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This study aimed to develop and empirically evaluate an integrated framework examining 

the effects of integrated queue management and service composition capability on 

Manufacturing-as-a-Service (MaaS) performance, while assessing the enabling role of 

technological support factors within service-oriented manufacturing environments. This 

applied quantitative study employed a descriptive-correlational design using structural 

equation modeling. The statistical population consisted of manufacturing managers, 

industrial engineers, production planners, and digital manufacturing specialists working in 

manufacturing organizations in Tehran, Iran. A total of 384 participants were selected 

through stratified random sampling. Data were collected using a researcher-developed 

questionnaire measuring integrated queue management, service composition capability, 

technological support factors, and MaaS performance. Content validity was confirmed by 

an expert panel, while construct validity was assessed through confirmatory factor analysis. 

Reliability was established using Cronbach’s alpha, composite reliability, and average 

variance extracted indicators. Data analysis was performed using SPSS 27 and SmartPLS 

4. The measurement model demonstrated satisfactory reliability and validity, with 

Cronbach’s alpha values ranging from 0.887 to 0.925, composite reliability values between 

0.909 and 0.938, and average variance extracted values exceeding 0.50 for all constructs. 

Structural equation modeling revealed that integrated queue management had a significant 

positive effect on MaaS performance (β = 0.421, t = 8.974, p < 0.001). Service composition 

capability also exerted a significant positive effect on MaaS performance (β = 0.366, t = 

7.852, p < 0.001). Technological support factors significantly influenced MaaS 

performance directly (β = 0.214, t = 4.986, p < 0.001) and indirectly through their effects 

on integrated queue management (β = 0.492, t = 9.843, p < 0.001) and service composition 

capability (β = 0.547, t = 11.308, p < 0.001). The proposed model explained 68.7% of the 

variance in MaaS performance (R² = 0.687), indicating substantial explanatory power and 

predictive relevance. The findings demonstrate that integrated queue management and 

service composition capability are critical drivers of Manufacturing-as-a-Service 

performance, while technological support factors provide the essential infrastructure 

enabling their effectiveness.  
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1. Introduction 

he rapid digital transformation of manufacturing 

systems has fundamentally changed the way 

production resources are organized, managed, and delivered 

across industrial ecosystems. Traditional manufacturing 

environments, characterized by fixed production capacities, 

isolated resources, and rigid operational structures, are 

increasingly being replaced by flexible and service-oriented 

architectures that emphasize interoperability, scalability, and 

dynamic resource sharing. Within this context, 

Manufacturing-as-a-Service (MaaS) has emerged as a 

promising paradigm that enables manufacturing resources, 

capabilities, and production services to be offered and 

consumed in a manner analogous to cloud-based computing 

services. By leveraging distributed infrastructures, 

intelligent networking technologies, and service-oriented 

architectures, MaaS allows organizations to access 

manufacturing capabilities on demand while improving 

resource utilization, operational agility, and production 

efficiency (Taleb et al., 2023; Zeydan & Mangues‐Bafalluy, 

2022). 

The growing complexity of industrial production systems 

has intensified the need for sophisticated mechanisms 

capable of coordinating heterogeneous manufacturing 

services across distributed environments. Modern 

manufacturing networks often involve multiple service 

providers, production facilities, logistics systems, 

computational resources, and intelligent devices that must 

operate collaboratively to satisfy dynamic customer 

demands. As the number of interconnected services 

increases, organizations face significant challenges related 

to service selection, task allocation, workflow orchestration, 

and operational synchronization. These challenges are 

particularly evident in MaaS environments where 

production requests must be dynamically matched with 

available manufacturing resources while ensuring optimal 

performance and minimal delays. Recent developments in 

service-oriented architectures and distributed systems have 

highlighted the importance of intelligent orchestration 

frameworks for managing increasingly complex service 

ecosystems (Garcia-Alonso, 2025; Horstmann et al., 2024; 

S., 2024). 

One of the most critical operational challenges affecting 

MaaS environments is queue management. In distributed 

manufacturing systems, production requests frequently 

compete for limited resources, resulting in waiting times, 

bottlenecks, resource contention, and reduced operational 

efficiency. Ineffective queue management can lead to 

increased lead times, lower throughput, underutilization of 

resources, and diminished customer satisfaction. 

Consequently, organizations are seeking innovative 

approaches that can dynamically prioritize tasks, allocate 

resources efficiently, and optimize workflow execution. 

Advances in data engineering and distributed networking 

technologies have demonstrated that intelligent queue 

management mechanisms can significantly enhance the 

performance of complex service-oriented systems by 

enabling adaptive scheduling, real-time monitoring, and 

automated workload balancing (He et al., 2025; Romanov et 

al., 2023; Zeydan & Mangues‐Bafalluy, 2022). 

The concept of service composition has also attracted 

considerable attention as a means of improving operational 

effectiveness in distributed environments. Service 

composition refers to the process of combining multiple 

independent services into integrated workflows capable of 

delivering complex functionalities. In manufacturing 

systems, service composition enables organizations to 

coordinate production resources, logistics services, quality 

assurance functions, and computational capabilities within a 

unified operational framework. Effective service 

composition facilitates greater flexibility, adaptability, and 

responsiveness, allowing manufacturing systems to react 

efficiently to changing production requirements and market 

conditions. Recent studies have emphasized that advanced 

service composition frameworks represent a fundamental 

component of next-generation digital ecosystems and 

distributed service architectures (Garcia-Alonso, 2025; 

Kelliher et al., 2024; Shen, 2025). 

The emergence of cloud-native technologies, 

microservices architectures, and serverless computing has 

further accelerated the evolution of service composition 

methodologies. These technologies enable organizations to 

deploy modular, scalable, and reusable service components 

that can be dynamically assembled according to operational 

requirements. Dynamic function configuration mechanisms 

have been shown to support efficient resource allocation and 

service adaptability in highly distributed environments. 

Similarly, event-driven architectures facilitate real-time 

communication among distributed services, allowing 

organizations to respond rapidly to operational changes and 

system events. Such capabilities are particularly relevant in 

MaaS environments where production requests, resource 

availability, and customer requirements may fluctuate 

continuously (Agarwal, 2025; Arafat, 2025; Bernard, 2025). 

T 

https://journals.kmanpub.com/index.php/jppr/index
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Recent advances in distributed computing have 

demonstrated the value of intelligent orchestration systems 

for coordinating complex workflows. Workflow 

orchestration mechanisms provide automated control over 

service interactions, task sequencing, and resource 

allocation decisions. Through centralized or decentralized 

coordination approaches, orchestration frameworks help 

ensure that distributed services operate cohesively while 

minimizing inefficiencies and operational disruptions. 

Research on distributed systems has consistently indicated 

that effective orchestration contributes to enhanced 

scalability, reliability, and performance across a wide range 

of application domains. These findings suggest that similar 

benefits may be achieved in MaaS environments through the 

integration of advanced orchestration and queue 

management strategies (Ahmadvand et al., 2026; Jani & 

Jani, 2024; S., 2024). 

The increasing adoption of artificial intelligence and 

intelligent automation technologies has created new 

opportunities for optimizing manufacturing service 

ecosystems. AI-enabled orchestration frameworks are 

capable of analyzing operational conditions, predicting 

workload patterns, and dynamically adapting resource 

allocation strategies in response to changing circumstances. 

Recent developments in adaptive workflow management 

and compound AI systems have demonstrated significant 

improvements in efficiency, scalability, and decision-

making performance. Such capabilities are particularly 

valuable in manufacturing environments where rapid 

adaptation to fluctuating production demands is essential for 

maintaining competitiveness and operational effectiveness 

(Gravara et al., 2026; Jiang et al., 2026; Xiao, 2026). 

Furthermore, advances in cloud orchestration and 

distributed resource management have provided valuable 

insights into the optimization of large-scale service 

ecosystems. Studies examining Kubernetes-based 

infrastructures, serverless architectures, and distributed 

processing frameworks have highlighted the importance of 

efficient workload distribution and adaptive resource 

scheduling. These technologies enable organizations to 

improve resource utilization while maintaining service 

quality and operational resilience. The principles underlying 

these approaches can be effectively applied to MaaS 

environments, where manufacturing resources must be 

dynamically allocated to meet diverse production 

requirements (He et al., 2025; Kandpal et al., 2024; Malleni 

et al., 2026). 

Another important consideration in modern service-

oriented systems is fault tolerance and resilience. 

Manufacturing operations frequently encounter disruptions 

arising from equipment failures, communication 

breakdowns, fluctuating workloads, and unexpected 

environmental conditions. Consequently, resilient service 

architectures capable of maintaining operational continuity 

under adverse conditions have become increasingly 

important. Research on modular and fault-tolerant systems 

has demonstrated that robust orchestration mechanisms and 

adaptive resource management strategies can significantly 

improve system reliability and service availability. These 

findings underscore the necessity of incorporating resilience 

considerations into MaaS performance optimization 

frameworks (Dobaj et al., 2023; Guru et al., 2026; Singh, 

2026). 

The convergence of cyber-physical systems, digital 

twins, industrial Internet of Things technologies, and 

distributed computing infrastructures has further expanded 

the potential of MaaS implementations. These technologies 

facilitate real-time visibility into manufacturing operations 

and support intelligent decision-making across distributed 

production networks. Digital twins, in particular, provide 

powerful capabilities for monitoring, simulation, and 

predictive optimization, enabling organizations to evaluate 

alternative scheduling and service composition strategies 

before implementation. Such innovations create 

opportunities for integrating queue management and service 

composition mechanisms within comprehensive 

performance enhancement frameworks (Bernard, 2025; 

Dobaj et al., 2023; Thajchayapong, 2025). 

Despite significant advances in service-oriented 

architectures, distributed computing, workflow 

orchestration, and intelligent resource management, 

important gaps remain in the literature regarding the 

integrated application of queue management and service 

composition within MaaS environments. Existing studies 

have frequently examined resource allocation, workflow 

orchestration, service composition, and performance 

optimization as separate research domains. Comparatively 

limited attention has been devoted to understanding how 

intelligent queue management mechanisms interact with 

service composition capabilities to jointly influence 

manufacturing service performance. Moreover, empirical 

evidence regarding the combined effects of these factors 

within industrial MaaS settings remains relatively scarce. 

Given the increasing complexity of distributed 

manufacturing ecosystems and the growing demand for 

https://journals.kmanpub.com/index.php/jppr/index
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efficient resource utilization, a comprehensive examination 

of these relationships is both theoretically and practically 

warranted (Gravara et al., 2026; Malvankar et al., 2026; 

Mantha et al., 2026). 

Addressing these challenges requires the development of 

integrated frameworks capable of simultaneously optimizing 

resource allocation, service orchestration, workflow 

coordination, and operational responsiveness. Such 

frameworks must leverage advances in distributed 

computing, intelligent automation, event-driven 

architectures, and adaptive scheduling while remaining 

applicable to real-world manufacturing environments. 

Understanding the interplay between queue management 

and service composition can provide valuable guidance for 

practitioners seeking to enhance production efficiency, 

reduce operational delays, improve service quality, and 

strengthen organizational competitiveness within 

increasingly digitalized industrial ecosystems (Arafat, 2025; 

Singh, 2026; Xiao, 2026). 

Therefore, the aim of this study was to develop and 

empirically evaluate an integrated framework of queue 

management and service composition for enhancing 

Manufacturing-as-a-Service performance in manufacturing 

organizations. 

2. Methods and Materials 

This study employed an applied research approach with a 

quantitative methodology to investigate the effects of 

integrated queue management and service composition on 

Manufacturing-as-a-Service (MaaS) performance. The 

research was conducted using a descriptive-correlational 

design and structural equation modeling to examine the 

relationships among the study variables and to develop a 

comprehensive framework for improving operational 

performance in MaaS environments. The statistical 

population consisted of managers, industrial engineers, 

production planners, manufacturing systems specialists, 

digital manufacturing consultants, and senior experts 

working in manufacturing firms and smart production 

centers located in Tehran, Iran. These organizations had 

adopted or were in the process of implementing digital 

manufacturing technologies, cloud manufacturing systems, 

industrial Internet of Things platforms, and service-oriented 

production architectures. Using Cochran’s sample size 

formula for finite populations and considering a confidence 

level of 95%, a sample of 384 participants was determined 

to be sufficient for the study. Participants were selected 

through stratified random sampling to ensure adequate 

representation from different industrial sectors, including 

automotive manufacturing, electronics production, metal 

industries, machinery manufacturing, and advanced 

manufacturing enterprises. Inclusion criteria required 

participants to possess at least three years of professional 

experience in manufacturing operations or industrial service 

management and to have familiarity with digital 

manufacturing systems and service-oriented production 

environments. 

Data were collected using a researcher-developed 

questionnaire designed based on an extensive review of the 

literature on Manufacturing-as-a-Service, queue 

management systems, service composition, cloud 

manufacturing, production scheduling, and operational 

performance optimization. The questionnaire consisted of 

four major dimensions. The first dimension assessed 

integrated queue management practices, including dynamic 

scheduling, workload balancing, resource allocation 

efficiency, waiting-time reduction mechanisms, queue 

prioritization strategies, and adaptive task assignment. The 

second dimension evaluated service composition 

capabilities, including service discovery, service selection, 

service orchestration, interoperability, flexibility, and 

composability of manufacturing services. The third 

dimension measured operational performance indicators, 

including production efficiency, service responsiveness, 

resource utilization, throughput improvement, lead-time 

reduction, and system reliability. The fourth dimension 

examined organizational and technological support factors, 

including information system integration, digital 

infrastructure readiness, technological compatibility, and 

managerial support for service-oriented manufacturing. All 

questionnaire items were measured using a five-point Likert 

scale ranging from 1 (strongly disagree) to 5 (strongly 

agree). To establish content validity, the instrument was 

reviewed by a panel of fifteen experts specializing in 

industrial engineering, operations management, cloud 

manufacturing, and digital production systems. Their 

feedback was incorporated into the final version of the 

questionnaire. Construct validity was subsequently assessed 

through confirmatory factor analysis. Reliability was 

evaluated using Cronbach’s alpha coefficient and composite 

reliability indices, both of which exceeded the recommended 

threshold of 0.70, indicating satisfactory internal 

consistency and measurement reliability. 

Additional organizational data were gathered from 

participating companies to provide contextual information 

https://journals.kmanpub.com/index.php/jppr/index
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regarding production capacity, level of digitalization, 

manufacturing service utilization, and operational 

characteristics. These supplementary data were used to 

enhance the interpretation of findings and to support the 

validation of the proposed conceptual framework. Prior to 

the main data collection phase, a pilot study involving thirty 

manufacturing professionals was conducted to assess the 

clarity, comprehensibility, and practical applicability of the 

questionnaire. Minor revisions were implemented based on 

participant feedback before launching the full-scale survey. 

Data analysis was performed using SPSS version 27 and 

SmartPLS version 4. Initially, descriptive statistics were 

calculated to summarize participant characteristics and the 

distribution of responses. Measures of central tendency and 

dispersion were employed to describe the study variables. 

Subsequently, normality tests, multicollinearity diagnostics, 

and reliability assessments were conducted to verify the 

suitability of the data for multivariate analysis. The 

measurement model was evaluated through confirmatory 

factor analysis, including assessments of convergent 

validity, discriminant validity, factor loadings, average 

variance extracted, and composite reliability. Following 

confirmation of the measurement model, structural equation 

modeling was employed to examine the hypothesized 

relationships among integrated queue management, service 

composition, and Manufacturing-as-a-Service performance. 

Path coefficients, t-values, effect sizes, and coefficients of 

determination were calculated to assess the strength and 

significance of the proposed relationships. Model fit indices 

and predictive relevance measures were also examined to 

evaluate the adequacy of the final model. Statistical 

significance was determined at the 0.05 level, and all 

analyses were conducted in accordance with established 

methodological standards for operations management and 

manufacturing systems research. 

3. Findings and Results 

A total of 384 valid questionnaires were collected and 

included in the final analysis. Among the participants, 267 

respondents (69.5%) were male and 117 respondents 

(30.5%) were female. Regarding age distribution, 84 

participants (21.9%) were between 25 and 34 years old, 171 

participants (44.5%) were between 35 and 44 years old, 96 

participants (25.0%) were between 45 and 54 years old, and 

33 participants (8.6%) were 55 years old or older. 

Concerning educational attainment, 78 participants (20.3%) 

held bachelor's degrees, 223 participants (58.1%) held 

master's degrees, and 83 participants (21.6%) possessed 

doctoral degrees. Regarding professional experience, the 

average work experience was 11.74 years (SD = 4.92), 

indicating that respondents possessed substantial expertise 

in manufacturing operations and service-oriented production 

systems. Participants represented a broad range of industrial 

sectors, including automotive manufacturing (28.1%), 

electronics manufacturing (19.3%), machinery production 

(22.4%), metal industries (17.2%), and other advanced 

manufacturing sectors (13.0%). 

Table 1 

Descriptive Statistics and Correlations Among Study Variables 

Variable Mean SD 1 2 3 4 

1. Integrated Queue Management 3.87 0.71 1.00    

2. Service Composition Capability 3.79 0.68 0.63** 1.00   

3. Technological Support Factors 3.74 0.66 0.58** 0.61** 1.00  

4. MaaS Performance 4.02 0.73 0.71** 0.69** 0.65** 1.00 

 

Table 1 presents the descriptive statistics and bivariate 

correlations among the principal study variables. The results 

indicate that Manufacturing-as-a-Service performance 

exhibited the highest mean score (M = 4.02, SD = 0.73), 

suggesting that participating organizations generally 

reported favorable performance outcomes. Integrated queue 

management demonstrated a relatively high average score 

(M = 3.87, SD = 0.71), followed by service composition 

capability (M = 3.79, SD = 0.68) and technological support 

factors (M = 3.74, SD = 0.66). The correlation analysis 

revealed statistically significant positive relationships 

among all variables (p < .01). Integrated queue management 

showed the strongest correlation with MaaS performance (r 

= .71), indicating that organizations with more effective 

queue management practices tended to achieve superior 

operational performance. Similarly, service composition 

capability was strongly associated with MaaS performance 

(r = .69), while technological support factors also 

demonstrated a substantial positive relationship with 

performance outcomes (r = .65). These findings provide 

https://journals.kmanpub.com/index.php/jppr/index
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preliminary evidence supporting the theoretical assumption 

that efficient service orchestration and intelligent queue 

management contribute significantly to manufacturing 

service effectiveness. 

Table 2 

Measurement Model Assessment 

Construct Number of Items Cronbach's Alpha Composite Reliability AVE 

Integrated Queue Management 8 0.912 0.928 0.618 

Service Composition Capability 7 0.901 0.919 0.641 

Technological Support Factors 6 0.887 0.909 0.625 

MaaS Performance 9 0.925 0.938 0.654 

 

The reliability and validity analyses demonstrated strong 

psychometric properties for all measurement constructs. As 

shown in Table 2, Cronbach's alpha coefficients ranged from 

0.887 to 0.925, substantially exceeding the recommended 

threshold of 0.70 and indicating excellent internal 

consistency. Composite reliability values ranged between 

0.909 and 0.938, confirming the stability and reliability of 

the measurement model. Furthermore, average variance 

extracted (AVE) values varied from 0.618 to 0.654, 

surpassing the recommended criterion of 0.50 and providing 

evidence of adequate convergent validity. Collectively, 

these results confirm that the questionnaire constructs were 

measured reliably and that the latent variables adequately 

captured the intended theoretical dimensions. Therefore, the 

measurement model was considered satisfactory for 

subsequent structural model analysis. 

Figure 1 

Structural Model of the Relationships Among Integrated Queue Management, Service Composition Capability, Technological Support 

Factors, and Manufacturing-as-a-Service Performance 

 

The structural model was subsequently evaluated to 

determine the explanatory power of the proposed 

framework. The model demonstrated satisfactory fit and 

predictive capability. Integrated queue management and 

https://journals.kmanpub.com/index.php/jppr/index
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service composition capability emerged as central 

determinants of MaaS performance, while technological 

support factors provided an enabling infrastructure that 

strengthened operational effectiveness. The model explained 

a substantial proportion of variance in MaaS performance, 

suggesting that the proposed framework successfully 

captures the primary operational mechanisms through which 

manufacturing service systems can improve productivity, 

responsiveness, and resource utilization. Visual inspection 

of the structural model indicated strong positive paths among 

the constructs, supporting the conceptual assumptions 

developed in the theoretical framework. 

Table 3 

Structural Path Coefficients and Hypothesis Testing 

Hypothesized Path β t-value p-value Result 

Integrated Queue Management → MaaS Performance 0.421 8.974 <0.001 Supported 

Service Composition Capability → MaaS Performance 0.366 7.852 <0.001 Supported 

Technological Support Factors → MaaS Performance 0.214 4.986 <0.001 Supported 

Technological Support Factors → Service Composition Capability 0.547 11.308 <0.001 Supported 

Technological Support Factors → Integrated Queue Management 0.492 9.843 <0.001 Supported 

 

The hypothesis testing results presented in Table 3 

indicate that all proposed relationships were statistically 

significant and supported. Integrated queue management 

exerted the strongest direct effect on MaaS performance (β 

= 0.421, t = 8.974, p < 0.001), confirming its critical role in 

enhancing manufacturing service outcomes. Service 

composition capability also demonstrated a substantial 

positive influence on performance (β = 0.366, t = 7.852, p < 

0.001), suggesting that effective service integration and 

orchestration significantly improve operational efficiency. 

Technological support factors had both direct and indirect 

effects on MaaS performance. Specifically, technological 

support strongly influenced service composition capability 

(β = 0.547, t = 11.308, p < 0.001) and integrated queue 

management (β = 0.492, t = 9.843, p < 0.001), indicating that 

digital infrastructure and technological readiness serve as 

foundational enablers of advanced manufacturing service 

operations. The magnitude and significance of these 

coefficients provide strong empirical support for the 

proposed theoretical model. 

Table 4 

Coefficient of Determination, Effect Size, and Predictive Relevance 

Endogenous Variable R² Adjusted R² Q² Interpretation 

Integrated Queue Management 0.242 0.240 0.181 Moderate 

Service Composition Capability 0.299 0.297 0.214 Moderate 

MaaS Performance 0.687 0.684 0.472 Substantial 

The predictive assessment results further confirmed the 

robustness of the proposed framework. As shown in Table 4, 

the model explained 68.7% of the variance in 

Manufacturing-as-a-Service performance (R² = 0.687), 

indicating substantial explanatory power. This result 

suggests that integrated queue management, service 

composition capability, and technological support factors 

collectively account for a large proportion of organizational 

performance variation within MaaS environments. The 

predictive relevance statistics (Q²) were positive for all 

endogenous constructs and exceeded recommended 

thresholds, confirming that the model possesses strong 

predictive capability. The highest predictive relevance value 

was observed for MaaS performance (Q² = 0.472), 

demonstrating the practical usefulness of the framework for 

forecasting performance outcomes in service-oriented 

manufacturing systems. Overall, the findings indicate that 

integrating intelligent queue management mechanisms with 

effective service composition strategies can substantially 

improve the operational performance, responsiveness, 

efficiency, and competitiveness of Manufacturing-as-a-

Service environments. 

4. Discussion and Conclusion 

The purpose of this study was to develop and empirically 

evaluate an integrated framework of queue management and 

service composition for enhancing Manufacturing-as-a-

Service (MaaS) performance. The findings demonstrated 

https://journals.kmanpub.com/index.php/jppr/index
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that integrated queue management, service composition 

capability, and technological support factors all exerted 

significant positive effects on MaaS performance. 

Furthermore, technological support factors significantly 

influenced both integrated queue management and service 

composition capability, indicating that technological 

readiness functions as a foundational enabler for operational 

excellence in service-oriented manufacturing systems. The 

structural model explained a substantial proportion of the 

variance in MaaS performance (R² = 0.687), highlighting the 

practical importance of these factors in determining 

manufacturing service effectiveness. Overall, the findings 

support the central proposition that the integration of 

intelligent queue management mechanisms with effective 

service composition strategies can substantially improve 

responsiveness, resource utilization, throughput, and overall 

manufacturing performance. 

One of the most important findings of the study was the 

strong direct effect of integrated queue management on 

MaaS performance. Among all direct predictors, integrated 

queue management exhibited the largest path coefficient, 

suggesting that efficient management of production 

requests, resource allocation, workload balancing, and 

scheduling activities represents a critical determinant of 

operational success in MaaS environments. This finding is 

consistent with the theoretical foundations of service-

oriented manufacturing, which emphasize the importance of 

minimizing delays and optimizing resource utilization 

across distributed production networks. In MaaS 

ecosystems, manufacturing resources are often shared 

among multiple users and organizations, increasing the 

complexity of task scheduling and resource assignment. 

Consequently, intelligent queue management mechanisms 

become essential for ensuring that production requests are 

processed efficiently and that bottlenecks are minimized. 

The positive effect of queue management identified in 

this study aligns with prior research highlighting the 

significance of workload optimization and adaptive 

scheduling in distributed systems. Research investigating 

distributed workflow orchestration has demonstrated that 

effective coordination of service requests improves 

operational efficiency and reduces system congestion (S., 

2024). Similarly, studies examining distributed processing 

architectures have shown that dynamic workload 

management and intelligent resource allocation contribute 

significantly to enhanced system performance and 

scalability (He et al., 2025; Romanov et al., 2023). The 

present findings extend these observations to the MaaS 

context by demonstrating that queue management 

mechanisms play a central role in coordinating 

manufacturing services and optimizing production 

outcomes. In practice, organizations capable of dynamically 

prioritizing requests, balancing workloads, and allocating 

resources in real time are likely to achieve higher levels of 

throughput and customer satisfaction. 

Another important finding was the significant positive 

effect of service composition capability on MaaS 

performance. Service composition refers to the ability to 

combine multiple manufacturing services into coherent 

workflows capable of delivering complex production 

outcomes. The results suggest that organizations possessing 

stronger service composition capabilities are better 

positioned to coordinate distributed manufacturing resources 

and respond effectively to changing operational demands. 

This finding reflects the increasingly interconnected nature 

of contemporary manufacturing systems, where value 

creation often depends on the seamless integration of 

multiple services, technologies, and organizational actors. 

The observed relationship between service composition 

capability and performance is strongly supported by prior 

literature on service-oriented architectures and workflow 

orchestration. Research has consistently demonstrated that 

effective service composition enhances flexibility, 

interoperability, and adaptability within distributed systems 

(Horstmann et al., 2024; Shen, 2025). Similarly, 

investigations into event-driven architectures have shown 

that integrated service ecosystems facilitate rapid 

communication, coordinated decision-making, and efficient 

execution of complex workflows (Arafat, 2025). The 

findings are also consistent with emerging perspectives 

emphasizing composability as a critical characteristic of 

next-generation digital systems. For example, studies 

focusing on advanced service fabrics and dynamic workflow 

architectures have demonstrated that composable services 

enable organizations to rapidly reconfigure operations in 

response to evolving environmental conditions (Garcia-

Alonso, 2025; Shen, 2025). The current study contributes to 

this literature by demonstrating that service composition 

capability constitutes a major driver of manufacturing 

service performance. 

The findings further revealed that technological support 

factors exerted both direct and indirect effects on MaaS 

performance. Technological support was found to 

significantly influence integrated queue management and 

service composition capability while also exerting a direct 

positive effect on overall performance. This result highlights 

https://journals.kmanpub.com/index.php/jppr/index
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the foundational role of digital infrastructure, 

interoperability, information system integration, and 

technological readiness in enabling advanced manufacturing 

service operations. Without adequate technological support, 

organizations may struggle to implement sophisticated 

queue management mechanisms or coordinate complex 

service workflows effectively. 

These findings are consistent with a growing body of 

literature emphasizing the importance of technological 

infrastructure in distributed and service-oriented systems. 

Research examining cloud-native architectures, serverless 

frameworks, and distributed computing platforms has 

demonstrated that robust technological foundations facilitate 

scalability, flexibility, and operational efficiency (Agarwal, 

2025; Kandpal et al., 2024). Similarly, studies investigating 

data engineering and networking technologies have 

emphasized the critical role of infrastructure integration in 

supporting intelligent resource management and service 

coordination (Zeydan & Mangues‐Bafalluy, 2022). The 

significant effects observed in this study suggest that 

technological readiness not only improves operational 

capabilities directly but also strengthens the effectiveness of 

managerial mechanisms responsible for resource allocation 

and workflow coordination. 

The strong relationship between technological support 

and service composition capability deserves particular 

attention. The results indicate that organizations possessing 

advanced technological infrastructures are more capable of 

orchestrating complex service interactions and developing 

integrated manufacturing workflows. This finding is 

supported by studies examining distributed cloud services 

and event-driven systems, which have demonstrated that 

infrastructure maturity facilitates service integration and 

automated workflow execution (Bernard, 2025; Jani & Jani, 

2024). Likewise, research on adaptive orchestration 

mechanisms has shown that technological sophistication 

enables organizations to dynamically coordinate 

heterogeneous services while maintaining system 

performance and reliability (Ahmadvand et al., 2026; 

Gravara et al., 2026). Therefore, investments in 

technological infrastructure may generate performance 

benefits both directly and indirectly through improvements 

in service composition capabilities. 

The significant relationship between technological 

support factors and integrated queue management also offers 

important theoretical insights. Modern queue management 

systems increasingly rely on real-time information 

processing, predictive analytics, distributed monitoring, and 

automated decision-making capabilities. Consequently, the 

effectiveness of queue management mechanisms is heavily 

dependent upon the availability of appropriate technological 

resources. This interpretation is supported by studies 

demonstrating that advanced computational infrastructures 

enable intelligent workload distribution and adaptive 

resource scheduling across distributed environments 

(Malleni et al., 2026; Mantha et al., 2026). Similarly, 

research examining agent-based optimization and intelligent 

orchestration has shown that technological capabilities 

facilitate the dynamic adjustment of workflows in response 

to changing operational conditions (Malvankar et al., 2026; 

Xiao, 2026). The current findings suggest that technological 

readiness provides the necessary foundation for 

implementing sophisticated queue management strategies 

within MaaS ecosystems. 

Another noteworthy finding concerns the substantial 

explanatory power of the proposed model. The ability of the 

framework to explain nearly seventy percent of the variance 

in MaaS performance indicates that integrated queue 

management, service composition capability, and 

technological support collectively represent central 

determinants of manufacturing service effectiveness. This 

finding supports contemporary perspectives emphasizing the 

importance of holistic approaches to operational 

optimization. Rather than focusing exclusively on 

technological infrastructure, resource management, or 

workflow design, organizations should recognize the 

interconnected nature of these dimensions and seek to 

optimize them simultaneously. 

The findings are particularly relevant in light of ongoing 

developments in artificial intelligence, intelligent 

automation, and adaptive workflow management. Recent 

studies have highlighted the growing importance of 

intelligent orchestration frameworks capable of dynamically 

adjusting resource allocation decisions and coordinating 

complex service ecosystems (Gravara et al., 2026; Jiang et 

al., 2026). Similarly, research on modular and fault-tolerant 

systems has demonstrated that adaptive coordination 

mechanisms contribute significantly to operational 

resilience and service continuity (Guru et al., 2026; Singh, 

2026). The current study provides empirical evidence 

suggesting that these principles can be successfully applied 

within MaaS environments to improve manufacturing 

performance. 

The results also support the emerging view that 

manufacturing systems should increasingly be 

conceptualized as service ecosystems rather than isolated 

https://journals.kmanpub.com/index.php/jppr/index
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production facilities. Contemporary manufacturing 

organizations operate within highly interconnected digital 

environments characterized by continuous information 

exchange, dynamic resource sharing, and collaborative 

value creation. Research on XR services, digital twins, 

cyber-physical systems, and AI-augmented architectures has 

emphasized the growing importance of integrated service 

coordination mechanisms for managing such complexity 

(Dobaj et al., 2023; Taleb et al., 2023; Thajchayapong, 

2025). The present findings reinforce this perspective by 

demonstrating that effective service composition and queue 

management significantly enhance operational performance 

within distributed manufacturing networks. 

Overall, the study contributes to the growing body of 

knowledge concerning digital manufacturing and service-

oriented production systems by providing empirical 

evidence for an integrated framework linking queue 

management, service composition, technological support, 

and MaaS performance. The findings suggest that 

organizations seeking to maximize manufacturing service 

effectiveness should prioritize investments in technological 

infrastructure while simultaneously developing advanced 

capabilities for service orchestration and queue 

management. Through such integrated efforts, organizations 

can achieve greater operational agility, responsiveness, 

efficiency, and competitiveness in increasingly complex 

manufacturing environments. 

Several limitations should be considered when 

interpreting the findings of this study. First, the research 

employed a cross-sectional design, which restricts the ability 

to establish causal relationships among the study variables. 

Second, data were collected from manufacturing 

professionals located exclusively in Tehran, potentially 

limiting the generalizability of the findings to other 

geographical regions and industrial contexts. Third, the 

study relied on self-reported questionnaire data, which may 

be susceptible to common method bias and subjective 

evaluation. Fourth, although the proposed model explained 

a substantial proportion of variance in MaaS performance, 

other potentially influential variables such as organizational 

culture, managerial competencies, cybersecurity readiness, 

and environmental uncertainty were not examined. Finally, 

the study focused primarily on perceived performance 

outcomes rather than objective operational indicators. 

Future studies should employ longitudinal and 

experimental research designs to examine the causal 

mechanisms linking queue management, service 

composition, and MaaS performance over time. Researchers 

may also investigate the moderating effects of organizational 

size, industry sector, technological maturity, and 

environmental turbulence on the proposed relationships. 

Comparative studies involving different countries and 

manufacturing ecosystems would provide valuable insights 

into contextual variations. Additionally, future research 

could incorporate emerging technologies such as digital 

twins, generative artificial intelligence, edge computing, 

blockchain, and autonomous manufacturing systems into the 

conceptual framework. The inclusion of objective 

performance metrics, operational records, and real-time 

production data would further strengthen the empirical 

validity of future investigations. 

Manufacturing organizations should prioritize the 

implementation of intelligent queue management systems 

capable of dynamically allocating resources and balancing 

workloads in real time. Investments in interoperable digital 

infrastructures, integrated information systems, and 

advanced analytics platforms can strengthen both service 

composition capabilities and operational performance. 

Managers should establish standardized service 

orchestration procedures that facilitate collaboration among 

distributed manufacturing resources and service providers. 

Continuous monitoring of production workflows, coupled 

with predictive analytics and automated decision-support 

tools, can help organizations proactively identify bottlenecks 

and optimize resource utilization. Furthermore, workforce 

training initiatives should be developed to enhance 

employees’ competencies in digital manufacturing 

technologies, service-oriented operations, and intelligent 

production management. By adopting an integrated 

approach that combines technological readiness, effective 

service composition, and advanced queue management 

practices, organizations can significantly improve the 

efficiency, flexibility, and competitiveness of 

Manufacturing-as-a-Service systems. 
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