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Abstract

The footwear industry continues to produce not only quality shoes but also jobs that contribute to the growth of any
country’s economy. But as time went by, some of the local shoe manufacturers in the Philippines had stalled in
developing their production habits which resulted in inefficiency and net loss. The goal of this study is to help them
identify the factors that cause inefficiency and propose an optimized facility layout which will be vital for the survival
of their business. In addition, this study presents a comprehensive analysis on an optimized facility layout that any
footwear production line may use. With the utilization of both qualitative and quantitative research design, this study
integrates operations management methods such as time-motion study on the application of ProModel Simulation
software. After introducing changes on the facility layout, change in the average time of production with as much as
70% will boost efficiency and output of the footwear production. From an average time of 1,521 seconds or 25 minutes
in the present facility layout, the proposed facility layout introduces reduction in time down to 453 seconds or 7.5
minutes only. For the future researchers, different layout theories may be used depending on the needs of the
production line. This study presents the significance of combining traditional operations management methods with
new technology that produces improved facility layout which is pivotal for the efficiency in production and
optimization of workflow process.
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1. Introduction

In modern business, efficiency is not just a goal but a necessity for achieving organizational success. It drives
productivity, reduces costs, and enhances competitiveness, forming the bedrock upon which companies build their
operational strategies (Slack et al., 2019). Central to achieving this efficiency is the field of operations management,
which is dedicated to the meticulous coordination of resources and procedures to streamline operations and maximize
output.The evolution of technology has introduced advanced tools for data analysis, process automation, and
performance improvement, fundamentally transforming traditional operational procedures. Industry software
applications have played a pivotal role in this transformation, offering sophisticated solutions that enhance the
accuracy and efficiency of operations. This study delves into the mutually beneficial interaction between industry
software applications and operations management methods. Specifically, it explores how these integrated approaches
can significantly improve organizational effectiveness within the context of a footwear manufacturing company. The
primary aim of this study is to apply ProModel software and operational methods to the operational process
optimization of a footwear manufacturer. Promodel software, known for its simulation capabilities, alongside time-
motion study, provides a powerful framework for analyzing and improving operational workflows. By employing
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these tools, the study seeks to identify bottlenecks, streamline processes, and enhance overall efficiency within the
manufacturing operations. However, the implications of this research extend far beyond the footwear industry. The
challenges faced by footwear manufacturers in managing complex operations are not unique; they are shared by many
other sectors with similar operational complexities. Therefore, the insights gained from this study are broadly
applicable and can  provide  valuable lessons for a wide range of  businesses.

The importance of this research lies in its potential to offer practical insights, empirical analysis, and actionable
recommendations that can help organizations improve their overall performance. By demonstrating how the
integration of advanced software applications with established operations management techniques can lead to
significant improvements in efficiency and cost reduction, this study aims to contribute to the broader field of
operations management. Ultimately, the goal is to provide businesses with the tools and knowledge they need to
enhance their operational efficiency, reduce costs, and improve overall performance. Whether in the footwear industry
or beyond, the findings of this study have the potential to drive significant improvements in how organizations manage
their operations, paving the way for greater competitiveness and success in the modern business landscape.

1.1 Objectives

General Objectives

To improve operational efficiency and functionality, operational methods will be used through the implementation of
ProModel Software. In trying to achieve such objectives, the present model of the facility layout will be examined
onsite and through the software. Our goal is to establish a better layout that will be based on the integration of modern
approach and traditional operational methods.

Specific Objectives

This study aims to:

e To assess the current production habits and identify areas of improvement using time-motion study principles.

e To analyze the existing inventory management system and propose enhancements through the utilization of
ProModel software.

e To evaluate the production workflows and recommend optimizations on the present layout.

2. Literature Review

According to Chase et al. (2019), the field of operations management encompasses a variety of strategies aimed at
optimizing organizational processes, enhancing productivity, and reducing inefficiencies. Key methodologies in this
field include lean principles, Six Sigma, and total quality management (TQM), each offering distinct approaches to
operational improvement. The integration of these methodologies provides a comprehensive framework for
operational improvement. Lean principles, Six Sigma, and TQM collectively contribute to a culture of efficiency,
quality, and continuous improvement. By leveraging these strategies, organizations across various industries can
achieve significant gains in performance and competitiveness. The insights gained from exploring these
methodologies are invaluable for researchers and practitioners alike. They provide a roadmap for implementing best
practices in operations management, leading to enhanced organizational effectiveness and sustained competitive
advantage (Chase, Jacobs, & Aquilano, 2019).

Also, technological integration is crucial in modern operations management, enabling organizations to leverage
software applications for process optimization and automation (Monczka et al., 2019). Monczka et al.'s book discusses
integrating technologies such as Enterprise Resource Planning (ERP) systems and Manufacturing Execution Systems
(MES) into organizational processes. However, for discrete event simulation, Research by Haekal, J. (2021) highlights
using ProModel in modeling complex manufacturing processes, allowing organizations to identify bottlenecks,
optimize resource allocation, and improve production scheduling. Furthermore, ProModel facilitates "what-if"
analysis, enabling managers to assess the impact of potential changes or disruptions in the production environment
(Chopra & Meindl, 2020). Simulation modeling, particularly utilizing Promodel software, and operations management
methods offer robust methodologies for optimizing operational processes and improving efficiency within various
industries (Almamlook et al., 2019). It emphasizes the applicability of simulation modeling in diverse sectors,
including manufacturing, healthcare, and logistics, where it enables the creation of virtual models to analyze complex
systems and simulate different scenarios. Promodel, as a leading simulation software, provides tools for visualizing
processes, identifying bottlenecks, and testing potential improvements (Promodel Corporation, n.d.). Operations
management methods, on the other hand, offer mathematical frameworks for analyzing waiting lines and optimizing
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service processes (Almamlook et al., 2019). It focuses on understanding customer arrival patterns, service times, and
queue lengths to enhance resource utilization and minimize wait times. By integrating simulation modeling with
Promodel software and operations management methods, organizations can gain valuable insights into operational
dynamics, identify areas for improvement, and implement data-driven strategies to enhance efficiency and customer
satisfaction (Phanden et al., 2021). In summary, integrating simulation modeling with Promodel software and
operations management methods offers a comprehensive approach to enhancing efficiency in operational processes.
Researchers can develop evidence-based strategies for optimizing operations by leveraging these methodologies and
insights from related literature and studies.

3. Methods

A methodology is the specific procedures or techniques used to identify, select, process, and analyze information
about a topic. According to Sileyew (2019), philosophy alludes to a deliberate methodology used to direct
examinations, gain new experiences, and address explicit exploration questions. This prompts different research
studies that vary in technique and instruments utilized. This way, the proponents can identify the most appropriate
research design, sampling technique, and data collection and analysis methods. Observing and gathering information
on a given theme, descriptive research assists specialists with acquiring a more profound comprehension of a particular
issue. It gives essential experiences that can illuminate future studies (Creswell, 2018). Descriptive observational
research was used to observe the workflow of shoemakers and identify areas where there may be bottlenecks or
inefficiencies. This involved observing the shoemakers' movements and interactions with each other and their
equipment. This study aims to decide ways of upgrading efficiency, take out issues, and pinpoint likely areas for
development inside the creation cycle. With the operations management methods, the organization can balance the
system to serve customers more efficiently and cost-effectively. Using simulation modeling and time-motion study,
the proponents can plan an ideal office design to build efficiency and productivity. With the assistance of the software,
the specialists made a nitty gritty creation floor format that takes out bottlenecks and failures in the ongoing office
design. This software empowered the researchers to improve the office design, making it more valuable and proficient
(Figure 1).
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Figure 1. Methodology of the Study

Research Design

This study used a descriptive-observational research method. Direct observation and evaluation were resorted to
pinpoint details affecting the workers' productivity and performance and idle queue time per workstation. The
researchers observed and recorded the data using smartphones and their advanced features in data gathering. To make
complete sense of the data, the researchers worked with it by comparing it with existing data from related literature
on standard performance, productivity, and workplace layout. After the completion of the study, recommendations
will be made to help the company improve its overall workplace performance and productivity.

4. Data Collection

Sources of Data

Direct and first-hand data were gathered through onsite observations. After obtaining permission from the company
owner, researchers visited to evaluate workers' time at the workplace. While doing so, the researchers also had the
time to observe the production layout of the assembly process. With the help of Time and Motion Study, significant
timing per workstation was evaluated and analyzed. To complement the research findings, existing materials and data
gathered by previous researchers on their articles, reports, books, and datasets were utilized.

The footwear production line is split between several workstations, all working simultaneously. When one station
finishes its operation, it passes it on to the next workstation (Figure 2).
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Figure 2. Footwear Production Process

Data Gathering Instrument

Smartphones have been handy in gathering and recording all the data needed for the evaluation and analysis of this
study. While past research was done using traditional equipment, usually, bulk in size, each with separate functions,
today's researchers were rewarded with the benefits of advanced technology offered by modern smartphones.

Statistical Techniques Used

Time and motion studies are conducted to measure the amount of time it takes to complete a specific task. This
information can be used to set production standards and to identify areas where efficiency and productivity can be
improved. Using time and motion in the study, we were able to compute the cycle time, standard time, and the normal
time. These three computed times were needed for producing an effective conclusion. The normal time was the average
time of all the basic time while the standard time was the result when normal time and allowance factors were related
together. In the study conducted by Sarawak (2010), time was an essential factor in every aspect of life as it includes
everything that can be associated with it (Sarawak, 2010). Determining the normal time and the standard time was
very important in the process as researchers are able to determine if a company was performing adequately. The
following formulas were utilized by the researchers to calculate from the given data:

NT = (Average elemental time * RF * F)
ST = (BT * RF * F)*(1 + (AF/100%)
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Normal time was defined as the time it takes to finish an element in relation to the pacing of the worker (RF) and its
number of error frequencies (F) while taking into consideration that average elemental time can also be defined as
Basic time (BT). In addition to NT, Standard time was also introduced as it is defined as the standard operating time
for a single element to be finished. This was important as it takes into consideration the allowance factor (AF) which
was needed by the workers to effectively and efficiently finish their tasks. Project management time estimation is a
critical task that ensures projects are completed on time and within budget. The Project Management Body of
Knowledge (PMBOK® Guide 6th Edition) by the Project Management Institute (PMI) provides the standard formulas
for calculating Normal Time (NT) and Standard Time (ST), which are essential for accurate time estimation. NT
represents the estimated time to complete a task under ideal conditions, assuming an average worker with the necessary
skills and experience, and is calculated using the formula NT = (Average elemental time * RF * F), where RF is the
rating factor for worker skill and F is the fatigue factor. Standard Time (ST) is the estimated time to complete a task
considering both the Normal Time and the effects of rating, fatigue, and allowances (AF), which are additional
amounts of time added to the Standard Time to account for factors such as personal needs, unavoidable delays, and
machine downtime. The amount of allowance is typically based on the project's risk profile. ST is calculated using the
formula ST = (BT * RF * F)*(1 + (AF/100%)), where BT is the basic time. These formulas are widely used in project
management software and research to ensure project completion within budget and timeline.

5. Results and Discussion

The footwear production process involves 16 operation processes that have 14 exits of units with 791.73 seconds to
produce a product. The process starts with cutting, marking, and skiving, followed by sewing accessories and the
upper part. The upper part is then assembled and molded, and adhesive is applied. Lasting, heating of the upper part,
marking the sole, sanding, pressing the sole, and sewing the upper and sole follow. The process ends with finishing
and packaging. Under normal conditions, the total cycle time is 688.46 seconds, while it is 791.73 seconds under
standard conditions. Because the location of the factory is within the city where Public Utility vehicle come and go so
sa people that are working tends to be distracted a lot, however, there is also a factor of physical stress as the layout
of the factory is inside a large garage, that has little to no source of clean/fresh air. Also, the management gives the
workers the right to bring their children, which can lead to further delay as children tend to be clumsy and playful. It’s
the reason that under the standard conditions, 15% delay is expected versus normal conditions. By introducing a
proposed better facility layout, a new set of actual normal and standard time were derived.

5.1 Numerical Results

Present vs Proposal is presented in Table 1.

Figure 3. illustrates the current layout simulation created using ProModel Software. This layout shows the different
stations and helps the researcher evaluate and suggest some improvements in the facility.

Table 1. Present vs Proposal
Time per Operations

Operations Present Normal | Present Standard | Proposed Normal | Proposed Savin
Time Time Time Standard Time gs
Cutting 10.28 11.83 - - -
Marking 10.84 12.46 - - -
Skiving 5.49 6.32 - - -
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Sewing of Accessories | 20.11 23.11 - - -
Sewing of Upper Part | 51.97 59.77 33.00 34.16 25.62
Upper Part Assembly | 102.12 117.44 84.30 87.25 30.19
Molding of Shoe 18.01 20.71 - - -
Adhesive Application | 49.75 57.21 45.30 53.60 3.61
Lasting 33.66 38.71 30.10 31.23 7.48
Heating of the Upper | 225.62 259.46 210.60 245.20 14.26
Part

Marking of the Sole 35.60 40.94 31.60 35.30 5.60
Sanding 6.26 7.20 - - -
Pressing of the Sole 15.86 18.24 - - -
Sewing of the Upper 22.83 26.25 - - -

and Sole

Finishing 57.29 65.68 55.60 63.40 2.49
Packaging 22.76 26.18 - - -
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Total 688.46 791.73

622.64 702.38 89.25

5.2 Present ProModel Layout Simulation
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Figure 3. Present ProModel Layout Simulation

5.2.1 Present ProModel Simulation Results

Figure 4 shows the results of the Present ProModel simulation with 14 exits in 486 seconds (8 minutes) with an average

time of 1,521.26 seconds (25 minutes).
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Figure 4. Present ProModel Simulation Results
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5.3 Proposed ProModel Layout Simulation
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Figure 5. Proposed ProModel Layout Simulation
Figure 5 illustrates a proposed layout simulation created using ProModel software. This layout optimizes efficiency
and productivity within a specific system or process. Through detailed modeling and analysis, ProModel allows users

to visualize and evaluate different layout configurations, helping to identify the most effective solution for their needs.

5.3.1 Proposed ProModel Simulation Results

Entity States - Baseline ox ax

Name Total Exits | Average Time In System (Sec)  Average Time In Operation (Sec)  Average Cost
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Figure 6. Proposed ProModel Layout Simulation Results

Figure 6 shows the results of the Proposed ProModel simulation with 13 exits in 201 seconds (3 minutes and 35
seconds) with an average time of 453 seconds (7.5 minutes).
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5.4 Validation

The simulation was done in perfect condition. System constraints contributed by human and ambient factors were
eliminated to get the maximum requirements. The unconstrained system showed us its maximum capacity that gave
us pure data. Significant time savings are indicated by comparing the present production process with the proposed
layout. Proposed changes aim to reduce production times, with the proposed layout showing potential efficiency
improvements. The proposed facility layout results in an average time in the system of 453 seconds (7.5 mins), with
13 total exits per 201 seconds (3. 35 mins) or a 70% percentage change (Figure 7)
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Figure 7. Summary of Simulation Results

Implementation of Proposed Layout. The management should consider implementing either proposed facility layout
to improve production efficiency.

Continuous Process Optimization. Regular monitoring and optimization of the production process should be
conducted to identify further opportunities for improvement—employee Training and Skill Development. Training
programs should be conducted to ensure that employees are well-equipped to adapt to changes resulting from the
implementation of new facility layout.

Regular Performance Evaluation. A system for regular performance evaluation should be established to monitor
the effectiveness of the proposed changes and identify areas for further improvement.

Supply Chain Integration. Strengthening integration with suppliers and distributors can help streamline the supply
chain, reduce lead times, and ensure timely delivery of materials and finished products.

Investment in Technology. Consideration should be given to investing in advanced technology and automation
systems to further enhance production efficiency and reduce dependency on manual labor.

Environmental Sustainability. Implementing sustainable practices in the production process can reduce waste,
minimize environmental impact, and improve the company's reputation among environmentally conscious consumers.

By implementing these recommendations, footwear manufacturers can enhance its production process, reduce lead
times, and improve overall productivity and efficiency.
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6. Conclusion

The tables above produced by the integration of operations management methods and ProModel simulation give a
point-by-point correlation between the current and proposed times for different tasks in footwear manufacturing. As
determined by Haekal, J. (2021), software integration has helped us in determining the bottlenecks, resource allocation
optimization, and production scheduling improvement with new facility layout. These examinations feature the
potential time reserve funds that are feasible by executing the proposed changes. Changes in the upper-part sewing
alone, for instance, could significantly shorten production times from a regular and standard perspective, indicating
significant gains in efficiency. In the primary proposed process, the potential time reserve funds mean a remarkable
improvement in effectiveness, adding to the general upgrade of the assembling system. Similarly, the operations that
benefit from the second proposed procedure save even more time, indicating a significant improvement in efficiency
metrics. Producing footwear looks more efficient and likely saves much time with the proposed changes. These
processes may position footwear manufacturers as leaders in the footwear manufacturing industry by streamlining
operations and optimizing workflows. As a result, they open the door to increased output quality, efficiency and
productivity, establishing the company as a market leader.
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