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ABSTRACT: Production process optimization plays an important role in improving efficiency and achieving
operational excellence. An effective production process ensures better use of resources, reduces delays, downtime, and
rework, and improves productivity and quality. However, issues related to workflow, planning, material handling,
machine utilization, maintenance, and quality control can negatively affect operational performance.

This study examines the existing production process and identifies areas for improvement. It focuses on factors such as
workflow, automation, downtime, bottlenecks, production planning, resource utilization, maintenance, material
management, and quality control. Primary data are collected through a structured questionnaire and analyzed using
descriptive statistics, correlation analysis, and the Chi-square test. The study aims to identify key operational
inefficiencies and suggest suitable strategies to improve productivity, efficiency, and overall operational excellence.

KEYWORDS: Production Process Optimization, Operational Excellence, Production Efficiency, Workflow
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L. INTRODUCTION

Production Process and Operational Excellence:

In today’s production settings, organizations are forced to make constant improvements to their production processes to
survive and grow sustainably. Production processes consist of a set of interrelated activities, by which materials,
people, machines and other production resources are converted into products. Productivity, product quality, costs,
delivery times and customer satisfaction depend directly upon the effectiveness of these activities.

Operational excellence is associated with the ongoing efforts at improving the performance of an organization through
the means of efficient processes, effective use of production resources, quality improvement, waste elimination and
continuous improvement. In the case of production environment, operational excellence is characterized by proper
planning, coordination, monitoring and improvement of production activities aimed at minimizing inefficiencies and
efficient use of production resources.

The connection between production process and operational excellence is important since the overall performance of an
organization is largely determined by the efficiency and effectiveness of its production activities. Poor workflows,
production delays, machine breakdowns, bottlenecks, rework, shortages of materials and poor coordination may have
negative impacts on the productivity and increase operational costs.

STATEMENT OF THE PROBLEM:

There is an issue of operational problems faced by the production system of most organizations that affect the overall
efficiency and performance of their manufacturing systems. Problems such as production delays, machine downtime,
bottlenecks, material handling problems, rework, poor workflow, ineffective production planning, and inefficient use of
man and machines could negatively impact productivity and lead to increased costs of operation.
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The main problem to be solved in this case is the inefficiencies that could exist within the current production process
that would limit its efficiency and performance. It will be necessary to conduct an evaluation of the production process
to assess the bottlenecks, downtime, delays, and resource utilization issues and find out appropriate solutions to these
problems. In this regard, the study aims to analyze the current production process and identify ways of improving its
efficiency by ensuring effective workflow, reducing operational inefficiencies, improved resource utilization, and hence
better operational performance.

OBJECTIVES OF THE STUDY
The primary objective of the study is to examine the existing production process and identify suitable optimization
strategies for enhancing operational excellence.

The specific objectives of the study are:

1. To conduct an analysis of the current production process and workflow and determine the various activities
performed during production.

2. To identify the various bottlenecks, downtime, delays, rework and other inefficiencies that lead to ineffective
production process.

3. To determine how efficient the production planning and scheduling has been in helping production activities to
proceed in a timely manner.

4. To evaluate the use of manpower, machines, maintenance, materials and quality control in the production process.

5. To determine the impact of factors such as automation, material handling, coordination and resource utilization on
production efficiencies and performance.

RESEARCH QUESTIONS

1. What is the existing status of the production process and workflow?

2. What are the major bottlenecks, downtime, delays, rework, and other inefficiencies affecting the production
process?

3. How effective are the existing production planning and scheduling practices?

4. How effectively are manpower, machinery, materials, maintenance practices, and quality control measures utilized
in the production process?

5. What relationship exists between selected production process factors and operational performance?

II. REVIEW OF LITERATURE

Skalli et al. (2023) Dounia Skalli, Abdelkabir Charkaoui, Anass Cherrafi, Jose Arturo Garza-Reyes, Jiju Antony, and
Alireza Shokri (2023) conducted a literature review on the integration of Industry 4.0 and Lean Six Sigma in
manufacturing. The study highlighted the complementary relationship between digital technologies, Lean practices, and
Six Sigma methodologies. The authors concluded that integrating these approaches can support data-driven decision-
making, process improvement, waste reduction, and enhanced operational performance.

Komkowski et al. (2023 Tomasz Komkowski, Jiju Antony, Jose Arturo Garza-Reyes, Glauco Tortorella, and
Thanapong Pongboonchai-Empl (2023) conducted a systematic review of the integration of Industry 4.0 with quality-
related operational excellence methodologies. The study emphasized the growing importance of combining digital
technologies with established quality and continuous improvement practices. The findings suggested that such
integration can strengthen process monitoring, quality improvement, and operational efficiency.

[Industry 4.0 and Lean Production Study] (2023) A systematic literature review published in 2023 examined the
integration of Industry 4.0 technologies into Lean production systems. The study focused on technologies such as the
Internet of Things, cyber-physical systems, sensors, and digital manufacturing tools. It highlighted that the integration
of Lean principles and digital technologies can improve process visibility, reduce inefficiencies, and support continuous
improvement in manufacturing operations.

Skalli et al. (2024) Dounia Skalli, Abdelkabir Charkaoui, Anass Cherrafi, Andrea Chiarini, Alireza Shokri, Jiju Antony,

and their co-authors (2024) developed an integrated Lean Six Sigma and Industry 4.0 framework for operational
excellence. The study provided a structured approach for incorporating digital technologies into process improvement
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initiatives. The findings indicated that an integrated approach could support productivity improvement, better process
control, reduced inefficiencies, and enhanced operational performance.

Tissir et al. (2024) S. Tissir, A. Cherrafi, A. Chiarini, S. Elfezazi, A. Shokri, and J. Antony (2024) developed and
examined a Lean Six Sigma and Industry 4.0 implementation framework for operational excellence through a case
study. The research demonstrated the importance of combining continuous improvement methods with digital
technologies to address operational challenges. The study highlighted improvements in process efficiency and provided
practical guidance for achieving operational excellence.

Garza-Reyes et al. (2024) Jose Arturo Garza-Reyes and Monika Foster (2024), along with their research collaborators,
developed a design science research-based framework for integrating Lean Six Sigma and Industry 4.0. The study
addressed the lack of systematic guidelines for combining digital technologies with traditional process improvement
approaches. The framework emphasized structured implementation and demonstrated how integrated improvement
practices can contribute to operational excellence.

Mota et al. (2025) Bruno Mota, Pedro Faria, Carlos Ramos, and Zita Vale (2025) reviewed the integration of
production, maintenance, and quality systems using artificial intelligence. The study highlighted the importance of
jointly optimizing production activities, maintenance scheduling, and quality control. The authors concluded that
improved information integration and interoperability can reduce operational costs and strengthen manufacturing
efficiency.

Wei et al. (2025) Xiaotong Wei, Yalong Wang, Yingdong He, Zixian Liu, and Zhen He (2025) examined the integrated
optimization of production, maintenance, and quality control in complex manufacturing systems. The study considered
equipment reliability and dynamic inspection in production decision-making. The findings emphasized that coordinated
management of production, maintenance, and quality can help reduce quality-related losses and improve overall
production system performance.

Narkhede, Naranje and Mahajan (2026) Ganesh Narkhede, Vijay Naranje, and Suresh Mahajan (2026) conducted a
tri-dimensional review of Industry 4.0 and Lean Six Sigma integration for manufacturing excellence. The study
examined how digital technologies and continuous improvement methodologies can be combined to improve
manufacturing performance. The review highlighted the importance of an integrated approach for enhancing
productivity, quality, process efficiency, and long-term manufacturing excellence.

Gosavi et al. (2026) Avinash Gosavi, Padmakar Shahare, Swapnil Gund, and Prashant Paraye (2026) conducted a
comprehensive review of assembly-line productivity in passenger car manufacturing. The study examined the influence
of Lean manufacturing, automation, digital technologies, and performance improvement practices on productivity. The
authors observed that many previous studies focused on individual techniques and emphasized the need for a unified
approach to improve efficiency, quality, capacity, and operational reliability

III. RESEARCH METHODOLOGY

The research methodology provides a systematic approach for conducting the study on “Optimizing Production
Processes to Achieve Operational Excellence.” It explains the research design, sampling method, sample size, data
collection, variables, and tools used for data analysis.

Research Design

The study adopts a descriptive and analytical research design. The descriptive design helps understand the existing
production process, while the analytical design examines the relationships between production-related factors and
operational performance.

Sampling Method

The study uses a convenience sampling method. Respondents who are available and involved in production and related
operational activities are selected for the study.
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DISCRIPTIVE ANALYSIS:
N Mean Std. Deviation

4. The 1 workflow is clear and followed 70 1.786 7202
5. SOPs are updated regularly 70 1.743 7928
6. Shift handovers are seamless 70 1.929 .8044
7. Level of automation 70 1.729 L8151
8. Frequency of downtime 70 1.986 .9246
9. Major bottleneck stage 70 1.929 L9219
10. Material handling causes delays 70 2.029 .8842
11. Rework &amp; scrap cause inefficiency 70 1.914 L9285
Valid N (listwise) 70

Sample Size
The total sample size of the study is 70 respondents.

Data Collection

The study is mainly based on primary data collected through a structured questionnaire. The questionnaire covers areas
such as workflow, automation, downtime, bottlenecks, planning, resource utilization, maintenance, coordination, and
quality control.

Variables

The study considers production-related factors such as workflow, automation, downtime, bottlenecks, material
handling, planning, maintenance, and quality control as the major variables influencing operational performance and
operational excellence.

Data Analysis Tools

The collected data are analysed using SPSS. Frequency and percentage analysis, mean and standard deviation,
correlation analysis, and the Chi-Square test are used to interpret the data and examine relationships between the
selected variables.

IV. LIMITATIONS OF THE STUDY

1. Limited Sample Size: The study is based on a sample of 70 respondents; therefore, the findings may not represent
the views and experiences of all employees in the broader manufacturing sector.

2. Primary Data Dependence: The study is mainly based on primary data collected through a structured
questionnaire. Therefore, the findings depend on the accuracy, understanding, and perceptions of the respondents.

3. Time Constraints: The study was conducted within a limited period, which restricted the possibility of observing
production activities and operational changes over a longer duration.

4. Selected Variables: The study examines selected production-related factors such as workflow, automation,
downtime, bottlenecks, material handling, planning, resource utilization, maintenance, coordination, and quality
control. Other factors that may influence operational performance were not included.

Interpretation

The descriptive analysis shows that all the variables have responses from 70 respondents. The mean values range from
1.729 to 2.029, indicating variations in respondents' perceptions of different production-related factors. The highest
mean score was recorded for material handling causes delays (2.029), followed by frequency of downtime (1.986) and
shift handovers are seamless (1.929).

The standard deviation values range from 0.7202 to 0.9285, showing a moderate level of variation in the responses.

Overall, the results indicate that factors such as material handling, machine downtime, shift handovers, bottlenecks, and
rework are important areas that may influence the efficiency of the production process.
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CHI-SQUARE TEST: (NULL HYPOTHISIS)

Value def. Asymp. Sig. (2-sided)
Pearson Chi-Square 18.216° 9 .033
Likelihood Ratio 15.210 9 .085
Linear-by-Linear Association 8.020 1 .005
N of Valid Cases 70
a. 11 cells (68.8%) have expected count less than 5. The minimum expected count is .17.

Decision Rule

At the 5% significance level (o= 0.05):

» If p-value < 0.05 — Statistically significant — Reject Ho

» If p-value > 0.05 — Not statistically significant — Fail to reject Ho
Your Result

Pearson Chi-Square: p =0.033
Therefore:

» Statistically significant

» Reject Ho

Compare: 0.033 <0.05

Hypotheses
» Ho: There is no significant association between the level of automation and frequency of downtime.
» Ha: There is a significant association between the level of automation and frequency of downtime.

Interpretation: The Chi-Square test was conducted to examine the association between the selected variables. The
Pearson Chi-Square value is 18.216 with 9 degrees of freedom, and the significance value is 0.033. Since the p-value is

less than 0.05, the result is statistically significant.

Therefore, the null hypothesis is rejected, and it can be concluded that there is a significant association between the

selected variables. The analysis is based on 70 valid responses.

CORRELATION ANALYSIS:
13. Schedule | 14. Sales
12. 1 plan are| disruptions &amp; 1 |15. Raw material
realistic frequency |coordination| delays affect 1
12. 1 plan are realistic Pearson Correlation
1 290" 716" 342%
Sig. (2-tailed) .015 .000 .004
N 70 70 70 70
13. Schedule Pearson Correlation
disruptions frequency 290 1 394 250
Sig. (2-tailed) .015 .001 .037
N 70 70 70 70
14. Sales &amp; 1  Pearson Correlation
coordination 716" 394" 1 397"
Sig. (2-tailed) .000 .001 .001
N 70 70 70 70
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15. Raw material Pearson Correlation

delays affect 1 3427 250" 397
Sig. (2-tailed) .004 .037 .001
N 70 70 70 70
Correlation is significant at the 0.05 level (2-tailed) and the 0.01 level (2-tailed).
17. Machine 19. Material
16. Manpower utilization |[18. Preventive 3| wastage is
is well utilized (OEE) followed controlled
16. Manpower is well utilized Pearson Correlation 1 258" 554" 4317
Sig. (2-tailed) .031 .000 .000
N 70 70 70 70
17. Machine utilization (OEE) Pearson Correlation 258" 1 442 519"
Sig. (2-tailed) .031 .000 .000
N 70 70 70 70
18. Preventive 3 followed Pearson Correlation 554 442" 1 595"
Sig. (2-tailed) .000 .000 .000
N 70 70 70 70
19. Material wastage is Pearson Correlation 431" 519 .595™ 1
controlled Sig. (2-tailed) .000 .000 .000
N 70 70 70 70
Correlation is significant at the 0.05 level (2-tailed) and 0.01 level (2-tailed).
20. Quality 22. Time to 23. Employees
checks at all |21. Quality tools | resolve quality | can stop 1 for
stages are effective issues defects
20. Quality checks at all Pearson Correlation 1 .559* 416" .528™
stages Sig. (2-tailed) .000 .000 .000
N 70 70 70 70
21. Quality tools are effective  Pearson Correlation 559" 1 206 5177
Sig. (2-tailed) .000 .087 .000
N 70 70 70 70
22. Time to resolve quality  Pearson Correlation 416" 206 1 150
issues Sig. (2-tailed) .000 .087 216
N 70 70 70 70
23. Employees can stop 1 for Pearson Correlation 528" S17 150 1
defects Sig. (2-tailed) .000 .000 216
N 70 70 70 70
Correlation is significant at the 0.01 level (2-tailed).
Interpretation

Correlation Analysis: Production Planning and Material Factors

The results show positive and statistically significant relationships among most of the variables related to production
planning, schedule disruptions, sales and coordination, and raw material delays. The strongest positive correlation is
between production planning being realistic and sales and coordination (r = 0.716, p < 0.01). This indicates a strong
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relationship between these factors. Other relationships are also positive and significant, showing that these production
planning and material-related factors are interconnected.

Correlation Analysis: Resource Utilization and Maintenance

The correlation results show positive and significant relationships among manpower utilization, machine utilization,
preventive maintenance, and material wastage control. The strongest relationship is between preventive maintenance
and material wastage control (r = 0.595, p < 0.01), followed by the relationship between manpower utilization and
preventive maintenance (r = 0.554, p < 0.01). This indicates that better utilization and maintenance practices are
associated with improved control of material wastage and production efficiency.

Correlation Analysis: Quality Control Factors

The results indicate positive and significant relationships among most quality-related variables. The strongest
correlation is between quality checks at all stages and quality tools being effective (r = 0.559, p < 0.01). However, the
relationship between quality tools and time taken to resolve quality issues (r = 0.206, p = 0.087) and between time
taken to resolve quality issues and employees stopping production for defects (r = 0.150, p = 0.216) is not statistically
significant.

V. DISCUSSION

The study shows that production process optimization is important for improving operational performance. Factors
such as workflow, automation, machine downtime, bottlenecks, material handling, planning, resource utilization,
maintenance, and quality control influence production efficiency.

The Chi-Square analysis found a significant association between automation and machine downtime, as well as
between production bottlenecks and material-handling delays. This indicates the need to improve these areas to reduce
production interruptions.

The findings also show that effective planning, proper resource utilization, regular maintenance, and better coordination
can improve productivity and operational performance. Overall, the study suggests that continuous improvement and
systematic process optimization can help organizations achieve operational excellence.

VI. RECOMMENDATIONS

Based on the findings of the study, it is recommended that the organization improve its production workflow to reduce
delays and operational inefficiencies. Regular maintenance and monitoring of machinery can help minimize downtime
and improve equipment performance. Production bottlenecks and material-handling issues should be identified and
addressed to ensure a smooth production flow. Effective production planning, proper utilization of manpower and
machinery, and improved coordination among different departments can further enhance productivity. Overall, the
adoption of continuous improvement and systematic production process optimization can contribute to improved
operational performance and the achievement of operational excellence.

VII. CONCLUSION

The study concludes that production process optimization plays an important role in improving production efficiency
and overall operational performance. Factors such as automation, machine downtime, bottlenecks, material handling,
production planning, maintenance, resource utilization, and quality control significantly influence the effectiveness of
production activities. By identifying inefficiencies and improving workflow, coordination, and resource utilization,
organizations can reduce delays and improve productivity. Therefore, continuous improvement and systematic
production process optimization are essential for enhancing operational performance and achieving long-term
operational excellence.
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