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Purpose: The main purpose of this paper is to examine the effect of mechanical 
digital twin, mechanical system flexibility, IoT, and big data analytics on 
operational performance. The study also examined the mediating effect of 
organizational resilience in the proposed framework. Design/ method/ approach: 
The present research adopted a quantitative approach and survey methods to 
gather responses from respondents. The population of the study consisted of 
employees working in organizations. Convenience sampling was used for the 
collection of responses. A total of 202 responses were used for analysis purposes. 
AMOS was used for assessment of analysis.  Findings: Results showed that 
organizational resilience has positive effect on operational performance. 
Moreover, IoT, Big data analytics capability, mechanical digital twin, and 
mechanical system flexibility have positive effect on operational performance. 
Findings also supported mediating effect of organizational resilience. Originality: 
Present study adds to the body of literature by exploring mediating role of 
organizational resilience. 
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1. Introduction 
The markets of the present digital age are characterized by personalization of products and shorter product life 

cycles. Global competition among organizations at the international level is mounting, which creates pressure on the 
resource efficiency of organizations to stay competitive and meet customer demand. To address these challenges, 
organizations need to adapt their strategies to improve their operational performance. In all sectors, operational 
performance is considered a widely accepted and recognized element of success (Fayyaz et al., 2025). Operational 
performance is the point at which different units of the organization work together to achieve certain goals. 
Organizations need to focus on development and adopt an innovative approach to improve operational performance 
(Buer et al., 2021). The element of operational performance is dependent on different factors like technological and 
mechanical factors.  

In the present digital age, big data analytical capabilities are important to develop innovation and sustain 
competitive advantage for the long-term period. Data is considered as the lifeblood of organizations with the usage of 
technology in almost every industry. Organizations that are unable to use technology in their operations are unable to 
perform well in the competitive market. At the global level, big data analytical capability is one of the focus areas for 
managers at the global level, as a number of studies have mentioned the importance of big data in decision making. 
On the other hand, it is complex to understand the nexus between sustainable innovation and big data analytical 
capability. The combination of big data analytics with sustainability is viewed as important for economic prosperity 
with social well-being and environmental preservation. It is challenging for developing economies to adopt factors 
that are important for big data analytical capability (Novicka & Volkova, 2025). As a result of big data analytic 
capabilities, organizations are able to provide long-term solutions to customers that impact their overall performance. 
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Therefore, organizations across different industries are taking actions to incorporate big data analytics into their 
operations globally today (Arshad et al., 2024). On the other hand, big data also expands opportunities for the rise of 
different technologies in the market.  

Factor of Internet of Things is also one of the factors that impact organizational operational performance. The 
Internet of things is network of different objects that communicate through internet between devices and person. Most 
organizations view internet of things as one of the big evolutions in technology. With the help of Internet of things, 
an individual can control and monitor different objects remotely. It is expected that business strategies and operations 
of the organizations are affected by internet of things and other related technologies. Internet of things get the attention 
of organizational decision makers as it is one of the important sources of strategic advantage. In other words, Internet 
of things is one of the important sources of competitive advantage of the organization. It has the ability to change 
future market and provide big business opportunities for organizations (Zein & Karimah, 2025). Therefore, it is 
important for organizations to align their strategies with the development of the Internet of Things. Organizations can 
make strategic decisions efficiently and effectively through this alignment. Organizations can identify problems and 
sustain competitive advantage as well through the integration of the Internet of Things (Vafaei-Zadeh et al., 2025). 

There are different technologies that are employed by organizations for the completion of projects. It is also 
dependent upon the stage of the project that leads to the usage of mechanical digital twins in the project (Menegon & 
Isatto, 2023). Mechanical digital twin in the business has the ability to help at the design phase before beginning of 
physical part of the project. Mechanical Digital twin is used for the expansion and repair phase as well (Fan et al., 
2025). Departments working on a project are connected with the mechanical digital twin, which helps managers to 
monitor the real-time situation of a project. Some studies have mentioned that the mechanical digital twin is important 
for enhancing the life cycle of the project, indicating its significance for project management.  

Mechanical system flexibility shows the effectiveness and efficiency of machines when they perform multiple 
operations, respond to alterations in production mix and volume, and accommodate different designs for organizations 
(Wehrle et al., 2021). Flexibility enables the system to handle system requirements and manage variations in the 
project. Mechanical flexibility is an important factor that describes the level to which different equipment can execute 
tasks efficiently and economically. Every sector around the globe is becoming increasingly demanding and uncertain 
(Atli & Krystallis, 2025). Therefore, mechanical system flexibility is considered one of the important sources of 
competitive advantage. Flexible mechanical systems allow organizations to sustain operational performance, reduce 
downtime, and improve responsiveness under challenging circumstances. 

In recent years, the factor of resilience has gained importance for organizations across different sectors. Resilience 
is one of the ways to survive in difficult situations and thrive through turbulence and adversity (Sethi et al., 2025). 
Resilience is linked to multi-ranged change phenomena, including general types of change, disruptive events, 
surprises, and unexpected events. Moreover, resilience is linked to different environmental characteristics, namely 
turbulent and uncertain environments, complex environments, and dynamic environments (Capoani et al., 2025). The 
factor of resilience is different in terms of every industry as it is mainly dependent on capabilities and resources of the 
organization that differ among organizations and industries also.  The aim of this paper is to examine the effect 
organizational resilience, IoT, big data analytical capabilities, mechanical digital twins, and Mechanical System 
Flexibility on operational performance.  

2. Review of Literature 
2.1 Organizational Resilience (ORS) and Operational Performance 

Operational performance is described in literature as measurable factor of processes of organizational outcomes 
including inventory turns, production cycle time and reliability (Okumu, 2022). Operational performance is the gauge 
regarding performance of business in its core and daily activities. operational performance at the optimum level 
guarantees the employee engagement, customer satisfaction and maximum profit. In other words, these three are 
aligned with the operational efficiency, and internal processes. Some of the authors have defined OR as organizational 
ability to anticipate, recover from, adapt to, and withstand from disruption while meeting performance targets and 
operational continuity (Manzini et al., 2025). In recent years, the concept of industry 4.0 is one of the factor that leads 
to performance improvement.  

In present volatile business conditions including economic shocks, technological failures, and supply chain 
interruptions, resilient organizations are in better position to protect critical processes, minimize downtime, and sustain 
stable operations. ORS is developed through supportive organizational culture, adaptive decision making, flexible 
operational structures and proactive risk management that enables rapid recovery and response (Rashed et al., 2025). 
This stability has direct positive impact on operational performance by improving responsiveness, reliability and 
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efficiency. Therefore, resilient organizations mostly learn from different kinds of disruption. Therefore, they refine 
their operational routines that later strengthen their long-term productivity and innovation process.  ORS enables them 
to absorb different shocks without significant losses in customer service, quality and output. Furthermore, resilience 
reduces chances of variability and operational risks. As a result, ORS play the role of strategic capability to safeguard 
operational continuity, improve delivery performance, flexibility, quality, cost control, and process effectiveness 
(Garrido-Moreno et al., 2024). The study by Werner et al. (2021) and Haddad and Hassan (2025) mentioned the 
positive effect of ORS on operational performance. Therefore, we hypothesize that 

H1: ORS has positive effect on Operational performance. 

2.2 Big Data Analytics capability (BDA) and Organizational Resilience (ORS) 

BDA is based on talent capability, technology and management of big data analytics (Qaffas et al., 2023). 
Likewise, scholars proposed that big data analytical capability is based on talent abilities, technical abilities and 
management abilities. Studies has defined big data analytical capability as ability of the organization to deploy, 
integrate and assemble its resources of big data (Su et al., 2022). The dimensions of big data analytics include data 
driven decision culture, big data managerial skills, and technical skills (Lin et al., 2025). ORS is significantly effected 
by BDA through improvement of recovery from, respond to and anticipate to disruption. With the help of technical 
skills and analytical tools organizations are able to interpret, process and collect large volumes of environmental and 
operational data, speed, visibility, and increasing transparency of information flow. It enables managers to find out 
warning signals at early stage, understand complex independencies, monitor risks in real time and make organizations 
proactive (Kong & Feng, 2025). 

The decision culture that is data driven also makes strong proactive reliance through integration of evidence-based 
reasoning into routines of organizations. When organizational and strategic decisions are dependent on data, 
organizations develop stronger foresight and awareness that allows them to anticipate different kinds of disruption. It 
also allows them to evaluate different alternatives in case of any problem. It provides support to the design of robust 
business and flexible strategies (Onesi-Ozigagun et al., 2024). Later, impact of different shocks in terms of operation 
and negative economic impacts are reduced. Organizational performance is also improved because of proactive 
resilience. By keeping operations during difficult situations, organizations are able to preserve market share, protect 
revenue streams, and minimize cost of downtime (Martín-Rojas et al., 2023). Additionally, resilient organizations 
mostly show superior decision making because managers are able to conduct assessment about risks, and planning of 
different scenarios that lead to higher quality and faster response in case of uncertainty. Overall, ORS is strengthened 
through BDA by timely decision making, informed decision making, supporting continuity planning, fostering 
proactive behavior and enhancing transparency (Lin et al., 2025). The study by Wided (2023) mentioned positive 
effect of big data analytical capability on OR. Thus, this research hypothesised that 

H2: BDA has positive effect on ORS. 

2.3 IOT and Organizational Resilience 

Internet of Things (IoT) has the ability to improve our daily lives and revolutionary industries with increased 
convenience and efficiency for all kinds of enterprises. In literature, IoT is referred to as network of different devices 
that is used to connect different objects with software, connectivity and sensors allowing organizations to connect and 
exchange data with the help of internet (Vadivel et al., 2026). IoT devices can minimize uncertainty and improve 
operational efficiency as data is processed efficiently. With devices that are IoT enable productivity is improved, and 
processes are automated. IoT has significant effects on ORS by enhanced data driven decision making, operational 
flexibility, real-time visibility and technological capacity. IoT connected systems and enabled sensors provide 
continuous information about market conditions, supply chains and operations during situation of crisis (Idrissi et al., 
2024). This monitoring on real time basis improves operational efficiency and situational awareness which is 
important factor of ORS.   

For organizations, adoption of IoT provides support in adaptive resilience by improving their chance to handle 
environmental changes. Although adoption of technology mostly follows probable patterns. Therefore, organizational 
readiness provides benefits in terms of their operations (Morchid et al., 2024). Effective implementation of IoT equips 
organizations with different tools to adjust strategies and analyze operational data in response to volatility of market. 
Therefore, capacity to perform tasks is increased. By leveraging data insights and connectivity, organizations are able 
to develop new services and products, collaboration with partners and explore new markets to develop innovative 
solutions. Organizations having string IoT capability often develop competitive advantage by improving innovation, 
continuity and responsiveness (Babu et al., 2024). Therefore, IoT plays the strategic role to improve OR (Shoomal et 
al., 2024). The study by Ahmed (2025) mentioned in empirical study that IoT has positive influence on ORS.  



Reports in Mechanical Engineering, Vol. 6, No. 2, 2025, pp. 65-79 

68  ISSN: 2683-5894 

 

 
 

 

H3: IoT has positive influence on ORS. 

2.4 Mechanical Digital Twin and Organizational Resilience 

Studies mentioned that digital twin technology is developed from tools of information monitoring with the help of 
internet connection, IoT deployment and digital simulation. Mechanical digital twins has the ability to address 
different issues related to construction sector to improve productivity (Xu et al., 2023). The construction process is 
improved with the help of mechanical digital twins. A mechanical digital twin has the ability to show asset behavior. 
Mechanical digital twin can enhance customers’ experience as organizations try to minimize cost do they can remain 
competitive. Mechanical digital twin can better predict analytics by predicting future projections (Amer et al., 2026). 
Mechanical digital twin adoption improves ORS by proactive decision-making predictive analytics and real tome 
monitoring in all types of industries. Mechanical digital twin develops a virtual duplicate of different physical assets 
that helps in maintenance of history and operational systems through data integration (Ebiloma et al., 2025).  

Mechanical digital twin makes ORS string by providing support to response planning and risk anticipation. 
Through scenario analysis and simulation, mechanical digital system allows organizations to test alternatives, demand 
variability, supply interruptions and machine breakdowns by developing strategies in advance (Bongomin et al., 2025). 
Therefore, preparedness and adaptive capacity are improved as a response. Past empirical studies also support 
relationship between mechanical digital twin and ORS. Study by Bellavista et al. (2021) showed mechanical digital 
twin has positive influence on factories of industry 4.0. Additionally, Hasan and Crawford (2025) revealed that 
adoption of mechanical digital twin enhances recovery capability, adaptation and anticipation. In other words, 
mechanical digital twins have positive influence on ORS.  

H4: Mechanical digital twins have positive effects on ORS.   

2.5 Mechanical System Flexibility and Organizational Resilience 

Mechanical system flexibility is the ability of a system to manage uncertainty and variability in grid, supply and 
demand in all timeframes. Scholars have defined mechanical system flexibility as ability of a system to cost effectively 
and reliably manage uncertainty and variability of supply and demand across all relevant times (Babatunde et al., 
2020). Mechanical system flexibility plays very important role in improving ORS by enabling organizations to 
recover, absorb and adapt from disruption (Rahimazar et al., 2024). ORS is only an attribute of system but also shows 
the resilience of employees who manage, operate and design them. In industrial and mechanical settings, operational 
and managerial teams should show high resilience in important situations, because their responses impact systems 
remain functioning experience failure or under stress. In this scenario, flexibility is one of the defining factors of 
resilient in mechanical systems as it keeps internal mechanism to adapt to changing conditions whereas, keeping 
essential functions even of the operational performance of organization is declined. In case of external pressures 
including system failures, market volatility and technological change exceed capacity of systems resistance. In other 
words, rigid systems are highly likely to collapse (Settembre-Blundo et al., 2021). 

From strategic point of view, ORS determines the capacity of organization to effectively respond to contextual 
feedback and environmental pressures. Therefore, mechanical system flexibility plays the role of important enabler 
regarding ORS by allowing organizations to efficiently respond rapidly to disruption and attain optimum performance. 
investment in innovative system and flexible technology has the ability to enhance reduce vulnerability and adaptive 
capacity to shocks. Organizations having complex infrastructure where flexibility can be embedded at the stage of 
planning ensures ORS. Research by Ghomi et al. (2023) empirically finds that system flexibility has positive effect 
on OR. Likewise the study of Rahimazar et al. (2024) and Shojaee et al. (2025) reported mechanical system flexibility 
have positive impact on organizational resilient. On the basis of above discussion, we assume that 

H5: mechanical system flexibility has positive effect on ORS. 

2.6 Mediation of Organizational Resilience 

OR has the ability to act as mediator and develop link between BDA and operational performance by allowing 
organizations to convert analytical capabilities into recovery and adaptive oriented actions.  As BDA enhances ability 
of organizations to generate actionable insights, anticipate operational disruptions and sense environmental changes. 
These capabilities do not translate into operational performance directly. Improvement in operational continuity, 
reliability, and efficiency are realized when data-based insights are integrated within organizational processes that 
help continuous learning, process stability, rapid response and support flexibility (Bhuiyan et al., 2025). 

By providing strength to adaptive capacity and preparedness at the level of operation, ORS alters analytical 
intelligence into effective actions and decisions. Therefore, it ensures operational performance through ORS. 
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Mediating role of ORS is empirically discussed in literature. Study by Jangsiriwattana (2021); Malik and Garg (2020); 
Al-Mahrouqi et al. (2023) empirically mentioned mediating role of OR.  

H6: Organizational Resilience is a significant mediator between Big Data Analytics and operational Performance. 
Studies mentioned that ORS has the ability to mediate between IoT and operational performance by allowing 

organizations to change data driven and real time insights into responsive and adaptive capabilities. IoT technologies 
improve visibility of operation through regular monitoring of operations and helps in early findings of possible 
disruptions at the level of operations (Mashat et al., 2024).  Whereas IoT technologies capability creates improvement 
in operational performance in situations when organizations develop routines and resilient structures that provide 
support to operational response rapidly, resource reconfiguration and continuous operations during unexpected shocks. 
By mechanisms of recovery, flexibility and learning, ORS converts IoT adoption into operational actions, thus 
ensuring sustainable operational performance. Studies by Malik and Garg (2020); Al-Mahrouqi et al. (2023) discussed 
mediating effect of ORS.  

H7: Organizational Resilience is a significant mediator between IOT and Operational Performance. 
ORS has the ability to bridge the gap between mechanical digital twin and operational performance. It is because 

ORS enables the organizations to convert real time monitoring and simulation-based insights into recovery and 
adaptive oriented operational actions. Mechanical digital twins enhance scenario analysis, system visibility and 
predictive maintenance that allows organizations to anticipate failure of equipment and disruptions of operations 
(Amer et al., 2026). Whereas mechanical digital twin improves operational performance when technology is 
embedded within operations of resilience supporting flexibility under stressful situations.  

By recovery, learning and preparedness, ORS shape digital twins into sustainable operational performance, 
improved efficiency and operational stability un dynamic environment. Studies revealed mediating role of operational 
performance empirically. Research by Jangsiriwattana (2021); Malik and Garg (2020) mentioned mediating effect of 
ORS.  

H8: organizational Resilience is a significant mediator between Mechanical Digital Twin and Operational 
Performance. 

The link between mechanical system flexibility and operational performance (Silva & FERREIRA, 2017) can be 
potentially mediated by ORS as it converts technical adaptability into capabilities of operational response. Flexible 
mechanical systems help organizations in rapid alteration in operating conditions, process configuration and 
production volumes in response to unexpected disruption and demand variability. 

Whereas operational performance improvement is achieved in case of integration between resilient operational 
routines that support recovery, learning, timely response and anticipation (Rashed et al., 2025). Through alignment of 
mechanical adaptability with decision making processes and resilient operational structures, ORS converts mechanical 
system flexibility into stable operational outcomes, operational reliability and sustained efficiency.  

H9: Organizational Resilience as significant mediator between Mechanical System Flexibility and Operational 
Performance. 

 
Figure 1: Framework 
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Based on above discussion, Figure 1 is developed showing framework of the study 

3. Methodology 
Quantitative research methodology was used for the current study. Additionally, for collection of data present 

research used survey instruments. Scale from the literature review was adopted to be used in survey. On the other 
hand, convenient sampling technique was used for collection of data. 265 questionnaires were distributed among the 
managers of construction organizations and 202 usable responses were received back. These responses were analyzed 
using AMOS. 

3.1 Measurements 

Researchers used quantitative research design and measured the latent variables with the well-developed scale 
adapted by previous researcher. Five points Likert scale was used IoT  as the future use of  IOT and measured with 
four items scale used by Rotsios et al. (2025), Big data analytics capability measured by 3 items scale used by 
Maroufkhani et al. (2020). Digital twin measured by 9 items scale used by Ebiloma et al. (2025). Mechanical system 
flexibility measured by 5 items scale used by Zhang et al. (2003). Operational Performance of organization measured 
by four items scale used by de Souza Miguel and Brito (2011). Organizational resilience measured by 9 items scale 
used by Kantur and Say (2015). All the measurements had good reliability and validity in the existing research.  

3.2 Data Analysis 

According to Table -1, 52.1% were male respondents and 47.9% were female, as regard to the age 28.6% were 
between 15 to 22, 27.2% were between 23 to 30, 31.3% were between 31 to 38 and 12.9% were above 39 years. 24.4% 
were having HSSC, 29.5% were BS, 17.9% were MS, and 28.1% were PhD respondents.  

Table 1: Demographic Characteristics 

Variant Class N % 
Gender    

 Male   113 52.1% 
 Female   104 47.9% 

Age    
 15–22 years  62 28.6% 
 23– 30 years  59 27.2% 
 31– 38 years 68 31.3% 
 Above 39 years 28 12.9% 

Education    
 HSSC 53 24.4% 
 BS 64 29.5% 
 MS 39 17.9% 
 PhD 61 28.1% 

Testing the demographic characteristics of the respondents leads to further data analysis strategies like testing of 
convergent and discriminant validity and reliability.  

3.3 Reliability and Validity  

Table -2 demonstrates the constructs’ reliability and validity Matthews et al. (2018) to test the convergent 
reliability researcher evaluated the CR, for the construct to be convergent valid value of CR should be greater than or 
equal to 0.70 and for the validity testing value of AVE (average variance extracted) should be greater than 0.50 (Hair 
Jr et al., 2020). After performing CFA in AMOS researcher tested the convergent and discriminant validity and 
reliability with the help of factor loadings of the items with respect to their latent variables. From Table 2 it is evident 
that all the items have loadings greater than 0.60 and the reliability greater than 0.70 thus retained in the study for 
further analysis. We can see that the value of AVEs for all latent variables is greater than 0.50 (see figure 2). 
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Figure 2: Confirmatory Factor Analysis 

Table 2 (a): CFA, Factor Loading 

Variable   Items Loading AVE CR 
IOT (IOT)   0.53 0.85 

 IOT1 .870   
 IOT2 .746   
 IOT3 .634   
 IOT4 .665   
 IOT5 .697   

Big data Analytics Capability 
(BDA)   0.54 0.78 

 BDA1 .717   
 BDA2 .792   
 BDA3 .699   

Mechanical Digital Twin (DTW)   0.55 0.91 
 DTW1 .726   
 DTW2 .745   
 DTW3 .791   
 DTW4 .700   
 DTW5 .760   
 DTW6 .719   
 DTW7 .726   
 DTW8 .731   
 DTW9 .786   

Mechanical System Flexibility (MSF)   0.50 0.84 
 MSF1 .691   
 MSF2 .682   
 MSF3 .730   
 MSF4 .751   
 MSF5 .691   

Organizational Resilience (ORS)   0.53 0.91 
 ORS1 .743   
 ORS2 .690   
 ORS3 .744   
 ORS4 .733   
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Table 2 (b): CFA, Factor Loading 

Variable   Items Loading AVE CR 
 ORS5 .698   
 ORS6 .721   
 ORS7 .711   
 ORS8 .767   
 ORS9 .743   

Operational Performance (OP)   0.52 0.81 
 OP1 .732   
 OP2 .747   
 OP3 .707   
 OP4 .685   

3.4 Discriminant Validity 

For the validation of discriminant validity and reliability, researchers compared the values of AVEs for the related 
constructs with the correlation among variables. the values of AVEs taken at the diagonal and the values for the 
correlation given below diagonal (Fornell & Larcker, 1981). For the validation of discriminant validity, the values of 
AVEs compared with the values of correlation. The values at the diagonal should be greater than correlation. Table-3 
demonstrates that the discriminant validity established for the given constructs.  

Table 3: Discriminant Validity 

  i.  ii.  iii.  iv.  v.  vi.  α 
IOT 0.53      0.82 
BDA 0.32 0.54     0.83 
DTW 0.36 0.31 0.55    0.92 
MSF 0.31 0.37 0.36 0.50   0.90 
ORS 0.35 0.39 0.41 0.38 0.53 

 
 0.86 

OP 0.28** 0.34 0.31 0.22 0.26        0.52 0.79 

Table-3 shows that discriminant validity confirmed, all values at the diagonal are greater than 0.50 and moves 
from 0.50 to 0.55, are greater than the values of squared correlations. All the values of reliability are greater than 0.70 
moves from 0.79 to 0.92 (Hair Jr et al., 2020). 

3.5 Model Testing 

Researcher tested the model using Structural equation modelling in AMOS.  

 
Figure 3: Model Test 
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Figure. 3 shows the testing of hypothesized models and standardized estimations. From Table 4 we can see that 
the tested model is good fit model having all the fitness indicators in good range.  demonstrate the model testing and 
the values of standardized estimates, Values of GFI, TLI, CFI, NFI, greater than 0.80 demonstrating a good fit model 
(Anderson & Gerbing, 1988). 

Table 4: Model Fitness 

RMSEA CFI IFI GFI AGFI TLI 
0.023 0.86 0.91 0.87 0.85 0.97 

 In the below Table-5, given the estimates of direct and indirect effects of the hypothesised model.  

Table 5: Direct and Indirect Effects 

Independent Variable Dependent Variable Mediator Effect 
IOT  

 
Organizational Resilience 

 
 
 

0.39** 
BDA 0.56** 
DTW 0.28* 

Mechanical System 
Flexibility 

0.36** 

Organizational Resilience  
 

Operational Performance 

0.68** 
IOT   

Organizational Resilience 
0.265* 

BDA  0.380* 
DTW  0.190* 

Mechanical System 
Flexibility 

 0.245* 

Table-5 shows that IOT positively significantly affects organizational resilience with effect 0.39 and significant at 
1%.big data adoption positively significantly effects the organizational resilience with effect 0.56 and significance at 
1%. Mechanical Digital twin positively significantly effects the organizational resilience with effect 0.28 and 
significance at 5%. Mechanical system flexibility positively significantly affects the organizational resilience with 
effect 0.36 significant at 1%. Organizational resilience positively significantly affects the operational performance 
with effect 0.68 and significant at 1%.  

Organizational resilience positively significantly mediates the link between IOT and the operational performance 
with effect 0.265 and 5% significant. Organizational resilience positively significantly mediates the link between big 
data adoption and the operational performance with effect 0.380 and 5% significant. Organizational resilience 
positively significantly mediates the link between digital twin and the operational performance with effect 0.190 and 
significance 5%. Organizational resilience positively significantly mediates the link between Mechanical system 
flexibility and the operational performance with effect 0.245 and significance 5%. 

4. Discussion 
This research examined effect of IoT, DTW, BDA and mechanical system flexibility on organizational resilience 

and operational performance. The results of the study shows that organizational resilience has positive effect on 
operational performance. organizations with higher organizational resilience often reflects more ability to enhance 
and maintain operational performance in situations of environmental change, disruption and uncertainty. 
Organizations are able to identify potential risks because of organizational resilience that later enables them to 
effectively respond to operational shocks. Moreover, organizations are able to adapt internal processes without having 
any major economic loss. Therefore, operational performance of organization improves because of better utilization 
of resources and reduced downtime.  

Furthermore, recovery and learning mechanism is supported by organizational resilience that later provides 
strength to operational routines with the passage to time leading to long term improvement in operational performance. 
Resilient organizations are in better position to coordinate functional activities, realign operational priorities and 
reconfigure workflows that directly enhances operational performance in the form of service quality, reliability and 
efficiency.  The findings of the study also suggests that organizational resilience plays the role of strategic capability 
that converts organizational responses into superior and stable operational performance. Thus, investment of firms in 
organizational resilience will lead to higher operational performance. These findings are supported by Haddad and 
Hassan (2025) from the literature.  
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The results of the findings support the hypothesis that IoT has positive influence on organizational resilience as 
revealed in the study of Ahmed (2025). The result of the study indicates that IoT technologies help firm to improve 
their organizational resilience by enabling then for rapid response, regular monitoring and real-time data collection at 
the stage of operational disruptions. With the help of IoT enabled system organizations often get improved visibility 
throughout the supply chains, and processes that strengthen organizational resilience by helping proactive risk 
management and timely decision making.  

Furthermore, IoT integration improves organizational resilience by providing support to efficient resource 
coordination, early detection system failure, and predictive maintenance. Organizations are allowed through these 
capabilities to quickly adapt according to unexpected events and environmental conditions. The findings also reveals 
that IoT also contributes to recovery and learning mechanisms because gathering data through platforms of IoT helps 
in analysing disruption within organizations and develop strategies to respond. The results demonstrate that IoT plats 
an important technological role to enable organizational resilience. Through integration of IoT in strategic and 
operational processes, organizations have the ability to sustain operational performance.  

The findings show that big data analytics capability has positive effect on organizational resilience Wided (2023). 
The possible reason for these findings can be the big data analytics capability strengthen organizational ability to 
respond unexpected situations and interpret complex data. Opposite to traditional information system, big data 
analytics capability allows organizations to handle unstructured and large volume of data, allowing deeper analysis 
into weak and emerging risk situations. By enhanced scenario analysis and forecasting, big data analytics capability 
provides support in terms of decision-making that later contributes directly to organizational resilience.  

Moreover, organizational resilience is improved through big data analytics capability by providing facility in 
operational responses, strategic alignment and coordination. Data driven insights developed with the help of big data 
analytics capability allows organizations to adjust priorities, redesign processes and reallocated resources in real time. 
As a result of this dynamic responsiveness, organizational resilience is enhanced. Moreover, organizational is 
improved as well by reducing operational shocks and reaction time. Big data analytics capability also promotes 
learning within the organization that later effect the outcomes.  

The results of this research revealed that mechanical digital twin has positive effect on organizational resilience as 
demonstrated by Hasan and Crawford (2025). The findings indicates that mechanical digital twin is strong predictor 
of organizational resilience by enhancing foresight, control and visibility in all systems. Mechanical digital twin 
system regularly shows the behavior and condition of all equipment that allows organizations to locate performance 
deviation in the beginning stage. This regular loop of feedback developed through mechanical digital twins provides 
strength to organizations resilience by minimizing chances of break down.  

Moreover, mechanical digital twin allows organizations to handle stress scenarios, load variations and mechanical 
failures that improves adaptive capacity and preparedness. By regularly using mechanical digital twins, organizations 
mostly optimize mechanical configurations, refine maintenance schedule and evaluate response strategies. The 
insights developed through mechanical digital twins also have positive influence on organizational resilience by 
enhancing coordination among different operational units. Therefore, organizations relying on mechanical digital 
twins allowing organizations to respond to risks in proactive manner.  

The results of the study demonstrate that mechanical system flexibility has positive effect on organizational 
resilience. Similar findings are also discussed in study of Shojaee et al. (2025) in past. The possible reasons for these 
findings can be that mechanical system flexibility enables firms to alter mechanical operations in case of changing 
environment. Higher mechanical system flexibility helps organizations to adapt mechanical processes, reconfigure 
equipments and modify production volumes without any delay. As a result of this adaptability, organizational 
resilience is strengthened without any vulnerability.  

Also, mechanical system flexibility provide support to organizational resilience by ensuring fast response to 
variability of demand, process interruptions and equipment failures. When mechanical system flexibility is integrated 
with basic organizational operations, organizations are in better position to handle turbulent situations. These results 
suggests that mechanical system flexibility improves problem solving and learning because flexible systems allows 
mechanical configurations. With application of mechanical system flexibility in the organizational operations, 
organizations develop adaptive routines and capabilities to handle stressful situations. So, mechanical system 
flexibility has very important role to play in enhancement of organizational resilience.  

The results also demonstrate mediating role of organizational resilience between IoT and operational performance. 
The results shows that IoT capabilities of the organization can lead to improved operational performance, but they 
have to go through organizational resilience. By providing support to organizational resilience, real time insights are 
created through IoT that later convert faster recover in case of disruption. This mediating finding highlights that 
organizational resilience is one of the important factor in the relationship between IoT and operational performance.  

The results also shows that organizational resilience mediates between big data analytics capabilities and 
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operational performance. The findings reflects that organizational resilience is important to mediate between big data 
analytics capabilities and operational performance. As big data analytics capabilities develop valueable patterns and 
predictions, organizational resilience has the ability to control operations under pressure. With the help of resilient 
structure rapid adjustment in priorities and processes become possible. By using this pathway, operational 
performance is enhanced indirectly through big data analytics capabilities.  

The findings of the study also support the mediating effect of organizational resilience between Mechanical Digital 
Twin and operational performance. The findings shows that mechanical digital twin helps in providing predictive 
insights, simulation and advanced monitoring. Operational performance of organization is possible in case of resilient 
processes of organizations. With the help of organizational resilience, organizations are enabled to convert digital 
twins into recovery actions, decision making, and timely responses. By using this mediating relationship, operational 
performance is strengthened through mechanical digital twin through organizational capacity to absorb pressure 
leading to sustained operational performance. 

The results also support mediating role of organizational resilience between mechanical system flexibility and 
operational performance. These findings explain the way technical adaptability is converted into outcomes linked to 
performance. Despite adjustment in processes and equipments is allowed by mechanical system flexibility, operational 
performance of organizations is improved in case of resilient priorities and coordination. It is ensured through 
organizational resilience that flexible mechanical response is implemented on regular basis minimizing variation in 
performance. This mediation result show that operational performance is strengthen through resilience rather that 
alone role of mechanical system flexibility. These mediating results are aligned with Rashed et al. (2025).  

5. Limitations and Future Directions 
Limitations and the way to handle mentioned limitations will be highlighted in the section. This research is 

showing relationships between four independent variables one dependent variable and one mediator. It is proposed to 
add one moderating variable in same framework upcoming studies. Moreover, present study has used two IT related 
variables namely IoT and big data analytics capability. It is proposed to use other variables like blockchain as IV in 
future.  

This study used AMOS for the analysis of data collected from respondents. It is proposed to conduct analysis of 
the similar studies in future through Smart PLS 4 or Process MACROS. Additionally, this study used two mechanical 
variables like flexibility and digital twins. Future studies may add more variables related to mechanics in their studies. 
In the end, this research is quantitative by nature, it is proposed to use mixed methodology for more in-depth opinion 
collection of the respondents.   

6. Theoretical and Managerial Contribution 
This section discusses managerial and theoretical implications of present study. This research extend literature by 

discussing mechanical system flexibility, mechanical digital twin, big data analytics capability and IoT in a single 
framework. These results highlight the key role of organizational resilience to enhance operational performance. By 
discussing mediating effect of organizational resilience, this research enrich the literature of operations and 
information system in process to improve operational performance.  

In terms of managerial implications, the research provides guidelines to the managers and decision makers to 
invest in mechanical systems and digital technologies to enhance operational performance. Managers of organizations 
should give priority to organizational resilience for the transformation of mechanical adaptability and technological 
factors into improved operational performance.  

7. 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 KFU254844]'. 

References 
Ahmed, R. (2025). Synergizing AI, IoT, and Data Science to Enhance Organizational and Urban Resilience in Unstable 
Economies. https://doi.org/10.22541/au.174837073.32567903/v1  

Al-Mahrouqi, T., Chan, M. F., Al-Mukhaini, M., Al Shehi, M., Al-Huseini, S., Jahan, F., Al Balushi, N., 
Panchatcharam, S. M., & Al Alawi, M. (2023). The differential mediating roles of resilience in the relationship 

https://doi.org/10.22541/au.174837073.32567903/v1


Reports in Mechanical Engineering, Vol. 6, No. 2, 2025, pp. 65-79 

76  ISSN: 2683-5894 

 

 
 

 

between meaningful living and stress among college students during the COVID-19 pandemic. Scientific reports, 
13(1), 11671. https://doi.org/10.1038/s41598-023-38975-0  

Amer, Y., Soufali, A., & Zaghwan, A. (2026). A digital twin-based framework for predictive quality assurance and 
supply chain resilience in the automotive industry. Advanced Engineering Informatics, 69, 103969. 
https://doi.org/10.1016/j.aei.2025.103969  

Anderson, J. C., & Gerbing, D. W. (1988). Structural equation modeling in practice: A review and recommended two-
step approach. Psychological bulletin, 103(3), 411. https://doi.org/10.1037/0033-2909.103.3.411  

Arshad, M., Qadir, A., Ahmad, W., & Rafique, M. (2024). Enhancing organizational sustainable innovation 
performance through organizational readiness for big data analytics. Humanities and Social Sciences 
Communications, 11(1), 1-15. https://doi.org/10.1057/s41599-024-03424-4  

Atli, K., & Krystallis, I. (2025). Design flexibility in managing infrastructure projects: Contributing factors and 
research avenues. International Journal of Project Management, 43(1), 102675. 
https://doi.org/10.1016/j.ijproman.2025.102675  

Babatunde, O. M., Munda, J. L., & Hamam, Y. (2020). Power system flexibility: A review. Energy Reports, 6, 101-
106. https://doi.org/10.1016/j.egyr.2019.11.048  

Babu, M. M., Rahman, M., Alam, A., & Dey, B. L. (2024). Exploring big data-driven innovation in the manufacturing 
sector: evidence from UK firms. Annals of Operations Research, 333(2), 689-716. https://doi.org/10.1007/s10479-
021-04077-1  

Bellavista, P., Giannelli, C., Mamei, M., Mendula, M., & Picone, M. (2021). Application-driven network-aware digital 
twin management in industrial edge environments. IEEE transactions on industrial informatics, 17(11), 7791-7801. 
https://doi.org/10.1109/TII.2021.3067447  

Bhuiyan, M. R. I., Akter, M. S., Amin, A.-., & Hossain, R. (2025). The mediating effect of innovation capabilities, 
information quality and supply chain resilience in the relationship between big data analytics capability (BDAC) and 
healthcare performance. Sage Open, 15(3), 21582440251362262. https://doi.org/10.1177/21582440251362262  

Bongomin, O., Mwape, M. C., Mpofu, N. S., Bahunde, B. K., Kidega, R., Mpungu, I. L., Tumusiime, G., Owino, C. 
A., Goussongtogue, Y. M., & Yemane, A. (2025). Digital Twin technology advancing Industry 4.0 and Industry 5.0 
across Sectors. Results in Engineering, 105583. https://doi.org/10.1016/j.rineng.2025.105583  

Buer, S.-V., Semini, M., Strandhagen, J. O., & Sgarbossa, F. (2021). The complementary effect of lean manufacturing 
and digitalisation on operational performance. International Journal of Production Research, 59(7), 1976-1992. 
https://doi.org/10.1080/00207543.2020.1790684  

Capoani, L., Fantinelli, M., & Giordano, L. (2025). The concept of resilience in economics: a comprehensive analysis 
and systematic review of economic literature. Continuity & Resilience Review. https://doi.org/10.1108/CRR-11-2024-
0045  

de Souza Miguel, P. L., & Brito, L. A. L. (2011). Supply chain management measurement and its influence on 
operational performance. Journal of operations and supply chain management, 4(2), 56-70. 
https://doi.org/10.12660/joscmv4n2p56-70  

Ebiloma, D. O., Aigbavboa, C. O., & Anumba, C. (2025). Key drivers of digital twin maintenance management for 
healthcare facilities in Nigeria. Engineering, Construction and Architectural Management, 1-20. 
https://doi.org/10.1108/ECAM-11-2024-1555  

Fan, J.-S., Xu, M.-N., Li, Y.-C., Ding, Y.-F., Liu, Y.-F., Geng, B., & Liao, X.-J. (2025). Mechanics-based digital twin 
model for structural construction using 3D scanning and FE model updating. Automation in Construction, 173, 
106109. https://doi.org/10.1016/j.autcon.2025.106109  

Fayyaz, A., Liu, C., Xu, Y., & Ramzan, S. (2025). Effects of green human resource management, internal 
environmental management and developmental culture between lean six sigma and operational performance. 
International Journal of Lean Six Sigma, 16(1), 109-140. https://doi.org/10.1108/IJLSS-04-2023-0065  

Fornell, C., & Larcker, D. F. (1981). Evaluating structural equation models with unobservable variables and 
measurement error. Journal of marketing research, 18(1), 39-50. https://doi.org/10.1177/002224378101800104  

https://doi.org/10.1038/s41598-023-38975-0
https://doi.org/10.1016/j.aei.2025.103969
https://doi.org/10.1037/0033-2909.103.3.411
https://doi.org/10.1057/s41599-024-03424-4
https://doi.org/10.1016/j.ijproman.2025.102675
https://doi.org/10.1016/j.egyr.2019.11.048
https://doi.org/10.1007/s10479-021-04077-1
https://doi.org/10.1007/s10479-021-04077-1
https://doi.org/10.1109/TII.2021.3067447
https://doi.org/10.1177/21582440251362262
https://doi.org/10.1016/j.rineng.2025.105583
https://doi.org/10.1080/00207543.2020.1790684
https://doi.org/10.1108/CRR-11-2024-0045
https://doi.org/10.1108/CRR-11-2024-0045
https://doi.org/10.12660/joscmv4n2p56-70
https://doi.org/10.1108/ECAM-11-2024-1555
https://doi.org/10.1016/j.autcon.2025.106109
https://doi.org/10.1108/IJLSS-04-2023-0065
https://doi.org/10.1177/002224378101800104


Reports in Mechanical Engineering ISSN: 2683-5894  77 

Effects of Big Data, Mechanical System Flexibility, IOT and Digital Twin Adoption …. (Mohammed A. Al Doghan) 

 

 
 

 
 

 

Garrido-Moreno, A., Martín-Rojas, R., & García-Morales, V. J. (2024). The key role of innovation and organizational 
resilience in improving business performance: A mixed-methods approach. International Journal of Information 
Management, 77, 102777. https://doi.org/10.1016/j.ijinfomgt.2024.102777  

Ghomi, V., Nooraei, S. V. R., Shekarian, N., Shokoohyar, S., & Parast, M. (2023). Improving supply chain resilience 
through investment in flexibility and innovation. International Journal of Systems Science: Operations & Logistics, 
10(1), 2221068. https://doi.org/10.1080/23302674.2023.2221068  

Haddad, M. K., & Hassan, R. S. (2025). Enhancing Organizational Performance Through Agility and Resilience: A 
Strategic Capability Perspective. Cureus Journal of Business and Economics, 2. https://doi.org/10.7759/s44404-025-
06140-7  

Hair Jr, J. F., Howard, M. C., & Nitzl, C. (2020). Assessing measurement model quality in PLS-SEM using 
confirmatory composite analysis. Journal of Business Research, 109, 101-110. 
https://doi.org/10.1016/j.jbusres.2019.11.069  

Hasan, S. K., & Crawford, C. W. (2025). A new era for digital twins: Progress and industry adoption. Digital Twin, 
2555877. https://doi.org/10.1080/27525783.2025.2555877  

Idrissi, Z. K., Lachgar, M., & Hrimech, H. (2024). Blockchain, IoT and AI in logistics and transportation: A systematic 
review. Transport Economics and Management, 2, 275-285. https://doi.org/10.1016/j.team.2024.09.002  

Jangsiriwattana, T. (2021). The mediating effect of resilience on the relationship between perceived organizational 
support and work engagement. Academy of Strategic Management Journal, 20, 1-12. https://tinyurl.com/4kpjrzhr  

Kantur, D., & Say, A. I. (2015). Measuring organizational resilience: A scale development. Journal of Business 
Economics and Finance, 4(3). https://doi.org/10.17261/Pressacademia.2015313066  

Kong, T., & Feng, T. (2025). Enhancing supply chain resilience: the role of big data analytics capability and 
organizational ambidexterity. Industrial Management & Data Systems, 125(7), 2348-2370. 
https://doi.org/10.1108/IMDS-07-2024-0674  

Lin, J., Wu, S., & Luo, X. (2025). How does big data analytics capability affect firm performance? Unveiling the role 
of organisational resilience and environmental dynamism. European Journal of Information Systems, 34(3), 502-528. 
https://doi.org/10.1080/0960085X.2024.2375262  

Malik, P., & Garg, P. (2020). Learning organization and work engagement: The mediating role of employee resilience. 
The International Journal of Human Resource Management, 31(8), 1071-1094. 
https://doi.org/10.1080/09585192.2017.1396549  

Manzini, D., Oosthuizen, R., & Chikwanda, H. K. (2025). Enhancing Organisational Resilience Through Systems 
Thinking. Social Sciences & Humanities Open, 12, 101783. https://doi.org/10.1016/j.ssaho.2025.101783  

Maroufkhani, P., Tseng, M.-L., Iranmanesh, M., Ismail, W. K. W., & Khalid, H. (2020). Big data analytics adoption: 
Determinants and performances among small to medium-sized enterprises. International Journal of Information 
Management, 54, 102190. https://doi.org/10.1016/j.ijinfomgt.2020.102190  

Martín-Rojas, R., Garrido-Moreno, A., & García-Morales, V. J. (2023). Social media use, corporate entrepreneurship 
and organizational resilience: A recipe for SMEs success in a post-Covid scenario. Technological Forecasting and 
Social Change, 190, 122421. https://doi.org/10.1016/j.techfore.2023.122421  

Mashat, R. M., Abourokbah, S. H., & Salam, M. A. (2024). Impact of internet of things adoption on organizational 
performance: a mediating analysis of supply chain integration, performance, and competitive advantage. 
Sustainability, 16(6), 2250. https://doi.org/10.3390/su16062250  

Matthews, L., Hair, J., & Matthews, R. (2018). PLS-SEM: The holy grail for advanced analysis. Marketing 
management journal, 28(1), 1-13. https://doi.org/10.63963/001c.151119  

Menegon, J., & Isatto, E. L. (2023). Digital twins as enablers of structure inspection and maintenance. Gestão & 
Produção, 30, e4922. https://doi.org/10.1590/1806-9649-2022v30e4922  

Morchid, A., El Alami, R., Raezah, A. A., & Sabbar, Y. (2024). Applications of internet of things (IoT) and sensors 
technology to increase food security and agricultural Sustainability: Benefits and challenges. Ain Shams Engineering 
Journal, 15(3), 102509. https://doi.org/10.1016/j.asej.2023.102509  

https://doi.org/10.1016/j.ijinfomgt.2024.102777
https://doi.org/10.1080/23302674.2023.2221068
https://doi.org/10.7759/s44404-025-06140-7
https://doi.org/10.7759/s44404-025-06140-7
https://doi.org/10.1016/j.jbusres.2019.11.069
https://doi.org/10.1080/27525783.2025.2555877
https://doi.org/10.1016/j.team.2024.09.002
https://tinyurl.com/4kpjrzhr
https://doi.org/10.17261/Pressacademia.2015313066
https://doi.org/10.1108/IMDS-07-2024-0674
https://doi.org/10.1080/0960085X.2024.2375262
https://doi.org/10.1080/09585192.2017.1396549
https://doi.org/10.1016/j.ssaho.2025.101783
https://doi.org/10.1016/j.ijinfomgt.2020.102190
https://doi.org/10.1016/j.techfore.2023.122421
https://doi.org/10.3390/su16062250
https://doi.org/10.63963/001c.151119
https://doi.org/10.1590/1806-9649-2022v30e4922
https://doi.org/10.1016/j.asej.2023.102509


Reports in Mechanical Engineering, Vol. 6, No. 2, 2025, pp. 65-79 

78  ISSN: 2683-5894 

 

 
 

 

Novicka, J., & Volkova, T. (2025). Bridging big data analytics capability with sustainability business performance: a 
literature review. Sustainability, 17(6), 2362. https://doi.org/10.3390/su17062362  

Okumu, S. A. (2022). Logistics Practices and Operational Performance of Fast-moving Consumer Goods 
Manufacturing Firms in Nairobi County. In. University of Nairobi. 
https://doi.org/http://erepository.uonbi.ac.ke/handle/11295/162643  

Onesi-Ozigagun, O., Ololade, Y. J., Eyo-Udo, N. L., & Oluwaseun, D. (2024). Data-driven decision making: Shaping 
the future of business efficiency and customer engagement. International Journal of Multidisciplinary Research 
Updates, 7(2), 19-29. https://doi.org/10.53430/ijmru.2024.7.2.0031  

Qaffas, A. A., Ilmudeen, A., Almazmomi, N. K., & Alharbi, I. M. (2023). The impact of big data analytics talent 
capability on business intelligence infrastructure to achieve firm performance. foresight, 25(3), 448-464. 
https://doi.org/10.1108/FS-01-2021-0002  

Rahimazar, A., Nouri Qarahasanlou, A., Khanzadeh, D., & Tavaghi, M. (2024). Assessing resilience in mechanical 
systems: an industrial perspective. International Journal of Quality & Reliability Management, 41(9), 2452-2468. 
https://doi.org/10.1108/IJQRM-09-2022-0271  

Rashed, M., Uddin, M. K., Islam, M. F., Mohsin, A., Rahman, S., Kumar, S., & Rana, J. (2025). Building 
organizational resilience in emerging economies: Strategic insights from Bangladesh. Sustainable Futures, 10, 
101327. https://doi.org/10.1016/j.sftr.2025.101327  

Rotsios, K., Folinas, D., Mouchtari, C., Andreou, A., Fotiadis, T., Folina, M.-T., & Gasteratos, A. (2025). Exploring 
the factors influencing the acceptance of IoT applications in food packaging. Foods, 14(4), 575. 
https://doi.org/10.3390/foods14040575  

Sethi, M., Sushil, & Gupta, M. (2025). Modelling the enablers of organizational resilience: a modified total interpretive 
structural modeling (m-TISM) approach. Benchmarking: An International Journal, 32(5), 1776-1824. 
https://doi.org/10.1108/BIJ-09-2023-0621  

Settembre-Blundo, D., González-Sánchez, R., Medina-Salgado, S., & García-Muiña, F. E. (2021). Flexibility and 
resilience in corporate decision making: a new sustainability-based risk management system in uncertain times. Global 
Journal of Flexible Systems Management, 22(Suppl 2), 107-132. https://doi.org/10.1007/s40171-021-00277-7  

Shojaee, A., Rashed, M., Islam, M. F., & Vasa, L. (2025). Innovative configurations for organizational resilience: 
Bridging the proactive and reactive capability in volatile environments. Sustainable Futures, 10, 101236. 
https://doi.org/10.1016/j.sftr.2025.101236  

Shoomal, A., Jahanbakht, M., Componation, P. J., & Ozay, D. (2024). Enhancing supply chain resilience and efficiency 
through internet of things integration: Challenges and opportunities. Internet of Things, 27, 101324. 
https://doi.org/10.1016/j.iot.2024.101324  

Silva, A. A., & FERREIRA, F. C. (2017). Uncertainty, flexibility and operational performance of companies: 
modelling from the perspective of managers. RAM. Revista de Administração Mackenzie, 18, 11-38. 
https://doi.org/10.1590/1678-69712017/administracao.v18n4p11-38  

Su, X., Zeng, W., Zheng, M., Jiang, X., Lin, W., & Xu, A. (2022). Big data analytics capabilities and organizational 
performance: the mediating effect of dual innovations. European Journal of Innovation Management, 25(4), 1142-
1160. https://doi.org/10.1108/EJIM-10-2020-0431  

Vadivel, S. R. S., Karthikeyan, V., & Gopalakrishnan, K. (2026). Introduction to the Internet of Things (IoT). In 
Internet of Things Security (pp. 3-31). Elsevier. https://doi.org/10.1016/B978-0-44-333759-8.00010-1  

Vafaei-Zadeh, A., Nikbin, D., Danaraj, T., & Hanifah, H. (2025). Internet of Things adoption and manufacturing firms’ 
performance: the role of innovation capabilities. Journal of Manufacturing Technology Management. 
https://doi.org/10.1108/JMTM-11-2024-0610  

Wehrle, E., Palomba, I., & Vidoni, R. (2021). Modeling, design and optimization of flexible mechanical systems. In 
(Vol. 11, pp. 7124). MDPI. https://doi.org/10.3390/app11157124  

Werner, M. J. E., Yamada, A. P. L., Domingos, E. G. N., Leite, L. R., & Pereira, C. R. (2021). Exploring organizational 
resilience through key performance indicators. Journal of Industrial and Production Engineering, 38(1), 51-65. 

https://doi.org/10.3390/su17062362
https://doi.org/http:/erepository.uonbi.ac.ke/handle/11295/162643
https://doi.org/10.53430/ijmru.2024.7.2.0031
https://doi.org/10.1108/FS-01-2021-0002
https://doi.org/10.1108/IJQRM-09-2022-0271
https://doi.org/10.1016/j.sftr.2025.101327
https://doi.org/10.3390/foods14040575
https://doi.org/10.1108/BIJ-09-2023-0621
https://doi.org/10.1007/s40171-021-00277-7
https://doi.org/10.1016/j.sftr.2025.101236
https://doi.org/10.1016/j.iot.2024.101324
https://doi.org/10.1590/1678-69712017/administracao.v18n4p11-38
https://doi.org/10.1108/EJIM-10-2020-0431
https://doi.org/10.1016/B978-0-44-333759-8.00010-1
https://doi.org/10.1108/JMTM-11-2024-0610
https://doi.org/10.3390/app11157124


Reports in Mechanical Engineering ISSN: 2683-5894  79 

Effects of Big Data, Mechanical System Flexibility, IOT and Digital Twin Adoption …. (Mohammed A. Al Doghan) 

 

 
 

 
 

 

https://doi.org/10.1080/21681015.2020.1839582  

Wided, R. (2023). IT capabilities, strategic flexibility and organizational resilience in SMEs post-COVID-19: A 
mediating and moderating role of big data analytics capabilities. Global Journal of Flexible Systems Management, 
24(1), 123-142. https://doi.org/10.1007/s40171-022-00327-8  

Xu, H., Wu, J., Pan, Q., Guan, X., & Guizani, M. (2023). A survey on digital twin for industrial internet of things: 
Applications, technologies and tools. IEEE Communications Surveys & Tutorials, 25(4), 2569-2598. 
https://doi.org/10.1109/COMST.2023.3297395  

Zein, A., & Karimah, M. (2025). The Role of Internet of Things (IoT) in Enhancing Asset Management and 
Operational Efficiency. Dirya: Journal of Economic Management, 2(1), 1-8. https://doi.org/10.70283/dirya.v2i1.72  

Zhang, Q., Vonderembse, M. A., & Lim, J.-S. (2003). Manufacturing flexibility: defining and analyzing relationships 
among competence, capability, and customer satisfaction. Journal of Operations Management, 21(2), 173-191. 
https://doi.org/10.1016/S0272-6963(02)00067-0  

 

https://doi.org/10.1080/21681015.2020.1839582
https://doi.org/10.1007/s40171-022-00327-8
https://doi.org/10.1109/COMST.2023.3297395
https://doi.org/10.70283/dirya.v2i1.72
https://doi.org/10.1016/S0272-6963(02)00067-0

	Mohammed A. Al Doghan1*, Anvar Absamatov2

