
E-ISSN 3089-1566
Volume 2, 2025, pp 821-871Proceeding Accounting, Management, Economics Uniska

“The Role of Research in Economics, Management, Accounting to Realizing Sustainable Development”

821

This study analyzes the application of the First In First Out (FIFO) method in improving operational
management efficiency. Using a quantitative approach with survey methods and financial data analysis,
this research was conducted in manufacturing companies in East Java. The results show that the
implementation of FIFO has a significant positive effect on inventory management efficiency, reduces
waste, and improves cost accuracy. However, challenges were identified in system implementation and
employee training. These findings contribute to operations management literature by providing
empirical evidence of FIFO's impact on operational efficiency in developing economies. The study
recommends proper training and system integration to maximize FIFO benefits.
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ABSTRACT

INTRODUCTION
Inventory management plays a critical role in enhancing operational efficiency

by ensuring that materials and products are available when needed while minimizing
waste, costs, and delays. The First In First Out (FIFO) method is a widely adopted
inventory management technique that prioritizes the use or sale of the oldest stock
first, thereby reducing the risk of product obsolescence, spoilage, or expiration. This
method is particularly effective in industries dealing with perishable goods or items
with limited shelf life, as it helps maintain product quality and customer satisfaction by
preventing the circulation of outdated inventory (Sulfianti et al., 2025). Implementing
FIFO contributes to smoother operational flows by reducing stock discrepancies,
improving inventory accuracy, and facilitating better planning and forecasting, which
collectively enhance overall efficiency in warehouse and supply chain management
(Ramadhan & Pusakaningwati, 2024a).

Research shows that FIFO not only supports operational efficiency but also aligns
with ethical and financial principles, such as transparency and fairness, especially in
contexts like sharia-compliant businesses where responsible inventory management is
essential (Nirmala, 2024; Titong, 2024). The method’s effectiveness is further amplified
when combined with technological solutions such as web-based queueing systems,
intelligent logistics monitoring, and prototype information systems, which automate
and optimize inventory tracking and reduce human error 4510. These technologies
enable real-time data collection and analysis, allowing organizations to respond
dynamically to demand fluctuations and improve resource allocation, thereby reducing
waiting times and operational costs 410. However, successful FIFO implementation
requires adequate infrastructure, well-designed warehouse layouts, and
comprehensive staff training to ensure consistent and accurate application of the
method (Azzahrah et al., 2025; Hudin & Riyanto, 2024).
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In various operational settings, from grocery stores to manufacturing
warehouses and healthcare facilities, FIFO has demonstrated significant benefits in
reducing waste, preventing stock shortages, and improving service quality. For
example, in spare parts management, FIFO ensures timely availability of components
critical for uninterrupted production, thereby minimizing downtime and enhancing
productivity 6. Similarly, in food service and retail, FIFO reduces food waste and
maintains product freshness, which directly impacts customer satisfaction and
profitability (S & P, 2025). Studies also highlight that manual inventory management
systems are prone to errors and inefficiencies, which can be mitigated by adopting
FIFO-based digital systems that improve documentation accuracy and operational
transparency (Naufal et al., 2024a).

Despite its advantages, challenges in FIFO implementation persist, particularly in
environments with inadequate storage infrastructure or poor demand forecasting.
These challenges can lead to inefficiencies such as overstocking, stockouts, or product
spoilage if not properly addressed (Ibrahim et al., 2023). Therefore, continuous
improvement efforts, including warehouse layout optimization, integration of
intelligent systems, and ongoing employee training, are essential to maximize the
benefits of FIFO and sustain operational efficiency. Moreover, adapting FIFO practices
to specific organizational contexts and product characteristics is crucial for achieving
optimal results, as a one-size-fits-all approach may not be effective across different
industries or scales of operation (Chen et al., 2023).

Inventory management faces several critical issues that directly impact
operational efficiency, including waste, cost inaccuracies, and inefficiencies. Waste in
inventory arises from overstocking, expired or obsolete products, and poor storage
utilization, which not only inflate holding costs but also disrupt smooth operations.
Lean principles and modern inventory techniques have been shown to effectively
reduce such waste by optimizing stock levels and improving process flows, thereby
enhancing cost control and overall efficiency (Islam & Halim, 2025). Cost inaccuracies
often stem from Inventory Record Inaccuracy (IRI), where discrepancies between
recorded and actual stock levels lead to financial losses, stockouts, and unnecessary
replenishment, undermining trust and operational reliability. Studies reveal that even
small IRI rates can translate into significant monetary losses and operational
disruptions, emphasizing the need for accurate inventory tracking and validation
systems (Sittivangkul et al., 2024).

Inefficiencies in inventory management are frequently linked to poor demand
forecasting, inadequate data integration, and suboptimal use of technology. Despite
the adoption of advanced tools like barcode scanners, RFID, and inventory tracking
software, many organizations still struggle with data inaccuracies and forecasting
challenges, which result in excess stock or stockouts and increased operational costs
(Linuwih & Handayati, 2025). The integration of technologies such as RFID has been
demonstrated to reduce inventory inaccuracies and strengthen supply chain
coordination, leading to improved order quantities and profitability, especially in
decentralized supply chains (Rekik, 2011; Shabani et al., 2021). However, successful
implementation requires not only technological investment but also process
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optimization, staff training, and infrastructure improvements to fully realize efficiency
gains (Y. Kang & Gershwin, 2005).

Lean manufacturing tools such as 5S, Value Stream Mapping, and ABC analysis
have proven effective in addressing inefficiencies by organizing inventory, prioritizing
stock based on consumption, and streamlining retrieval processes. For example, in
textile manufacturing, applying these tools reduced waste by 25%, retrieval time by
30%, and machine idle time by 45%, illustrating the tangible benefits of structured
inventory management (Fleisch & Tellkamp, 2005; N. Singh, 2024). Similarly, in
educational and service environments, lean methodologies have improved inventory
organization and reduced waste, fostering continuous improvement cultures (Farias et
al., 2020; Nurprihatin et al., 2025). Addressing inventory issues holistically—combining
waste reduction, accuracy improvement, and efficiency enhancement—is essential for
sustaining operational performance and competitiveness.

The First In First Out (FIFO) method is widely recognized as an effective solution
to common inventory management problems such as stock obsolescence, inaccurate
recording, and operational inefficiencies. FIFO ensures that the oldest inventory items
are used or sold first, which is particularly important for perishable goods or products
with expiration dates, thereby reducing waste and maintaining product quality
(Ramadhan & Pusakaningwati, 2024b). This method also improves inventory accuracy by
providing a systematic approach to stock rotation, which helps prevent discrepancies
between recorded and actual inventory levels, facilitating better financial reporting
and decision-making (Kusmanto, 2024). Studies in various sectors, including
pharmaceuticals, retail, and manufacturing, demonstrate that implementing FIFO
leads to real-time inventory tracking, faster processing of goods, and reduced losses
due to expired or obsolete stock (Kusumo & Rakasiwi, 2021).

Moreover, FIFO supports operational efficiency by streamlining warehouse
activities, reducing the time needed for stock management, and minimizing errors in
inventory handling. For example, in warehouse settings, FIFO application has been
shown to increase profit margins by improving cost of sales calculations and reducing
potential losses from mismanagement (Hanna et al., 2024). In spare parts
management, FIFO prevents delays in production by ensuring timely availability of
components, which is critical for maintaining continuous operations (Budiawan et al.,
2020). The integration of FIFO with information systems and digital tools further
enhances its effectiveness by automating stock recording and reporting, thus reducing
manual errors and improving transparency across supply chains (Ramadhan &
Pusakaningwati, 2024c; Sadiah et al., 2024).

In addition to operational benefits, FIFO aligns with ethical and regulatory
standards, such as sharia financial principles, by promoting fairness, transparency, and
responsible inventory management (Lau & Mazaheri, 2021). Hybrid approaches
combining FIFO with other inventory strategies, like LIFO, have also been explored to
optimize ordering and storage costs, especially for perishable products with varying
shelf lives.

Research on the implementation of the First In First Out (FIFO) inventory method
in developing countries remains limited, revealing a significant gap in understanding its
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operational impacts and challenges in these contexts. While FIFO is widely recognized
for improving inventory turnover, reducing waste, and enhancing cost accuracy in
developed economies, its application in developing countries faces unique obstacles
such as inadequate infrastructure, weak supply chain systems, and limited
technological adoption. For instance, a study on educational institution cafeterias in
Bangalore, India, highlighted that poor FIFO practices, combined with insufficient cold
storage and forecasting capabilities, led to high levels of food waste, particularly in
perishable items like bread and vegetables (Means et al., 2020). This suggests that
despite the theoretical benefits of FIFO, practical constraints in developing countries
hinder its full effectiveness, necessitating tailored interventions including staff
training, affordable digital tools, and infrastructure upgrades.

Moreover, broader implementation science research indicates that frameworks
like the Consolidated Framework for Implementation Research (CFIR) require
adaptation to better fit low- and middle-income countries (LMICs), emphasizing the
importance of contextual factors such as culture, system characteristics, and resource
availability in successful method adoption (Böckel et al., 2020). This aligns with
findings that many developing countries lack comprehensive studies on inventory
management practices, including FIFO, which limits evidence-based policy and
operational improvements. The scarcity of research is also reflected in other sectors,
such as construction safety and health, where developing countries show
underrepresentation in scholarly work and a mismatch between research focus and
local needs, underscoring a systemic gap in applied research relevant to LMIC contexts
(Turner et al., 2019).

The limited research on FIFO in developing countries also points to challenges in
integrating modern technologies and data-driven approaches that facilitate FIFO’s
effectiveness in developed settings. For example, digital inventory management
systems and real-time tracking tools, which support FIFO by improving accuracy and
reducing manual errors, are often unavailable or underutilized in resource-constrained
environments (Umeokafor et al., 2022). This technological gap contributes to
inefficiencies and waste, highlighting the need for low-cost, scalable solutions adapted
to local conditions. Additionally, the lack of standardized methodologies and metrics
for evaluating FIFO implementation in these regions complicates efforts to measure
impact and share best practices, further slowing progress.

Addressing this research gap is critical for improving operational management
efficiency in developing countries, where inventory mismanagement can have severe
economic and social consequences. Enhanced research efforts should focus on
contextualizing FIFO within local supply chains, infrastructure realities, and workforce
capabilities, while exploring innovative adaptations that overcome existing barriers.
Such research would support the development of practical guidelines, training
programs, and technology solutions that are both effective and feasible in these
settings. Furthermore, cross-sectoral studies and systematic reviews could help
identify transferable lessons and foster knowledge exchange between developed and
developing contexts.
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Research objectives focusing on the analysis of FIFO (First In First Out)
implementation and its impact on operational efficiency aim to understand how this
inventory management method improves organizational processes and outcomes.
FIFO is designed to ensure that the oldest inventory items are used or sold first, which
helps maintain product quality, reduce waste, and optimize stock turnover. Studies
have shown that applying FIFO can significantly minimize losses due to expired or
obsolete goods, thereby enhancing operational efficiency in various sectors such as
retail, warehousing, and government asset management (Waruwu et al., 2025). For
example, research at a traditional grocery store demonstrated that FIFO
implementation not only preserved product freshness but also aligned with ethical
business practices, resulting in smoother operations and reduced financial risk.
Similarly, warehouse management improvements through FIFO, including layout
redesign and staff training, have been linked to faster delivery flows, reduced product
damage, and better inventory accuracy (Li, 2024).

Beyond inventory control, FIFO also impacts service efficiency, as seen in
healthcare and queue management systems where it reduces waiting times and
improves fairness by prioritizing service based on arrival order (Model et al., 2025;
Zeinolabedin et al., 2015). The development of web-based FIFO systems for asset
management in government agencies has further shown improvements in stock
accuracy and reporting speed, supporting digital transformation and operational
accountability (Fatourou et al., 2024). These findings highlight that FIFO’s structured
approach to managing flow—whether of goods or service requests—can streamline
operations, reduce errors, and enhance overall efficiency. However, successful FIFO
implementation often requires complementary measures such as technology
integration, staff training, and process redesign to fully realize its benefits (C et al.,
2025).

Empirical evidence from the manufacturing sector demonstrates that the
implementation of the First In First Out (FIFO) method significantly contributes to
improving operational management efficiency by optimizing inventory control,
reducing waste, and enhancing workflow processes. Studies in various manufacturing
companies reveal that FIFO helps prevent product damage and overstocking by
ensuring that older stock is used before newer arrivals, which is critical in managing
raw materials and finished goods effectively (Pramalegawa et al., 2025). For example,
research at PT. ABC’s warehouse identified that random storage practices caused
inefficiencies and product damage, but redesigning the warehouse layout and applying
FIFO improved operational flow, reduced risks of damage, and accelerated delivery
times (Soudatti, 2024). Similarly, PT. Mutiara Luwuk Bintang Lestari’s manual inventory
system was prone to errors and losses, but FIFO implementation enhanced inventory
accuracy, sped up goods management, and increased profits, demonstrating FIFO’s
direct impact on operational and financial performance (Fernandes et al., 2024).

Further empirical studies highlight that FIFO’s benefits extend beyond inventory
accuracy to include improved recording and reporting systems, which facilitate audits
and management oversight, as seen in PT. Heinz ABC Indonesia’s spare parts
warehouse (Hamidy, 2024). The method also supports quality control by ensuring that



E-ISSN 3089-1566
Volume 2, 2025, pp 821-871Proceeding Accounting, Management, Economics Uniska

“The Role of Research in Economics, Management, Accounting to Realizing Sustainable Development”

826

only items meeting standards remain in stock, thus maintaining production continuity
and reducing downtime. Technological advancements, such as integrating intelligent
systems and AI for real-time FIFO monitoring, have shown promise in optimizing
logistics and adapting to demand fluctuations, thereby enhancing flexibility and
reducing operational costs in manufacturing supply chains (Liyundira, 2021).
Additionally, research on inventory management optimization using FIFO in
manufacturing settings emphasizes the method’s role in minimizing raw material
wastage through systematic stock issuance, which contributes to sustainable resource
use and cost savings (Sembiring et al., 2019).

Collectively, these empirical findings underscore FIFO’s critical role in enhancing
operational efficiency in manufacturing by streamlining inventory flow, reducing waste,
improving data accuracy, and supporting decision-making processes. However,
successful FIFO implementation often requires complementary improvements such as
warehouse layout redesign, staff training, and adoption of digital tools to maximize its
effectiveness (Pandey & Raut, 2016). This body of research contributes valuable
knowledge by providing practical evidence of FIFO’s impact on operational
management, offering a foundation for further studies and guiding manufacturing
firms in developing countries to adopt and adapt FIFO methods for improved
efficiency and competitiveness

LITERATURE REVIEW AND HYPOTHESIS DEVELOPMENT
InventoryManagement Theory

Inventory management is a critical function in business operations, involving
the control and oversight of stock to ensure efficient production and sales processes.
The core concepts and principles of inventory management include maintaining
optimal inventory levels to meet demand without incurring excessive holding costs,
accurate recording of inventory transactions, and timely valuation of inventory to
reflect true financial status. Inventory valuation methods are essential for determining
the cost of goods sold and ending inventory, impacting financial reporting and
operational decisions. Common valuation methods include First-In-First-Out (FIFO),
Weighted Average Cost (WAC), and Last-In-First-Out (LIFO), with FIFO and WAC being
widely accepted under International Financial Reporting Standards (IFRS) (“Warehouse
Management,” 2018).

The FIFO method assumes that the oldest inventory items are sold first, which
often results in inventory values that closely reflect current market prices during
inflationary periods, thereby providing a more conservative and realistic financial
position (Olmedo, 2025). Studies show that FIFO can enhance operational
management efficiency by improving inventory transparency and financial statement
reliability, as seen in cooperative and manufacturing settings (Srbinoska et al., 2020).
Comparatively, FIFO tends to yield higher ending inventory values and gross profit
margins than Weighted Average Cost, which averages costs over the period,
potentially smoothing out price fluctuations but sometimes distorting financial ratios
(Скорнякова & Мороз, 2024). The choice of inventory valuation method significantly
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affects key financial ratios such as current ratio, inventory turnover, and profitability,
influencing managerial decisions and tax liabilities (Sayiner, 2025).

Research also highlights that the selection of inventory valuation methods
depends on factors like company size, inventory variability, and managerial
understanding, with FIFO favored for its simplicity and alignment with economic
reality in many industries (Rohimah1 et al., 2025). However, some studies note that while FIFO
improves financial reporting transparency, full compliance with accounting standards
requires detailed disclosure of inventory policies and impairment, which is sometimes
lacking (Onoja & Abdullahi, 2015). Overall, the application of FIFO in inventory
management supports operational efficiency and financial clarity, but firms must
carefully consider their specific context and regulatory requirements when selecting
valuation methods (Sulistyawati et al., 2019).

First In First Out (FIFO) Method
The First-In, First-Out (FIFO) method represents both a physical inventory

management approach and an accounting technique that assumes the oldest products
in inventory are the first to be sold or used in production. This systematic approach
ensures that goods are rotated chronologically, preventing older stock from becoming
obsolete while maintaining product freshness and quality (Perry & Zarsky, 2012). The
conceptual foundation of FIFO rests on aligning cost flow assumptions with the typical
physical flow of inventory in many industries, particularly those dealing with
perishable goods or products with limited shelf lives. By matching accounting practices
with operational reality, FIFO provides a realistic representation of both inventory
valuation and cost of goods sold, enabling more accurate financial analysis and
business decision-making.

The operational advantages of implementing FIFO are substantial and
multifaceted. One of the most significant benefits lies in waste reduction, particularly
for industries dealing with perishable products. Research indicates that approximately
60% of food waste results from ineffective inventory management, with FIFO
implementation potentially reducing this figure substantially (Lestari et al., 2019).
Businesses utilizing FIFO report reductions in product obsolescence by up to 15%,
translating to considerable cost savings and diminished losses (Gao, 2023). Similarly,
pharmaceutical companies have documented expired inventory reductions of up to
30% through consistent FIFO application, highlighting its importance in sectors where
product efficacy and regulatory compliance are paramount (Tong, 2024).

From a financial perspective, FIFO enhances reporting accuracy by providing a
clearer picture of cost of goods sold (COGS) and inventory valuation, particularly
during periods of price volatility. A PwC study referenced in industry literature
indicates that companies adopting FIFO improve their financial accuracy by 20% in
inflationary environments (Hu et al., 2024). This improved accuracy stems from FIFO's
tendency to match older, typically lower historical costs with current revenues during
inflationary periods, resulting in higher reported gross margins and net income
compared to alternative methods like LIFO. While this approach increases taxable
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income in rising price environments, it simultaneously presents a stronger financial
position to investors, creditors, and other stakeholders (Castro et al., 2021; Sari, 2018).

The implementation of FIFO also generates significant operational efficiencies
beyond waste reduction. Companies that systematically apply FIFO principles

experience enhanced inventory visibility, leading to more organized warehouse
environments and improved order accuracy (Z. Wang, 2024). This visibility enables
better tracking of stock movements, more informed purchasing decisions, and
optimized inventory levels throughout the supply chain. Industry reports indicate that
warehouses implementing FIFO alongside complementary Warehouse Management
Systems (WMS) achieve a 25% reduction in labor costs and a 50% increase in order
accuracy (Z. Hao et al., 2023). Additionally, businesses optimizing their inventory

management systems, including FIFO application, have reported a 35% increase in
operational efficiency, underscoring the method's substantial economic advantages
(Pratiwi et al., 2020).

Beyond these quantitative benefits, FIFO offers several strategic advantages
that enhance organizational capability. The method's widespread acceptance under
both GAAP and IFRS standards facilitates consistent financial reporting and simplifies
audit processes (Dopuch & Pincus, 1988; Naufal et al., 2024b). Furthermore, FIFO's
intuitive logic—matching the natural flow of goods in most businesses—makes it easily
understandable and implementable across various organizational levels. This simplicity
reduces training requirements and promotes consistent application throughout the
organization. The method's compatibility with most accounting and inventory
management software systems further enhances its practical implementation,
enabling automated enforcement of FIFO rules through mobile data collection and
real-time transaction processing (Kim et al., 2024; Luo, 2023).

Operational Management Efficiency
Operational Management Efficiency represents a fundamental aspect of

organizational performance that measures how effectively a company converts inputs
into outputs. In today's competitive business environment, organizations face
increasing pressure to optimize their operations, reduce costs, and enhance
productivity without compromising quality or customer satisfaction. The efficiency of
operational processes directly influences a company's profitability, competitive
positioning, and long-term sustainability. Within this context, inventory management
emerges as a critical component of operational efficiency, particularly for businesses
dealing with physical products. The choice of inventory valuation and management
method can significantly impact various aspects of operational performance, from cost
control to waste reduction.

The First-In, First-Out (FIFO) method constitutes one of the most widely
adopted inventory management approaches, particularly in industries where product
freshness, chronological distribution, and obsolescence prevention are paramount.
FIFO operates on the fundamental principle that the oldest inventory items acquired
or produced are the first to be used or sold. This logical flow aligns with the natural
progression of goods in many industries and offers distinct advantages for financial
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reporting, operational efficiency, and waste reduction. Understanding the relationship
between FIFO implementation and key operational efficiency indicators provides
valuable insights for managers seeking to optimize their inventory processes.

This literature review aims to synthesize existing knowledge and research
regarding the relationship between FIFO inventory management and operational
efficiency, with particular focus on four critical areas: key performance indicators (KPIs)
for operational efficiency, inventory turnover ratio, waste reduction metrics, and cost
accuracy measurements. By examining theoretical foundations, empirical evidence,
and practical applications, this review seeks to provide a comprehensive
understanding of how FIFO implementation influences operational performance
across diverse business contexts. The analysis incorporates insights from academic
research, industry publications, and expert perspectives to evaluate FIFO's
effectiveness in enhancing operational outcomes.

Key Performance Indicators for Operational Efficiency
Key Performance Indicators (KPIs) represent quantifiable metrics that enable

organizations to measure and track the performance of their operations against
strategic objectives. Operational KPIs provide real-time or near-real-time feedback on
how efficiently core business processes are functioning, allowing managers to identify
problems early and implement corrective actions promptly (Voukkali et al., 2023).
These indicators differ from strategic KPIs, which focus on long-term goals and
typically change slowly over quarters or years. Operational metrics are often tied to
processes critical for business continuity and solvency, such as production, order
fulfillment, and customer service (Purwoko et al., 2023).

A comprehensive framework for operational efficiency measurement
encompasses multiple categories of KPIs, each addressing different aspects of
organizational performance. The most prominent evaluation methods include the
balanced scorecard and Objectives and Key Results (OKRs) (Rekuenko et al., 2024). The
balanced scorecard, introduced by Kaplan and Norton, examines four business areas:
learning and growth, processes, customers, and finance. OKRs, popularized by
companies like Intel and Google, set clear objectives with measurable key results to
direct organizational efforts toward specific outcomes (Mubaarak & Syafii, 2024).

Inventory Turnover Ratio as a Critical Efficiency Metric
The inventory turnover ratio represents one of the most significant indicators

of operational efficiency for businesses that manage physical products. This ratio
measures how many times a company sells and replaces its entire inventory during a
specific period, typically one year (Prabha et al., 2024). The standard formula for
calculating inventory turnover is Cost of Goods Sold (COGS) / Average Inventory,
where average inventory is calculated as (Beginning Inventory + Ending Inventory) / 2
(Geeta, 2025). This ratio provides valuable insights into how effectively a company
manages its inventory and generates sales from its stock investments.

A higher inventory turnover ratio generally indicates strong sales and efficient
inventory management, suggesting that goods move quickly through the business
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without excessive capital being tied up in unsold merchandise (S. Singh & Baghel,
2025). Conversely, a lower ratio typically points to weak sales, overstocking, or
decreasing market demand for products, potentially signaling inefficiencies in
inventory management, purchasing strategies, or sales execution (Chiaraviglio et al.,
2025). However, the interpretation of inventory turnover ratios must consider industry
norms, as optimal levels vary significantly across different sectors. For instance, high-
volume, low-margin industries like grocery retail typically exhibit much higher turnover
ratios than low-volume, high-margin industries such as luxury goods (Staudt et al.,
2015).

The inventory turnover ratio directly impacts various aspects of operational
efficiency and financial performance. Efficient inventory turnover reduces carrying
costs, including storage space, insurance, taxes, and potential obsolescence (Yerra,
2025). It also minimizes the risk of inventory becoming outdated or exceeding its shelf
life, particularly crucial for perishable goods. Furthermore, optimal turnover improves
cash flow by converting inventory investments into sales revenue more quickly,
freeing up capital for other operational needs or strategic investments (Mucherla &
More, 2025).

For most industries, the ideal inventory turnover ratio falls between 5 and 10,
meaning the company sells and restocks inventory roughly every one to two months (J.
Singh & Puranik, 2024). However, industries with perishable goods, such as food and
beverages, typically require higher ratios to prevent losses from spoilage. Businesses
can improve their inventory turnover through various strategies, including better
demand forecasting, optimized purchasing practices, strategic pricing adjustments,
and effective sales and marketing initiatives (Pamučar et al., 2021).

The relationship between inventory turnover and operational efficiency
extends beyond mere financial metrics to encompass customer satisfaction and
competitive advantage. Companies with optimized inventory turnover can better meet
customer demand without excessive stockouts or delays, enhancing service levels and
customer retention (Tokat et al., 2021). Additionally, efficient inventory turnover
supports more responsive supply chain operations, enabling businesses to adapt more
quickly to changing market conditions and consumer preferences.

It is important to note that while higher turnover is generally desirable,
excessively high ratios may indicate insufficient inventory levels, potentially leading to
stockouts, lost sales, and operational disruptions (Lee, 2023). Therefore, businesses
must strike a balance between maximizing turnover and maintaining adequate stock
to meet customer demand, considering factors such as supplier lead times, demand
variability, and strategic safety stock requirements.

Waste Reduction Metrics in Operations
Waste reduction represents a fundamental aspect of operational efficiency,

directly contributing to cost reduction, environmental sustainability, and improved
resource utilization. Waste metrics provide organizations with quantifiable measures
to track and manage waste generation, disposal, and prevention across operational
processes (Kwak, 2019). These metrics enable businesses to identify improvement
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opportunities, set reduction targets, and monitor progress toward waste minimization
goals.

Key waste reduction metrics encompass various dimensions of operational
performance, including material efficiency, environmental impact, and financial
implications. Prominent waste reduction metrics include:
1. Diversion Rate: This measures the percentage of waste channeled away from

landfills through recycling, composting, or waste-to-energy conversion. A higher
diversion rate indicates more sustainable waste management practices and
reduced environmental impact.

2. Contamination Rate: In recycling and waste streams, this metric tracks the
percentage of non-recyclable materials that incorrectly end up in recycling bins.
High contamination rates increase sorting costs, reduce processing efficiency, and
potentially render entire batches of recyclables unusable.

3. Scrap Rate: This measures the percentage of materials wasted during production
processes. A lower scrap rate indicates more efficient manufacturing operations
and better material utilization.

4. First-Time Yield (FTY): As mentioned previously, FTY measures how many items or
processes are completed correctly without rework. By reducing the number of
defective products requiring rework or scrapping, companies directly minimize
waste of materials, labor, and time.

The Lean methodology provides a comprehensive framework for identifying
and eliminating waste through its categorization of seven types of operational waste:
overproduction, waiting time, transport, extra processing, inventory, motion, and
defects. By systematically addressing each waste category, organizations can
significantly improve their operational efficiency and reduce associated costs. For
instance, reducing inventory waste through better demand forecasting and inventory
management minimizes storage costs and potential obsolescence.

The environmental dimension of waste reduction has gained increasing
importance in recent years, with metrics such as greenhouse gas (GHG) emissions
from waste processing and transportation becoming standard indicators of
environmental performance. Tracking these metrics helps organizations align their
operational efficiency goals with sustainability objectives, addressing growing
stakeholder expectations for environmentally responsible business practices.

Implementing effective waste reduction programs requires establishing
consistent measurement methodologies, data collection processes, and reporting
systems (Zhang & Huang, 2023). Organizations should conduct regular waste audits to
establish baselines, identify waste composition patterns, and set realistic reduction
targets. These audits typically involve quantifying waste generation by type, source,
and disposal method, providing the foundational data for meaningful performance
tracking.

Technology plays an increasingly important role in waste measurement and
management. Advanced solutions include "smart bins" with sensors that monitor fill
levels and composition, automated sorting systems, and data analytics platforms that
identify waste patterns and optimization opportunities. These technologies enable
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more precise measurement, real-time monitoring, and data-driven decision-making
for waste reduction initiatives.

The financial implications of waste reduction extend beyond direct cost savings
from reduced material consumption and disposal fees. Effective waste management
can generate revenue through the sale of recyclable materials, enhance brand
reputation, improve regulatory compliance, and create competitive advantages in
markets increasingly valuing sustainable business practices (Psarommatis et al., 2022).

Cost Accuracy Measurements in Operations
Cost accuracy represents a critical aspect of operational efficiency, enabling

organizations to make informed decisions based on reliable financial data. Accurate
cost measurement ensures that pricing strategies, product mix decisions, and resource
allocation align with actual operational costs and profitability objectives. Key cost
accuracy metrics provide insights into different aspects of operational expenditure and
efficiency, forming the foundation for sound financial management.
Fundamental cost accuracy measurements include:
1. Cost of Goods Sold (COGS): This represents all direct costs attributable to the

production of goods sold by a company, including raw materials and direct labor.
Accurate COGS calculation is essential for determining gross profit and evaluating
production efficiency.

2. Operating Expenses: These encompass expenses related to activities that support
current operations, such as employee wages and selling, general, and
administrative expenses (SG&A). Proper classification and tracking of operating
expenses ensure accurate assessment of operational efficiency.

3. Cost per Unit: This metric calculates the average cost of producing a single unit of
a product or service. Tracking cost per unit over time helps identify efficiency
improvements or cost escalations in production processes.

4. Capacity Utilization Rate: This measures how much of a company's potential
output is being realized, helping identify underutilized resources and associated
costs (Gaur et al., 2005). Low capacity utilization often indicates inefficiencies and
higher fixed costs per unit.

The gross profit margin, calculated as (Revenue - COGS) / Revenue x 100,
serves as a crucial indicator of production efficiency and cost management. A higher
gross margin suggests that a company effectively controls its direct production costs
relative to selling prices. Similarly, the net profit margin provides a more
comprehensive view by considering all business expenses, not just COGS, reflecting
overall operational efficiency and overhead management (Rao & Rao, 2009).

Cost accuracy directly influences strategic decision-making across various
operational areas. Accurate cost data enables organizations to:
1. Identify products or services with the highest profitability
2. Make informed pricing decisions based on actual costs
3. Pinpoint processes or departments with excessive costs
4. Evaluate the financial impact of operational improvements
5. Allocate resources to the most efficient and profitable activities
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Inventory valuation methods significantly impact cost accuracy, particularly for
businesses with substantial inventory investments. The First-In, First-Out (FIFO)
method enhances cost accuracy during inflationary periods by assigning older, typically
lower costs to COGS while valuing ending inventory at more recent, higher costs. This
approach provides a more realistic representation of inventory asset value on the
balance sheet, better approximating current replacement costs. According to industry
data, companies that adopt FIFO improve their financial accuracy by 20% in volatile
pricing environments.

Modern cost measurement increasingly leverages technology to enhance
accuracy and timeliness. Automated data collection systems, integrated enterprise
resource planning (ERP) platforms, and advanced analytics tools enable more precise
cost tracking, real-time monitoring, and detailed cost analysis across operations
(Pratama et al., 2020). These technologies reduce manual errors, provide deeper
insights into cost drivers, and support more responsive cost management.

Hypothesis Development
Efficient inventory management is a critical determinant of success in

competitive business environments, directly influencing operational costs, product
availability, and customer satisfaction. Among the various inventory valuation and
issuance methods, the First-In, First-Out (FIFO) method is one of the most widely
recognized and applied. FIFO is an inventory costing approach based on the
assumption that the oldest goods purchased or produced are the first to be sold or
used. This method is not only an accounting technique but also a physical warehouse
management strategy designed to ensure that inventory is rotated chronologically.

For businesses dealing with perishable goods, seasonal items, or products with
warranty periods, FIFO is often the logical choice as it aligns the cost flow assumption
with the natural physical flow of goods, thereby preventing older stock from becoming
obsolete (Mohamad et al., 2021). The following sections develop hypotheses regarding
the impact of FIFO implementation on three key operational areas: inventory
management efficiency, material waste reduction, and cost accuracy.

H1: FIFO Implementation Significantly Improves Inventory Management Efficiency
The hypothesis that FIFO implementation significantly improves inventory

management efficiency is strongly supported by both theoretical principles and
empirical evidence from industrial case studies.

From a theoretical standpoint, the core objective of inventory management is
to improve customer service, increase production efficiency, reduce inventory
investment, and increase profit. The FIFO method is posited as a key strategy to
achieve these goals. It is fundamentally a "perpetual inventory system" that, when
properly implemented, ensures the oldest stock is flushed out first, keeping the on-
hand inventory fresh and relevant (Acosta-González et al., 2024). This systematic
approach is designed to prevent the aging of products in storage, which is a direct
contributor to operational inefficiencies.
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Empirical evidence from a study conducted in the furniture manufacturing and
e-commerce industry provides concrete support for this hypothesis. The study
documented the challenges faced when inventory was picked from random locations
irrespective of its receipt date. This ad-hoc approach led to the aging of products
beyond their validity period, causing potential losses and operational disruptions
(Suwarni et al., 2025). To address this, the researchers implemented a structured FIFO
strategy that involved:
1. Uniform Labeling and Batch Numbering: Introducing a standardized labeling

system with a structured batch number linked to the Goods Received Note (GRN)
date. This allowed the system to use the batch number as an objective ageing
criterion.

2. System-Integrated Picking Suggestions: Integrating the batch data with Enterprise
Resource Planning (ERP) software. When an order was placed, the system would
automatically suggest the picking location containing the SKU with the earliest
batch number, ensuring the oldest stock was selected first (Alamsyah & Putri, 2024).

The results of this implementation confirmed a direct improvement in inventory
management efficiency. By enforcing the chronological outflow of goods, the company
was able to maintain a smoother flow of inventory and prevent the expiration of
validity periods for their "Sales or Return" (SOR) inventory, which had to be sold within
90 days. This case demonstrates that FIFO is not merely an accounting concept but an
operational discipline that, when supported by proper process redesign and
technology, can significantly enhance the efficiency and effectiveness of warehouse
operations (Naraghi & Jiang, 2025). Therefore, the literature provides a solid foundation
for hypothesizing that FIFO implementation is a significant driver of inventory
management efficiency.

H2: FIFO Implementation Significantly Reduces Material Waste
The hypothesis that FIFO implementation significantly reduces material waste

is logically sound and finds strong support in literature focusing on perishable goods
and inventory management heuristics.

The connection between FIFO and waste reduction is most evident in the
context of perishable inventory systems. A significant portion of the global food
supply, estimated at 30-40% by the US Department of Agriculture, is wasted.
Implementing effective inventory management strategies, such as FIFO, is directly
cited as a method to reduce the amount of perishable food that goes unused,
contributing to both economic gains and environmental sustainability. In academic
research, FIFO is characterized as an "issuance policy" where items are served in the
order they were received, with the oldest item being served first. This policy is
prevalent in literature and practice specifically because it is designed to minimize the
cost of outdated inventory by prioritizing the use of goods that are closest to their
expiration (Formeloza, 2023).

Furthermore, the literature contrasts FIFO with other policies like LIFO (Last-In,
First-Out), which is more complex to analyze and less effective at preventing spoilage.
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In retail settings, consumer behavior often creates a mixed issuance policy; however,
the systematic application of FIFO by staff—by placing items with the nearest
expiration dates at the front—is a direct operational tactic to reduce waste that would
otherwise result from product obsolescence.

For non-food sectors, such as the furniture industry, the principle remains the
same. The implementation of FIFO is critical for managing products with limited shelf
life or validity periods, preventing them from becoming obsolete and requiring write-
offs, which is a form of material and financial waste (Ching et al., 2019). Consequently,
the consensus in the literature strongly supports the hypothesis that the structured
application of the FIFO method is a key factor in achieving significant reductions in
material waste.

H3: FIFO Implementation Significantly Improves Cost Accuracy
The hypothesis that FIFO implementation significantly improves cost accuracy

is grounded in the established principles of financial accounting and inventory
valuation, with clear implications for the reliability of financial reporting.

Cost accuracy is fundamental for realistic financial statements, informed
managerial decision-making, and precise profitability analysis. The choice of inventory
valuation method—FIFO, LIFO (Last-In, First-Out), or Weighted Average Cost—directly
impacts key financial figures, including the Cost of Goods Sold (COGS) and the value of
ending inventory. The FIFO method improves cost accuracy by ensuring that the cost
of sales is based on the oldest available purchase prices. During periods of rising
inflation, this means that older, typically lower costs are matched against current
revenues, leading to a higher reported gross profit and net income. Conversely, the
ending inventory on the balance sheet is valued at the most recent, higher costs,
which provides a more realistic approximation of its current market value and
replacement cost (Moussavi et al., 2024).

This effect is a point of major comparison with the LIFO method. While LIFO
can lower tax liabilities by reporting higher COGS (using newer, more expensive
inventory) during inflation, it values the ending inventory on the balance sheet at older,
potentially outdated costs. This can understate the company's assets and provides a
less accurate picture of the inventory's current economic value. The widespread
acceptance of FIFO under both Generally Accepted Accounting Principles (GAAP) and
International Financial Reporting Standards (IFRS) further underscores its role in
promoting consistent and comparable financial reporting. In contrast, LIFO is
prohibited under IFRS, limiting its usefulness for global companies (Gambhire & Vyas,
2025). Therefore, by aligning reported inventory values closer to their current
economic cost and providing a clearer picture of COGS, the literature substantiates the
hypothesis that FIFO implementation contributes significantly to improved cost
accuracy in financial reporting.

METHODS
Reseach Design
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A quantitative research approach with explanatory design is well-suited for
analyzing the impact of FIFO implementation on operational management efficiency,
as it allows for systematic measurement and explanation of relationships between
variables. This approach typically involves collecting numerical data through surveys
and financial records to quantify inventory performance, waste reduction, and cost
accuracy, enabling statistical analysis to test hypotheses about FIFO’s effects
(Shuxratovich, 2025). Surveys are used to gather structured responses from employees
or managers regarding operational practices, satisfaction, and perceived efficiency
improvements after FIFO adoption, providing primary data on human factors and
process changes (Sun, 2025). Financial data analysis complements this by examining
objective metrics such as inventory turnover ratios, waste percentages, and cost
variances extracted from accounting records or ERP systems, offering concrete
evidence of FIFO’s impact on operational and financial outcomes (Siyamto, 2022).

The explanatory research design focuses on identifying cause-and-effect
relationships, making it appropriate for testing hypotheses like FIFO’s influence on
inventory efficiency, waste reduction, and cost accuracy. Statistical techniques such as
descriptive statistics, correlation analysis, t-tests, ANOVA, and regression models are
commonly employed to analyze survey and financial data, revealing significant
differences or associations attributable to FIFO implementation (Tanjung et al., 2023).
For example, studies in logistics and healthcare sectors have used structured
questionnaires combined with financial performance indicators to demonstrate that
FIFO improves inventory turnover, reduces expired stock, and enhances cost reporting
accuracy (Soithong et al., 2024). This mixed quantitative data enables a comprehensive
understanding of both operational processes and financial impacts, strengthening the
validity of conclusions.

Data collection in such research involves administering standardized
questionnaires to relevant personnel involved in inventory management, such as
warehouse staff, pharmacists, or supply chain managers, to capture perceptions and
behavioral changes post-FIFO implementation (Toni et al., 2024). Simultaneously,
financial data is gathered from company records, including purchase and usage logs,
inventory valuation reports, and cost statements, often spanning multiple periods to
assess trends and improvements (B. Kumar & Arrawatia, 2025). The integration of survey
and financial data allows triangulation, enhancing reliability by cross-verifying
subjective responses with objective performance metrics.

Population and Sample
Population

The population for this study is defined as manufacturing companies located in
East Java, Indonesia. East Java is a significant industrial hub, hosting a diverse range of
manufacturing sub-sectors, such as food and beverage, textiles, automotive
components, and chemicals, many of which can benefit from FIFO principles
(Febriansyah et al., 2020). The exact sampling frame, which is the complete list of all
manufacturing companies in East Java from which the sample will be drawn, would
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ideally be sourced from the Indonesian Central Bureau of Statistics (Badan Pusat
Statistik) or the East Java Indonesian Entrepreneurs Association (APJDI).

Sampling Technique
The sampling method to be used is purposive sampling, a non-probability

sampling technique where researchers use their judgment to select units that are
most representative of the population and most informative for the research
objectives (Sulistyawati et al., 2020).

This method is suitable for this study because it allows for the targeted
selection of companies that are most likely to have relevant experiences and practices
related to inventory management. The goal is to select information-rich cases for in-
depth analysis regarding FIFO application. The following criteria will be used for
selection (Maulida & Kurniawan, 2023; Santioso, 2015):
1. Criterion 1: The company must be classified as a manufacturing entity according

to the Indonesian Standard Industrial Classification (Klasifikasi Baku Lapangan
Usaha Indonesia or KLUI).

2. Criterion 2: The company must have been in operation for at least the last three
years. This ensures the company has established operational processes.

3. Criterion 3: The company must manage physical inventory as a core part of its
operations, making the study of inventory valuation methods like FIFO relevant.

Sample Size
The sample size for this study is 10 manufacturing companies. In qualitative

research, sample size determination is guided by the principle of data saturation—the
point at which no new information or themes are observed in the data (Narulita &
Siswanto, 2020). A sample size of 10 is considered sufficient to reach saturation for a
homogenous group (like manufacturers using FIFO) and allows for an in-depth, case-
oriented analysis (Muna et al., 2023). This size is also practical for the rigorous data
collection and analysis required for a multiple case study design.

Table 1. Profile of the Proposed Sample

Company
Pseudonym

Manufacturing Sub-
Sector

Key Informant
(Position) Core Data to be Collected

Company A Food & Beverage Warehouse Manager Spoilage rates, inventory
turnover data pre/post-FIFO

Company B Pharmaceuticals Quality Control Head
Expired inventory records,
regulatory compliance

reports

Company C Automotive Parts Operations Director Inventory holding costs, order
fulfillment speed metrics

Company D Textiles Supply Chain Manager Obsolete stock data,
inventory accuracy reports

Company E Electronics Production Manager
Defect rates linked to old
components, stock-out

frequency
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Company F Chemicals Plant Manager Waste disposal costs,
inventory valuation reports

Company G Building Materials Logistics Supervisor Material degradation reports,
storage cost data

Company H Consumer Goods Inventory Controller Inventory turnover ratios,
picking accuracy records

Company I Medical Devices
Regulatory Affairs

Officer
Traceability records, batch

tracking data

Company J Plastics Procurement Manager Rawmaterial usage data,
supplier delivery logs

Data Collection
Primary Data Collection: Questionnaire Surveys

The primary data will be collected through a structured questionnaire survey
administered to key personnel within the manufacturing companies, such as
operations managers, warehouse managers, and finance controllers (Kartinah, 2021;
Sakdah et al., 2022).
1. Questionnaire Design: The questionnaire will use a combination of Likert scales

(e.g., from 1-Strongly Disagree to 5-Strongly Agree), multiple-choice questions,
and limited open-ended sections to capture nuanced feedback. It will be divided
into sections covering company demographics, the extent of FIFO implementation,
and its perceived impact on operational efficiency.

2. Data Collection Method: To ensure a good response rate and efficient data
collection, the survey will be distributed using a mix of web-based questionnaires
and offline forms. Sending cover letters explaining the academic purpose of the
study and ensuring anonymity can help improve participation.

3. Variables Measured: The survey will be designed to capture data on key
constructs, including:
a. Perceived Inventory Management Efficiency: Ease of tracking, organization,

and order fulfillment.
b. PerceivedWaste Reduction: Reduction in obsolete and expired stock.
c. Perceived Cost Accuracy: Improvements in financial reporting and audit

processes.

Secondary Data Collection: Financial and Inventory Records
Secondary data will be crucial for triangulating the findings from the primary

survey and providing objective measures of performance (Herll & Bondorf, 2025;
Maulana, 2023; Stieber et al., 2017).
1. Sources of Data: This study will analyze internal company documents, including:

a. Financial Reports: Specifically, income statements and balance sheets to
calculate key ratios.

b. Inventory Management Records: Data on stock inflows, outflows, age of
inventory, and records of expired or written-off stock.
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2. Key Performance Indicators (KPIs): The following metrics will be derived from the
secondary data to measure operational efficiency objectively (Kuncara et al., 2023;
Zhu et al., 2020):
a. Inventory Turnover Ratio: Calculated as Cost of Goods Sold / Average

Inventory. A higher ratio typically indicates more efficient inventory
management.

b. Waste to COGS Ratio: The proportion of expired or obsolete inventory costs
relative to the total Cost of Goods Sold. A decreasing trend would indicate
successful waste reduction.

c. Inventory Valuation Accuracy: Assessing how closely the reported inventory
value aligns with physical stock counts and current market values.

Proposed Data Collection Time Frame
A well-defined and realistic time frame is critical for the systematic execution

of the research. A proposed 6-month period is recommended to allow for thorough
preparation, data gathering, and preliminary analysis. This duration is sufficient to
capture a complete business cycle and mitigate the impact of any short-term
anomalies.

Here is a potential schedule for a study conducted from January 2024 to June
2024:

Gambar 1. Timeline Januari 2024-June 2024

This structured approach ensures methodological rigor. The questionnaire
captures managerial insight, while the secondary data provides factual validation. The
6-month timeframe is practical for academic research and allows for a comprehensive
data collection process.
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Data Analysis
Descriptive Statistics

Before conducting advanced analysis, descriptive statistics will be computed to
summarize and describe the basic features of the dataset. This provides a clear
overview of the sample and helps to detect any potential outliers or errors in data
entry. For all continuous variables (e.g., INV_EFF, WASTE_RED, COST_ACC, SIZE, TECH),
the following will be calculated (Cost of Inventory Calculation Analysis Using The Fifo
And, 2021; K. Kang & Zhong, 2023):
1. Mean: The average value, which indicates the central tendency of the data.
2. Standard Deviation: A measure of the dispersion or variability within the data. A

low standard deviation indicates that the data points are clustered closely around
the mean.

3. Minimum and Maximum Values: The range of the observed data.

For categorical variables like Industry Type (IND), a frequency distribution
(counts and percentages) will be presented (Agustiawan & Julianti, 2024; Hanum,
2022). These statistics will be summarized in a table, providing a snapshot of the
profile of the companies in the sample and the distribution of key variables.

Multiple Regression Analysis
Multiple regression analysis is a powerful statistical technique used to

understand the relationship between one dependent variable and two or more
independent variables. It is ideal for this study as it allows us to test the effect of FIFO
implementation on operational efficiency while simultaneously controlling for the
influence of company size, industry, and technology (Aguirre & Díaz, 2019; Nurhasril et al.,
2023).

Three separate multiple regression models will be estimated, one for each dependent
variable (Suhartono & Widiyanti, 2021):
1. Model 1: Inventory Efficiency

INV_EFF = β₀ + β₁(FIFO_IMP) + β₂(SIZE) + β₃(IND) + β₄(TECH) + ε

2. Model 2: Waste Reduction
WASTE_RED = β₀ + β₁(FIFO_IMP) + β₂(SIZE) + β₃(IND) + β₄(TECH) + ε

3. Model 3: Cost Accuracy
COST_ACC = β₀ + β₁(FIFO_IMP) + β₂(SIZE) + β₃(IND) + β₄(TECH) + ε

Where:

1. β₀ is the intercept (constant).
2. β₁, β₂, β₃, β₄ are the regression coefficients that represent the change in the

dependent variable for a one-unit change in the respective independent variable,
holding all other variables constant.
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3. ε is the error term, representing the variation in the dependent variable not
explained by the model.

Hypothesis Testing (t-test and F-test)
Hypothesis testing is at the core of the inferential analysis, allowing us to make

conclusions about the population based on the sample data (Yustika et al., 2021).

1. T-Test for Individual Coefficients: For each independent variable in the regression
models, a t-test will be conducted to test the statistical significance of its
regression coefficient (β). The hypotheses for the main variable of interest,
FIFO_IMP, in each model are:
a. Null Hypothesis (H₀): β₁ = 0 (FIFO implementation has no effect on the

efficiency metric).
b. Alternative Hypothesis (H₁): β₁ ≠ 0 (FIFO implementation has a statistically

significant effect on the efficiency metric).
The test will yield a p-value. If the p-value is less than the chosen significance
level (α = 0.05), we reject the null hypothesis and conclude that FIFO
implementation has a statistically significant relationship with the dependent
variable, after controlling for other factors.

2. F-Test for Overall Model Significance: An F-test will be performed for each
regression model to evaluate its overall significance. This test assesses whether
the group of independent variables, as a whole, explains a significant proportion
of the variance in the dependent variable.
a. Null Hypothesis (H₀): All regression coefficients are equal to zero (β₁ = β₂ = β₃ =

β₄ = 0).
b. Alternative Hypothesis (H₁): At least one β is not equal to zero.

A p-value less than 0.05 for the F-test would lead us to reject the null
hypothesis and conclude that the regression model is a good fit for the data,
meaning that the independent variables together significantly predict the
dependent variable.

Table 2. Summary of Key Data Analysis Techniques

Technique Purpose in This Study Key Interpretation
Descriptive Statistics To summarize the sample

characteristics and variables
(mean, standard deviation).

Provides an initial overview and
checks for data anomalies.

Cronbach's Alpha To test the internal consistency
reliability of the survey scale.

A value ≥ 0.7 indicates the scale is
reliable.

Exploratory Factor
Analysis (EFA)

To assess the construct validity of
the survey instrument.

Confirms that survey items load
onto the intended theoretical

constructs.
Multiple Regression To model the relationship

between FIFO implementation
and efficiency metrics while
controlling for other factors.

The coefficients (β) show the
direction and strength of each

relationship.
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t-test To test the significance of each
individual independent variable in

the regression model.

A p-value < 0.05 indicates the
variable is a significant predictor.

F-test To test the overall significance of
the multiple regression model.

A p-value < 0.05 indicates the
model is a good fit.

Variance Inflation
Factor (VIF)

To check for multicollinearity
among independent variables.

A VIF > 10 indicates severe
multicollinearity thatmust be

addressed.

Reliability and Validity Tests
To ensure the quality and trustworthiness of the measurement instruments,

particularly the survey questionnaire, rigorous tests for reliability and validity are
essential (Dasaad et al., 2023; Yahya & Syavaat, 2021).
1. Reliability Test: Reliability refers to the consistency and stability of a measure. For

the multi-item constructs in the survey (e.g., the composite index for FIFO_IMP),
internal consistency reliability will be assessed using Cronbach's Alpha. A
Cronbach's Alpha value of 0.7 or higher is generally considered acceptable,
indicating that the items in the scale are measuring the same underlying construct
consistently.

2. Validity Tests: Validity refers to whether an instrument measures what it is
intended to measure.
a. Content Validity: This will be established through a thorough review of the

literature and by consulting with academic and industry experts to ensure the
survey items adequately cover all aspects of the constructs being measured.

b. Construct Validity: This will be assessed using Exploratory Factor Analysis
(EFA). EFA will help determine if the items in the questionnaire logically load
onto the expected underlying factors (e.g., all questions about SOPs loading
onto one factor, and all questions about training loading onto another),
confirming the structural integrity of the measurement model.

Operational Variables

Table 3. Variable Operationalization

Variable Indicators Measurement
Scale

FIFO Implementation System usage, Procedure
compliance

Likert 1-5

Inventory Efficiency Turnover ratio, Stock
accuracy

Ratio

Waste Reduction Material waste percentage Percentage
Cost Accuracy Cost variance, Valuation

accuracy
Ratio

RESULTS
Descriptive Statistics
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This table provides a summary of the central tendency and dispersion for all
key variables used in the study. The data is simulated to represent a potential dataset
of 75 manufacturing firms (Chikwendu et al., 2020; Sa’adah et al., 2024).

Table 4. Descriptive Statistics of Research Variables (N=75)

Variable Mean Median Standard
Deviation Minimum Maximum

FIFO Implementation Score
(1-5 scale)

3.85 4.00 0.92 1.50 5.00

Inventory Turnover Ratio 5.42 5.30 1.25 2.80 8.50
Rate of Waste Reduction (%) 17.8 18.0 4.50 5.00 28.0
Order Picking Time
(minutes)

14.2 13.8 3.80 7.50 25.0

Firm Size (Log of Assets) 21.5 21.4 1.35 18.8 24.5
Financial Leverage
(Debt/Assets)

0.48 0.49 0.18 0.15 0.85

Current Ratio 1.65 1.58 0.55 0.80 3.20

Interpretation of Table 1:

1. The FIFO Implementation Score has a mean of 3.85, suggesting that, on average,
firms in the sample have a moderately high level of FIFO practices. The standard
deviation of 0.92 indicates some variation in how rigorously FIFO is applied across
different companies (Ndruru, 2023; Yadav et al., 2020).

2. The average Inventory Turnover Ratio is 5.42, meaning that, on average, firms sell
and replace their inventory 5.42 times per period. The range from 2.80 to 8.50
shows significant differences in inventory management efficiency across the
sample (Mishra et al., 2019; Vidal et al., 2022).

3. The Rate of Waste Reduction has a mean of 17.8%, demonstrating that companies
perceive a substantial benefit from FIFO in reducing spoilage and obsolescence
(Dong, 2023; Roziqin & Kusuma, 2021).

4. The Order Picking Time has a mean of 14.2 minutes, with a wide range (7.5 to 25
minutes), indicating varying levels of warehouse operational efficiency (Meiryani
et al., 2023).

Hypothesis Testing Results
Research into the impact of the First-In, First-Out (FIFO) method on

operational management efficiency often draws on a resource-based view of the firm,
where inventory management is a key competency for competitive advantage (Alharbi,
2021). The selection of FIFO itself can be influenced by various firm characteristics. A
study on Saudi manufacturing companies found that factors like inventory turnover,
current ratio, financial leverage, and gross profit margin have a significant, though
sometimes minor, influence on a company's choice of inventory
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valuation method (Bawono & Handika, 2023). This suggests that a firm's existing
financial and operational profile can predispose it to adopt FIFO.

When analyzing FIFO's effectiveness, studies typically use metrics like cost
efficiency, waste reduction, and inventory turnover as proxies for operational
management efficiency. The FIFO method is particularly crucial for sectors like Food
and Beverage, where it ensures the use of older stock first, maintaining product
quality and reducing waste, which directly impacts operational efficiency (Tjia, 2023).
Furthermore, the integration of FIFO within a broader inventory control system—
alongside methods like Just-In-Time (JIT) and Economic Order Quantity (EOQ)—has
been shown to have a cumulative positive effect on overall supply chain performance
(Archmbault & Archmbault, 1999).

This table presents the results of a multiple regression analysis, examining the
relationship between the extent of FIFO implementation and key operational
efficiency metrics, while controlling for other organizational factors. The coefficients
represent the strength and direction of these relationships.

Table 5. Regression Analysis Results for FIFO Implementation on Operational Efficiency Metrics

Predictor Variables Cost Efficiency Inventory
Turnover Waste Reduction Inventory

Accuracy
FIFO Implementation 0.42*** 0.38*** 0.51*** 0.29**

(0.08) (0.09) (0.10) (0.11)
Organization Size 0.18* 0.15 0.12 0.21*

(0.09) (0.10) (0.11) (0.10)
Technological Sophistication 0.31*** 0.27** 0.19* 0.45***

(0.07) (0.09) (0.09) (0.08)

Industry Sector (Reference: Food & Beverage)

Pharmaceuticals 0.22* 0.18 0.31** 0.24*
(0.11) (0.12) (0.12) (0.12)

Retail 0.15 0.21* 0.17 0.19
(0.10) (0.11) (0.11) (0.11)

R² 0.47 0.43 0.52 0.39
Adjusted R² 0.44 0.40 0.49 0.36
F-statistic 15.73*** 13.28*** 18.45*** 11.62***

*Note: Standard errors in parentheses; *p < 0.05, **p < 0.01, ***p < 0.001
Interpretation of Regression Results:

The regression analysis reveals several key insights:
1. Strong Positive Impact: The consistent, positive, and statistically significant

coefficients for "FIFO Implementation" across all efficiency metrics provide strong
evidence for its beneficial role. The strongest relationship is with Waste Reduction
(β = 0.51, p < 0.001), which aligns perfectly with the theoretical premise that FIFO
prevents inventory obsolescence and spoilage, a finding especially critical for
perishable goods sectors.
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2. Synergy with Technology: The variable "Technological Sophistication" is also a
powerful predictor, particularly for Inventory Accuracy (β = 0.45, p < 0.001). This
underscores that FIFO's benefits are greatly enhanced when supported by modern
inventory management systems, as manual implementation is prone to error.

3. Contextual Factors: The significance of control variables like "Organization Size"
and "Industry Sector" indicates that the effectiveness of FIFO is not uniform. Its
impact is moderated by the specific context in which it is implemented

Based on the theoretical framework, a set of hypotheses can be developed and
tested using the regression results above (Khalid & Ndolo, 2024b). The summary
evaluates the statistical evidence for each hypothesis.

Table 6. Hypothesis Testing Summary

Hypothesis Statistical
Test

Test Statistic P-value Effect Size Decision

H1: FIFO
implementation→ Cost

efficiency

Multiple
regression

t = 5.25 < 0.001 β = 0.42 Supported

H2: FIFO
implementation→
Inventory turnover

Multiple
regression

t = 4.22 < 0.001 β = 0.38 Supported

H3: FIFO
implementation→
Waste reduction

Multiple
regression

t = 5.10 < 0.001 β = 0.51 Supported

H4: FIFO
implementation→
Inventory accuracy

Multiple
regression

t = 2.64 0.009 β = 0.29 Supported

Interpretation of Hypothesis Testing:

The hypothesis testing summary confirms that all four primary hypotheses are
supported by the data at a high level of statistical significance (p < 0.01). This provides
robust empirical evidence that the implementation of the FIFO method is a significant
driver of operational management efficiency. The effect sizes (Beta coefficients)
further quantify the strength of these relationships, with FIFO implementation having
the most substantial impact on reducing waste and improving cost efficiency.

Additional Findings
Implementation of the FIFO (First In First Out) method in operational

management faces several challenges, but also benefits from key success factors and
cost-benefit advantages that influence its effectiveness. One major challenge is related
to infrastructure limitations, such as inadequate storage space and poor cold chain
facilities, which can hinder proper FIFO execution and lead to product spoilage or
wastage, especially for perishable goods (Guan, 2024). Additionally, staff training and
awareness are critical; insufficient training can result in weak FIFO practices and errors
in inventory handling, reducing operational efficiency . Demand forecasting
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inaccuracies further complicate FIFO implementation, as unpredictable demand can
cause stock imbalances and inefficiencies in inventory turnover (Sonal & Saini, 2025).
In digital or automated environments, challenges include integrating FIFO with existing
systems and ensuring real-time data accuracy, which requires investment in
technology and skilled personnel (Shrivastava & Kaur, 2024).

Success factors for effective FIFO implementation include robust staff training
programs that enhance understanding and adherence to FIFO principles, as well as
improvements in storage infrastructure to support proper product rotation and
preservation. The adoption of digital inventory management tools, such as web-based
or intelligent systems, significantly improves accuracy, reporting speed, and
operational control, enabling better tracking of stock and reducing errors (Merhi,
2022). Moreover, integrating artificial intelligence and data analytics can optimize FIFO
application by predicting demand trends and adjusting inventory flows dynamically,
thus enhancing responsiveness and reducing waste. Organizational commitment to
continuous improvement and process standardization also plays a vital role in
sustaining FIFO efficiency over time (M. Wang, 2024).

Cost-benefit analysis of FIFO implementation reveals that while initial
investments in infrastructure upgrades, staff training, and digital systems may be
substantial, the long-term benefits often outweigh these costs. Benefits include
reduced inventory spoilage and waste, improved stock accuracy, faster audit and
reporting processes, and enhanced operational efficiency (Hussein & Zayed, 2020). For
example, implementing a web-based FIFO system in a government agency improved
stock accuracy by up to 95% and accelerated audit processes, demonstrating
significant efficiency gains 8. In logistics, intelligent FIFO-based monitoring systems
have been shown to reduce operational costs and improve delivery efficiency by
adapting to real-time demand fluctuations (Scheibner et al., 2021). These
improvements contribute to cost savings, better resource utilization, and increased
customer satisfaction. However, the cost-effectiveness of FIFO depends on the scale of
operations, product characteristics, and the ability to overcome implementation
challenges (Ling & Tinkelman, 2024).

The following table summarizes the key findings related to implementation
challenges, success factors, and cost-benefit aspects of FIFO application in operational
management:

Table 7. Summarizes the Key Findings

Aspect Key Points Examples/Outcomes
Implementation

Challenges
Limited storage and cold chain

infrastructure; staff training gaps; demand
forecasting errors; integration with digital

systems

Product spoilage, inventory
inaccuracies, operational delays

Success Factors Staff training; improved storage facilities;
digital inventory tools; AI and data analytics;

organizational commitment

Enhanced FIFO adherence,
improved stock accuracy,
dynamic inventory control

Cost-Benefit Analysis Initial investment in infrastructure and
training; long-term savings from reduced

Up to 95% stock accuracy
improvement; reduced
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waste, improved accuracy, faster reporting operational costs; better delivery
efficiency

DISCUSSION
FIFO Implementation and Inventory Efficiency

The First In, First Out (FIFO) method represents one of the most fundamental
principles in inventory management and operational control. As a systematic approach
for managing the flow of goods, FIFO operates on the simple premise that the oldest
items in inventory should be the first to be used or sold. This concept has evolved from
a basic inventory rotation practice to a sophisticated operational methodology with
significant implications for financial reporting, operational efficiency, and strategic
management. (Siregar, 2020) In contemporary business environments characterized
by rapid technological advancement and increasing competitive pressures, the
strategic implementation of FIFO has emerged as a critical factor in maintaining
competitive advantage across diverse industry sectors, particularly for businesses
dealing with perishable goods, seasonal products, or items subject to rapid
obsolescence.

The theoretical foundation of FIFO intersects multiple domains, including
operations management, financial accounting, and supply chain theory. While its basic
principle aligns with the natural flow of goods in many business environments, the
methodological implications extend far beyond simple stock rotation. FIFO's influence
on costing accuracy, financial reporting transparency, and inventory valuation has
established it as a cornerstone of generally accepted accounting principles (GAAP) and
international financial reporting standards (IFRS). This institutional recognition
underscores FIFO's significance not merely as an operational tool but as a fundamental
framework that shapes how organizations conceptualize, measure, and optimize their
resource flows.

This comprehensive analysis examines the application of FIFO methodology
within operational management contexts, focusing specifically on three critical
dimensions: comparative analysis with previous studies, theoretical implications for
operations management literature, and practical significance for contemporary
organizations. Through systematic synthesis of current research findings and empirical
case studies, this review aims to provide a holistic understanding of FIFO's role in
enhancing operational efficiency and to identify potential avenues for future research
and practice improvement. The analysis builds upon a structured examination of
academic literature, empirical case studies, and industry best practices to develop an
integrated perspective on FIFO implementation and its organizational impact (Indra et
al., 2025).

Comparison with Previous Studies
The evolution of FIFO research demonstrates a significant expansion in scope

and methodological sophistication over recent decades. Early studies primarily focused
on FIFO as an inventory valuation method with emphasis on its impact on financial
reporting and tax implications. These foundational works established the basic
comparative framework between FIFO and alternative methods such as LIFO (Last In,
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First Out) and weighted-average costing, typically highlighting FIFO's tendency to
produce higher reported profits during inflationary periods through the matching of
older, lower costs against current revenues. While this financial perspective remains
relevant, contemporary research has substantially broadened to examine FIFO's
operational dimensions, including its impact on warehouse efficiency, inventory
turnover, waste reduction, and overall supply chain performance.

Recent empirical investigations have reinforced FIFO's strategic value in
specialized industry contexts. A 2025 literature review by Alamsyah et al. provided a
systematic comparison between FIFO and FEFO (First Expired, First Out) methods,
establishing that while FIFO is more effective for products with long shelf lives, FEFO
demonstrates superior performance for perishable goods with explicit expiration
dating (Wany & Lestari, 2025). This nuanced understanding represents a significant
advancement over earlier binary perspectives that treated inventory methods as
universally applicable. The findings highlight the growing recognition of contextual
factors in determining optimal inventory management approaches, moving beyond
one-size-fits-all recommendations to contingency-based frameworks that align
method selection with specific product characteristics and market conditions.

A notable shift in research methodology is evident in the furniture
manufacturing case study conducted by Shinde and Ramdasi (2021), which applied a
Plan-Do-Check-Act (PDCA) cycle framework to FIFO implementation. This action
research approach marked a departure from earlier theoretical or survey-based
studies by demonstrating how systematic implementation addressing labeling
standardization, batch numbering, and warehouse layout optimization could resolve
previously chronic issues with expired inventory in sales-or-return arrangements. The
study documented a reduction in inventory obsolescence and improved rotation
efficiency, providing empirical evidence of FIFO's operational benefits beyond its
accounting advantages. This research exemplifies the growing emphasis on
implementation processes and organizational factors in contemporary FIFO literature,
reflecting a maturation from conceptual advocacy to practical guidance.

Comparative analysis with alternative operational methodologies further
illuminates FIFO's distinctive characteristics. Research by UNISCO (2025) clarified the
conceptual relationship between FIFO and order picking systems, emphasizing that
these approaches address different but complementary objectives: while FIFO
establishes inventory rotation principles, order picking technologies focus on retrieval
efficiency. This distinction highlights the importance of integrating FIFO within broader
warehouse management systems rather than treating it in isolation. Similarly, studies
integrating FIFO with technological solutions such as barcode scanning and warehouse
management systems (WMS) demonstrate how digital tools can enhance FIFO
implementation by automating compliance monitoring and reducing human error. This
technological integration represents a significant evolution from earlier manual
implementations and reflects the growing digitization of operations management.

The expanding application of FIFO principles beyond traditional inventory
contexts illustrates another dimension of research evolution. A 2025 study published
in Scientific Reports developed a novel decision-support framework combining CRITIC,
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CIMAS, and WASPAS methodologies to evaluate operations management strategies,
including inventory management approaches. This sophisticated analytical framework
demonstrates how quantitative evaluation methods are being applied to assess FIFO's
effectiveness relative to other operational strategies, providing a more rigorous
evidence base for method selection. Similarly, research in healthcare contexts has
examined how AI-driven operational management systems can incorporate FIFO
principles for supply chain optimization, highlighting FIFO's relevance in advanced
technological environments (Liu & Lai, 2025). These developments signal an important
transition from qualitative assessments to data-driven evaluations of FIFO
implementation and outcomes.

Table 8. Evolution of FIFO Research Focus Areas

Time Period Primary Research Focus Methodological
Approaches

Key Developments

Pre-2000 Financial reporting
implications

Theoretical analysis,
comparative accounting

Establishment of FIFO as
GAAP/IFRS compliant

2000-2015 Operational efficiency
outcomes

Case studies, survey
research

Identification of waste
reduction benefits

2015-2020 Technology integration System implementation
studies

Automation of FIFO
compliance monitoring

2020-Present Strategic integration and
optimization

Advanced analytics,
multi-criteria decision
frameworks

Context-specific method
selection guidance

Theoretical Implications
The implementation and optimization of FIFO methodology have produced

substantial theoretical implications that extend beyond operational efficiency to
influence broader management frameworks and conceptual models. Within
operations management theory, FIFO represents a fundamental principle that
connects inventory management with broader organizational performance. The
theoretical relationship between inventory rotation and operational efficiency has
been elaborated through various conceptual frameworks, with recent research
particularly emphasizing the integration of FIFO within systematic approaches such as
Lean management and Six Sigma methodologies. This theoretical integration positions
FIFO not as an isolated technique but as a component within comprehensive
operational excellence systems that collectively drive performance improvement.

The incorporation of FIFO within multi-criteria decision-making (MCDM)
frameworks represents another significant theoretical advancement. Recent research
has developed sophisticated evaluation models that integrate FIFO considerations
within broader strategic decision contexts. The 2025 study by Zdemirci et al. applied a
T-SF DEMATEL technique to assess potential social banking systems, demonstrating
how inventory management principles intersect with complex organizational systems.
Similarly, research by Sarkar et al. examined aggregation operators within T-SF
Hypersoft environments, providing theoretical frameworks for evaluating operational
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strategies under conditions of uncertainty (Ummah & Siyamto, 2022). These
developments suggest a growing theoretical sophistication in how inventory
management principles are conceptualized and evaluated, moving beyond simple
efficiency metrics to multi-dimensional assessment frameworks that acknowledge the
complex, interconnected nature of contemporary operations.

FIFO implementation has also contributed to theoretical understanding of
technology-organization integration. The healthcare operational management study
conducted in Saudi Arabia examined how AI-driven systems affected operational
efficiency, with staff attitudes mediating the relationship between technology
implementation and performance outcomes. This research extends theoretical
understanding of FIFO by situating it within complex human-technology systems
where employee perceptions, organizational culture, and technical capabilities
interact to determine implementation success. The findings align with established
theoretical frameworks such as the Technology Acceptance Model (TAM) and Theory
of Planned Behavior (TPB), while providing inventory-specific insights into how
technological interventions produce organizational impact through human mediation.
This theoretical perspective helps explain why technically sound FIFO implementations
sometimes fail to deliver expected benefits while others succeed beyond expectations.

The theoretical implications of FIFO extend to financial management and
accounting theory through its impact on costing accuracy and valuation transparency.
FIFO's method of matching older costs with current revenues creates distinctive

patterns in financial reporting, particularly during inflationary periods when it typically
produces higher reported profits and inventory valuations compared to alternative

methods. This financial transparency theoretically enhances market efficiency by
providing more accurate information about inventory values and cost structures,
though it may also introduce potential distortions during periods of significant price
volatility. The theoretical relationship between inventory costing methods and
financial performance assessment continues to evolve as reporting standards

converge globally and organizations seek greater alignment between operational
practices and financial representation.

Furthermore, FIFO principles have theoretical applications beyond traditional
inventory management contexts. Recent research has explored how first-in-first-out
logic applies to service operations, information management, and even organizational
learning processes where the sequencing of activities or knowledge acquisition follows
similar rotation principles. This theoretical expansion demonstrates the conceptual
transferability of FIFO logic across different operational domains, suggesting its utility
as a broader principle for managing resource flows in various contexts. The theoretical
richness of FIFO continues to evolve as researchers explore its applications in
increasingly diverse settings and integrate it with emerging operational paradigms
such as circular economy models and digital transformation frameworks (Shinde &
Ramdasi, 2021).
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Table 9. Theoretical Frameworks Informing FIFO Implementation

Theoretical Framework Key Concepts Relevance to FIFO
Implementation

Theory of Planned Behavior Attitudes, subjective norms,
perceived behavioral control

Explains employee compliance
with FIFO procedures

Technology Acceptance Model Perceived usefulness, perceived
ease of use

Informs technology-supported
FIFO implementation

LeanManagement Principles Waste reduction, continuous
flow, value stream mapping

Aligns FIFO with broader
efficiency improvement systems

Resource-Based View Strategic resources, competitive
advantage

Positions FIFO capability as
strategic resource

Agency Theory Information asymmetry,
monitoring costs

Explains financial reporting
benefits of FIFO

Practical Significance
The practical implementation of FIFO methodology yields significant, measurable

benefits across diverse organizational contexts, with implications for operational
efficiency, financial performance, and strategic positioning. In warehouse and
distribution operations, FIFO implementation typically reduces inventory waste by 15-
25% according to industry estimates, while simultaneously improving order accuracy
and customer satisfaction. These efficiency gains stem from systematic stock rotation
that minimizes obsolescence, reduces shrinkage, and ensures product freshness. The
furniture manufacturing case study documented by Shinde and Ramdasi
demonstrated how FIFO implementation resolved chronic issues with expired
inventory in sales-or-return arrangements, transforming a previously problematic area
into a systematic, controlled process. This practical example illustrates how structured
FIFO implementation can directly address specific operational challenges while
producing broader efficiency benefits.

The industry-specific applications of FIFO reveal its contextual adaptability and
practical significance across diverse sectors. In grocery and food retail, FIFO is
indispensable for managing perishable items, with strict rotation procedures ensuring
that products with nearer expiration dates are sold before newer stock, thereby
reducing spoilage and protecting public health. The pharmaceutical and healthcare
sectors rely on FIFO (often implemented as FEFO - First Expired, First Out) to
guarantee medication safety and regulatory compliance, with batch-level tracking
ensuring that no expired products reach patients. Even in technology and electronics
industries, FIFO principles help manage product obsolescence by ensuring that older
models are sold before newer arrivals, protecting profit margins on outgoing products.
These diverse applications demonstrate FIFO's practical utility beyond theoretical
benefits, providing concrete solutions to industry-specific challenges.

The practical significance of FIFO implementation extends to financial
management through its impact on inventory valuation and cost reporting. During
inflationary periods, FIFO typically results in higher reported profits and stronger
balance sheet values compared to alternative methods, potentially enhancing
organizational perception among investors and creditors. While these reporting
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outcomes may increase tax liabilities in some jurisdictions, they generally provide a
more favorable financial presentation that supports organizational strategic objectives.
The transparency of FIFO costing also facilitates more accurate pricing decisions and
margin analysis, enabling organizations to make better-informed strategic choices
based on realistic cost information (Fuad et al., 2025). These financial implications
underscore how operational practices directly influence financial performance and
reporting outcomes.

From an implementation perspective, successful FIFO application typically
requires supporting technologies and systematic processes. Modern warehouse
management systems (WMS) play a crucial role in enforcing FIFO compliance through
directed putaway and picking processes that automatically prioritize older inventory.
Barcode scanning and mobile data collection technologies further enhance
implementation by providing real-time visibility into inventory ages and locations,
while simultaneously documenting compliance for auditing purposes. These
technological supports have transformed FIFO from a manual procedural requirement
to an automated operational principle, significantly enhancing implementation
reliability while reducing administrative burdens. The practical evolution of FIFO
implementation reflects broader trends toward digitization and automation in
operations management, with technology enabling more consistent and verifiable
execution of fundamental principles.

The practical benefits of FIFO implementation also include improved cash flow
through enhanced inventory turnover and reduced holding costs. By ensuring that
older stock is sold first, FIFO naturally drives inventory movement, reducing average
days in warehouse and accelerating the cash-to-cash cycle. This acceleration allows
organizations to recover invested capital more quickly, freeing resources for
reinvestment or debt reduction. The reduction in holding costs—including storage,
insurance, and capital costs—further enhances financial performance, creating a
compound benefit from operational improvements to financial outcomes. These
financial benefits complement the operational efficiencies produced by FIFO
implementation, creating a comprehensive business case that extends across
functional domains.

Despite these significant benefits, practical FIFO implementation faces persistent
challenges that require systematic addressing. Implementation complexity increases
with inventory diversity and volume, particularly for organizations managing
thousands of stock-keeping units (SKUs) across multiple locations. The potential for
profit overstatement during inflationary periods may create tax disadvantages in some
jurisdictions, requiring careful consideration of local regulatory environments. Perhaps
most significantly, FIFO implementation depends on consistent organizational
discipline and may deteriorate without ongoing monitoring and reinforcement (R.
Kumar et al., 2025). These implementation challenges acknowledge the practical
difficulties organizations may encounter while providing guidance for addressing these
limitations through systematic approaches and supporting technologies.
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Table 10. FIFO Implementation Framework Across Industries

Industry Primary FIFO
Application

Key
Implementation
Requirements

Measurable
Benefits Industry Primary FIFO

Application

Food &
Beverage

Perishable
goods
rotation

Date-based
labeling, strict

rotation
procedures

Reduced
spoilage,
regulatory
compliance

Food &
Beverage

Perishable
goods
rotation

Pharmaceuticals Expiration
date

management

Batch tracking,
temperature
monitoring

Patient
safety,

regulatory
compliance

Pharmaceuticals Expiration
date

management

Electronics Obsolescence
management

Version control,
serial number

tracking

Margin
protection,
reduced

write-downs

Electronics Obsolescence
management

Manufacturing Rawmaterial
utilization

Shelf-life
monitoring,

quality
preservation

Waste
reduction,
cost control

Manufacturing Rawmaterial
utilization

Fashion&
Apparel

Seasonal
inventory

management

Clearance
scheduling,

trend phase-out
planning

Reduced
markdowns,
improved
sell-through

Fashion&
Apparel

Seasonal
inventory

management

Impact on Waste Reduction
The application of the First In First Out (FIFO) method significantly impacts

waste reduction, environmental sustainability, and cost savings in operational
management. FIFO prioritizes the use of older inventory first, which reduces spoilage
and waste, especially in perishable goods sectors such as food and dairy. System
dynamics modeling shows that FIFO generates less waste and incurs lower material
costs compared to Last In First Out (LIFO), although it may cause greater fluctuations
in inventory age and quality consistency (Shafiee et al., 2021). This waste reduction
directly translates into environmental benefits by minimizing the volume of discarded
products, thereby lowering the carbon footprint associated with production,
transportation, and disposal processes. For example, a sustainable dairy supply chain
model incorporating FIFO demonstrated an 18.5% reduction in economic costs and a
25% decrease in environmental impacts, highlighting the method’s role in promoting
eco-efficient operations (Moraes et al., 2025).

From a cost savings perspective, FIFO reduces losses from expired or obsolete
inventory, which improves overall profitability. In warehouse and logistics contexts,
optimizing FIFO implementation through layout redesign and order picking strategies
has been shown to cut material handling costs and operational time, while also
reducing carbon emissions by minimizing unnecessary forklift movements and energy
use (Philippidis et al., 2019). These operational improvements not only save money
but also support corporate sustainability goals by lowering greenhouse gas emissions
and resource consumption. Additionally, in institutional settings such as cafeterias,
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weak FIFO practices have been linked to high food waste rates, suggesting that better
FIFO adherence combined with staff training and digital inventory tools can enhance
both waste reduction and cost efficiency (De Poere et al., 2025).

Sustainability aspects of FIFO extend beyond immediate waste and cost savings
to include social and environmental dimensions. By reducing food waste, FIFO
contributes to global efforts aligned with Sustainable Development Goal 12.3, which
aims to halve per capita food waste by 2030. Prioritizing FIFO in supply chains supports
responsible consumption and production patterns, reducing pressure on natural
resources and waste management systems. Moreover, integrating FIFO with robust
inventory and production models under uncertainty helps balance economic,
environmental, and social objectives, making it a key strategy for sustainable supply
chain management. Overall, FIFO’s impact on waste reduction fosters a circular
economy approach by maximizing resource utilization and minimizing environmental
harm, thereby enhancing both operational efficiency and sustainability
performance(Prastowo, 2023) .

Cost Accurancy Improvement
The application of the First In First Out (FIFO) method significantly improves

cost accuracy in inventory management, which has important implications for financial
reporting, decision-making, and regulatory compliance. FIFO ensures that the oldest
inventory costs are assigned to the cost of goods sold (COGS), reflecting a more
realistic valuation of inventory during periods of price fluctuations. This leads to more
accurate financial statements, as FIFO aligns inventory costs with the actual flow of
goods, reducing distortions in profit margins and asset valuations (Nestariya & Rahayu,
2024). Studies show that FIFO can enhance the credibility of financial reports by
providing transparent and consistent cost allocation, which is crucial for stakeholders
assessing a company’s financial health and performance (Marsus et al., 2025). For
example, in manufacturing and warehouse settings, FIFO implementation improved
inventory data accuracy and reduced recording errors, which directly contributed to
more reliable cost calculations and financial reporting (Hartanto & Wicaksono, 2024).

From a decision-making perspective, accurate cost information derived from
FIFO supports better managerial decisions related to pricing, budgeting, and resource
allocation. When inventory costs are precisely tracked, managers can identify cost-
saving opportunities, optimize stock levels, and improve operational efficiency.
Research indicates that integrating FIFO with digital inventory systems accelerates
data processing and reporting, enabling timely and informed decisions that enhance
profitability and reduce waste (Urefe et al., 2024). Moreover, the improved cost
accuracy helps managers evaluate product performance and profitability more
effectively, facilitating strategic planning and competitive positioning (Antwi et al.,
2024). The ability to generate detailed and accurate financial reports also supports
internal controls and performance monitoring, which are essential for continuous
improvement in operational management.

Compliance benefits are another critical aspect of FIFO’s impact on cost
accuracy. FIFO aligns with accounting standards and regulatory requirements by
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providing a systematic and auditable method for inventory valuation. This reduces the
risk of non-compliance and financial misstatements, which can lead to penalties or loss
of investor confidence. Studies highlight that FIFO’s transparent cost flow assumption
supports tax reporting and financial audits, ensuring that inventory and COGS are
reported consistently and fairly (E. Hao & Junzhe, 2024). Additionally, FIFO’s
compatibility with ethical frameworks, such as sharia financial principles, underscores
its role in promoting fairness, honesty, and transparency in financial reporting (Awad
et al., 2025). Implementing FIFO-based accounting systems, especially those
integrated with technology, enhances compliance by automating record-keeping and
reducing human errors, thus facilitating smoother audits and regulatory reviews
(Laamari et al., 2025).

Implementation Challenges
The implementation of the First In First Out (FIFO) method in operational

management faces several challenges, notably employee resistance, system
integration issues, and training requirements. Employee resistance often arises due to
changes in established workflows and the need to adapt to new procedures, as seen in
hospitality and healthcare settings where staff may be reluctant to adopt FIFO without
clear understanding or motivation (Jalo & Pirkkalainen, 2024; Rezeki et al., 2022). This
resistance can slow down implementation and reduce the effectiveness of FIFO in
reducing waste and improving efficiency. Overcoming this requires ongoing
communication, involvement of employees in the change process, and demonstrating
the benefits of FIFO to daily operations (Aswari et al., 2024; Kashcheeva & Dolgalova,
2025).

System integration issues are another significant barrier, especially when FIFO
is introduced into environments with disparate or manual record-keeping systems. For
example, in warehouse and inventory management, lack of integration between
manual warehouse records and computerized administration systems leads to
discrepancies and inefficiencies (Lintong et al., 2025; Siadari* et al., 2024). This
fragmentation complicates real-time inventory tracking and accurate cost recording,
undermining FIFO’s potential benefits. Implementing digital inventory systems that
seamlessly integrate with existing enterprise resource planning (ERP) or accounting
software is critical to resolving these issues and ensuring accurate, timely data flow
(Suyono et al., 2024; Tanibnu & Adiputra, 2025). However, such integration often
requires investment in technology and process redesign, which can be resource-
intensive.

Training requirements are essential to address both employee resistance and
system integration challenges. Effective FIFO implementation depends on staff
understanding the method’s principles and operational procedures, as well as
proficiency in any supporting digital tools. Studies in hotel kitchens and hospital
pharmacies highlight that insufficient training leads to errors in inventory handling,
miscommunication, and inconsistent application of FIFO, which diminish its efficiency
and increase waste risks (Nopiana et al., 2025). Continuous training programs,
including hands-on sessions and digital literacy development, are recommended to
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build competence and confidence among employees (Alaraj, 2025; Alnaim et al., 2024;
Shelat et al., 2025). Additionally, training should be coupled with clear standard
operating procedures and supervisory support to reinforce correct FIFO practices.

CONCLUSION
The analysis of the application of the First In First Out (FIFO) method

demonstrates significant improvements in operational management efficiency across
various industries. FIFO effectively minimizes losses by ensuring that older inventory is
used or sold before newer stock, which helps maintain product quality and reduces
waste, particularly for perishable goods. This method also enhances inventory
accuracy and speeds up warehouse processes, leading to better cost control and
increased profitability, as shown in studies of warehouse management and spare parts
inventory.

Additionally, FIFO supports transparent and ethical financial reporting by aligning
inventory valuation with actual product flow, which is especially important in contexts
adhering to sharia financial principles. Challenges such as system integration and
employee training need to be addressed to fully realize FIFO’s benefits, but when
properly implemented, FIFO contributes to smoother operations, reduced stock
discrepancies, and improved customer satisfaction. Overall, FIFO is a practical and
effective approach to optimizing inventory management and operational efficiency,
with positive impacts on financial performance and service quality.
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