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The integration of mechanical engineering and robotic process automation (RPA) 

has become increasingly important for improving organizational efficiency and 

achieving sustainable business operations. However, limited research has 

examined how engineering capabilities contribute to sustainability through both 

the positive and negative consequences of automation. This study investigates the 

direct effect of mechanical engineering on sustainable business operations and 

examines the mediating roles of cost reduction and operational efficiency, quality 

improvement, and robotization disadvantage. A quantitative, cross-sectional 

research design was employed, and data were collected from 202 employees 

working in the automotive manufacturing industry using a structured 

questionnaire. The findings reveal that mechanical engineering significantly 

enhances sustainable business operations while positively influencing cost 

reduction and operational efficiency, quality improvement, and robotization 

disadvantage. Furthermore, cost reduction and operational efficiency together 

with quality improvement positively affect sustainable business operations, 

whereas robotization disadvantage exerts a significant negative effect. Mediation 

analysis confirms that all three variables significantly transmit the influence of 

mechanical engineering on sustainable business operations. The study extends the 

Resource-Based View by demonstrating how engineering capabilities create 

sustainable organizational value through multiple operational mechanisms. The 

findings provide valuable managerial insights for organizations seeking to 

balance automation benefits with sustainable operational performance. 
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1. Introduction 

The rapid advancement of digital technologies has fundamentally transformed the way organizations design, 
manage, and optimize their business operations (Katalla & Masele, 2026). In this technological advancement, one of 
the most effective solutions is robotic process automation (RPA) (Parakala, 2026). RPA has the potential to transform 
the industry by automating repetitive, rule-based, and time-consuming processes, thereby enhancing operational 
efficiency and cutting down on human effort and expenses (Afriliana & Ramadhan, 2022; Moderno et al., 2024). 
Mechanical engineering, meanwhile, remains an important discipline in improving the productivity of industry by 
designing, developing, optimizing, and maintaining engineering systems that improve manufacturing productivity and 
organizational performance. As mechanical engineering concepts get closer and closer to intelligent automation, 
organisations have the potential to achieve sustainable business operations through improved operational efficiency, 
better process quality and optimising the use of resources (Borisov & Yakovlev, 2020). Digital transformation is a 
key change that continues in industries, and understanding the complementarity of the mechanical engineering 
capabilities with RPA has become an important research priority. 

Sustainable business operations have become a strategic objective for organizations seeking to balance economic 
performance with efficient resource utilization and long-term competitiveness (Agrawal et al., 2022). In order to 
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improve productivity, businesses are being expected to reduce their operational waste, avoid unnecessary expenditure 
and ensure products and services are of the same quality. These expectations have fueled investments in automation 
technology that not only boosts the efficiency of an organization, but also helps to promote sustainable operational 
practices (Panyaram & Kotte, 2025). While RPA has shown to be very effective in improving administrative and 
operational workflows, its ability is largely reliant on the engineering skill set required to design processes, connect 
systems, optimize equipment and standardize workflows. Therefore, mechanical engineering forms the technical basis 
for automation technologies to create and add value to the organization in a sustainable way. 

Although a lot of automation technologies have been adopted in various industries such as manufacturing and 
service (Chirumalla et al., 2024), previous research has mainly been limited to mechanical engineering and robotic 
process automation as a separate research area (Dudukalov et al., 2021; Schlund & Schmidt, 2021; Świder et al., 
2006). While research into mechanical engineering is mostly technical innovation, product development, 
manufacturing processes, and engineering education, research into RPA is mostly software automation, process 
digitization, operational efficiency, and implementation challenges. There have been comparatively fewer studies that 
have explored how mechanical engineering skills enable the successful deployment of RPA to make business 
operations more sustainable. Furthermore, the previous literature has mostly analyzed the positive effect of automation 
and failed to consider how engineering attributes affect sustainability. 

Another key constraint in the existing literature is the multidimensional impacts of RPA. In most of the previous 
studies, the focus was placed on positive organizational outcomes including cost savings, improvements in 
productivity, operational efficiency, and increase in service quality (Panyaram & Kotte, 2025; Parakala, 2026). But 
other effects of automation adoption are also negative for the organization, such as more formal procedures, workers 
losing their jobs, less flexibility in the organization, and negative attitudes toward technology change. The robotization 
disadvantages can offset some of the operational advantages derived from automation, and have an impact on the 
sustainability of business operations. At the same time, empirical studies that examine both the positive and negative 
aspects of automation's impact on sustainable business operations remain scarce. To get a more complete picture of 
these alternative mechanisms, therefore, a full grasp of their nature is required to offer a more equitable measurement 
of the organization change engendered by automation. Moreover, few studies have explored the mediating 
mechanisms between mechanical engineering and sustainable business operations, such as cost reduction and 
operational efficiency, quality improvement, and disadvantages of robotization. Research typically examines these 
constructs separately from one another without considering the interconnections between them in an integrated 
organizational structure. These research gaps are addressed by proposing and empirically testing an integrated 
framework to explore the mechanical engineering dimension and the impact on sustainable business operations by 
considering three key mechanisms: cost reduction and operational efficiency, quality improvement, and disadvantages 
of robotization. The study relates the positive and negative outcomes of automation in a single conceptual framework, 
allowing researchers to gain a broader perspective of the relationship between engineering capabilities and 
organizational sustainable performance. The proposed framework builds on the current knowledge by showcasing 
how sustainable business operation relies on the successful incorporation of engineering capabilities into automation 
strategies as well as the ability to adopt and implement technology. Therefore, the study makes a number of significant 
contributions to the literature and managerial practice. On one hand, it brings together mechanical engineering and 
robotic process automation as a single sustainability approach and it connects two research streams that have been 
progressing separately so far. Second, it further contributes to theory development by simultaneously considering the 
positive mediation role of cost reduction, operational efficiency and improvement in quality, as well as the negative 
mediation role of robotization disadvantages. Third, the results offer practical guidance for organizational decision-
makers, as it is crucial to evaluate the technological efficiency of automation with the factors of workforce and 
operational flexibility during the planning and implementation of automation projects. The overall contribution of this 
research to the body of knowledge related to sustainable business operations is to show how engineering capabilities 
and intelligent automation are strategically integrated to create long-term organizational value. 

2. Theoretical Foundation and Hypotheses Development   

This study is grounded on the Resource-Based View (RBV) that suggests that organizations can attain sustainable 
competitive benefit from the effective use of valuable organizational resources and capabilities (Madhani, 2010). 
Mechanical engineering is considered a strategic skill (Navarro-Arcas et al., 2025) that helps businesses enhance 
manufacturing techniques, design processes for better efficiency, and implement robotic process automation (RPA). 
These capabilities add organizational value through increased operational efficiency, increased quality of products 
and processes, and support sustainable business (Fernando et al., 2019; Van Kleef & Roome, 2007). Based on this, 
the following three mechanisms are proposed in Figure 1, through which mechanical engineering has an indirect 
influence on sustainable business operations: cost reduction and operational efficiency, quality improvement, and 
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robotization disadvantage. The depressing aspects of over-automation like job losses and unnecessary rigidity of 
processes are referred to as the disadvantage of robotisation, while cost reduction and quality improvement are seen 
as value-creating aspects that enhance sustainability. Therefore, the sustainable business operations rely on the 
capabilities of the organization to make effective use of engineering capabilities and challenge associated with 
automation. 

 

Figure 1: Framework of the Study Showing the Relationship Between Mechanical Engineering, RPA and 
Sustainable Business Operations 

2.1 Mechanical Engineering and Sustainable Business Operations   

Mechanical engineering is a key discipline in boosting the efficiency of production systems (Björkdahl, 2009), as 
it is used to design, optimize, and maintain efficient system. Modern mechanical engineering combines cutting-edge 
technologies, process optimization, and engineering innovation (Orlov et al., 2022), all aimed at minimizing resource 
waste, increasing the reliability of the equipment, and fostering environmentally friendly production methods. These 
engineering abilities allow organisations to make better use of materials, energy and human resources and ensure high 
productivity and consistent operations. Mechanical engineering is an asset for the organization and it is a valuable 
organizational capability that enhances the capability of firms to sustain long term performance (Lizunkov et al., 
2016). Well-designed engineering systems also support ongoing process improvements, minimize disruptions at the 
plant and increase the ability to adapt to the evolving demands of the market. In the era of organizations aiming to 
sustain their operations while keeping a focus on their economic goals, engineering-driven innovations become vital 
to achieve effective and sustainable business operations (Manage, 2014). Hence, the companies with high mechanical 
engineering competencies are more likely to develop sustainable business operations through improving the utilization 
of resources, the effectiveness of operations, and the long-term competitiveness of the company. Given these 
arguments, the following hypothesis is suggested: 

H1. Mechanical engineering has a positive influence on sustainable business operations. 

2.2 Mechanical Engineering, Cost Reduction and Operational Efficiency, Quality Improvement and 

Robotization Disadvantage 

Mechanical engineering plays a crucial role in cost reduction and improving operational efficiency within an 
organization (Texis et al., 2019) by optimizing production processes, enhancing equipment performance, and 
preventing process inefficiencies. Engineering innovations help companies optimize their workflows, minimize 
machine downtime, and maximize resource use, which can help lower operating costs and boost productivity. 
Advanced engineering methods also allow for the process to be standardized and preventive maintenance efforts to be 
improved, thereby minimizing waste and improving the reliability of the process. Engineering skills are strategic 
resources for an organization that enhance its operational performance and generate sustainable competitive 
advantages (Seraj & Sundram, 2026). Companies that have robust mechanical engineering skills will be better 
equipped to have efficient processes in place (Dudukalov et al., 2021), which will be able to minimize production 
costs and maximize output and operational efficiency. Thus, the following hypothesis is proposed: 

H2. Mechanical engineering has a positive effect on cost reduction and operational efficiency. 
Mechanical engineering is an indispensable profession that contributes to the improvement of product and process 

quality by designing products with accuracy, optimizing the processes, and continually innovating different 
technologies (Ambadekar et al., 2025). Engineering principles enhance the precision of the manufacturing process, 
the reliability of the equipment, and the consistency of the manufacturing process, thereby reducing the number of 
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defects and increasing the quality of the manufacturing products. Advanced monitoring systems and standardized 
production processes in modern engineering practices also assist with quality assurance, ensuring consistency in 
operations (Ambadekar et al., 2025). Mechanical engineering as an important organizational resource for providing 
superior quality and ensuring competitive advantage (Riedel et al., 1991). Business organisations that make good use 
of mechanical engineering skills can make steady enhancements to their products and processes (Björkdahl, 2009), as 
well as ensure they are meeting expectations and industry standards. Thus, it is expected that better mechanical 
engineering skills will have a positive impact on the quality improvement of the organization. Therefore, it is 
hypothesized that: 

H3. Mechanical engineering has a positive effect on quality improvement. 
Mechanical engineering supports the use and incorporation of robotic systems into the activities of an organization 

by designing processes that enable process automation and advanced manufacturing technologies (Zheng et al., 2023). 
With the increasing adoption of robotics and automated systems in various organizations, engineering skills are driving 
the change towards technology-driven operations (Rajkumar et al., 2024). Increased automation can also create some 
organizational issues, however, such as job loss, shortness in process, lack of flexibility in workflow, and reliance on 
automated processes. Among these results, some can be grouped under the term “robots’ disadvantages”. Institutions 
with better mechanical engineering capabilities are more likely to use more automation and thus more likely to 
encounter greater challenges as a result of robotization. Thus, it is hypothesized that: 

H4. Mechanical engineering has a positive effect on robotization disadvantage. 

2.3 Cost Reduction and Operational Efficiency, Quality Improvement, Robotization Disadvantage and 

Sustainable Business Operations   

Cost reduction and operational efficiency are crucial factors in the sustainable operation of a business (Akeem, 
2017; Madanhire & Mbohwa, 2016), as they help companies to enhance productivity while reducing resource usage 
and operational waste. Streamlined business processes help to keep production costs low, allocate resources 
effectively, and make the best use of labour, equipment and energy (Ezeh et al., 2023). These enhancements boost an 
organization's competitiveness and promote long-term economic sustainability. Based on RBV, operational efficiency 
is the capacity of an organization to be able to generate extra value from its internal resources and retain competitive 
advantage. Additionally, reduced operating costs offer organizations financial flexibility, enabling them to invest in 
innovation and sustainable efforts. Therefore, companies with a higher degree of cost reductions and efficiencies will 
be better able to operate profitably, remain resilient and sustainable. Hence, it is hypothesized that: 

H5. Cost reduction and operational efficiency have a positive effect on sustainable business operations. 
Quality improvement is one of the most important factors that influence sustainable business operations (Bağış et 

al., 2026; Kuei & Lu, 2013) as it makes the processes more reliable, minimizes defects, and increases customer 
satisfaction. Continuous quality improvement in product and service delivery reduces rework, waste and disruption of 
operations (King & Patel, 2023), leading to better resource efficiency and sustainable performance. Good processes 
also enhance organizational reputation, customer loyalty and market competitiveness, all of which help to ensure 
business sustainability. Quality is a valuable organizational capability that gives the firm a competitive edge against 
rivals and enables its long-term competitive advantage (Tuan & Yoshi, 2010). The continuous quality improvement 
can help maintain operational excellence and help organizations adjust to changing market demands. Hence, 
organizations that focus on quality improvement are more likely to attain sustainable business operations by improving 
efficiency, customer value and organizational performance. Based on this, the following hypothesis is formulated: 

H6. Quality improvement has a positive effect on sustainable business operations. 
While the robotization has several advantages in operation (Khachaturyan et al., 2019; Nosova et al., 2024), the 

drawback can threaten the sustainability of business operation if it is not managed properly. When automation is 
overused, there is a potential risk of these contributing factors: workforce replacement, lack of flexibility in 
procedures, lack of flexibility in technology, and resistance to technology change (Damelang & Otto, 2024). They can 
have an adverse impact on staff morale, adaptability of the company and future operational resilience. Additionally, 
the expense of implementing and maintaining robotic systems can exceed the potential efficiencies gains if 
organizations do not have the ability to effectively manage automation. The literature suggests that resources become 
a source of competitive advantage only when they are utilised strategically and managed properly (Moderno et al., 
2024). This can have negative consequences for unmanaged robotization, reducing the potential of the positive effects 
of automation on organizational performance and sustainability. Thus, it is hypothesized that: 

H7. Robotization disadvantage has a negative effect on sustainable business operations. 

2.4 Mediating role of Reduction and Operational Efficiency, Quality Improvement and Robotization 

Disadvantage between Mechanical Engineering and Sustainable Business Operations   

By optimizing production processes, improving system design, and ensuring efficient integration of RPA, 
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mechanical engineering plays a vital role in boosting organizational capabilities (Gavrilovskaya et al., 2021). These 
capabilities can provide value in a number of ways through operations, that ultimately affect sustainable business 
operations (McDougall et al., 2022). First, process optimization through engineering can help organisations cut their 
operational costs, boost productivity, and use resources more efficiently, thus making their operations more 
sustainable. Second, mechanical engineering brings precision, reliability and standardisation to products and processes 
(Bhad & Buktar, 2022), ensuring that customers are satisfied and that organisational performance is sustainable. On 
the other hand, higher levels of engineering-driven automation could also exacerbate the negative impacts of 
robotization, such as job loss, standardized processes, and a lack of organizational flexibility, all of which can threaten 
sustainability, unless properly managed. Consequently, the positive effects of mechanical engineering are expected to 
be transmitted to sustainable business operations via cost reduction and operational efficiency and quality 
improvement, and the negative ones via robotization disadvantage. These arguments lead to the following hypotheses: 

H8. Cost reduction and operational efficiency mediate the relationship between mechanical engineering and 
sustainable business operations. 

H9. Quality improvement mediates the relationship between mechanical engineering and sustainable business 
operations. 

H10. Robotization disadvantage mediate the relationship between mechanical engineering and sustainable 
business operations. 

3. Method and Material  

The current study used a survey questionnaire to collect data from respondents. The questionnaire was developed 

by adapting scale items from previous studies. The scale of mechanical engineering was designed by Liu and Baker 

(2018) and consisted of seven items, which measure engineering competency with regard to engineering system 

design, engineering knowledge, problem-solving, experimentation and engineering communication. Cost reduction 

and operational efficiency was evaluated based on the following six items taken from Gomes and Seruca (2023), 

which measure the organization's capacity to reduce its operational costs, increase its productivity and efficiency of 

its processes by using RPA. Four of the items from Gomes and Seruca (2023) were used to measure quality 

improvement: process consistency, work accuracy, data reliability, and compliance with operational procedures. The 

robotization disadvantage was also assessed using four items adapted from Gomes and Seruca (2023), which aim to 

measure the potential negative effects of automation such as reduction in the workforce, lack of flexibility in 

procedures and increased complexity in operations. The sustainable business operations construct was assessed 

through a six-item scale created by Høgevold et al. (2015) measuring the level of commitment of the organizations to 

using their resources effectively, for the environment, economically and in their long term performance. The items of 

measurements were based on a five-point Likert scale.  

3.1 Mechanical Engineering (Liu & Baker, 2018) 

1. “An ability to apply knowledge of engineering help in business activities.     

2. An ability to design and conduct experiments, as well as to analyze and interpret data promote business 

activities. 

3. An ability to design a system, component, or process through engineering help in business activities.  

4. An ability to function engineering process leads business operations.  

5. An ability to identify, formulate, and solve engineering problems is helpful in business activities.  

6. An understanding of professional and ethical use of engineering promote business.  

7. An ability to communicate effectively through engineering applications promote business.” 

3.2 Cost Reduction and Operational Efficiency (Gomes & Seruca, 2023) 

1. “RPA enables the company to reduce efforts.  

2. RPA enables the company to reduce the cost of transactions. 

3. RPA enables to increase the work capacity of the areas. 

4. RPA allows to reduce the time processing of tasks. 

5. RPA allows to increase the productivity of the company. 

6. RPA allows to increase employees’ productivity.” 

3.3 Quality Improvement (Gomes & Seruca, 2023) 

1. “RPA performs the work in a precise way reducing the number of errors. 

2. RPA allows to increase work consistency and compliance with procedures. 
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3. RPA produces reliable data. 

4. RPA increases the quality of processes.” 

3.4 Robotization Disadvantage (Gomes & Seruca, 2023) 

1. “RPA leads to layoffs. 

2. RPA leads to hiring reduction. 

3. RPA adds new unnecessary tasks. 

4. RPA implies greater procedural rigidity.” 

3.5 Sustainable Business Operations (Høgevold et al., 2015) 

1. “Engineering techniques make the most efficient use of the resources available in the environment. 

2. Engineering techniques focus on environmental issues. 

3. Engineering techniques focus on survival in the marketplace. 

4. Engineering techniques focus on economic considerations. 

5. Engineering techniques saved money to the company at the beginning of implementation. 

6. Engineering techniques are based on environmental monitoring.” 

The target population included employees from automotive manufacturing industry which include:  mechanical 

engineers, production engineers, operations, automation specialists, maintenance managers, quality managers, and 

plant supervisors. The automotive manufacturing industry was chosen because it has a broad range of applications for 

mechanical engineering and RPA throughout the manufacturing, assembly, quality inspection, logistics, and 

maintenance processes. Thus, the respondents from this industry have a lot of hands-on experience in the relationship 

between engineering and automation technologies, operational efficiency and sustainable business practices. For the 

respondents to respond to the issues with sufficient knowledge of organizational engineering and automation, 

employees with at least one year of professional experience were selected for the study. 

In this study, Stratified Random Sampling method was used to get representative of respondents from various 

functional department of automotive manufacturing organizations. At first participating companies were asked to 

submit lists of their employees who worked in the engineering, production, quality management, maintenance, 

automation and operational departments. Different departments were treated separately due to the fact that they are 

functional roles directly related to mechanical engineering and RPA. The data was collected in the form of self-

administered questionnaires in both hardcopy and electronic versions for a three-month period. Respondents were 

briefed on the academic purpose of the study, their responses being confidential and that their responses were 

voluntary prior to participation. Carefully completed questionnaires were reviewed and incomplete and inconsistent 

questionnaires were not used in statistical analysis. This data set proved to be adequate for analysis of the postulated 

relationships between the variables investigated. After screening the questionnaires for missing values, incomplete 

questionnaires, or response inconsistencies, 202 usable questionnaires were left for the final statistical analysis.  

4. Data Analysis  

Reliability and convergent validity were calculated for all the constructs in study and presented in Table 1. 

Cronbach's alpha values are between 0.806 and 0.947, and composite reliability values are between 0.874 and 0.957, 

which are greater than the recommended value of 0.70 (Shrestha, 2021; Tanveer & Latif, 2025). All of the 

measurement scales showed satisfactory internal consistency reliability. Likewise, the average variance extracted 

(AVE) ranged from 0.536 to 0.773, which show that more than half of the variance in the respective indicators is 

explained by each construct and thus demonstrate convergent validity. Moreover, all the loadings are greater than the 

recommended value of 0.60, indicating that the items observed were an adequate representation of their underlying 

constructs.  

Table 1 (a): Measurement Model Results 

Construct  Items Alpha Composite Reliability AVE Loading 

Cost Reduction and Operational Efficiency CROE1 0.924 0.94 0.725 0.841  
CROE2 

   
0.874  

CROE3 
   

0.885  
CROE4 

   
0.895  

CROE5 
   

0.813  
CROE6 

   
0.796 
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Table 1 (b): Measurement Model Results 

Construct  Items Alpha Composite Reliability AVE Loading 

Mechanical Engineering ME1 0.947 0.957 0.76 0.83  
ME2 

   
0.86  

ME3 
   

0.856  
ME4 

   
0.899  

ME5 
   

0.898  
ME6 

   
0.89  

ME7 
   

0.87 
Quality Improvement QI1 0.806 0.875 0.64 0.615  

QI2 
   

0.849  
QI3 

   
0.882  

QI4 
   

0.827 
Robotization Disadvantage RD1 0.902 0.932 0.773 0.875  

RD2 
   

0.879  
RD3 

   
0.887  

RD4 
   

0.877 
Sustainable Business Operations SBO1 0.827 0.874 0.536 0.748  

SBO2 
   

0.782  
SBO3 

   
0.761  

SBO4 
   

0.746  
SBO5 

   
0.674  

SBO6 
   

0.677 

There are three methods to examine discriminant validity which include AVE square root, HTMT and cross-
loading (Hussain, 2023; Yusoff et al., 2020). In this study, the discriminant validity test was conducted based on the 
AVE square root and the results are presented in Table 2 and graphically represented in Figure 2. The square root of 
the AVE for each construct is larger than the inter construct correlations, which meets the recommended criterion of 
discriminant validity. Therefore, scale items are different from each other’s for all constructs; mechanical engineering, 
cost reduction and operational efficiency, quality improvement, robotization disadvantage, and sustainable business 
operations.  

Table 2: AVE Square Root 
 

CROE ME QI RD SBP 

Cost Reduction and Operational Efficiency 0.852 
    

Mechanical Engineering 0.823 0.872 
   

Quality Improvement 0.587 0.59 0.8 
  

Robotization Disadvantage 0.415 0.431 0.769 0.879 
 

Sustainable Business Operations 0.702 0.688 0.707 0.706 0.732 

 

Figure 2: AVE Square Root 
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Table 3 shows the results of the structural model that is directly related to the constructs in the study as shown in 

Figure 3 (Structural Model). T-value 1.96 and beta value was used to test the study hypotheses (Aljumah et al., 2026). 

The results show that Sustainable Business Operations (β = 0.162, t = 2.980, p = 0.003) is significantly directly 

influenced by Mechanical Engineering, consequently H1 is accepted. Mechanical Engineering also positively 

influences Cost Reduction and Operational Efficiency (β = 0.823, t = 50.824, p < 0.001), Quality Improvement (β = 

0.590, t = 16.476, p < 0.001), and Robotization Disadvantage (β = 0.431, t = 8.367, p < 0.001), supporting H2, H3, 

and H4. Additionally, Sustainable Business Operations is significantly influenced by Cost Reduction and Operational 

Efficiency (β = 0.289, t = 4.975, p < 0.001), and Quality Improvement (β = 0.170, t = 3.057, p = 0.002) and significantly 

negatively influenced by Robotization Disadvantage (β = −0.436, t = −8.671, p < 0.001), supporting H5, H6, and H7. 

All hypothesized direct relationships are supported by these results. 

 

Figure 3: Structural Model 

Table 3: Path Coefficient-Direct Effect Results 
 

Original 

Sample 

(O) 

Sample 

Mean 

(M) 

Standard 

Deviation 

(STDEV) 

T Statistics 

(|O/STDEV|) 

P 

Values 

Cost Reduction and Operational Efficiency -> 

Sustainable Business Operations 

0.289 0.289 0.058 4.975 0 

Mechanical Engineering -> Cost Reduction and 

Operational Efficiency 

0.823 0.824 0.016 50.824 0 

Mechanical Engineering -> Quality Improvement 0.59 0.596 0.036 16.476 0 

Mechanical Engineering -> Robotization 

Disadvantage 

0.431 0.436 0.052 8.367 0 

Mechanical Engineering -> Sustainable Business 

Operations 

0.162 0.156 0.054 2.98 0.003 

Quality Improvement -> Sustainable Business 

Operations 

0.17 0.17 0.056 3.057 0.002 

Robotization Disadvantage -> Sustainable Business 

Operations 

-0.436 -0.439 0.05 8.671 0 

The mediation analysis results are presented in Table 4 and the graphical presentation of the indirect effect 

estimates is presented in Figure 4. The findings show that there is a significant mediation of the relationship between 

Mechanical Engineering and Sustainable Business Operations by Cost Reduction and Operational Efficiency (β = 

0.238; t = 4.973; p < 0.001), which supports H7. In the same way, Quality Improvement significantly mediates this 
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relationship (β = 0.100, t = 2.919, p = 0.004), which supports H8. Moreover, the mediating effects of Robotization 

Disadvantage proved to be significant in the study, with a significant negative path from Mechanical Engineering to 

Sustainable Business Operations (β = −0.188, t = 6.213, p < 0.001), which supports H9. The results showed that 

Mechanical Engineering has a positive effect (cost reduction, operational efficiency, and quality improvement) and a 

negative effect (disadvantage of robotization) which confirms the proposed conceptual framework of mediation. 

Table 4: Path Coefficient-Indirect Effect Results 
 

Original 

Sample 

(O) 

Sample 

Mean 

(M) 

Standard 

Deviation 

(STDEV) 

T Statistics 

(|O/STDEV|) 

P 

Values 

Mechanical Engineering -> Quality Improvement -> 

Sustainable Business Operations 

0.1 0.102 0.034 2.919 0.004 

Mechanical Engineering -> Cost Reduction and 

Operational Efficiency -> Sustainable Business 

Operations 

0.238 0.238 0.048 4.973 0 

Mechanical Engineering -> Robotization Disadvantage 

-> Sustainable Business Operations 

-0.188 0.191 0.03 6.213 0 

 

Figure 4: Indirect Effect Histogram 

5. Discussion on Findings  

The results offer a comprehensive overview of the role of mechanical engineering in the support of sustainable 

business operations, both directly and indirectly. As in the RBV, the findings show that engineering capacities are 

valuable internal resources that improve the operational performance and sustainable development of an organisation. 

Findings of H1 highlighted that mechanical engineering has a positive impact on sustainable business operations. 

Companies with more advanced mechanical engineering skills have the ability to maximize production systems, 

maximize use of resources and boost operational resilience (Olodu et al., 2026). Mechanical engineering helps 

companies incorporate new manufacturing technologies (Olodu et al., 2026), increase process reliability and minimize 

process inefficiencies, thereby establishing sustainable value for the organization. The results are supportive of the 

RBV which states that distinctive organizational capabilities directly lead to sustained competitive advantage (Kero 

& Bogale, 2023; Nayak et al., 2023; Raduan et al., 2009). The findings also build upon past engineering literature by 

providing evidence of mechanical engineering's role beyond only technical performance toward organization-level 

objectives for sustainability. 

The H2 and H3 involved the impact of mechanical engineering on cost reduction and operational efficiency, and 

quality improvement. Both hypotheses were confirmed, indicating that engineering capabilities make a significant 

contribution to organizational performance through its ability to optimize the production processes and to increase the 

quality of the operations. Creative engineering solutions lessen production expenses by allocating resources effectively 

(Wao, 2018), implementing preventative maintenance and optimizing workflow and equipment downtime. At the 
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same time, engineering enhances the accuracy of the processes (Ramesh et al., 2025), uniformity of the products, and 

reliability of the processes during operation, thereby delivering superior product quality. These results further 

corroborate earlier automation and manufacturing research which concluded that engineering knowledge is a critical 

factor in operational excellence. Most of all, the findings show that companies can balance efficiency and quality to 

achieve sustainable performance.  

The H4 was confirmed that mechanical engineering has a positive impact on the robotization disadvantage. While 

automation improves organizational performance (Sudhakar et al., 2025; Wong & Ngin, 1997), more engineering 

capability has the potential to drive faster adoption of robotic systems, thereby driving up the risk of issues like 

workforce displacement, procedural inflexibility, and organizational reluctance to technological change. This outcome 

helps to balance the interpretation of automation, recognising opportunities and implementation challenges. Therefore, 

in addition to investing in engineering, organizations must invest in employee development, organizational change 

management, and flexible operational strategies to help reduce risks associated with automation. 

The H5, H6 and H7 hypotheses examined the impact of cost reduction and operational efficiency, quality 

improvement and robotization disadvantage on the sustainable operation of the business. The results confirm that cost 

reduction and operational efficiency can strongly contribute to improving sustainability, by using resources more 

effectively, reducing operational costs and boosting productivity. Similarly, quality improvement also has a positive 

effect on sustainable business practices (Akanmu et al., 2020; Aryanasl et al., 2016; Fok et al., 2022) by reducing 

defects, waste and enhancing customer satisfaction. By contrast, robotization disadvantage has a negative impact on 

sustainability, suggesting that uncontrolled disadvantages to robotization can have negative effects on organizational 

flexibility and long-term performance. In combination, these findings show that in order to operate their business in a 

sustainable way, organizations need to minimise the operational costs while at the same time managing the unintended 

consequences of automation proactively. 
Finally, the mediation analysis gives further theoretical insights as it showed that the disadvantages of the 

mechanical engineering, sustainable business operations relationship was significantly mediated by cost reduction and 
operational efficiency, quality improvement, and robotization. The results demonstrate that engineering capacities 
have an impact on sustainability not only directly within engineering but also through many operational paths. 
Operational efficiency and quality are positive pathways of transmission and robotization disadvantage is a negative 
pathway of transmission that partially balances the advantages of engineering driven robotization. The integrated view 
is able to build on the previous work by taking into account both the enabling and constraining effects of automation 
in a single framework. The results of the analysis highlight that sustainable business operations can be achieved by 
strategically embedding mechanical engineering capabilities in RPA.  

6. Conclusion 

In this research, the relationship between mechanical engineering and sustainable business operations was studied 
and the role of cost reduction and operational efficiency, quality improvement, and robotization disadvantage was 
investigated as mediating variables. The empirical results confirm that mechanical engineering is a strategic 
organizational capability that directly contributes to sustainable business operations and that has an indirect impact on 
sustainable business through various mechanisms. Operating efficiency and cost reduction, combined with quality 
improvement, boost sustainable business performance by improving productivity, using resources more efficiently 
and making business operations more reliable. On the other hand, the disadvantage of robotisation has a negative 
impact on sustainability, which means that over-automation can lead to problems in the organisation. 

The mediation results also demonstrate the positive and negative ways in which engineering capabilities can be 
the source of organizational values. The findings suggest a perspective on the relationship between mechanical 
engineering and robotic process automation, acknowledging that automation brings substantial advantages in terms of 
the benefits it provides for operations but also presents managerial challenges. On an overall perspective, the study 
furthers the RBV by providing an example of engineering capabilities that are related to sustainable business 
operations through complemental operations processes. The findings also offer guidance for its application that 
organizations can use to implement automation technologies in ways that are most likely to lead to their sustainability 
and operational efficiency, while maintaining high quality. 

7. Implications of the Study  

The study has theoretical and practical implications. It is an extension of the RBV that incorporates mechanical 
engineering and robotic process automation into a unified framework to understand sustainable business operations. 
The results show that engineering skills add value by means of operational efficiency, quality enhancement and 
outcomes related to automation, enriching the engineering management and organizational sustainability literature. In 
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practice, managers need to develop engineering skills as well as automation technology to boost productivity, 
minimize operating costs and quality of the process. To mitigate the downside of robotization, workforce reskilling, 
change management initiatives, and flexible operational policies should also be considered as part of an organization's 
strategy. To achieve sustainable operational performance and long-term organization competitiveness, decision-
makers should use a balanced approach to automation, which is a mix of technology and human resources 
development. 

8. Limitations and Directions for Future Research  

There are a few limitations of this study that could be addressed in future studies. First, this study considered 
mechanical engineering as whole construct, future studies should consider in various dimensions of mechanical 
engineering. Second, this study only examined the automotive manufacturing sector, therefore the results may not be 
generalizable. The proposed framework needs to be tested in other manufacturing and service sectors for further 
validation. Third, future research could include other organisation factors, like digital transformation capability, 
organisational culture, leadership support for digital transformation, and employee readiness for digital 
transformation, to gain a broader knowledge about sustainable business operations in the context of increased 
automation. 

9. Funding 

This work was supported by the Deanship of Scientific Research, Vice Presidency for Graduate Studies and 
Scientific Research, King Faisal University, Saudi Arabia [Grant Number KFU263960]'. 

References 

Afriliana, N., & Ramadhan, A. (2022). The trends and roles of robotic process automation technology in digital 

transformation: a literature. Journal of system and management sciences, 12(3), 51-73. 

https://doi.org/10.33168/JSMS.2022.0303  

Agrawal, R., Wankhede, V. A., Kumar, A., Upadhyay, A., & Garza-Reyes, J. A. (2022). Nexus of circular economy 

and sustainable business performance in the era of digitalization. International journal of productivity and 

performance management, 71(3), 748-774. https://doi.org/10.1108/IJPPM-12-2020-0676  

Akanmu, M. D., Hassan, M. G., & Bahaudin, A. Y. B. (2020). A preliminary analysis modeling of the relationship 

between quality management practices and sustainable performance. Quality Management Journal, 27(1), 37-61. 

https://doi.org/10.1080/10686967.2019.1689800  

Akeem, L. B. (2017). Effect of cost control and cost reduction techniques in organizational performance. International 

business and management, 14(3), 19-26. https://doi.org/10.3968/9686  

Aljumah, A. I., Nuseir, M., Hameed, W. U., AlShawabkeh, A., & Ali, M. (2026). Financial sustainability and the 

integration of metaverse finance, fintech innovation, green capacity, digital innovation and digital marketing. Discover 

Sustainability, 7(1), 413. https://doi.org/10.1007/s43621-026-02764-2  

Ambadekar, P. K., Ambadekar, S., Choudhari, C., Patil, S. A., & Gawande, S. (2025). Artificial intelligence and its 

relevance in mechanical engineering from Industry 4.0 perspective. Australian Journal of Mechanical Engineering, 

23(1), 110-130. https://doi.org/10.1080/14484846.2023.2249144  

Aryanasl, A., Ghodousi, J., Arjmandi, R., & Mansouri, N. (2016). Can excellence management models encompass 

“cleaner production” and “sustainable business” revolution?(European Foundation for Quality Management as a case 

study). International Journal of Environmental Science and Technology, 13(5), 1269-1276. 

https://doi.org/10.1007/s13762-016-0948-9  

Bağış, M., Adiguzel, Z., Dhar, B. K., Yolcu, T., & Kurutkan, M. N. (2026). Green creativity and business sustainability: 

the influence of dynamic capabilities, technology adoption, business strategies and knowledge management. Business 

Process Management Journal, 32(1), 316-343. https://doi.org/10.1108/BPMJ-10-2024-0903  

Bhad, P. U., & Buktar, R. B. (2022). Multiple novel generative design solutions for various mechanical engineering 

related products using Autodesk Fusion 360 software. International Journal of Design Engineering, 11(1), 1-26. 

https://doi.org/10.1504/IJDE.2022.127058  

https://doi.org/10.33168/JSMS.2022.0303
https://doi.org/10.1108/IJPPM-12-2020-0676
https://doi.org/10.1080/10686967.2019.1689800
https://doi.org/10.3968/9686
https://doi.org/10.1007/s43621-026-02764-2
https://doi.org/10.1080/14484846.2023.2249144
https://doi.org/10.1007/s13762-016-0948-9
https://doi.org/10.1108/BPMJ-10-2024-0903
https://doi.org/10.1504/IJDE.2022.127058


Reports in Mechanical Engineering, Vol. 7, No. 2, 2026, pp. 1-14 

12  ISSN: 2683-5894 

 

 

 

 

Björkdahl, J. (2009). Technology cross-fertilization and the business model: The case of integrating ICTs in 

mechanical engineering products. Research Policy, 38(9), 1468-1477. https://doi.org/10.1016/j.respol.2009.07.006  

Borisov, A., & Yakovlev, S. (2020). Digital technologies in mechanical engineering: perspectives, risks. In IOP 

Conference Series: Materials Science and Engineering (Vol. 862, pp. 032070). IOP Publishing. 

https://doi.org/10.1088/1757-899X/862/3/032070  

Chirumalla, K., Ali Jalil, H., & Behnam, M. (2024). Navigating production automation as a service: unveiling drivers, 

benefits, and challenges in manufacturing companies. In Sustainable Production through Advanced Manufacturing, 

Intelligent Automation and Work Integrated Learning: Proceedings of the 11th Swedish Production Symposium 

(SPS2024) (pp. 206-218). SAGE Publications 1 Oliver's Yard, 55 City Road, London, EC1Y 1SP. 

https://doi.org/10.3233/ATDE240166  

Damelang, A., & Otto, M. (2024). Who is replaced by robots? Robotization and the risk of unemployment for different 

types of workers. Work and Occupations, 51(2), 181-206. https://doi.org/10.1177/07308884231162953  

Dudukalov, E., Munister, V., Zolkin, A., Losev, A., & Knishov, A. (2021). The use of artificial intelligence and 

information technology for measurements in mechanical engineering and in process automation systems in Industry 

4.0. In Journal of physics: Conference series (Vol. 1889, pp. 052011). IOP Publishing. https://doi.org/10.1088/1742-

6596/1889/5/052011  

Ezeh, M. O., Ogbu, A. D., & Heavens, A. (2023). The role of business process analysis and re-engineering in 

enhancing energy sector efficiency. International Journal of Engineering Research and Development, 20(8), 140-151. 

https://tinyurl.com/kbk7x88v  

Fernando, Y., Jabbour, C. J. C., & Wah, W.-X. (2019). Pursuing green growth in technology firms through the 

connections between environmental innovation and sustainable business performance: does service capability matter? 

Resources, Conservation and Recycling, 141, 8-20. https://doi.org/10.1016/j.resconrec.2018.09.031  

Fok, L., Zee, S., & Morgan, Y.-C. T. (2022). Green practices and sustainability performance: the exploratory links of 

organizational culture and quality improvement practices. Journal of Manufacturing Technology Management, 33(5), 

913-933. https://doi.org/10.1108/JMTM-11-2021-0439  

Gavrilovskaya, N., Kuvaldin, V., Zlobina, I., Lomakin, D., & Suchkova, E. (2021). Developing a robot with computer 

vision for automating business processes of the industrial complex. In Journal of Physics: Conference Series (Vol. 

1889, pp. 022024). IOP Publishing. https://doi.org/10.1088/1742-6596/1889/2/022024  

Gomes, M., & Seruca, I. (2023). The perception of the management and lower-level employees of the impacts of using 

robotic process automation: the case of a shared services company. Procedia Computer Science, 219, 129-138. 

https://doi.org/10.1016/j.procs.2023.01.273  

Høgevold, N. M., Svensson, G., Klopper, H. B., Wagner, B., Valera, J. C. S., Padin, C., Ferro, C., & Petzer, D. (2015). 

A triple bottom line construct and reasons for implementing sustainable business practices in companies and their 

business networks. Corporate Governance, 15(4), 427-443. https://doi.org/10.1108/CG-11-2014-0134  

Hussain, S. (2023). Impact of Entrepreneurship Skills and Business Opportunity on Digital Entrepreneurship: As 

Study on the Role of Social Media as Mediator. Business Review of Digital Revolution, 3(1), 38-44. 

https://doi.org/10.70890/BRDR.2023.3105  

Katalla, R. J., & Masele, J. J. (2026). Digital technologies usage for SMEs businesses’ continuity in developing 

countries amidst COVID-19 pandemic: technology strategies and associated challenges in Tanzania. Information 

Discovery and Delivery, 54(1), 11-23. https://doi.org/10.1108/IDD-04-2024-0058  

Kero, C. A., & Bogale, A. T. (2023). A Systematic Review of Resource-Based View and Dynamic Capabilities of 

Firms and Future Research Avenues. International Journal of Sustainable Development & Planning, 18(10). 

https://doi.org/10.18280/ijsdp.181016  

Khachaturyan, K. S., Ponomarev, S. V., & Serebryanky, D. I. (2019). Automation and robotization of business 

processes in the russian high-tech companies. In The International Scientific and Practical Forum “Industry. Science. 

Competence. Integration” (pp. 661-666). Springer. https://doi.org/10.1007/978-3-030-80485-5_76  

King, B., & Patel, R. M. (2023). Using quality improvement to improve value and reduce waste. Clinics in 

perinatology, 50(2), 489-506. https://doi.org/10.1016/j.clp.2023.01.009  

https://doi.org/10.1016/j.respol.2009.07.006
https://doi.org/10.1088/1757-899X/862/3/032070
https://doi.org/10.3233/ATDE240166
https://doi.org/10.1177/07308884231162953
https://doi.org/10.1088/1742-6596/1889/5/052011
https://doi.org/10.1088/1742-6596/1889/5/052011
https://tinyurl.com/kbk7x88v
https://doi.org/10.1016/j.resconrec.2018.09.031
https://doi.org/10.1108/JMTM-11-2021-0439
https://doi.org/10.1088/1742-6596/1889/2/022024
https://doi.org/10.1016/j.procs.2023.01.273
https://doi.org/10.1108/CG-11-2014-0134
https://doi.org/10.70890/BRDR.2023.3105
https://doi.org/10.1108/IDD-04-2024-0058
https://doi.org/10.18280/ijsdp.181016
https://doi.org/10.1007/978-3-030-80485-5_76
https://doi.org/10.1016/j.clp.2023.01.009


Reports in Mechanical Engineering ISSN: 2683-5894  13 

Integration between Mechanical Engineering and Robotic Process Automation …. (Vimala Venugopal Muthuswamy) 

 

 

 

 

 

 

Kuei, C.-h., & Lu, M. H. (2013). Integrating quality management principles into sustainability management. Total 

Quality Management & Business Excellence, 24(1-2), 62-78. https://doi.org/10.1080/14783363.2012.669536  

Liu, Y., & Baker, F. (2018). A new questionnaire for assessment of a mechanical engineering senior design class. 

International Journal of Mechanical Engineering Education, 46(4), 289-301. 

https://doi.org/10.1177/0306419017749579  

Lizunkov, V. G., Minin, M., Malushko, E., & Medvedev, V. (2016). Developing economic and managerial 

competencies of bachelors in mechanical engineering. In SHS Web of Conferences. Vol. 28: Research Paradigms 

Transformation in Social Sciences (RPTSS 2015).—Les Ulis, 2016. EDP Sciences. 

https://doi.org/10.1051/shsconf/20162801063  

Madanhire, I., & Mbohwa, C. (2016). Enterprise resource planning (ERP) in improving operational efficiency: Case 

study. Procedia Cirp, 40, 225-229. https://doi.org/10.1016/j.procir.2016.01.108  

Madhani, P. M. (2010). Resource based view (RBV) of competitive advantage: an overview. Resource based view: 

concepts and practices, Pankaj Madhani, ed, 3-22. https://ssrn.com/abstract=1578704  

Manage, J. E. T. (2014). Engineering and technology management for sustainable business development: Introductory 

remarks on the role of technology and regulation. J. Eng. Technol. Manage, 34, 1-8. 

https://doi.org/10.1016/j.jengtecman.2014.10.003  

McDougall, N., Wagner, B., & MacBryde, J. (2022). Leveraging competitiveness from sustainable operations: 

frameworks to understand the dynamic capabilities needed to realise NRBV supply chain strategies. Supply Chain 

Management: An International Journal, 27(1), 12-29. https://doi.org/10.1108/SCM-11-2018-0393  

Moderno, O. B. d. S., Braz, A. C., & Nascimento, P. T. d. S. (2024). Robotic process automation and artificial 

intelligence capabilities driving digital strategy: a resource-based view. Business Process Management Journal, 30(1), 

105-134. https://doi.org/10.1108/BPMJ-08-2022-0409  

Navarro-Arcas, A., Llorca-Schenk, J., Sentana-Gadea, I., Campillo-Davo, N., & Velasco-Sánchez, E. (2025). 

Mechanical Design Competition as a Strategy for Skill Development in Engineering: Integrating Artificial Intelligence 

and the SDGs and Its Educational Impact. Education Sciences, 15(12), 1650. https://doi.org/10.3390/educsci15121650  

Nayak, B., Bhattacharyya, S. S., & Krishnamoorthy, B. (2023). Integrating the dialectic perspectives of resource-based 

view and industrial organization theory for competitive advantage–a review and research agenda. Journal of Business 

& Industrial Marketing, 38(3), 656-679. https://doi.org/10.1108/JBIM-06-2021-0306  

Nosova, S., Norkina, A., Morozov, N., Arakelova, I., & Bondarev, S. (2024). Artificial Intelligence and Robotization: 

Theory of Decision Making at the Level of Business and the Economy as a Whole. In Biologically Inspired Cognitive 

Architectures Meeting (pp. 297-306). Springer. https://doi.org/10.1007/978-3-031-76516-2_29  

Olodu, D. D., Ihenyen, O. I., & Erameh, A. (2026). Advancements and Emerging Trends in Mechanical Engineering 

Design and Manufacturing Processes: A Comprehensive Review. Bilge International Journal of Science and 

Technology Research, 10(1), 161-198. https://doi.org/10.30516/bilgesci.1608837  

Orlov, E., Rogulenko, T., Smolyakov, O., Ponomareva, S., & Bodiako, A. (2022). Evolution of the management 

accounting system at various stages of the introduction of innovations in mechanical engineering. Components of 

Scientific and Technological Progress, 9(75), 35-45. https://tinyurl.com/4tj6wnrp  

Panyaram, S., & Kotte, K. R. (2025). Leveraging AI and data analytics for sustainable robotic process automation 

(RPA) in media: Driving innovation in green field business process. In Driving business success through eco-friendly 

strategies (pp. 249-262). IGI Global Scientific Publishing. https://doi.org/10.4018/979-8-3693-9750-3.ch013  

Parakala, A. M. (2026). AI-Driven Robotic Process Automation for Intelligent Enterprise Systems and Digital 

Transformation. International Journal of AI, BigData, Computational and Management Studies, 27-35. 

https://doi.org/10.63282/3050-9416.ICAIDSCT26-104  

Raduan, C. R., Jegak, U., Haslinda, A., & Alimin, I. I. (2009). Management, strategic management theories and the 

linkage with organizational competitive advantage from the resource-based view. European Journal of Social 

Sciences, 11(3), 402-418. https://tinyurl.com/34znjavu  

Rajkumar, S., Vijayalaxmi, B., Srinivas, D., Praveen, B., & Kamal, M. N. (2024). An Overview of Mechanical 

https://doi.org/10.1080/14783363.2012.669536
https://doi.org/10.1177/0306419017749579
https://doi.org/10.1051/shsconf/20162801063
https://doi.org/10.1016/j.procir.2016.01.108
https://ssrn.com/abstract=1578704
https://doi.org/10.1016/j.jengtecman.2014.10.003
https://doi.org/10.1108/SCM-11-2018-0393
https://doi.org/10.1108/BPMJ-08-2022-0409
https://doi.org/10.3390/educsci15121650
https://doi.org/10.1108/JBIM-06-2021-0306
https://doi.org/10.1007/978-3-031-76516-2_29
https://doi.org/10.30516/bilgesci.1608837
https://tinyurl.com/4tj6wnrp
https://doi.org/10.4018/979-8-3693-9750-3.ch013
https://doi.org/10.63282/3050-9416.ICAIDSCT26-104
https://tinyurl.com/34znjavu


Reports in Mechanical Engineering, Vol. 7, No. 2, 2026, pp. 1-14 

14  ISSN: 2683-5894 

 

 

 

 

Engineering and its Latest Technologies. International Research Journal on Advanced Engineering and Management 

(IRJAEM), 2(3), 54-64. https://doi.org/10.47392/IRJAEM.2024.00010  

Ramesh, K., Deshmukh, S., Ray, T., & Parimi, C. (2025). Enhancing manufacturing process accuracy: A 

multidisciplinary approach integrating computer vision, machine learning, and control systems. Journal of 

Manufacturing Processes, 142, 453-467. https://doi.org/10.1016/j.jmapro.2025.03.112  

Riedel, J. c., Lewis, J. A., & Pawar, K. S. (1991). Competitive Product Design Strategies in the UK Mechanical 

Engineering Industry. In Achieving Competitive Edge Getting Ahead Through Technology and People: Proceedings 

of the OMA-UK Sixth International Conference (pp. 253-258). Springer. https://doi.org/10.1007/978-1-4471-1904-

3_42  

Schlund, S., & Schmidt, M. (2021). Robotic process automation in industrial engineering: challenges and future 

perspectives. In International Conference on Applied Human Factors and Ergonomics (pp. 320-327). Springer. 

https://doi.org/10.1007/978-3-030-80462-6_40  

Seraj, A. H. A., & Sundram, V. P. K. (2026). Optimization of Mechanical Companies Production Performance through 

the Operations Management Models: Moderating Role of Technology Capability. Reports in Mechanical Engineering, 

7(1), 152-168. https://doi.org/10.31181/rme569  

Shrestha, N. (2021). Factor analysis as a tool for survey analysis. American journal of Applied Mathematics and 

statistics, 9(1), 4-11. https://doi.org/10.12691/ajams-9-1-2  

Sudhakar, G., Mantri, G., Suneetha, S., Kishan, K., & Kumar, G. N. K. (2025). The Impact Of Artificial Intelligence 

And Automation On Business Process Management And Organizational Performance. Journal of Philanthropy and 

Marketing, 5(1), 127-146. https://tinyurl.com/4ntfsc5m  

Świder, J., Michalski, P., & Wszołek, G. (2006). Laboratory support for the didactic process of engineering processes 

automation at the Faculty of Mechanical Engineering. Journal of Achievements in Materials and Manufacturing 

Engineering, 15(1-2), 199-206. http://jamme.acmsse.h2.pl/papers_cams05/1135.pdf  

Tanveer, A., & Latif, M. (2025). Metaverse-Based Business Models (MBMs) and Shadow AI Usage: The Solution to 

Knowledge Leakage in Business Industry. Journal of Metaverse Business Designs, 6(1), 44-55. 

https://doi.org/10.70890/JMBD.2025.6104  

Texis, N. A., Aguirre, R. C., Hernández, C. T., & Apizaco, T. (2019). Proposal: Lean Model for Continuous 

Improvement as a Cost Reduction Strategy, SME: SL Service Automotive Mechanical Engineering. The Journal of 

Middle East and North Africa Sciences, 5(5), 18-33. https://tinyurl.com/486bb65u  

Tuan, N. P., & Yoshi, T. (2010). Organisational capabilities, competitive advantage and performance in supporting 

industries in Vietnam. Asian Academy of Management Journal, 15(1). https://tinyurl.com/2hxcuak2  

Van Kleef, J. A., & Roome, N. J. (2007). Developing capabilities and competence for sustainable business 

management as innovation: a research agenda. Journal of Cleaner Production, 15(1), 38-51. 

https://doi.org/10.1016/j.jclepro.2005.06.002  

Wao, J. O. (2018). Improving creativity in the value engineering process for green building construction. In 

Construction Research Congress 2018 (pp. 780-790). https://doi.org/10.1061/9780784481301.077  

Wong, P.-K., & Ngin, P. M. (1997). Automation and organizational performance: The case of electronics 

manufacturing firms in Singapore. International Journal of Production Economics, 52(3), 257-268. 

https://doi.org/10.1016/S0925-5273(97)00087-X  

Yusoff, A. S. M., Peng, F. S., Razak, F. Z. A., & Mustafa, W. A. (2020). Discriminant validity assessment of religious 

teacher acceptance: The use of HTMT criterion. In Journal of Physics: Conference Series (Vol. 1529, pp. 042045). 

IOP Publishing. https://doi.org/10.1088/1742-6596/1529/4/042045  

Zheng, C., An, Y., Wang, Z., Qin, X., Eynard, B., Bricogne, M., Le Duigou, J., & Zhang, Y. (2023). Knowledge-based 

engineering approach for defining robotic manufacturing system architectures. International Journal of Production 

Research, 61(5), 1436-1454. https://doi.org/10.1080/00207543.2022.2037025  

 

https://doi.org/10.47392/IRJAEM.2024.00010
https://doi.org/10.1016/j.jmapro.2025.03.112
https://doi.org/10.1007/978-1-4471-1904-3_42
https://doi.org/10.1007/978-1-4471-1904-3_42
https://doi.org/10.1007/978-3-030-80462-6_40
https://doi.org/10.31181/rme569
https://doi.org/10.12691/ajams-9-1-2
https://tinyurl.com/4ntfsc5m
http://jamme.acmsse.h2.pl/papers_cams05/1135.pdf
https://doi.org/10.70890/JMBD.2025.6104
https://tinyurl.com/486bb65u
https://tinyurl.com/2hxcuak2
https://doi.org/10.1016/j.jclepro.2005.06.002
https://doi.org/10.1061/9780784481301.077
https://doi.org/10.1016/S0925-5273(97)00087-X
https://doi.org/10.1088/1742-6596/1529/4/042045
https://doi.org/10.1080/00207543.2022.2037025

