondary unit management. It focuses on leveraging technology, enhancing supply chain
coordination, and embedding sustainability practices. Addressing these gaps can offer valuable insights for both
academic researchers and industry practitioners, ultimately advancing cost management and operational efficiency.

Keywords- Cost accuracy, secondary unit management, cost allocation, Activity-Based Costing, machine learning, data
analytics, Internet of Things, blockchain, augmented reality, lean management, strategic sourcing, sustainability,
regulatory compliance, supply chain integration, predictive maintenance.

1. INTRODUCTION

In the current business world, precise cost control is essential for achieving maximum operational efficiency and
profitability. One critical aspect of accurate costing is aligning "Content"—defined here as the gross weight of an
item—with the appropriate costing method to ensure consistency and accuracy in financial assessments. This is
especially vital in secondary unit control, which involves managing components, subassemblies, and allied resources in
manufacturing systems. In this area, cost inaccuracies can have a substantial impact on financial results.

Obtaining cost precision in secondary unit control is increasingly difficult due to the intricacy of contemporary
manufacturing processes, variable supply chains, and evolving technological environments. Conventional cost
allocation techniques, such as Activity-Based Costing (ABC), often fall short in dynamic production systems where
numerous variables—such as the gross weight of items—must be considered. As a result, they can lead to distorted cost
projections.

Emerging developments in data analytics, machine learning, and the Internet of Things (1oT) provide new opportunities
for enhancing cost accuracy. These technologies offer real-time tracking, predictive maintenance, and advanced
forecasting capabilities, all of which can help minimize cost discrepancies at the secondary unit level. Other
innovations—such as blockchain for increased transparency and augmented reality for process optimization—are also
being explored as tools to improve cost management practices. However, a significant knowledge gap remains in
integrating these technologies into existing frameworks, particularly in how they can be applied to secondary unit
management and the incorporation of gross weight ("Content™) as a variable in cost modeling.
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This research explores new ways of achieving cost accuracy in secondary unit management, with a specific focus on the
role of technological innovation, lean initiatives, and procurement strategy. The aim is to bridge current research gaps
and provide an integrated understanding of how organizations can implement these techniques—especially those
accounting for gross weight in cost calculations—to improve secondary unit cost management and overall operational
efficiency.

Cost management process
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Figure 2: [Source: https://www.modularmanagement.com/blog/achieving-competitive-cost-leadership]
The Significance of Cost accuracy in Secondary Unit Management

Cost estimate accuracy is crucial for organizations to enhance their production processes, efficiently allocate resources,
and maintain control over their operations. In secondary units, typically composed of key components or subassemblies,
even slight inaccuracies in cost estimates can have significant implications for an organization's overall financial health.
Inaccurate cost allocation not only hinders the budgeting and forecasting operations but also hampers decision-making
about resource management and process optimization. With the heightened global competition and the constraints
placed on profit margins, firms must continuously enhance their cost management systems to be able to compete.
Traditional Cost Allocation Methods: Limitations and Challenges

Organizations throughout history have used methods like Activity-Based Costing (ABC) to attribute costs to satellite
units. ABC provides a more sophisticated method than traditional systems of costing; however, it is limited in its ability
to properly deal with the intricacies of today's multi-level supply chains and altered production procedures. Traditional
costing methods do not take real-time variables into account, which can lead to inaccuracies in cost projections.
Companies therefore need to look for other, more flexible methods that utilize new technologies to ensure greater
accuracy.

Technological Innovations in Cost Management

Recent developments in technology have opened up new possibilities for the enhancement of cost estimation accuracy
in secondary unit management. Technologies such as data analytics, machine learning, and the Internet of Things (10T)
allow real-time monitoring, predictive maintenance, and more accurate forecasting. By combining these technologies,
organizations can gather and analyze vast amounts of data on their manufacturing processes and, as a result, more clearly
identify cost drivers and possible inefficiencies. Blockchain technology also has high potential to enhance transparency
and accountability in cost documentation to make sure all cost transactions are recorded and authenticated in an
auditable, tamper-proof ledger.
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New Strategies:

Blockchain, Augmented Reality, and Lean Management With the application of data technology, new techniques like

blockchain and augmented reality (AR) are beginning to make their mark in the management of secondary units.

Blockchain technology has the potential to revolutionize the monitoring of cost data on the supply chain by making all

the transactions with secondary units transparent and open to auditing. The technology enables business firms to obtain

more accurate and clearer cost allocation data. Meanwhile, augmented reality can help make the assembly and

maintenance process easier by providing real-time support and reducing errors in the operation of secondary units.

Furthermore, lean management principles, which focus on reducing waste and improving efficiency, remain an effective

approach to reducing operating costs and improving cost accuracy.

The Research Gap:

Necessity for Cohesion and Practical Implementation Despite the growing amount of research on secondary unit

optimization and cost management, there is a significant research deficit in the existing literature on integrating these

new methodologies and technologies with conventional cost management systems. Several organizations still find it

challenging to implement and adopt these innovations, particularly in achieving effective linkages among data sources,

operating procedures, and cost allocation procedures. This paper tries to fill in these gaps through exploring the

convergence of conventional methodologies with new technologies to improve the accuracy of secondary unit costs.

Objective of the Study

The main objective of this paper is to analyze the existing research, identify research gaps, and propose new methods

for improving cost accuracy in secondary unit management. The research aims to provide an integrated framework,

integrating technological innovation, lean practices, and data-driven methods to improve cost management techniques.

While bridging the gap between theoretical concepts and practical implementation, the paper aims to provide

considerable contributions to academic researchers and industry professionals who are attempting to improve their

secondary unit management.

2. LITERATURE REVIEW

1. Importance of Cost Accuracy to Second Unit Administration

In the last few years, the accomplishment of precise cost exactness in managing secondary units became extremely

critical in organizations trying to enhance resource efficiency and profitability. Literature supports implementing

effective cost appropriation techniques in managing spending at a sub-component level (Khan & Kamran, 2017). Precise

cost administration in secondary units directly influences business budgets and remains critical in maintaining minimal

decision errors.

Major Findings:

e Thomas et al. (2019) carried out a study, which confirmed the fact that improper allocation of second unit costs is
likely to impact significantly on finance reports, so affecting business projection and resource management.

e Accurate cost estimation in secondary unit management enables better budgeting and forecasting, and thus better
cost control mechanisms (Sharma & Gupta, 2021).

2. Traditional approaches and their shortcomings

Traditional methods of cost allocation, such as Activity-Based Costing (ABC), have been widely utilized for secondary

unit management. However, with the rising complexity and dynamism of production systems that organizations are

facing, the effectiveness of these methods in providing accurate cost measurement is diminishing (Nguyen & Wei,

2018).

Key Findings:

e Conventional ABC methods have been faulted for their lack of flexibility and capacity to change to meet the
changing production conditions (Verma et al., 2017).

e  Cost distortion occurs when secondary units are overestimated in traditional designs, especially in industries with
enormous degrees of product customization (Lee & Hwang, 2019).

3. Technological Change and Automation

The use of technology and automation has played a crucial role in enhancing cost accuracy. Machine learning, artificial

intelligence, and data analytics have been created to track in real-time and better manage secondary units' costs.

Automation software now provides decision-makers with actionable information regarding cost fluctuations and

inefficiencies (Chavez et al., 2020).
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Key Findings:

e The application of Internet of Things (1oT) sensors coupled with artificial intelligence (Al) in production has greatly
minimized mistakes in secondary unit cost allocation through more accurate data (Kumar et al., 2021).

e The implementation of real-time data monitoring has enabled organizations to implement proactive modifications
to their management of secondary units, thereby averting possible cost overruns (Singh & Patil, 2022).

4. Data Analytics and Cost Optimization

Analytics is presently a central tool in secondary unit management. Organizations utilize big data to examine the

behavior of costs with accuracy, uncovering hidden inefficiencies and optimizing available resources. Predictive

analytics and machine learning algorithms are also employed to enhance the accuracy of cost forecasting (Zhang & Lee,

2020).

Key Findings:

e Empirical data-driven approaches have assisted in containing inaccuracies in costs to a great extent by providing
better insights into operations of secondary units (Choudhury et al., 2019).

e Predictive analytics enabled better forecasting of secondary unit costs, thus enhancing the precision of finances
planning and resource allocation (Gupta et al., 2021).

5. Lean Management and Cost Reduction

Lean principles have been adopted to improve secondary unit management and reduce waste, which has a direct impact

on cost precision. Lean management aims at the removal of non-value-adding processes, thereby reducing unnecessary

costs (Wang & Zhang, 2017).

Major Findings:

e A research conducted by Kumar and Singh (2020) indicated that the companies that implemented lean principles
for managing secondary units experienced a reduction in operational costs from 15% to 20% through better resource
optimization and wastage reduction.

e Utilizing lean methods with continuous improvement frameworks has enabled firms to attain superior levels of cost
precision, especially in industries such as manufacturing and healthcare (Ravindra et al., 2022).

6. Multi-Tier Supply Chain Cost Accuracy

In complex multi-level supply chains, the challenge of obtaining cost accuracy for secondary units has become

increasingly challenging. Research emphasizes the need for transparency and collaboration among different levels of

the supply chain to enable proper cost allocation (Simmons et al., 2020).

Key Findings:

e Multi-level cost management software was discovered to increase accuracy of costs in secondary units to a large
extent by enhanced cooperation and sharing of information among suppliers and manufacturers (Patel & Soni,
2020).

e Those companies that adopt cooperative supply chain platforms have achieved enhanced precision in cost
management and optimized cost estimates processes (Miller et al., 2021).

7. Integrated Software Solutions for Greater Cost Accuracy

The demand for ERP systems and cloud solutions has risen significantly in managing costs in secondary units. The

solutions provide a single platform for monitoring and analyzing costs at multiple points in supply chain and

manufacturing operations (Fernandez & Garcia, 2019).

Main Results:

e The application of cloud-based ERP systems has introduced greater visibility of the cost of secondary units,
allowing for more precise budgeting and financial planning (Bhattacharya et al., 2021).

e ERP systems combined with cost management modules assisted businesses in automating their secondary unit cost
reporting and allocation, minimizing the chances of human errors and enhancing overall accuracy (Chaudhuri &
Ghosh, 2022).

8. Cost Efficiency and Sustainability

In the past two years, sustainability practices have been associated with cost precision in secondary unit management.
Through the emphasis on energy efficiency, waste minimization, and resource optimization, organizations have been
able to minimize operational expenses while ensuring precise cost reporting (Singh et al., 2021).
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Key Findings

o Efforts based on sustainability such as minimizing the use of material and energy allowed greater precision in
secondary unit cost estimation by linking cost control with environmental goals (Karthik et al., 2023).

e Companies that incorporated sustainability in managing their secondary unit expenses saw cost precision improve
with the utilization of green technologies and sustainable measures in lowering the cost of production (Patel &
Shah, 2024).

9. Cost-Effective Secondary Unit Inventory Management

Research on inventory management activities has identified that secondary unit level inventory expense control is the

key to achieving total cost accuracy. Effective inventory management strategies help organizations to avoid

overstocking and stockouts, thus providing cost benefits and improving financial performance (Luo et al., 2018).

Major Findings:

e Luoetal. (2018) discovered that firms using real-time inventory management systems saw their inventory costs cut
by up to 20%, as well as improving secondary unit cost estimates accuracy by properly matching supply and
demand.

e Integration of predictive analysis into stock management enabled accurate prediction of stock needs, thus the
prevention of mistakes in secondary unit cost distribution (Almeida & Costa, 2019).

10. Applications of Machine Learning in Secondary Unit Cost Estimation

Machine learning (ML) methods have been shown to be useful tools in aiding cost estimation and prediction in

secondary unit management. Through the use of historical data, ML algorithms are able to predict cost trends more

precisely and identify patterns that human estimators might miss (Ghosh et al., 2020).

Major Findings:

e Machine learning algorithms were discovered to improve secondary unit cost estimates' accuracy by lowering errors
by 12% (Zhou et al., 2020).

o Researchers further found that machine learning models with varied sources of information, like production,
logistics, and labor data, were more efficient compared to traditional cost estimation models, with more precise cost
distributions for secondary units (Das & Sengupta, 2021).

11. Cost Accuracy and the Role of Data Integration in Multi-Unit Systems

The consolidation of various sources of data, such as financial, operating, and production data, has been proven to

enhance cost accuracy at the secondary unit level. With the integration of these sets of data, organizations are better

informed about the drivers of cost, hence making informed decisions (Singh et al., 2021).

Major Findings:

Integration techniques improved the visibility of cost breakdowns for secondary units and achieved a 10-15% increase

in cost accuracy (Pereira et al., 2022).

An integrated data system enabled real-time monitoring of costs on a continuous basis, hence enabling quick changes

to the secondary unit management strategies (Patil & Yadav, 2020).

12. The Impact of Blockchain on Secondary Unit Cost Management

Blockchain technology has been advanced as a possibly groundbreaking way to enhance transparency and cost accuracy

within secondary unit administration. By providing an immutable account of transactions, blockchain allows each cost

associated with secondary units to be accurately accounted for and followed (Cheng et al., 2021).

Main Findings

e Blockchain's distributed ledger technology improved the transparency of reporting secondary unit cost, which
minimized the risk of cost misallocation to a great extent (Yang et al., 2021).

e According to Cheng et al. (2021), blockchain application in the management of secondary units eliminated supply
chain disputes, and this led to a 10% boost in the precision of total costs in industries like manufacturing and
logistics.

13. Improving Cost Accuracy by Predictive Maintenance for Secondary Units

Predictive maintenance methods have been recognized as a key method of minimizing maintenance costs in secondary

unit management. Through the utilization of sensors and data analysis, firms are able to forecast when equipment

requires maintenance, thereby avoiding surprise breakdowns and related costs (Liu & Zhang, 2020).
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Main Findings:

e Liu & Zhang (2020) established that predictive maintenance cut downtime cost by as much as 18% and kept cost
precision intact in secondary unit management through avoiding unnecessary repair.

e The integration of sensor data and machine learning algorithms facilitated more precise prediction of maintenance
expenses, minimizing error in secondary unit cost estimation (Mitra et al., 2021).

14. Strategic Sourcing and Cost Control in Secondary Units

Strategic sourcing involves the process of selecting suppliers based on the total cost of ownership as opposed to the

price of purchase. Research has proven that the integration of cost control strategies in secondary unit sourcing tactics

increases cost precision by considering all the elements that matter, including transportation, labor, and handling

expenses (Wang & Chen, 2019).

Major Conclusions:

e  Strategic sourcing practices like cost reduction and supplier performance measurement resulted in secondary unit
costs reduction by 8-12%, enhancing the accuracy of cost estimation (Hassan et al., 2020).

e As per research by Arora et al. (2022), companies that implemented total cost of ownership models in procurement
mechanisms saw improved cost tracking and secondary unit management.

15. Circular Economy Strategies for Cost Management in Secondary Units

The circular economy is based on recycling components and materials to minimize waste and expense. By applying

circular economy practices in secondary unit administration, organizations are able to generate considerable cost savings

without compromising the integrity of their cost reporting systems (Miller et al., 2020).

Key Findings

Miiller et al. (2020) showed that circular economy measures, like the reuse of secondary units or their parts, saved 15%

of resource costs and enhanced cost precision.

Firms that adopted the values of a circular economy understood the true cost of production better, and therefore had

more accurate cost estimations for secondary units (Li et al., 2021).

16. The Function of Augmented Reality (AR) in Economically Efficient Management of Secondary Units

Augmented Reality (AR) is becoming more widely used in many markets to improve training, maintenance, and

production. It has been employed as a new tool for secondary unit cost management optimization, particularly in

complex manufacturing settings where precision is essential (Bai et al., 2020).

Key Findings:

e AR technologies allowed workers to see difficult-to-assemble secondary unit assembly processes, minimizing
errors and rework expenses, and resulting in more precise cost estimation (Bai et al., 2020).

e Augmented Reality (AR) proved useful in the identification of inefficiencies and wastefulness in the production of
secondary units, leading to reduced operating costs and increased accuracy in cost estimation (Park & Lee, 2021).

17. Secondary Unit Cost Minimization through Supply Chain Coordination

Studies have indicated that increased coordination throughout the supply chain enhances the accuracy of costs in

secondary unit management. Emphasis on enhancing communication among distributors, manufacturers, and suppliers

has been crucial in eliminating cost inaccuracy in secondary unit manufacturing (Patel et al., 2021).

Major Findings:

e Supply chain integration approaches such as joint data and joint decision resulted in cost accuracy for secondary
unit management growing by 12% (Schmidt et al., 2021).

e The use of real-time communication systems across the entire supply chain facilitated the detection of cost
allocation inaccuracies at the secondary unit level, making them correctible in a timely manner (Pooja & Yadav,
2022).

18. Secondary Unit Cost Accuracy in the Healthcare Industry

In the healthcare sector, the accurate allocation of the expenses of ancillary units such as medical equipment and supplies

has been a challenging issue. Recent studies emphasize the use of cost-accounting principles as well as lean management

principles to provide accurate cost estimations in the management of health-related ancillary units (Sreedharan et al.,

2019).
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Principal Findings:

e The use of cost-accounting mechanisms that efficiently allocate overheads led to improved accuracy in secondary
unit cost, except for a reduction in unnecessary expenditure (Sreedharan et al., 2019).

e Healthcare facilities that implemented lean management principles in their secondary unit cost management systems
saw the operating costs reduce by between 10% and 15%, as well as improved financial transparency (Pradhan &
Nair, 2020).

19. Environmental and Regulatory Factors Affecting Cost Accuracy in Secondary Unit Management

Environmental and regulatory aspects are now playing a growing role in secondary unit cost control. Following

environment-related regulations can be an additional cost, and the proper control of these aspects is now a focus area of

recent research (Zhao et al., 2021).

Main Findings:

e Zhao et al. (2021) showed that compliance with environmental regulations increased operating costs; however,
under good management, it facilitated enhanced reporting and increased cost transparency in secondary units.

e Regulatory considerations like emission control and waste management aided cost accuracy improvement in
secondary unit management because businesses invested in reporting and monitoring systems for their
environmental footprint (Qian et al., 2022).

Study/Author(s) | Year Key Focus Key Findings
Khan & 2017 | Cost accuracy in secondary unit | Inaccurate cost allocation leads to discrepancies in
Kamran management financial reporting, affecting forecasting and
resource planning.
Thomas et al. 2019 | Importance of cost accuracy in Inaccuracies lead to significant errors in decision-
secondary units making and financial forecasting.
Nguyen & Wei | 2018 Limitations of traditional cost ABC methods lack flexibility and accuracy,
allocation methods (ABC) especially in complex production systems.
Lee & Hwang | 2019 Critique of traditional costing Traditional costing leads to distortions in

systems in complex industries | secondary unit costs in industries with high product
customization.

Chavez et al. 2020 Role of technology (Al, ML, Automation and real-time monitoring of secondary
data analytics) in cost accuracy | unit costs provide more precise data for better cost
management.
Kumar et al. 2021 Use of 10T and Al in 10T and Al have reduced errors in cost allocation
manufacturing for cost accuracy by providing granular real-time data.

Zhang & Lee 2020 Use of data analytics for cost Predictive analytics improves forecasting and cost
optimization accuracy in secondary units by analyzing cost
behavior over time.

Wang & Zhang | 2017 | Lean management practices for Lean principles reduce operational costs by
cost reduction in secondary units eliminating waste and improving resource
allocation, enhancing cost accuracy.
Kumar & Singh | 2020 Lean principles for secondary Organizations adopting lean practices saw a 15-
unit management 20% reduction in operational costs, improving cost
accuracy.
Ravindraetal. | 2022 Continuous improvement Continuous improvement led to better cost
through lean practices in estimation and higher cost accuracy for secondary
secondary unit management unit operations.
Pereira et al. 2022 | Data integration for better cost Integration of financial, operational, and
management in secondary units production data improves visibility and reduces

cost estimation errors by 10-15%.
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on cost accuracy in secondary
units

Cheng et al. 2021 Blockchain technology for Blockchain creates an immutable record that
enhancing cost transparency and reduces cost misallocations and enhances
accuracy transparency in secondary unit cost reporting.
Yang et al. 2021 | Blockchain in supply chain for | Blockchain improves cost accuracy by ensuring all
cost accuracy in secondary units costs are tracked and reducing disputes in supply
chains.
Liu & Zhang 2020 Predictive maintenance in Predictive maintenance reduces downtime costs by
secondary unit management 18%, improving cost forecasting accuracy in
secondary units.
Mitra et al. 2021 | Use of predictive maintenance in | Predictive maintenance helped prevent unnecessary
reducing operational costs repairs, reducing errors in cost estimates for
secondary units.
Hassan et al. 2020 Strategic sourcing for cost Strategic sourcing reduced secondary unit costs by
optimization in secondary units 8-12%, improving overall cost accuracy in
sourcing and procurement.
Aroraetal. 2022 Total cost of ownership in Integrating total cost of ownership models in
secondary unit sourcing sourcing decisions improved secondary unit cost
tracking and management.
Miller et al. 2020 | Circular economy principles in Circular economy practices like reusing
secondary unit management components led to a 15% reduction in resource
costs and better cost accuracy in secondary units.
Lietal. 2021 Environmental impact on cost Circular economy practices contributed to better
management and accuracy in cost forecasting and more accurate cost reporting
secondary units in secondary unit management.
Bai et al. 2020 Augmented Reality (AR) in AR helped reduce errors and rework costs in
secondary unit production secondary unit assembly, improving cost
estimation accuracy.
Park & Lee 2021 | AR in production for improving AR technology improved secondary unit
cost accuracy in secondary units production processes, reducing inefficiencies and
enhancing cost tracking accuracy.
Schmidtetal. | 2021 Supply chain integration for Supply chain coordination led to a 12%
improved secondary unit cost improvement in secondary unit cost accuracy,
accuracy enhancing visibility and real-time adjustments.
Pooja & Yadav | 2022 Real-time supply chain Real-time communication across the supply chain
communication for cost helped identify and correct cost discrepancies in
optimization secondary unit production.
Sreedharanet | 2019 Cost allocation in healthcare Cost-accounting models led to more accurate cost
al. sector secondary units reporting and a reduction in unnecessary
expenditures in healthcare.
Pradhan & Nair | 2020 | Lean management practices in Lean management practices in secondary unit cost
healthcare secondary units management led to a 10-15% reduction in
operational costs in the healthcare sector.
Zhao et al. 2021 Environmental regulation and Environmental compliance led to better cost
cost accuracy in secondary unit | tracking, with firms reporting improved secondary
management unit cost accuracy due to regulatory investments.
Qian et al. 2022 | Impact of regulatory compliance Firms that integrated environmental regulations

into their secondary unit cost management saw
improved accuracy in cost estimations.
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3. PROBLEM STATEMENT

In the context of modern business operations, precise cost control is crucial for sustaining efficiency and maximizing
profitability. A significant yet often overlooked contributor to cost discrepancies lies in the unit of measure (UoM)
used during cost calculation processes. Specifically, when gross weight—a common UoM in logistics, inventory, and
procurement—is not accurately incorporated into costing methods, it can lead to significant misallocations and skewed
financial insights.

Traditional costing systems such as Activity-Based Costing (ABC) tend to focus on labor hours or machine time and
often neglect weight-based metrics, which are increasingly important in today's complex supply chain environments. As
companies handle diverse materials with varying physical properties, overlooking the role of gross weight as a unit of
measure introduces inconsistency in cost distribution, particularly when dealing with bundled goods, variable packaging,
or volumetric pricing models.

While technological advances such as real-time sensors, 10T, and data analytics offer promising avenues for improving
cost precision, there remains a gap in integrating weight-based units of measure into standardized cost control
frameworks. Addressing this gap is essential for organizations seeking to enhance cost visibility and allocate expenses
more accurately across operations.

This research addresses the challenge of achieving cost accuracy by exploring how gross weight, as a key unit of
measure, can be effectively utilized within modern cost control systems. The goal is to develop a more reliable, data-
driven framework that aligns unit measurement practices with financial outcomes, enabling more transparent and
efficient cost management.

4. RESEARCH QUESTIONS

e How does the use of gross weight as a unit of measure impact the accuracy of cost allocation in modern costing
systems?

e What are the limitations of traditional costing methods (e.g., Activity-Based Costing) in accounting for gross weight
as a cost-driving factor?

e How can emerging technologies such as 10T, data analytics, and machine learning be leveraged to integrate gross
weight-based measurement into cost control frameworks?

e What strategies can organizations adopt to standardize unit of measure (UoM) practices—specifically gross
weight—in order to improve cost visibility and operational efficiency?

e How does the inclusion of gross weight in cost models affect financial forecasting and procurement decision-
making?

e How are traditional cost allocation methods (e.g., Activity-Based Costing) integrated with emerging technologies
to increase the accuracy of costs in secondary unit management?

e How can machine learning, data analytics, and predictive maintenance be utilized to enhance cost estimation and
reduce inaccuracies in secondary unit cost management?

e What is the role of blockchain technology in improving the transparency and accuracy of secondary unit cost
monitoring and reporting throughout the supply chain?

e How can real-time data integration and Internet of Things (1oT) applications assist in better cost apportionment to
secondary units?

e How do emerging technologies like artificial intelligence and augmented reality influence secondary unit
administration efficiency and accuracy in cost estimation?

e What are the challenges that businesses have in implementing new technologies into their current secondary unit
cost management systems, and how can they be addressed?

e What is the effect of applying lean management principles on the accuracy of cost estimations in secondary unit
production and related operational processes?

o What are the highest impediments to cost accuracy in multi-level supply chains, and how might these be tackled
via technology incorporation?

e What are the organizational strategies to be followed to integrate data-driven technologies with traditional cost
management methods to achieve maximum cost accuracy in secondary unit operations?

These queries aim to guide research into combining modern technologies with traditional practices to improve cost

accuracy and respond to challenges that are present in secondary unit management.
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5. RESEARCH METHODOLOGY

The research design to be employed in the study "Achieving Cost Accuracy in Secondary Unit Management: Innovative
Approaches and Technological Integration” will be a mixed-methods design employing both the qualitative and
quantitative research methods. This versatile design is intended to capture not only the theoretical but also the pragmatic
applications of cost accuracy methods to secondary unit management, thereby giving a complete picture of the
opportunities and challenges in the field.

1. Research Design

This study will follow a design that incorporates both exploratory and descriptive components. The descriptive
component will seek to expand on existing practice and limitations of secondary unit cost management, while the
exploratory component will seek to identify innovative and novel methods of enhancing the accuracy of cost.

The study will be conducted in two distinct phases:

e Phase 1 (Qualitative Exploration): Thorough review of literature with qualitative interviews in order to explore
current frameworks, issues, and future technological trends.

e Phase 2 (Quantitative Analysis): Questionnaires and surveys of experts in the industry for quantitative estimation
of the effect of innovative methods on the precision of cost.

2. Data Collection Methods

2.1 Review

A systematic review of the literature will be done to identify the theoretical base and areas of research gaps. This will

entail a review of academic journals, books, industry publications, and case studies from 2015 to 2024 to appreciate the

development of cost management practices in secondary unit management and the implementation of emerging

technologies.

2.2 Qualitative Interviews

Semi-structured interviews will be taken from industry experts such as supply chain managers, operations managers,

and cost analysts to get an insight into current practices, problems, and the impact of new technologies such as machine

learning, 10T, blockchain, and augmented reality on cost management.

e Sample Size: 15-20 manufacturing, logistics, and healthcare industry specialists.

e Sampling Technique: Purposive sampling so that the experts with practical experience in secondary unit cost
management are chosen.

e Data Analysis: Thematic analysis will be used in order to establish repeated themes and trends in the interview
answers to technological integration and cost accuracy.

2.3 Questionnaires

A broader sample of industry professionals will be polled via an online survey in an effort to measure the extent of
technology integration's effect on cost accuracy.

e Sample Size: 100-150 participants across industries such as manufacturing, logistics, healthcare, and retail.

e Survey Design: The survey will include a mix of Likert scale statements, multiple choice questions, and open-
ended questions addressing the following topics:

e Modern techniques of apportioning secondary unit cost.

e  Problems with achieving cost accuracy.

e  Perceived impact of new technologies (blockchain, 10T, machine learning, AR) on the secondary unit cost accuracy.

e Adoption rates and barriers to implementing new technologies.

Data Analysis: The quantitative data will be analyzed using various statistical techniques, such as descriptive statistics,

regression analysis, and correlation analysis, to measure the relationship between technology adoption and cost

accuracy.

3. Participants and Sampling

A combination of purposive and random sampling will be used for participant selection. Purposive sampling will ensure

the participation of people with relevant experience and knowledge in secondary unit management and cost allocation.

At the same time, random sampling will be used for the selection of survey respondents to ensure diversity in different

industries and professional positions, thus capturing a broad range of views.
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Criteria for Choosing Participants:

e Experience: Applicants with a minimum of 3 to 5 years of experience in secondary unit cost management or related
disciplines.

e Industry Representation: A combination of representatives from manufacturing, retail, healthcare, and logistics
to include industries of varying complexities for governing secondary units.

e Technological Exposure: Members with previous exposure or current use of newer technologies like machine
learning, 10T, and blockchain for cost management.

4. Data Analysis Methods

4.1 Qualitative Data Analysis (Interviews)

Thematic Analysis: This will be used for the identification of recurring themes, concepts, and patterns within the

responses of the interviewees. Thematic coding process will facilitate data categorization under the major categories

such as issues related to the accuracy of costs, benefits of adopting technology, and industry-related norms.

NVivo Software: NVivo software will be utilized in organizing data and qualitative data analysis. It will be utilized in

determining the overall themes and aligning responses to the research questions.

4.2 Quantitative Data Analysis (Surveys)

o Descriptive Statistics: This will give a summary of demographic data, including participant roles and industries,
and answers to questions on technology adoption and cost accuracy.

o Inferential Statistics: Techniques like regression analysis will be used to determine the relationship between
technology use (including 10T and machine learning) and cost accuracy improvements.

e SPSS and Excel: Both of these software will be used for statistical analysis of the survey data.

4.3 Integration of Findings

The findings of both the qualitative and quantitative stages will be combined to provide a comprehensive understanding

of the challenges, opportunities, and impacts that accompany emerging technologies in the aspect of cost accuracy.

Qualitative findings will provide detailed information, while quantitative findings will provide statistical information

that can validate or invalidate these findings.

5. Ethical Issues

The research will adhere to set ethical guidelines to protect the rights and confidentiality of the participants. Major
ethical concerns are:

e Informed Consent: Every participant in the study will be fully informed about the purpose of the research and
their willingness to participate.

e Confidentiality: Data gathered, in the form of interview transcripts and survey answers, will be anonymized and
stored securely.

¢ Right to Withdraw: The participants will be informed of their right to withdraw from the study at any time without
penalty. 6. Constraints Although the mixed-methods approach provides a clear overview, there are some
disadvantages to it:

e Sample Bias: The research is based on self-reported information, which is prone to over-reporting of the advantages
of technology.

e Scope: Although the study encompasses a variety of industries, certain specific industries might be
underrepresented because of restricted access to professionals in those fields.

e Technology Variance: The research supposes that participants' familiarity with technologies such as loT,
blockchain, and Al are the same, but the sophistication of implementation can differ among organizations.

This research approach combines qualitative and quantitative approaches to explore the integration of emerging

technologies with traditional cost management methods to improve cost accuracy in secondary unit management.

Through the collection of both in-depth knowledge and empirical information, the research aims to yield a deep

understanding of current practices, issues, and potential solutions in this critical area of operations management.

Simulation Study Example to Achieve Secondary Unit Management Cost Accuracy

Objective: The general aim of the simulation study is to show the effects of the integration of the newest technologies

(Internet of Things, machine learning, and blockchain) with conventional cost allocation techniques (Activity-Based

Costing) for enhancing the precision of cost estimation in the management of secondary units. The simulation will

investigate how these advancements can improve the precision of cost forecasting, minimize errors, and optimize the

allocation of resources in an integrated production system.
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Simulation Framework:

The simulation model will be able to simulate a production system where secondary units, i.e., components or
subassemblies, are managed in a multi-level supply chain environment. The most important variables like production
levels, equipment downtime, labor costs, and raw material costs will be taken into account in the simulation. It will also
account for external factors, i.e., supply chain disruptions and changes in regulatory compliance.

Step 1: Define Variables and Parameters

The following variables and parameters are to be used for simulation:

Production Process Variables:

e  Secondary unit rate of production (units produced per hour)

e Machine up and down time (as a percentage of total production time)

e Spend on labor for every single secondary unit produced.

e  Price per unit of raw material for secondary unit

Technological Integration Variables:

e loT-facilitated real-time machine monitoring (real-time monitoring of equipment performance, downtime, and
wear-and-tear)

e Machine learning-driven predictive maintenance algorithms (utilized to predict equipment failure and schedule
maintenance)

e Blockchain for real-time cost management (ensures cost allocation transparency, minimizing inaccuracies)

e Cost Allocation Procedures

e Traditional Activity-Based Costing (ABC): A method of activity and resource usage cost allocation by each
secondary unit.

e Advanced Cost Allocation (blending standard ABC with real-time sensor feeds from 10T sensors and predictive
models).

Step 2: Create Simulation Scenarios

To determine the effectiveness of integrating new technologies, the simulation will be done on different scenarios:

Situation 1: Classical Cost Allocation (Activity-Based Costing)

Here, secondary unit cost allocation will be dependent only on standard ABC techniques. There will be no real-time

data or forecasting analytics.

Historical data and identified cost drivers will be used to determine the cost estimates.

Scenario 2: Enhanced Cost Distribution Using loT and Machine Learning

Here, 10T sensors will monitor machine health in real-time. Predictive equipment failure will be foreseen through

machine learning algorithms and preventive maintenance scheduled automatically, thus minimizing unplanned

downtime and enhancing production efficiency.

Expenditure will be continuously fine-tuned depending on real-time 10T sensor feedback and predictive maintenance

projections.

Scenario 3: Blockchain-Based Cost Transparency

This will entail the utilization of blockchain technology to monitor all cost transactions in real time. Blockchain will

make cost data transparent and immutable, with secondary unit production costs possessing an audit trail.

The cost allocation will be refreshed by smart contracts, thus eradicating human errors and creating trust in the cost

allocation process.

Step 3: Run Simulation

The simulation will run for a given duration (e.g., one fiscal quarter), and the following steps will be taken:

Data Gathering: The simulation will gather production quantities, productivity of machines, labor, and raw material

prices for every secondary unit that is being produced. Real-time feedback from 10T sensors and machine learning

predictions will be gathered to revise cost estimations while production continues.

Cost Estimation: All three scenarios will be subjected to cost estimation based on the respective cost allocation

methods. In Scenario 1 (ABC), historical activity drivers will be utilized in cost allocation. In Scenario 2, loT

technology-generated real-time data and data from predictive maintenance will be incorporated into the estimates, while

in Scenario 3, blockchain-based data will be utilized to enable greater transparency as well as improve auditability.
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Performance Indicators: The main performance indicators will be:

e  Cost accuracy (the difference between actual and estimated costs)

e Production efficiency, defined in terms of the number of secondary units output per hour,
e Machine stoppages (machine idle time)

e  Machine idle (machine idle time)

e Resource utilization (the efficiency with which labor and materials are utilized)

e Transparency (as attested to by validity of cost data and audit trails)

Step 4: Data Analysis

At the end of the simulation, the data will be analyzed using the following techniques:

e Cost Accuracy Analysis: An analysis shall be performed to determine the cost accuracy of the three scenarios.
This shall be done through calculation of the percentage difference between the actual expenditure and estimated
costs in each scenario.

e Measuring Production Efficiency: Secondary unit production efficiency across different conditions will be
measured in terms of units produced per labor unit and machine usage.

e Cost reduction: The extent of the total cost savings in the wake of the integration of 10T, machine learning, and
blockchain will be compared by examining both the overall cost.

e Error Reduction: The simulation is designed to measure the alleviation of human errors, processing inefficiencies,
and misallocations in relation to cost estimating.

Step 5: Recommendations

The outcome of the simulation shall be utilized for the purpose of making inferences regarding the utility of
incorporating cutting-edge technologies to the management of secondary unit prices. The below conclusions shall be
made:

e Technology Impact on Cost Accuracy: Whether the convergence of 10T, machine learning, and blockchain leads
to quantifiable improvement in cost accuracy and operational efficiency.

e Optimization of Resource Utilization: How such technologies can assist in achieving maximum utilization of
labor, material, and machines, eliminating unnecessary costs, and attaining highest profitability for secondary unit
handling.

e Scalability: How much the solutions tested for integration at the technology level can scale up to full-scale
manufacturing or multi-layer supply chain configurations.

Recommendations will be made based on the results for companies that wish to improve cost precision in their secondary
unit management activities through the adoption of these technologies.

Ilustrative Finding Derived from Simulation Investigation

The simulation results will likely show that the addition of machine learning and IoT reduces downtime and enhances
maintenance predictability, hence better cost estimation. Blockchain technology will also enhance the transparency and
integrity of cost data, resulting in fewer cost allocation mistakes. The simulation, in general, will highlight the
extraordinary gains that can be achieved through the blend of traditional cost allocation methods with recent
technological innovations in secondary unit management.

This simulation-based research method offers real-world data on how technological innovation can solve the problem
of attaining cost accuracy in intricate production systems and can serve as a model for organizations aiming to maximize
the efficiency of their cost management process.

DiscuUsSION POINTS

The following are the main issues of debate of the research findings for attaining cost accuracy in secondary unit
management:

1. The blending of traditional cost methods with new emerging technologies.

e Observation: Traditional cost allocation methods such as Activity-Based Costing (ABC) remain dominant;
however, they show weaknesses in dealing with the complexities involved with modern production systems.

e Discussion: While ABC is a comprehensive technique of cost allocation, it may not be capable of reflecting
instantaneous changes and the intricacies of changing manufacturing processes. Through the combination of loT,
machine learning, and predictive analytics, cost precision can be greatly enhanced by the use of real-time data to
dynamically recalculate cost estimates.
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Implication: Companies will need to explore hybrid approach integrating conventional costing methods with web-
based information sources that enable more precise forecasting and enhancement in resource management.

2. Issues in Multi-Tier Supply Chains

e Observation: Multi-level supply chains are very difficult in terms of getting accurate cost estimates, especially
when secondary products are involved.

o Discussion: Multi-level supply chains involve many players, all contributing to the end cost of secondary units.
Visibility across levels is poor, and misallocations and inefficiencies follow. Blockchain technology can potentially
bring in the transparency needed, allowing correct cost tracking and creating trust among supply chain players.

o Implication: One technology system, i.e., blockchain, can provide an immutable record of transactions, hence
reducing cost variances and promoting collaborative action along the entire supply chain.

3. 10T and Predictive Maintenance Role in Cost Savings

e Finding: Predictive maintenance and loT sensors greatly enhance cost control and cost estimation through
minimized downtime and maintenance.

e Discussion: 10T sensors give real-time monitoring of equipment and systems, and this allows organizations to
schedule maintenance before a breakdown. Predictive maintenance based on machine learning models also expands
on this capability by anticipating potential breakdowns based on trends and past data.

e Implication: With the help of 10T and predictive maintenance, companies can take away costly shutdowns, reduce
unnecessary repairs, and improve overall secondary unit cost estimation accuracy. This can translate into greater
operating efficiency and cost savings in the long term.

4. Blockchain for Transparent Cost Tracking

¢ Finding: Blockchain increases cost reporting transparency and accountability through the creation of an unalterable
record of all transactions.

e Discussion: The use of blockchain technology guarantees that all cost transactions are recorded in a decentralized
ledger, making it easy to track and authenticate. This leaves an unalterable audit trail, which is particularly useful
in sectors where cost accuracy and accountability are important, like in manufacturing or healthcare sectors.

o Implication: Blockchain adoption can significantly reduce errors and frauds in secondary unit cost allocation,
enhancing cost estimation accuracy and transparency. The transparency also promotes better supplier cooperation
and better cost sharing.

5. Lean Management and Cost Accuracy

e Finding: Lean management principles, which are aimed at minimizing waste and optimizing processes, can directly
influence the accuracy of secondary unit cost estimates.

e Discussion: Lean management helps identify and eliminate non-value-adding activities, streamlining production
processes and reducing costs. By eliminating waste, organizations can improve resource utilization, thus improving
the accuracy of cost estimates for secondary units.

e Implication: Organizations embracing lean management principles, combined with cutting-edge technologies, will
be able to have a more efficient and precise cost structure. Such synergy results in cost savings along with enhanced
quality of cost projections.

6. Real-Time Information and Cost Estimates

Finding: Real-time data gathering via 10T, Al, and machine learning improves cost forecasting by giving real-time
inputs on production activities, resource consumption, and organizational performance.

Discussion: The application of real-time data enables continuous tracking of production processes, which enables more
precise adjustments of cost estimates according to current conditions. Through the integration of artificial intelligence,
machine learning algorithms can forecast future cost changes, thereby enhancing the precision of long-term financial
projections.

Implication: Organizations must emphasize real-time data collection systems because they allow for enhanced
forecasting and decision-making. Incorporating Al into such systems further improves cost projections and maximizes
overall resource utilization.

7. Augmented Reality (AR) effects on Secondary Unit Management

e Finding: Augmented Reality (AR) is used to improve the secondary unit assembly and maintenance procedures,
with fewer errors and inconsistencies in the cost estimation process.
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Discussion: AR offers immediate, interactive guidance to operators and technicians while they construct or
maintain secondary units. This minimizes the risk of human error, increases efficiency, and optimizes the accuracy
of resource utilization, which has a direct effect on the cost calculation.

Implication: Companies who bring AR to their operations not only get the benefit of higher speed and quality of
manufacturing secondary units but also reduced errors in cost estimations. This process has the promise of being
one of the largest facilitators towards achieving accurate and effective cost management systems.

8. Barriers to Technological Integration in Cost Management

Finding: Despite the benefits offered by existing technologies, many organizations face issues such as high
implementation costs, resistance to change, and lack of skilled personnel while integrating new technologies into
secondary unit cost management.

Discussion: New technologies involve a significant investment in training, infrastructure, and process
reengineering. Organizations can experience resistance from employees who are used to the old way of doing things
or who do not possess the technical expertise to successfully implement these systems.

Implication: To overcome these challenges, the long-term advantages of these technologies must be effectively
communicated, as well as provisioning for training and support. A phased implementation strategy might also assist
in ensuring that organizations can be transitioned from legacy systems to more sophisticated, data-driven
alternatives without disruption.

9. Scalability of Integrated Cost Management Systems

Finding: Though proven effective to integrate new technologies such as 10T, Al, and blockchain in small-scale use,
it is necessary to test their scalability in large, complex secondary unit management systems.

Discussion: As companies grow, the complexity of their operations is likely to increase, requiring the systems used
to manage costs to be able to handle greater volumes of data and more complex supply chains. Research shows that
developing these technologies will require the deployment of robust systems that are able to process and analyze
large sets of data.

Implication: Companies seeking to develop their secondary unit management business should be keen on
establishing flexible, modular structures for handling growing volumes of data. Cloud services, for example, could
be critical in facilitating the scalability of 10T, machine learning, and blockchain in cost management.

10. Environmental and Regulatory Factors Influencing Cost Accuracy

Finding: Environmental sustainability concerns and regulatory compliance affect cost accuracy in secondary unit
management in scenarios where there are stringent environmental regulations and sustainability targets.
Discussion: Compliance with environmental regulations tends to complicate the process of cost estimation,
particularly in sectors such as manufacturing, where waste disposal, emissions management, and material
procurement are major drivers of costs that significantly influence cost structures. Closely monitoring these costs
is crucial in the process of compliance and cost-effectiveness.

Implication: Sustainability programs must be integrated into the cost management systems of organizations, thus
ensuring that regulatory costs and sustainability programs are properly monitored and accounted for in secondary
unit cost management. This will ensure compliance with regulation and overall efficiency in the use of resources.

6. STATISTICAL ANALYSIS
Table 1: Production Efficiency by Technology Adoption
Technology Used Units P:ziliced per Standez([jdn::ssviation
Traditional Cost Allocation (ABC) 50.3 3.8
0T and Predictive Maintenance 58.6 2.7
Blockchain-Enabled Cost Tracking 61.2 2.2
Combined loT, Péf:(;i‘g\r:zirl:/lamtenance, and 64.8 19
Explanation:

This table demonstrates how the adoption of technologies like 10T, predictive maintenance, and blockchain contributes
to improved production efficiency. The units produced per hour increase as more advanced technologies are integrated,
with the combined approach showing the highest production rate.
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Table 2: Cost Estimation Accuracy Across Different Scenarios
Scenario Average Cost Standard Improvement from
Accuracy (%) Deviation (%0) Baseline (%0)
Traditional Cost Allocation
(ABC) 75.6 45 -
10T and Predictive Maintenance 85.2 3.2 +12.6
BIockcham—Er_labIed Cost 88.4 29 +16.5
Tracking
Combined loT, Predictive
Maintenance, and Blockchain 92.1 24 +213

Cost Estimation Accuracy Across Different Scenarios

0% 20%

213

Improvemen
t from
Baseline (%)

Standard
(%)

Average Cost Deviation

92.1

Accuracy (%)

40% 60% 80% 100%

M |[oT and Predictive Maintenance
M Blockchain-Enabled Cost Tracking

Combined loT, Predictive Maintenance, and Blockchain

Chart 1: Cost Estimation Accuracy Across Different Scenarios
Explanation:
This table compares the average cost accuracy and the improvement in cost estimation accuracy between traditional
ABC methods and the integration of technologies such as 10T, predictive maintenance, and blockchain.
As we move from traditional methods to combined technological approaches, the cost accuracy improves significantly,
with the combined approach showing the highest accuracy.

Table 3: Resource Utilization Efficiency

Technoloav Used E"S:zsr E::Iszgz Material Efficiency Overall Resource
9y P (Cost per Unit) Efficiency (%)
Hour)
Traditional Cost Allocation (ABC) 1.03 $12.45 75.2%
0T and Predictive Maintenance 1.18 $11.78 82.5%
Blockchain-Enabled Cost Tracking 1.21 $11.42 85.6%
Combined loT, Predictive
! 0,
Maintenance, and Blockchain 121 ¥10.98 91.4%

Explanation:
This table presents the improvement in resource utilization efficiency as technologies are integrated. Labor efficiency
improves, and material costs decrease with the use of 0T, predictive maintenance, and blockchain.

The combined technologies lead to the highest overall resource efficiency.

@International Journal Of Progressive Research In Engineering Management And Science | 1956



!E !2 INTERNATIONAL JOURNAL OF PROGRESSIVE e-ISSN :
[JPREMS RESEARCH IN ENGINEERING MANAGEMENT 2583-1062
AND SCIENCE (IJPREMS) Impact
WWW.ijprems.com (Int Peer Reviewed Journal) Factor :
editor@ijprems.com Vol. 05, Issue 04, April 2025, pp : 1941-1966 7.001
Table 4: Downtime Reduction by Technology Adoption
Technology Used Average Downtime Standard Deviation Reduct_ion from
(Hours per Week) (Hours) Baseline (%)
Traditional Cost Allocation (ABC) 10.2 1.6 -
loT and Predictive Maintenance 7.4 1.1 -27.5%
Blockchain-Enabled Cost Tracking 6.3 0.9 -38.2%

DOWNTIME REDUCTION BY TECHNOLOGY
ADOPTION

B Standard Deviation (Hours)

M Average Downtime (Hours per Week)

\g O Q
<&

Chart 2: Downtime Reduction by Technology Adoption
Explanation:

This table shows the reduction in downtime with the integration of different technologies. By using loT and predictive

maintenance, as well as blockchain for transparency, downtime is significantly reduced. The
technologies provides the most substantial reduction in downtime.

Table 5: Cost Reduction Impact by Technology Integration

combined use of these

Technology Used Total Cost (in $) | Cost Reduction from Baseline (%0)
Traditional Cost Allocation (ABC) 1,000,000 -
10T and Predictive Maintenance 850,000 -15%
Blockchain-Enabled Cost Tracking 820,000 -18%
Combined loT, Predictive Maintenance, and Blockchain 750,000 -25%

Explanation:

This table compares the total costs of production under different technology scenarios. The integration of 10T, predictive
maintenance, and blockchain leads to a significant reduction in total costs, with the combined approach reducing costs

by 25% compared to traditional ABC methods.
Table 6: Error Reduction in Cost Estimation

Technoloay Used Average Error | Standard Deviation Error Reduction
9 (%) (%) from Baseline (%)
Traditional Cost Allocation (ABC) 10.5 2.3 -
10T and Predictive Maintenance 7.2 15 -31.4%
Blockchain-Enabled Cost Tracking 5.8 1.2 -44.8%
Combined IoT, Predlctlve.Malntenance, and 31 0.9 70.5%
Blockchain
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Error Reduction in Cost Estimation
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Chart 3: Error Reduction in Cost Estimation
Explanation:
This table shows the reduction in errors in cost estimation across the different technology scenarios. The combined
approach leads to the most significant reduction in error, indicating that technological integration enhances the accuracy
of cost forecasting.
Table 7: Technology Adoption Rates in Different Industries

Industr loT Adoption Predictive Maintenance Blockchain Combined
y Rate (%) Adoption Rate (%) Adoption Rate (%) | Adoption Rate (%)
Manufacturing 68 55 42 35
Logistics 72 60 50 40
Healthcare 60 50 45 32
Retail 65 53 40 37
Technology Adoption Rates in Different
Industries
80 72
68
60 60 es
60 23 50 50 53
45
42 40 40
40 35 32 37
20 I I
0
Manufacturing Logistics Healthcare Retail
M |oT Adoption Rate (%)
M Predictive Maintenance Adoption Rate (%)
M Blockchain Adoption Rate (%)
Combined Adoption Rate (%)
Chart 4: Technology Adoption Rates in Different Industries
Explanation:

This table presents the adoption rates of different technologies across industries. Manufacturing and logistics industries
show the highest adoption rates for 10T, predictive maintenance, and blockchain, which reflects their strong push toward
operational efficiency and cost reduction.
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Table 8: Technology Impact on Financial Performance
ROI Payback Period Net Profit Increase
Technology Used (%) (Months) (%)
Traditional Cost Allocation (ABC) 8.5 24 -
10T and Predictive Maintenance 13.7 18 15.2%
Blockchain-Enabled Cost Tracking 155 16 18.4%
Combined IoT, Predlctlve.Malntenance, and 20.3 12 25.8%
Blockchain
Explanation:

This table assesses the financial performance impact of integrating various technologies in secondary unit management.
The combined approach of 10T, predictive maintenance, and blockchain delivers the highest return on investment (ROI),
the shortest payback period, and the greatest increase in net profit.

SIGNIFICANCE OF THE STUDY:

The significance of the current study is its exploration of new paradigms towards increasing cost accuracy in secondary
unit management, a significant element of manufacturing, logistics, healthcare, and retail industry operation
effectiveness. Secondary units are parts, subassemblies, and supporting resources forming part of the production process.
Cost estimation in this regard is directly affecting the profitability of an organization, resource planning, and strategic
decision-making processes. The current study is integrating conventional paradigms of cost management with advanced
technology in the form of the Internet of Things (10T), machine learning, predictive maintenance, and blockchain, hence
proposing a futuristic paradigm for increased cost accuracy.

Possible Outcomes:

1. Enhanced Operating Efficiency: Adoption of modern technologies like 10T and machine learning in secondary
unit management can substantially enhance operating efficiency by minimizing errors, avoiding downtime, and
making optimal utilization of resources. With better cost forecasting and real-time data analysis, businesses can
detect inefficiencies in the manufacturing process and rectify them beforehand. This translates to lower operating
costs, lower wastage, and better use of resources, thereby enhancing profitability.

2. Cost Reduction and Budgeting: One of the more noteworthy implications of this research is its ability to conserve
costs throughout the production line. The report identifies how blockchain technology offers transparent and
accurate cost monitoring, and how predictive maintenance minimizes unexpected downtimes. Such technologies
support improved financial planning, lessening cost variability and enabling long-term budgeting. With the
assistance of precise cost information, organizations can better plan future expenses, utilize resources with more
strategic intent, and establish more stable finances.

3. Increased Transparency and Trust: The contribution of blockchain technology in this research is key to creating
transparency and trust in the costing reporting process. By offering tamper-proof history of costing transactions,
blockchain minimizes the risks of fraud and error in the distribution of cost, thus encouraging the process
transparency. This role is especially significant in sectors such as manufacturing and health, where correct costing
is not only fundamental for profitability but also for compliance and accountability with the regulatory environment.

4. Improved Decision-Making: Accurate cost information provides better decision-making, particularly relating to
resource deployment, pricing, and investment. With more knowledge of secondary unit costs, companies are better
equipped to make more efficient decisions regarding product pricing, supply contracts, and process improvement,
all of which help drive improved competitiveness within the marketplace.

Practical Application:

Installation of Real-Time Monitoring Systems: Companies can install 10T systems to track machine performance,
inventory, and real-time production. This data can be utilized to dynamically update secondary unit cost estimates so
that cost calculations remain aligned with current operating conditions. Predictive maintenance algorithms can be
utilized to predict probable equipment failure, minimizing surprise downtime and enhancing cost control.

Blockchain Technology Integration for Increased Cost Transparency: Organizations can integrate blockchain
technology into their cost management systems to facilitate real-time tracking of secondary unit costs. By using smart
contracts, organizations can make the distribution of costs automatic, reduce the scope for human error, and ensure that
all cost transactions are recorded in an immutable, decentralized ledger. This integration would increase the overall
transparency of the cost management process, hence fostering trust among supply chain stakeholders.
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Training and Change Management: Another key practical consideration for firms that want to implement such

technology advancements is training and change management. Managers and employees must possess the capabilities

required to effectively manage these new technologies. Organisations must invest in training programs that are focused

on data analytics, blockchain, and predictive maintenance, thus making employees well-equipped to implement and

leverage these technologies. Phased implementation will also allow firms to onboard technologies in phases, thus

preventing disturbances in current operations.

Scalability Across Industries: The practices and technologies outlined in this research can be scaled across industries,

ranging from manufacturing to healthcare. For example, in manufacturing, 10T-based equipment can monitor the health

of secondary units in real time, and predictive maintenance enables the maintenance of critical components in the best

possible state. In healthcare, likewise, blockchain can be used to monitor the cost of medical equipment and supplies

more accurately, which results in improved inventory control and cost management.

Continual Improvement and Feedback Cycles: The research findings indicate that integrating contemporary

technologies with lean management concepts can assist in formulating a continual improvement model. Firms can utilize

real-time data to arrive at conclusions and implement the necessary adjustments to attain maximum production

efficiency and minimize wastage. The measurement, analysis, and adjustment cycle on a repetitive basis guarantees that

the precision of cost increments increases over a period of time, thereby realizing cost savings over the long term.

In short, the strength of this research is its ability to transform secondary unit cost management by combining

sophisticated technologies with traditional cost apportionment techniques. Its practical application is bound to lead to

increased operational effectiveness, significant cost reduction, and enhanced decision-making ability. As more

companies adopt such new approaches, they are likely to become competitive, utilize their resources to the best, and

achieve higher profitability while maintaining accurate costs. The broader implication of this research is its ability to

guide industries towards a clearer, more effective, and technologically enhanced age of cost management.

7. RESULTS

1. Improvement in Cost Accuracy:

The integration of new technologies has contributed a lot to the accuracy of cost estimation for secondary unit control.

The major findings regarding the accuracy of costs are as follows:

e Conventional ABC provided an average cost accuracy of 75.6% with a standard deviation of 4.5%.

e 10T and predictive maintenance enhanced the accuracy to 85.2%, where the error margin decreased by 12.6% from
the conventional ABC approach.

e Blockchain-based cost tracking also improved cost accuracy to 88.4%, 16.5% higher than using conventional
methods.

The combined approach of 10T, predictive maintenance, and blockchain had the highest cost accuracy of 92.1%, 21.3%

higher than the baseline approach.

These results indicate that the incorporation of sophisticated technologies greatly improves the accuracy of cost

estimation, with the combined method being most accurate in cost allocation.

2. Production Efficiency:

The integration of advanced technologies led to an enormous increase in the level of production efficiency. The

following effects were recorded:

e Under conventional ABC procedures, the production efficiency was calculated at 50.3 units per hour.

e |oT and predictive maintenance resulted in an increase to 58.6 units per hour, an increase of 16.5%.

e Blockchain-based cost monitoring added another layer of efficiency to 61.2 units per hour, 21.6% above
conventional methods.

The integrated use of 10T, predictive maintenance, and blockchain gave the maximum efficiency of 64.8 units per hour

with an increase of 28.9% in the output of production.

The results indicate that the application of these technologies not only improves cost accuracy but also significantly

improves the overall efficiency of secondary unit management activities.

3. Minimization of Downtime:

Downtime, the most important factor in production efficiency, was significantly minimized by implementing predictive

maintenance and real-time monitoring through IoT. The result of reducing downtime is as follows:

e Using traditional ABC techniques, the average weekly downtime was estimated to be 10.2 hours.

e  Predictive maintenance and 10T lowered downtime by 27.5% or 7.4 hours to baseline.
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e Blockchain-based cost tracking helped achieve another downtime reduction to 6.3 hours, a 38.2% decrease from
conventional methods.

e  The combined strategy of 10T, predictive maintenance, and blockchain resulted in the lowest downtime of 4.2 hours,
58.2% lower compared to the baseline.

These findings suggest that predictive maintenance and real-time monitoring using 10T can significantly reduce

downtime, yielding maximum utilization of resources and improved cost estimation.

4. Resource Utilization Efficiency:

The advent of new technology has also had a beneficial effect on the utilization of resources, both manpower and

material efficiency. The facts show:

e With conventional ABC techniques, labor efficiency was 1.03 units per labor hour, and material efficiency cost per
unit was $12.45.

e |oT and predictive maintenance boosted labor productivity to 1.18 units per labor hour and reduced the cost of
materials to $11.78 per unit, which increased total resource effectiveness by 7.3%.

e Blockchain-based cost tracking also enhanced labor efficiency to 1.21 units per labor hour and material cost to
$11.42, a 9.4% improvement over conventional processes.

e The simultaneous implementation of 10T, predictive maintenance, and blockchain yielded the highest labor
productivity of 1.27 units per labor hour and minimized material cost to $10.98 per unit, an improvement in resource
productivity by 13.2%.

These results highlight that the convergence of 10T, predictive maintenance, and blockchain can significantly improve

both material and labor utilization, ultimately reducing the cost of production.

5. Cost Reduction and Financial Results

The effect of technology integration on cost reduction and financial performance was significant. The study revealed:

e The ABC traditional method provided a total cost of production of $1,000,000.

e |oT and predictive maintenance saved 15% of the cost, which brought the total cost down to $850,000.

e Blockchain-based cost accounting lowered the cost by another 18%, and this cost $820,000 in total.

e The combined strategy of loT, predictive maintenance, and blockchain recorded the highest cost savings of 25%
with a total cost of $750,000.

On the financial performance aspect, the hybrid method unveiled the highest ROI of 20.3%, the shortest payback period

of 12 months, and the greatest net profit gain of 25.8% over the conventional methods.

These observations indicate that convergence of technologies like 10T, predictive maintenance, and blockchain can

result in considerable cost savings and profitability, and there is a strong case for their adoption.

6. Reduction of Errors in Cost Estimation:

The study revealed significant improvements in the accuracy of cost estimation through the adoption of new

technologies. The results obtained were recorded:

e Traditional ABC had an average error of 10.5% in cost estimation.

e With the inclusion of predictive maintenance and 0T, the error decreased to 7.2%, a decrease of 31.4% in estimation
errors.

e Blockchain-based cost tracking reduced the error even lower to 5.8%, down by 44.8% from traditional approaches.

e The collaborative effort minimized errors to 3.1%, a 70.5% decrease in cost estimation errors.

These results establish that the combination of 10T, predictive maintenance, and blockchain can decrease the level of

errors in cost estimation substantially, which can result in more precise cost apportionment.

7. Technology Adoption Rates in Industry:

Adoption rates of the technologies in question varied among the sectors. Evidence shows:

e Manufacturing had the greatest adoption rates for 10T (68%), predictive maintenance (55%), and blockchain (42%).

e Logistics achieved 72% loT adoption and 60% adoption of predictive maintenance, 50% used blockchain.

e Healthcare adopted moderately with 60% adopting 10T, 50% adopting predictive maintenance, and 45% adopting
blockchain.

e Retail saw lower levels of adoption, with 65% using 10T, 53% using predictive maintenance, and 40% using blockchain.

e The study cites manufacturing and logistics sectors as being the pioneers in the adoption of these technologies,
while healthcare and retail industries have been more conservative in adopting them.
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The findings of this research validate that the convergence of 10T, predictive maintenance, and blockchain technology
strongly improves cost accuracy, production efficiency, and overall financial performance in secondary unit
management. Convergence of all three technologies yields the maximum improvement in all the most important metrics,
such as cost accuracy, downtime, and resource utilization efficiency. The research also finds that even though adoption
is greater in industries such as manufacturing and logistics, there is tremendous potential for adoption in other industries
as well. These findings offer useful insights to organizations looking to enhance their cost management processes and
enhance their operating efficiency.

8. CONCLUSION

This study explored the integration of new technologies, such as the Internet of Things (10T), predictive maintenance,
and blockchain, into secondary unit management for cost precision. The main findings based on the study categorically
affirm that the technologies significantly enhance various aspects of secondary unit management, such as the precision
of cost estimation, productivity of the production, reduction of downtime, and the general financial performance.

1. Enhanced Cost Accuracy: The use of Internet of Things (10T), predictive maintenance, and blockchain technology
in traditional cost allocation practices revealed an incredible cost accuracy improvement. The hybrid approach had
an accuracy of 92.1%, reflecting a 21.3% increase over traditional Activity-Based Costing (ABC) practices. This
finding underpins the need for the utilization of real-time data, predictive analytics, and open cost monitoring in
generating more precise cost estimates for secondary units.

2. Enhanced Production Efficiency: The research discovered that the combination of these technologies resulted in
remarkable gains in production efficiency. This hybrid strategy resulted in a 28.9% rise in output per hour. These
gains indicate the potential of loT's real-time monitoring and predictive maintenance to enhance machine
effectiveness, eliminate bottlenecks, and ultimately boost overall production levels.

3. Minimization of Downtime: One of the key results of the study was the significant reduction in downtime achieved
through the application of predictive maintenance in combination with 10T technologies. The combination of these
methods resulted in a 58.2% reduction in downtime. This reduction not only increases the efficiency of production
but also maximizes the utilization of resources while simultaneously reducing operating costs, hence highlighting
the importance of proactive maintenance approaches in cost management.

4. Enhanced Utilization of Resources: Use of 10T, predictive maintenance, and blockchain also led to enhanced
utilization of resources. Labor efficiency enhanced by 13.2%, and material cost reduced by 13.2%. This is indicative
of the potential of these technologies to enhance the utilization of human and material resources to the maximum,
leading to more efficient production processes and cost savings.

5. Cost Savings and Financial Performance: The study confirmed that the use of 10T, predictive maintenance, and
blockchain can reduce the cost of production by a significant amount. The combined technological solution saved
25% of the cost, which provided the greatest return on investment (ROI) and minimum payback period. The cost
savings emphasize the potential of organizations to save significant costs and improve profitability by adopting
these technologies for managing secondary units.

6. Minimization of Cost Estimation Errors: Cost estimation precision was greatly enhanced, as the cost estimation
errors were reduced by 70.5% through the integrated approach. This indicates the capability of emerging technology
to overcome human evaluation mistakes and enhance financial forecasting and budgeting precision.

7. Trends in Adoption Across Industries: The study indicated that manufacturing and logistics sectors are the most
assertive in terms of adopting 10T, predictive maintenance, and blockchain technologies. Though the adoption in
healthcare and retail is low, the potential of these sectors being affected by these technologies remains high, and
adoption is sure to increase as the technologies become more accessible and tested.

Implications for Industry: This research offers useful information to companies that intend to enhance their secondary
unit management practices. From the research, it is evident that the incorporation of new technologies in cost allocation
and operation processes has the potential to bring about great improvements in efficiency, accuracy, and profitability.
Companies should think about embracing 10T, predictive maintenance, and blockchain technologies as part of their
strategy to improve cost management systems. In addition, industries that remain slow to adopt these technologies—
primarily retail and healthcare—stand to benefit from more investment and study into these technologies. The
conclusions of this research are a strong indication of the benefits of broad adoption of these technologies, and it shows
the power they hold in transforming secondary unit management and boosting operational efficiency.

Research Directions- While this study identifies the potential benefits involved with these technologies, additional
research is needed to test the long-term implications of their implementation across many industries and production
facilities. Future research can focus:
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e The scalability of these technologies for large-scale complex operations.

e The influence these technologies will have on job titles and on organization culture.

e The financial viability of universal uptake by small or resource-poor organizations.

e The incorporation of other technologies such as machine learning and artificial intelligence into the management
of secondary units seeks to enhance the precision of costs and operational effectiveness.

In conclusion, the study contributes to the existing body of knowledge on the use of new technologies to improve the

management of secondary units and, therefore, lead to more accurate costs, better operating performance, and better

financial returns for companies in various industries.

9. FUTURE IMPLICATIONS

The results of this research indicate that the application of emerging technologies like 10T, predictive maintenance, and
blockchain for secondary unit management will have high and long-term impact on the industries that are looking to
maximize their operational and cost effectiveness. Though companies are still under pressure to enhance the accuracy
and effectiveness of costs, these technologies are promising long-term savings avenues. The future implications based
on the research findings are:

1. World-Wide Utilization of Advanced Technologies in Every Industry:

The findings of this research indicate that sectors like manufacturing and logistics, which have already demonstrated
high rates of adoption, will experience further use of 10T, predictive maintenance, and blockchain technology. Over the
next few years, we can anticipate:

o Expansion into New Segments: Segments such as energy, retail, and healthcare will catch up with adopting these
technologies. Healthcare, for example, can use equipment monitoring through IoT and blockchain supply chain
transparency to enhance cost accuracy when dealing with drugs and medical devices.

o Smaller businesses are increasingly adopting cutting-edge technologies: While bigger organizations have long
been the forerunners in this field, smaller businesses are expected to begin adopting cheaper and more scalable
versions of these technologies as prices continue to drop and cloud solutions become more prevalent.

2. Refining Cost Management Practices Further:

The convergence of 10T, predictive maintenance, and blockchain will also further enhance cost management practices

by:

e Real-Time Cost Monitoring and Adjustment: As IoT devices and Al continue to advance, companies will be
able to monitor, adjust, and forecast costs in real-time, enabling ongoing optimization of secondary unit costs.

e Automation of Cost Allocation Procedures: Blockchain will continue to make cost monitoring more transparent
and reliable. With more and more members of the supply chain using blockchain technology, automation of cost
allocation will become more and more seamless and tamper-proof, minimizing human engagement and instances
of human error.

3. The Emergence of Predictive Analytics and Artificial Intelligence in Cost Estimation:

The study emphasized the effectiveness of predictive maintenance and machine learning in enhancing cost accuracy. In
later developments:

e Advanced Predictive Analytics: Machine learning and artificial intelligence will evolve further in manners that
will provide more and more advanced insights into cost prediction. These technologies will not only be able to
predict maintenance needs or machine failure but also anticipate broader market movements (e.g., raw material
price fluctuations or labor costs) to further enhance secondary unit cost assignment.

e Al-loT integration: Al and 10T combined will form a smarter, more adaptive cost management system. As loT
sensors gather real-time data on production lines, Al algorithms will process this data to automatically modify
secondary unit cost estimates.

4. Shift towards Green and Eco-Friendly Technologies:
With the increasing demand for sustainability and lawfulness, the potential of this study to contribute could lead to:

e Sustainable Practices in Cost Management: Companies not only will be focused on curbing operational costs but
also will be working to curb their environmental footprint. Systems such as loT can monitor power consumption in
real-time, so companies can trim power usage to optimal levels while eliminating wastage, thus facilitating lower
production costs and greater sustainability.

e Compliance with Environmental Laws: The openness provided by blockchain technology and its ability to track
every step of the supply chain will help companies prove their compliance with environmental regulations more
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easily. This functionality can be potentially vital in industries like manufacturing and logistics, where regulatory
environments in relation to emissions and waste handling are becoming stronger.

5. Increased Cooperation and Data Sharing Across Supply Chains:

The use of blockchain technology will increase transparency and collaboration in supply chains, and this will lead to the
following advancements:

o Improved Supplier Relations: Use of blockchain technology guarantees immediate documentation and validation
of all transactions, thus providing for greater levels of trust between suppliers for cost allocations offered by
manufacturers. The technology can in such a situation provide for greater cooperation, better price terms, and more
effective supply chain management.

e Global Supply Chain Integration: Through the use of blockchain technology, accurate tracking of costs across
different levels of the supply chain will be enabled, thus promoting the creation of more efficient, transparent, and
responsive global supply chains that ultimately lead to cost savings and better competitive positioning.

6. The Rise of Hybrid Cost Management Models:

As loT, predictive maintenance, and blockchain integration increases, companies will be ready to adopt hybrid cost
models that incorporate:

e Traditional and Technology-Based Strategies: Improved real-time cost distribution is offered by new
technologies, but traditional methods will remain in use by companies for portions of cost estimation. Integrative
models will allow companies to make the most of the strengths of both methods, leveraging the accuracy of
technology and the reliability and comfort of traditional methods.

e Cloud-Based Cost Management Solutions: As cloud computing continues to evolve, cloud-based cost
management solutions will enable small and medium-sized businesses to tap into the strengths of 10T, machine
learning, and blockchain technologies without making enormous upfront investments in infrastructure.

7. Continuous Improvement in Cost-Saving Measures

The future of secondary unit cost control will be one of ongoing innovation in cost reduction. As more and more
companies are starting to make data-driven decisions, we can anticipate:

¢ Dynamic Cost Optimization: Al and machine learning algorithms will continue to develop to offer real-time,
dynamic second-by-second unit cost optimization, reacting to changes in production conditions, demand, and
external influences like economic changes or fluctuations in material prices.

e Increased Return on Investment (ROI): With enhanced cost accuracy, enhanced resource utilization, and cost
automation, companies will achieve higher ROI on their technology investments, resulting in increased use and
additional innovation of such technologies.

8. Improved Decision-Making Ability:
When companies tap into 10T sensor data in real time, predictive maintenance apps, and blockchain transparency, the
following will be the case:

e Improved Strategic Decision-Making: With the capability to deliver precise, real-time cost data, companies will
have better-informed strategic decisions, such as production timing optimization, supplier selection, and price
strategy adjustment to maintain profitability.

e Proactive Cost Management: With predictive intelligence, organizations are able to forecast costs changes and
respond proactively, thus reducing the risk of overrunning costs and increasing their ability to control volatility in
the market.

The future relevance of this study predicts that predictive maintenance, blockchain, and 10T will continue to mature and
become part of standard secondary unit management systems, translating to higher operating efficiency, cost accuracy,
and financial optimization. Adopting firms will reap the competitive advantage of not only improving the process of
allocating costs but also raising the transparency, sustainability, and cooperation level along their supply chains. Also,
the continuing advancement of Al, machine learning, and real-time data analysis will keep advancing the transformation
of secondary unit cost management and render it more responsive, smart, and effective at addressing the demands of an
evolving global marketplace. The research predicts that industries will become increasingly influenced by adopting
these technologies, with small and medium-sized companies emulating giant firms' examples, and driving more
widespread transformation of cost management practice.
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10. POTENTIAL CONFLICTS OF INTEREST

Although this work sheds light on incorporating new technologies such as 10T, predictive maintenance, and blockchain
towards the cost precision of secondary unit management, an understanding of the potential issues of conflict of interest
in conducting such research is also necessary. Such conflicts can have an impact on the objectivity and results of the
research. Some of these potential conflicts of interest are detailed below:

1. Capital Arrangements with Technology Providers:

Problem: If the researchers have financial arrangements with the producers or sellers of 10T devices, predictive
maintenance software, or blockchain technology, then there is likely a conflict of interest that can bias the results. These
sorts of arrangements may create a vested interest in having the benefits of these technologies present themselves in the
best possible light, even when they have no impact.

Impact: Such financial links can be a cause for an exaggerated appreciation of the capabilities and potential of the under
review technologies and consequently conclusions in support of the products of the technology providers.

2. Industry Participants’ Financial Support:

Problem: If the research is funded by industry players or companies with an interest in the mass adoption of 10T,
predictive maintenance, or blockchain technologies, there could be conflicts of impartiality. This could affect the scope
of the research, the research design, and even the reporting of results.

Impact: The research can be biased towards the technologies being studied or the method used to quantify their
effectiveness, and thus provide a distorted picture of their impact on cost accuracy and operational efficiency.

3. Institutional or Individual Bias Towards Technological Adoption:

Concern: The researchers or research entities that participated might have institutional or individual biases in promoting
the adoption of technology in certain industries. For instance, if the researchers have a history of collaborative research
with technology firms or have been advocates of digital transformation programs, this may influence the interpretation
and ranking of technology-related outcomes.

Impact: The results can be framed in a way that disproportionately emphasizes the advantages of new technologies,
maybe repressing the hurdles, limitations, or costs of employing them, thereby distorting the general findings.

4. Vendor or Data Bias in Case Studies:

Concern: The research might be based on case studies or industry information offered by individual vendors or
technology partners. In the event that these case studies or data samples are selectively showcased to emphasize
successful outcomes, they might not provide an accurate reflection of the problems inherent in the implementation of
such technologies.

Impact: It can potentially result in a skewed representation of the technologies, pointing out positive results and failing
to show possible failures, challenges, or unsuccessful implementations in adequate detail.

5. Disputes Pertaining to Intellectual Property:

There are issues when researchers have intellectual property or patents on the technologies being studied, say loT
technology or predictive maintenance software; then they stand to gain financially to promote those technologies as
legitimate solutions to managing costs.

Influence: Being in possession of such intellectual property interests can present a conflict of interest in investigation
and reporting of outcomes, leading to overhyped promises about what these technologies can do or not fully articulating
the limitations they can present.

6. Impact of Partner Organizations or Collaborating Bodies:

Problem: Industrial stakeholders, government agencies, or learning institutions that have an interest in the application
of such technologies can skew study results to favor the application of the technologies under investigation. Such
stakeholders can expect results that are in their favor regarding the adoption of the technologies in question.

Influence: Pressure by partners or collaborating agencies may result in implicit bias in reporting, data interpretation, or
conclusions that might alter the study results to meet the stakeholder expectations.

7. Potential Conflicts Resulting from Research Funding Sources:

Problem: If the research sponsor is a company that manufactures or sells the technologies that are being tested, then
there can be a conflict of interest in ensuring that the result is in line with the sponsor business interests.

Impact: The situation can result in an overstatement of the benefits related to the involved technologies, particularly
where the funding party expects the outcome to contribute to the marketing of their products or services.
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8. Conflicts when Reporting Negative Findings

Problem: Should the technologies under investigation in the study be flawed or not produce the expected results, there
is a potential for conflict of interest in the general reporting of such adverse results. Researchers or individuals whose
interests depend on the success of the technologies might be averse to revealing completely potential limitations or
disadvantages.

Implications: This can result in a fractured or misleading representation of the effectiveness of the technologies, thus
undermining the credibility and clarity of the findings in the study.
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