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Abstract— The focus of the study is to evaluate the existing set-up of the electronics
manufacturing company in terms of staffing levels. The study aims to describe the current
staffing level of an electronics manufacturing company in Cebu, Philippines, identify problems
and their root causes, and employ staff level optimization techniques to propose
recommendation for the company.

The researchers utilized observation and document analysis to determine the existing staff level
and observed the arrival of the orders in the line. The arrival of the orders in the assembly line
follows a Poisson distribution (the calculated test statistic for the Chi-square Goodness of Fit
Test was 0.8092. Comparing this value to the critical value of 7.81 at a significance level of
0.05) thus queuing theory is applied.

The study concluded that the appropriate number of operators should be observed to improve
operator efficiency. The recommended number of servers is 48, which would save the company
an opportunity loss of Php21,000 per day. In terms of changes in performance, reducing the
number of operators to 48 instead of 57 would improve server efficiency by 15%.
Keywords— Manufacturing, Queueing theory, Staff optimization, Workforce utilization.

I. INTRODUCTION

The electronics manufacturing sector in Cebu, Philippines, stands as a critical driver of the region's industrial
growth and economic development[1]. Amidst global competition and evolving market demands, the efficient
utilization of resources, particularly human capital, is paramount for sustaining competitiveness and fostering
growth within the sector[2][3][4]. Staff level optimization emerges as a key strategic imperative for electronics
manufacturing companies in Cebu to navigate the complexities of production dynamics while ensuring operational
excellence and cost-effectiveness. As the industry evolves, electronics manufacturers face increasingly dynamic
production environments characterized by fluctuating demand patterns, diverse product portfolios, and evolving
technological requirements[1][4]. In this context, the traditional methods of staff allocation and workforce
management may prove inadequate in meeting the demands for agility, flexibility, and efficiency. Recognizing
the significance of optimizing staff levels to enhance productivity and competitiveness, this research endeavors
to address the specific challenges faced by electronics manufacturing companies in Cebu through a quantitative
queueing model approach[5]. By leveraging principles of queueing theory, this study seeks to develop a systematic
framework tailored to the unique operational characteristics and constraints of electronics manufacturing
enterprises in the region. The rationale behind this research lies in the potential of queueing models to provide
insights into the optimal allocation of human resources within manufacturing processes[6]. Through empirical
validation and simulation techniques, this study aims to contribute valuable insights and practical guidance to
electronics manufacturing companies in Cebu, enabling them to make informed staffing decisions that drive
performance improvements and foster sustainable growth in a competitive global landscape. This research aims
to optimize staff levels within a manufacturing enterprise through the application of queueing theory. The efficient
allocation of human resources is critical for enhancing productivity and minimizing operational costs in
manufacturing settings. By employing a queueing model, this study aims to determine optimal staffing levels
tailored to the specific requirements and dynamics of an electronic manufacturing environment. The research
methodology involves the development and implementation of a queueing model that integrates key parameters
such as arrival rates, service times, and staffing levels. The model seeks to identify optimal staffing configurations
that balance operational efficiency and workforce utilization while meeting production demands. In this study,
the organization was able to improve efficiency level by 15% (from 52% operator efficiency to 61%). By
leveraging queueing theory and quantitative analysis, managers can make informed staffing decisions, enhancing
operational performance and resource utilization.
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II. METHODS

A. Data Collection

The research will commence with comprehensive data collection from an electronics manufacturing companies
in Cebu. This includes gathering information on production processes, historical staffing levels, arrival rates of
work orders, and service times.

B. Model Development

Based on the collected data, a queueing model specific to the operational dynamics of electronics manufacturing
will be developed. The model will incorporate key parameters such as arrival rates of work orders, service times
for different manufacturing tasks, and variability in demand.
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Figure 1. Queuing Model of the Manufacturing Process

C. Model Analysis

Conducting a comprehensive analysis of the queueing model output, including performance metrics like average
waiting times, queue lengths, and system utilization rates. This analysis serves to discern patterns, bottlenecks,
and inefficiencies within the manufacturing process. The following formulas are utilized:
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Queuing Model Notations[7][8][9]

A: mean rate of arrival

u: mean order fulfillment rate

c¢: number of operators in parallel

p=2A(cp): efficiency of the operator; also, the probability that the operator is busy or the proportion of time the
operator is busy

Lq: mean number of orders in the queue

Wq: mean waiting time in the queue

D. Documentation and Reporting

Documenting research findings comprehensively in a detailed report outlining the methodology, results, and
recommendations for optimizing staff levels in the selected electronics manufacturing company. Additionally,
disseminating research outcomes through academic publications and presentations to enrich the discourse in
operations management and industrial engineering.

III. RESULTS

Based on the analysis, it's established that the manufacturing enterprise operates within a mass production
framework, where the arrival of orders adheres to a Poisson Distribution. This statistical distribution is particularly
pertinent in scenarios where orders arrive independently and at a constant rate over time. The Chi-square Goodness
of Fit Test was conducted, yielding a test statistic of 0.8092. Upon comparing this value to the critical value of
7.81 at a significance level of 0.05, it's evident that the distribution of order arrivals conforms to the expected
Poisson pattern. Furthermore, the queuing model employed in the study is characterized as a single line, multiple
channel configuration. In this queuing setup, orders form a single waiting line but can be processed by multiple
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operators concurrently. This model configuration is commonly applied in scenarios where incoming orders can
be handled by multiple parallel processing channels, enabling efficient utilization of resources and minimizing
waiting times for customers.

Based on the existing process data provided, which includes an arrival rate of 324 orders per day, a service rate
of 11 arrivals of orders per day per operator, and a workforce comprising 57 operators per day with an efficiency
rate of 52%, the mean number of orders in the queue is approximately 0.56, and the mean waiting time in the
queue stands at 4.44 minutes.
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Figure 2. Waiting Time and Number of Servers
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Figure 3. Operator Efficiency vs Number of Operators
The linear relationship between the operator efficiency and the number of operators is inversely proportional. As
the number of servers increases, the server efficiency decreases on constant arrivals.

IV. DISCUSSION

In contrast, a proposed adjustment entails reducing the number of operators to 48 while simultaneously improving
the efficiency rate to 61%. This adjustment aims to enhance productivity and streamline operations within the
manufacturing environment. With this modification, it is anticipated that the efficiency of the workforce will
improve, potentially leading to reduced idle time and enhanced throughput. While the proposed adjustment may
result in a decrease in the mean waiting time in the queue and potentially lead to increased productivity, further
analysis is required to ascertain the precise impacts on system performance. Adjusting staffing levels and
optimizing workforce efficiency can significantly influence operational dynamics, affecting factors such as order
processing speed and overall customer satisfaction. Overall, the proposed adjustment represents a strategic
approach to optimizing resource utilization and improving operational efficiency within the manufacturing
enterprise. Through careful analysis and simulation, the potential benefits and trade-offs associated with the
proposed changes can be thoroughly evaluated, enabling informed decision-making aimed at enhancing
productivity and driving sustainable growth.

A benefit—cost ratio (BCR) is an indicator, used in cost—benefit analysis, that attempts to summarize the overall
value for money of a project or proposal. This is computed by the formula:

Benefit (in Php)
BCR= ————
Cost (in Php)

The opportunity loss of Php21,000 is computed per day, which is equivalent to Php462,000 per month. The
computation for the BCR is:
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BCR = 462,000
" 46,500
BCR = 9.94

A benefit-cost ratio greater than 1 indicates that the alternative is expected to deliver a positive net present value
CONCLUSION

In conclusion, this research has delved into the intricate dynamics of staffing optimization within a mass
production manufacturing enterprise operating in Cebu. Through rigorous analysis and modeling, several key
findings and insights have been unearthed, shedding light on opportunities for enhancing operational efficiency
and resource utilization. The utilization of a Poisson Distribution for modeling the arrival of orders, validated
through the Chi-square Goodness of Fit Test, underscores the significance of statistical rigor in understanding the
underlying patterns of order arrivals. This statistical foundation forms the basis for accurate modeling and
forecasting of operational dynamics, facilitating informed decision-making and resource allocation strategies.
Moreover, the adoption of a single line, multiple channel queuing model offers a structured framework for
analyzing the flow of orders through the manufacturing process. This model configuration enables the
identification of bottlenecks, streamlining of workflows, and optimization of staffing levels to mitigate waiting
times and improve overall customer satisfaction. The proposed adjustment in staffing levels, reducing the number
of operators to 48 while concurrently enhancing the efficiency rate to 61%, presents a promising avenue for
enhancing productivity and operational performance within the manufacturing enterprise. However, it is
imperative to conduct further analysis and simulation to comprehensively evaluate the impacts of these
adjustments on system performance and customer service metrics. In essence, this research underscores the
importance of data-driven decision-making and quantitative modeling techniques in addressing the complexities
of staffing optimization and operational management in mass production environments. By leveraging statistical
insights and queuing theory principles, manufacturing enterprises can unlock new avenues for efficiency
improvements, cost reductions, and competitive advantage in today's dynamic business landscape. Moving
forward, ongoing research and continuous improvement efforts will be vital in driving sustainable growth and
innovation within the manufacturing sector.
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