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Inventory discrepancies result from various causes and often lead to operational disruptions.
This thesis investigates ways to improve inventory accuracy by optimizing inventory-related
order management processes for finished goods, based on the case of a medium-sized

technology company.

The literature review covers key topics such as inventory management and control
principles, including inventory accuracy and common reasons for discrepancies causing
inaccuracies. It also discusses best practices in academic research to optimize inventory-
related processes and provides a few success examples from leading companies. The review
also explains the data-driven approach to optimization and later applies the structured

optimization methodology DMAIC, which is supported by the Ishikawa cause diagram.

The empirical study assesses the case company's current situation by analyzing inventory
data for six months for end-of-month counts. The study evaluates the current situation using

several quantitative methods, including exploratory analysis, distribution analysis, data



visualizations, a normality test, and correlation analysis. The main conclusion of the
quantitative part of the research is that inventory discrepancies exist in 62% of data entries.
Then, the study reviews four current finished goods inventory-related processes within the
order management scope selected and investigates possible causes of inventory inaccuracy
based on professional observations. The results of the Ishikawa root cause analysis reveal
that the key causes contributing to the inventory discrepancies are related to data
management, process efficiency, systems effectiveness, and human factors, including
communication and collaboration between actors in the processes. After that, several ideas
for improvement are proposed to address the identified causes with control measures to
ensure sustainability. In short, the measures are to standardize and modernize the workflows,
upgrade the ERP system's functions, and train all staff in all locations involved with
inventory management tasks, aiming to reduce errors in inventory transactions, thereby

increasing inventory accuracy.

This study contributes to the field by showing how data-driven structured methodologies can
effectively improve inventory accuracy via order management processes within similar

organizational contexts.
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Abbreviations

4PL Fourth-Party Logistics

EOM End of Month

ERP Enterprise Resource Planning
EUR Euro

INA Inventory Adjustment

IR Item Receipt
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KPI Key Performance Indicator
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RMA Return Material Authorization
SME Small and Medium-Sized Enterprise
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1 Introduction

Inventory management is vital to supply chain operations, not only for tracking raw
materials, work-in-progress, and finished goods but also for ensuring the accuracy of
inventory records. Accurate inventory records are essential for ensuring efficient operations,
as discrepancies can lead to stockouts, overstocking, and inefficiencies in fulfilling orders.
Maintaining correct inventory data is key to optimizing stock levels and preventing
operational disruptions. Sari (2008) concludes that inventory inaccuracies also significantly
reduce performance across all types of supply chains, especially in supply chains with closer
collaboration among members. Shenoy and Rosas (2018) note that maintaining optimal
stock levels raises operational costs, and Singh and Verma (2018) highlight that relying on
accurate data and reliable systems can be resource-intensive. Therefore, achieving the right
balance is particularly challenging for small and medium-sized enterprises or SMEs, and
such challenges require special strategies to address inventory-related inefficiencies in

SMEs.

SMEs are often required to run business operations more efficiently because they have fewer
resources than larger corporations. However, SMEs can more effectively navigate resource
constraints and create opportunities for sustainable growth with streamlined processes.
Besides that, in the study on resource scarcity, Woschke, Haase, and Kratzer (2017) conclude
that companies with limited resources, such as SMEs, should prioritize making small
improvements to existing features or functionality, as well as optimizing current efficiency
instead of making significant changes to those. That means that companies actually can
manage resource constraints successfully while continuing to innovate and take advantage
of market opportunities by following this approach of small improvements to existing and
to achieve that, several studies also concluded that data-driven approach and data-analytics
can support the approach implementation. For example, Abu Bakar (2020) discusses that
organizations can enhance inventory visibility and decision-making, plus achieve greater
operational efficiency by applying data analytics methods. Wu et al. (2012) advise data-
driven approaches for better planning and forecasting, although it is important to remember

that the effectiveness can depend on the context.



While many research papers focus on general inventory management, there is a gap in
understanding how inventory accuracy issue can be tackled via a number of order
management processes. This research fills that gap, offering insights into internal workflows
for more reliable inventory tracking of finished goods and optimized inventory-related
operations, specifically in mid-sized technology companies. In short, it provides a set of
actionable improvement suggestions within the operational scope of order management,

which can be further used as guidance.

The main idea of this research is to find ways to increase inventory accuracy for a specific
SME technology company by improving finished goods order management processes, which
impact inventory accuracy. As a specialist in the company and responsible for end-of-month
inventory counts for remote locations, I noticed, based on detected mismatches over time,
which are also analyzed further as part of this study, that inventory-related order
management processes and their execution have a direct impact on the mismatches and

therefore these require optimization.

The main application plan for the study results is to drive practical improvements for the
case company, as finished goods inventory is a vital component of successful order
fulfillment for any business. Without it, converting sales into revenue via customer order
delivery is impossible. Besides that, this is a unique opportunity to contribute to both the
business and scientific worlds by demonstrating how structured methodologies and data-
driven approaches can optimize order management processes and increase inventory
accuracy in similar organizational contexts. Nowadays, identifying practical strategies and
providing real-life examples to bridge the gap between theory and practice is important, as
concluded by Van Aken (2004) that academic management research has a longstanding

challenge of lack of value in the real-life world.

This study is in the form of a master’s thesis for Lappeenranta—Lahti University of
Technology (LUT), part of the master’s program in Supply Management, where I aim to
apply the skills acquired during my studies at LUT and utilize the power of a data-driven

approach to drive practical improvements based on a company case.
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1.1 Case Background

The case company is a young SME technology company based in Finland, and its primary
goal nowadays is to grow and expand actively. The company serves business and consumer
customers globally with a large volume of orders shipped from abroad, where order
arrangements are coordinated remotely without physical access to oversee the operations
and time zone differences, making it a complex challenge. During this study, the case
company’s inventory accuracy is evaluated to prove that inventory discrepancies exist, their
scale is measured, and the current order management processes are reviewed to detect weak
areas and find ways to improve these activities, as they directly impact the inventory
accuracy. These findings further contribute to forming a short-term and long-term

optimization strategy for the case company.

1.2 Aims, Research Question and Hypothesis

In order to find ways to increase inventory accuracy by improving the order management
activities related to finished goods inventory, we aim to assess the case company's current
situation, identify specific areas for improvement, and develop actionable solutions for
optimization. This study's theoretical and empirical parts support these aims as follows. The
theoretical part explores potential process improvement practices for optimization through a
literature review and learning about successful examples discussed in academia and from
global leader companies. Next, the empirical part is conducted via a mixed-method approach
to analyze inventory discrepancies, measure them, and understand the causes to advise
improvement steps forward. The mixed method involves quantitative analysis of inventory
reports to detect and measure discrepancies between physical and system records and reveal
any patterns. It is complemented by a qualitative analysis of the case company’s order
management processes review to identify the root causes of the inventory discrepancies
detected. The combination of quantitative and qualitative methods helps to quantify the
problem and uncover its underlying causes, which is crucial in order to be able to build and
develop an effective optimization strategy for order management processes and enhance

inventory accuracy.
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The main research question of this study is:
RQ: How can the existing order management processes related to finished

goods inventory transactions be optimized to enhance inventory accuracy?

To answer the main question, the following three sub-questions support the study.
SQ1: What is the current situation with inventory accuracy? What are possible
causes for inaccuracy?
SQ2: What areas must be addressed to increase accuracy?

SQ3: What actions should be implemented to improve accuracy?

The first sub-question is answered by examining end-of-month inventory reports to
determine whether there are any discrepancies and what they look like. The second sub-
question is answered by defining the areas where the focus should lie in the future
optimization plan based on the selected processes review, brainstorming all possible causes
and possible sub-causes based on personal professional observations to determine where the
focus should lie in the optimization plan. The third and last sub-question supports the
development of an actionable improvement plan by suggesting improvement actions and

control measures.

The hypothesis is that the company faces an inventory inaccuracy issue, which can be
mitigated by optimizing its existing order management processes. This involves identifying
and addressing the underlying causes that impact the accuracy of inventory records. Potential
improvements are expected to be related to processes, people, tools, and systems. So, by
improving the processes and tools related to these causes and establishing some control
measures to monitor activities, the efficiency of the processes could be enhanced, and

inventory accuracy could be increased.
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1.3 Conceptual Framework

In this part, I present the Conceptual Framework, which serves as a foundational structure
for understanding the relationships between key concepts in this study, where the study aims
to answer the main research question: How can the existing order management processes
related to finished goods inventory transactions be optimized to enhance inventory
accuracy? This conceptual framework clarifies the research scope and guides the

investigation by illustrating how various concepts interconnect, as shown in Figure 1 below.

Output:
Context: M‘?ﬂmdsz (r)éseegsngnffve;nrfgt
Order management Data-driven process P r tp
g improvement, I:I Sateey
processes, Best practices Higher inventory
Inventory accuracy, P ’ I:I accuracy,

DMAIC, Ishikawa,

data analysis. Efficient order

management
processes.

Causes of inaccuracy.

Figure 1. Framework.

This study focuses on key concepts, including order management processes, inventory
accuracy, and process improvement. Below, I summarize these concepts based on my
understanding. The first key concept is order management processes, these are the processes
involved in handling order-related transactions, from the initial step of order placement to
the last step, successful order fulfillment, which results in order delivery. Inventory accuracy
depends on these processes because they directly affect how inventory levels and
transactions are tracked and maintained. Therefore, the efficiency of these processes is
crucial. The second key concept is inventory accuracy, which is the alignment between the
actual physical inventories and system inventory numbers—in other words, there should be
zero discrepancy between the physical and system counts. Inventories are usually counted
and compared once order-related transactions are complete at the end of a time period, such
as a month, quarter, or year. While high accuracy is vital for effective order management, as
discrepancies can lead to operational inefficiencies, inventory discrepancies or in other

words inventory inaccuracy might be caused by various factors or causes. The third key
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concept is process improvement. Process improvement is a set of specific steps that can be
implemented to enhance any process. Nowadays, we have the luxury of having various
scientifically and practically proven optimization tools as well as documented best practices.
In this study, the focus lies on optimizing order management processes and utilizing a data-
driven approach, DMAIC methodology as the main framework. Ishikawa’s Fishbone
diagram for causal analysis is also included as a supportive tool to identify causes of
inaccuracies and suggest process improvements without emphasizing technology adoption.

The best practices are collected and discussed during the literature review part in Chapter 2.

1.4 Study Structure

The study is organized into six main chapters, starting with the Introduction, which explains
the background of the study and provides information on the case company. The chapter also
further explains the research question and hypothesis and defines the key concepts as well
as the conceptual framework with a visualization. The second chapter, Literature Review,
discusses inventory management and inventory control in general, however, emphasizing
the importance of inventory accuracy and identifying common reasons for inventory
inaccuracies. After that, the best practices in academic research and several examples from
leading companies are presented to get the idea, where potential improvement ideas should
be headed. The chapter ends with an explanation of data-driven approaches, including
methodologies like DMAIC and the Ishikawa diagram, which are then later applied in this
study.

Then, the Methodology chapter explains the research design, methods for data collection,
and the analyses performed in the study. It also contains a discussion about the reliability
and validity of the research as well as its limitations. Next, the Empirical Research chapter
follows the DMAIC framework. It is focused on the study results and divided into
subsections that align with the DMAIC process, such as “Define”, where the problem and
goals are stated. “Measure”, which focuses on data analyses. “Analyze”, where root cause

analysis is conducted using the Ishikawa method. “Improve” and “Control”, detailing
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corrective actions developed and outlining control strategies. The chapter ends with an

implementation timeline for the suggested improvement ideas and the chapter summary.

The final Discussion and Conclusions chapters include thoughts on interpreting the findings
to the research question, comparing with existing literature, exploring the implications for
inventory management practices, offering practical solutions, suggesting areas for further
investigation, reflecting on the learning experience, acknowledging challenges, and
outlining recommendations for future research. The structure is strengthened
by References and Appendices, which provide supplementary material to support the

reading.
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2 Literature Review

The Literature Review chapter is about existing theories and practices around inventory
topics which are important to understand in order to answer the main research question: How
can the current order management processes involving inventory transactions be improved
to enhance inventory accuracy? The chapter also details the key concepts of order

management processes, inventory accuracy, and process optimization.

2.1 Inventory Management and Inventory Control

Inventory and inventory management are long-standing concepts with numerous definitions.
Therefore, it is very important to identify the various types of inventories in businesss.
For instance, raw materials are the primary input for production, work-in-progress items
are semi-finished goods, finished goods are ready for sale, and spare parts are maintained for
replacement. Let’s explore various definitions of inventory. For example, Muller (2011, p.

1-4) describes inventory as

“a company’s raw materials, work in process, supplies used in operations and
finished goods.” (Muller 2011, p. 1-4)

The same author, Muller (2011, p. 1-4), defines finished goods as

“products ready for current customer sales.” (Muller 2011, p. 1-4)

Vrat (2014, p. 1) defines inventory as any resource that is stored and remains idle yet is still
usable until needed within a production, distribution, or service system. This includes raw
materials used as input for manufacturing processes and bought-out parts directly assembled
into the final product, work-in-progress or pipeline inventory consisting of items currently
being processed, finished goods inventory that supports distribution to customers, as well as

maintenance, repair, and operating supplies, encompassing spare parts, indirect materials,
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and other miscellaneous items necessary for production or service systems. According to the
APICS Dictionary (2010, p. 73), inventory refers to stocks or items that support production,
such as raw materials and work-in-process items, support activities, including maintenance,
repair, and operating supplies, and customer service like finished goods and spare parts. The
definitions of inventory provided by Muller (2011), Vrat (2014), and the APICS Dictionary
(2010) provide different but complementary definitions of inventory, showing its complexity

in business operations.

According to Muller (2011), inventory is primarily defined in its physical terms and
classified into several categories, such as raw materials, work-in-progress items, supplies,
and finished goods. Muller’s definition is practical and simple since it focuses on the main
role of inventories in the production and sales cycles. However, its limitation is that it
overlooks the strategic role of uncertainty management within supply chains. On the other
hand, Vrat (2014) define inventory more broadly by including any asset stored and
remaining idle, making the definition more comprehensive as it covers not only raw
materials and finished goods but also maintenance, repair, and operating supplies. Moreover,
Vrat also states that inventory has a strategic role in ensuring smooth production, operations,
distribution, and service systems. However, focusing on idle inventory might understate the
dynamic nature of inventory management, where items are frequently moving through
various production and supply chain stages. The APICS Dictionary (2010) links both
perspectives by categorizing inventory based on its function, supporting production and
customer service activities. APICS definition also recognizes inventory's role across
different stages of business operations and aligns closely with Vrat’s broad approach but
provides a more structured categorization. However, as Vrat’s definition suggests, it may
not fully capture the strategic decision-making involved in inventory management, such as
balancing costs and service levels. To sum up, while Muller provides a focused and practical
definition, Vrat and the APICS Dictionary offer broader viewpoints that consider the
extended role of inventory function in business operations. One must understand that
inventory covers both tangible and intangible forms, playing vital logistical and

strategic roles for an organization.
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2.1.1 Role of Inventory Management in Supply Chain Operations

Inventory management impacts various aspects of a business, such as financial stability,
customer satisfaction, and overall operational efficiency, making it crucial for supply chain
management. It extends beyond just handling raw materials, work-in-progress, and finished
products; it also involves balancing inventory levels to meet customer demand while
controlling costs. Achieving effective inventory management strategies requires addressing
various challenges and trade-offs. For example, Shenoy et al. (2018) highlight that regular
inventory checks and timely replenishment increase operational costs, especially in
unpredictable markets. However, such activities are crucial for maintaining the right stock
levels. Also, functions like decoupling and buffering help manage uncertainties but
eventually can lead to excess inventory or outdated stock, and such works against cost-
saving goals. Then, Narayan and Subramanian (2009) highlight the importance of aligning
inventory management with strategic goals, such as sales forecasting and production
planning. However, this alignment is difficult to achieve due to conflicting priorities within
a company. Balancing between cost control and maintaining high service levels leads to
ineffective compromises. Besides that, Singh and Verma (2018) point out the strong
dependence on inventory management on accurate data and reliable systems. As Lukinskiy
et al. (2020) note, that poor forecasting as well as supply chain disruptions can undermine
effors of maintaining the right stock levels and avoiding stockouts, which are crucial for
effective inventory management. Axséter (2015) states that inventory control has, over time,
developed from very simple rules to more complex models, reflecting the increasing
demands placed on modern supply chains. However, with complexity come challenges,
such as the need for specialized knowledge and the risk of over-relying on automated
systems that may not fully capture real-world situations. Lastly, while Tom Jose, Jayakumar,
and Sijo (2013) discuss that avoiding overstocking and stockouts is important, achieving this
balance requires careful planning and sometimes difficult decisions about the allocation of
resources. Many businesses require help to find the right balance between holding too much

inventory, and some too little.

To conclude, authors describe inventory management as a cornerstone of supply chain
operations, which directly influence organizations in many ways. A delicate balance is

required to optimize inventory levels, meet customer demand, and control costs at the same
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time. However, achieving this balance is somewhat challenging because navigating

significant trade-offs is often required.

2.1.2 Smaller Business-Specific Challenge

Researchers also recognize that smaller businesses are put in a more challenging position,
given their resource limitations. Unlike large corporations, micro, small, and medium-sized
organizations often operate with tighter budgets, fewer staff, and less advanced technology,
making it even more necessary to manage inventory effectively. This is because proper
inventory management directly influences several critical aspects of their business

operations, including cost control, customer satisfaction, and overall success in the market.

Atnafu and Balda (2018) conclude that effective inventory management practices greatly
enhance the competitiveness and performance of micro and small manufacturing enterprises
and that education and training maximize effective inventory management practices.
However, these conclusions are specific to micro and small enterprises in manufacturing and
may not extend to other sectors. Other authors, for example, Kittisak (2023), discuss in his
work other common challenges smaller organizations face, such as demand forecasting,
storage facilities, and control systems. Additionally, Dechabhol Kotheeranurak (2023)
points out that traditional methods, such as manual counting, are weak because they are, in

general, prone to errors and can be time-consuming.

While effective inventory management significantly benefits enterprises in manufacturing,
there are some challenges, such as forecasting, storage, and outdated manual methods.
Addressing these issues through improved practices and technology is crucial for enhancing

inventory accuracy and operational efficiency across various sectors.
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2.2 Inventory Accuracy

Effective inventory management and inventory accuracy are strongly connected because
inventory control’s function is to ensure accurate and up-to-date records. And at the same
time accurate inventory records are vital for inventory management, because of significant
operational and financial challenges which inaccuarcy bring up. The primary challenge is
maintaining accurate inventory records. However, discrepancies in recorded inventory and
actual inventory levels can lead to over stocking or under stocking, as well as incorrect
decisions, which depend on stock numbers. There are various factors contribute to inventory

Inaccuracies.

For example, Khader et al. (2014) discuss that inventory record errors occur when system
information does not align with the actual inventory available, which can severely impact
stock management and, if not addressed, can lead to inefficient operations and poor customer
service. Khader’s research highlights the importance of effective methods to identify and
correct these errors to enhance inventory management and satisfy customer demands. Sari
(2008) highlights that inventory inaccuracies also significantly reduce performance across
all types of supply chains, especially in supply chains with closer collaboration among

members.

Additionally, inaccurate inventory information becomes more critical when lead times are
shorter and demand is more predictable, especially in tightly integrated supply chains and
stable market conditions. Waller et al. (2006) find that both, the level of inventory system
errors and the frequency of their correction significantly affect fill rates and service levels.
However, safety stock levels, demand fluctuations, and replenishment can provide
mitigating effects and reduce the impact of inaccuracies as well as their impact on individual
units. Cannella et al. (2017) reveal that complex supply chain structures and variability in
lead times worsen the negative effects of inventory record inaccuracy and inventory errors.
They also conclude that both, the accuracy of inventory records and the approach to

inventory checks are critical in determining the smooth operation of a supply chain.
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To conclude, inventory management and effective supply chain operations are very related.
They identify key causes of inventory inaccuracies, including shrinkage, misplacement,
operational errors, and human behavior. It is important to acknowledge that the complexity
of supply chain structures and variability in lead times worsen the negative effects of

inventory record inaccuracy and inventory errors.

22.1 Common Reasons for Inventory Inaccuracy

Shteren and Avraham (2017) discuss in their work the critical role of accurate inventory
information in supply chain management. They reveal that discrepancies between IT records
and actual stock often undermine operational efficiency and customer satisfaction. They also
identify three primary sources of these discrepancies: shrinkage, misplacement, and
incorrect scanning. Their findings emphasize that precise inventory management is crucial

for enhancing both operational performance and customer service.

Chuang and Oliva (2015) point out that backroom, shelf shrinkage, operational errors, and
labor effectiveness contribute to inventory inaccuracy, highlighting the backroom shrinkage,
which occurs in areas not visible to customers, as the main contributor. However, they also
emphasize that operational errors and the effectiveness of personnel greatly influence
inventory accuracy. Similarly, Cannella et al. (2015) suggest that inaccuracies lead to severe
disruptions and shrinkage is the primary cause of inventory record inaccuracy. They
advocate for various technological mitigation strategies, such as mathematical modeling,
simulations, and technology investments, because they believe these solutions improve
supply chain stability and customer service. Their research concludes that addressing the

errors effectively significantly enhances overall supply chain performance.

At the same time, Bruccoleri et al. (2014) look at the problem from a new angle. They argue
that employees’ psychological responses to workload, meaning stress and pressure,
significantly influence inventory activities and affect supply chain efficiency. Their study
suggest a new strategy, which focuses on aligning operations with employees’ capabilities

and suggests that human resource management practices are essential for reducing errors and
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improving overall supply chain performance. Other authors, such as Kang et al. (2005)
discuss that inventory inaccuracy often results from several factors, such as stock loss,
including theft, spoilage, damage, transaction errors, like mistakes in registering shipments
or processing checkouts lead to record inaccuracies, as well as inaccessible inventory, such
as misplaced items affect inventory records until they are found and properly accounted for
and incorrect product identification. Next, we will examine the causes more closely to gain

a deeper understanding.

Chuang et al. (2015) identify operational error as a key cause of inventory inaccuracies. Such
errors usually occur during handling, recording, or stock management activities, in the end
resulting in mismatches between physical and documented inventory levels. Kang et al.
(2005) also highlight that errors in shipment registrations or checkout processes cause
inventory inaccuracies, negatively impacting inventory accuracy and data reliability. It does
not matter when, during inventory handling or transaction activities, overall, operational
mistakes consistently create discrepancies between actual and recorded inventory levels,

undermining the effectiveness of overall inventory operations.

Shorten et al. (2017), Chuang et al. (2015) and Cannella et al. (2015) recognize shrinkage as
one of the common causes for inventory record inaccuracy. Shrinkage is loss of inventory
due to theft, can be internal or external, damage or spoilage. This includes both intentional
theft and accidental damage during handling or storage. Chuang et al. (2015) also discuss
backroom shrinkage. Any lost inventories during the theft and damage directly lead to
financial losses, impacting profitability and increasing costs. Potentially firms may need to
increase prices or reorder more stock in order to compensate for shrinkage and similar issues.
Nevertheless, both reduce profit margins because frequent shrinkage lowers profits. This is

something more important, especially for industries with narrow margins.

Shorten et al. (2017) highlight misplacement as one reason for inventory inaccuracy,
meaning those items that are stored in incorrect locations or not appropriately logged.
Usually, such situations can happen when disorganized practices are followed or errors
allowed during restocking processes. Misplaced items delay order fulfillment as employees
must locate the required inventories. On top of that, searching for misplaced items or moving

stock to the correct locations increases labor costs and operational inefficiencies as well as
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inaccurate stock levels can lead to delays in delivery and reduced service levels, affecting

customer satisfaction and loyalty.

Bruccoleri (2014) emphasizes that employees’ behavior and performance significantly
influence inventory accuracy and supply chain efficiency. Especially stress and being
overwhelmed can lead to mistakes in data entry, stock counting, and recording, all of which
lead to discrepancies. These errors can occur during manual updates, item mislabeling, or
incorrect inventory adjustments. Eventually, incorrect data entry can lead to stockouts,
where items are unavailable when customers want to purchase them, resulting in lost sales
and reduced customer satisfaction. So, errors can lead to overstocking, which lock up the
capital in surplus inventory, and then increases storage costs. In the end, correcting frequent
errors requires additional time and resources, impacting overall operational efficiency as

well.

Manual inventory management practices tend to create more errors since they depend on
human, meaning human input, which increases the risk of errors that can turn out costly
(Shteren et al., 2017). Usually, manual adjustments are made when there is no standard
process established. Additionally, the risk of fraud arises because tracking items manually
allows dishonest practices to go unnoticed. Ultimately, these can negatively impact a

company's efficiency, profitability, and reputation.

222 Relation to Order Management

Inventory management and control are two broad topics. We draw a line by limiting the
scope to order management activities, which helps us focus on specific operational activities.

This section explains the relationship between order management and the study.

Order management refers to efficiently overseeing the entire cycle from order placement to
delivery, ensuring that customer expectations are met accurately and on time. According to

He et al. (2017, p. 123):
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“Order management is a critical function in supply chain management that
integrates various processes and systems to facilitate the accurate and timely
delivery of products to customers.” (He et al.,2017, p. 123)

The authors emphasize that effective order management enhances customer satisfaction and
contributes to overall operational efficiency and profitability within an organization. In

addition, a study by Gunasekaran et al. (2015, p. 15) defines order management as:

“the process of tracking orders and ensuring that they are fulfilled correctly,
including monitoring inventory levels and managing the logistics of order
delivery.” Gunasekaran et al. (2015, p. 15)

This highlights the importance of real-time data and communication among different

departments to minimize errors and delays.

The common reasons for the inventory inaccuracy or discrepancies discussed earlier are
closely related to order management processes. Order management processes play a huge
role in inventory accuracy by ensuring that inventory records are updated accurately and
promptly, no matter what the transaction is, receiving, shipping, return, or lost item. These
processes involve managing order creation, tracking, fulfillment, and closing, all of which

directly influence the reliability of inventory data.

2.3 Best Practices in Academic Research

There are many studies on optimizing and improving business processes. First, Diriba Ayele
Gebisa's (2021) study shows that information sharing and inventory management
significantly impact firm performance directly and indirectly. Improved information-sharing
practices lead to better inventory management, enhancing firm performance. The study also
suggests that companies should integrate information technology into their operations to
improve overall firm performance. Second, Punkari (2020) and Halkola (2021) emphasize
the importance of collaboration and clearly defined roles Punkari focuses on cross-team

collaboration, including aligning priorities and optimizing processes through teamwork. On
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the other hand, Halkola focuses on the importance of clear role definition, including precise
working methods. Together, both insights on collaborative efforts and well-defined
operational strategies are critical for success in this field. In addition, both Brown (2022)
and Punkari (2020) agree that data has a critical role in inventory management. They argue
that it is important to ensure data accuracy, maintain its consistency, and implement robust
data management practices because these are essential for making decisions, reducing errors,
and optimizing operations. Punkari (2020) and Bragg (2012) further highlight the
importance of key performance indicators (KPIs) for evaluating inventory performance.
They believe that this is necessary not only to evaluate the effectiveness of inventory
processes but also to identify areas for improvement. By regularly monitoring set metrics,
organizations can drive and support continuous improvement initiatives to ensure inventory
processes remain efficient and aligned with organizational goals. Moreover, Parravicini
(2015) and Barth (2018) altogether agree that Enterprise Resource Planning (ERP) systems
are important for inventory data management. They argue that ERP systems should provide
real-time access to inventory information to support decision-making activities and enable
accurate forecasting and efficient resource allocation. Effective ERP systems, KPIs, and
accurate data together with collaborative practices form a comprehensive strategy for
optimizing inventory performance and driving organizational success. Wang (2016)
discovers that stockouts or surplus inventory issues are frequent in retail businesses and such
come from shrinkage or misplacement. This way inaccurate inventory records affect product
availability and customer satisfaction, impacting overall profitability. This is why, accurate
inventory records are crucial. For example, an RFID solution is effective in tackling these
inventory-related problems. Bruccoleri et al. (2014) concludes that standard inventory
management policies are less effective when affected by workers' behaviors because
workers' reactions to stress and workload can worsen these errors. In order to maintain
smooth operations the authors recommend managers to consider both together system and
human factors. They suggest aligning operations management with the psychological and
physical capabilities of employees, along with optimizing training, workload, and HR
practices to reduce stress-induced errors and improve overall supply chain efficiency. In
addition, Agrawal et al. (2012) in their study conclude that system and physical inventory
numbers must be aligned because this alignment is a crucial element for inventory reduction
in inventory management. Their recommendation is to achieve this reconciliation every

month, as it helps to significantly reduce inventory losses, making it a practical and cost-
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effective approach for inventory managers. Moreover, Cannella et al. (2017) conclude that
both the accuracy of inventory records and the inventory checks play crucial roles in running

the supply chain smoothly.

Based on the above, we can conclude that information sharing, cross-team collaboration, and
data accuracy can achieve effective inventory management. In addition, ERP systems, RFID
technology applications, and regular inventory checks significantly improve data accuracy
and operational efficiency. Therefore, companies can optimize inventory-related process
performance and improve overall business outcomes by addressing both operational

strategies and human factors.

2.4 Leading Companies’ Examples

Leading companies’ examples illustrate how other companies have implemented various
inventory management optimization strategies, aligning with the recommendations of
Punkari, Halkola, Brown, Bragg, Parravicini, and Barth. These examples show that
collaboration across departments, precise working methods, ensured data accuracy,
utilization of KPIs, and ERP systems integration, several companies managed to improve
inventory management processes, and in the end, enhancing operational efficiency and

business success.

Procter & Gamble, a global consumer goods company, leveraged both, technology and
collaboration in order to enhance supply chain efficiency and reduce inventory costs. The
company implemented an advanced software, with which it became possible to consider
inventory needs across multiple locations in the same time, eventually aligning departments’
priorities and ensuring smooth inventory flow for marketing, sales, and production
departments. Overall, it led to improved demand forecasting, reduced stockouts, and
optimized inventory levels across its global operations, which is consistent with Punkari's

(2020) findings on the importance of departmental collaboration. (Farasyn et al., 2011)



26

IKEA is a well-known multinational furniture retailer known for its efficient global
inventory management. IKEA standardized inventory management processes and defined
roles clearly within its logistics and supply chain teams to ensure consistency across all
IKEA stores worldwide. By implementing these precise working methods and defined roles,
IKEA has achieved significant improvements in both: inventory accuracy and operational
efficiency. This supports Halkola's (2021) idea on the importance of these elements.
(Jonsson et al., 2013)

The world's largest retailer, Walmart, achieved great success in using technology. For
example, they integrated advanced data analytics tools, and by leveraging big data, Walmart
got deeper insights into customer behavior, allowing more accurate demand planning and
leading to streamlined operations and a stronger competitive advantage. Walmart also
leveraged predictive analytics, so in the end stockouts and excess inventory got reduced,
customer satisfaction boosted and costs minimized. Besides that, Walmart established real-
time inventory tracking systems and ensured data consistency across its stores and
distribution centers, and such helped to maintain optimal inventory levels, reduce shrinkage,
and eventually enhance customer satisfaction, aligning with the insights of Brown (2022)
and Punkari (2020). However, there are a number of challenges due to isolated data systems
in Walmart's operations, such as data integration and real-time analytics, which can possibly
be addressed through enhanced data governance and maintaining data quality, security, and
compliance. Walmart also applies dynamic pricing algorithms to adjust market prices to
optimize sales and profitability, showcasing a successful data-driven approach of effectively

managed pricing depending on demand. (Alam et al., 2024)

Amazon, the global e-commerce giant, actively uses a variety of KPIs to monitor and
optimize the inventory management, for example, they use inventory turnover rates, order
accuracy rates and fulfillment times, in order to monitor and evaluate inventory performance
and drive continuous improvement. The use of KPIs has enabled the company to achieve
high levels of efficiency and responsiveness in its inventory management, consistent with

Bragg's (2012) and Punkari's (2020) recommendations. (Edwards, 2018)

Next goes Siemens. Siemens is another global technology company, which successfully

adopted an ERP system solution. The system is acting as a centralized repository for
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inventory data, allowing to provide real-time access to data, supporting the company’s
decision-making processes. This ERP integration has enhanced Siemens' inventory data
visibility, reduced manual errors and automated some tasks, and these altogether improved
overall inventory management efficiency, aligning with the insights of Parravicini (2015),

Barth et al. (2018). (Hirt et al., 1999)

To sum up, the recommendations of academic experts like Punkari, Halkola, Brown, Bragg,
Parravicini, Barth, also align with real-life success case studies, such as IKEA, Walmart,

Amazon, and Siemens.

2.5 Process Optimization and Data-Driven Approach

Why is the data-driven approach considered? The data-driven approach is considered
relevant for process optimization because it can reveal patterns in inventory data, helping to

identify trends and make better decisions.

For example, Wu et al. (2020) highlight that data analytics drives business process
improvement initiatives. However, the power of data analytics may vary for different
technologies, and there is a need to research further how to maximize its benefits. Tan et al.
(2015) believe advanced data analytics techniques, such as text mining and cluster analysis,
have great potential for enhancing procurement processes, but there are some challenges,
such as interpreting textual data, that remain and should be considered accordingly. Groger
et al. (2012) similarly highlight that data analytics and data mining play a role in optimizing
inventory management processes because these techniques offer a strong basis when
building actionable recommendations for process efficiency and inventory planning and
forecasting. Wu et al. (2020) also discuss the critical role analytics has, especially in driving
business process improvement, but at the same time, they highlight that the impact varies
depending on the specific technologies or knowledge being applied. This particular
variability highlights the need for further research on the benefits data analytics brings across
different contexts and applications. So, by applying data analytics to inventory management,

businesses can uncover valuable insights that help to achieve effective inventory planning
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and forecasting. These insights improve operational efficiency and contribute to more

informed decision-making in inventory management.

To sum up, data-driven inventory management is crucial for modern businesses, offering
significant operational efficiency and decision-making benefits. Machine learning and data
science techniques enable accurate demand forecasting, optimized stock levels, and
minimized costs associated with overstocking and stockouts (Shankar Karande et al., 2024;
Visva et al., 2024). On top of that, it provides insights into inventory visibility, material
scheduling, classification, and service level planning (Abu Bakar, 2020). This strategic
approach to inventory management is essential for businesses to remain competitive in

today's fast-changing markets (Shankar Karande et al., 2024; Cheng, 2024).

25.1 Optimization Method DMAIC

DMAIC is a structured, data-driven methodology that helps systematically identify and
address process inefficiencies, making it ideal for optimizing inventory management. As a
widely used tool for process improvement, it ensures that decisions are based on solid data,

leading to more effective outcomes and continuous improvement.

DMAIC stands for Define, Measure, Analyze, Improve, and Control. It is a structured, data-

driven improvement cycle. According to Antony et al. (2017):

“DMAIC is a structured, systematic, and disciplined methodology that
provides a framework for improving existing processes.” (Antony et al.,
2017, p. 225)

The framework steps are illustrated in Figure 5 above. The Define phase is about identifying
the problem and project goals, the Measure phase focuses on collecting data to establish a
baseline, the Analyze phase aims to identify root causes of defects, the Improve phase seeks
to implement solutions to eliminate those root causes, and the Control phase ensures that the
improvements are sustained over time. (Antony et al., 2017, p. 225) Furthermore, a study by

Chen and Kuo (2014) states that:
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“DMAIC serves as a powerful tool for organizations to enhance their process
capabilities and achieve higher customer satisfaction by systematically
eliminating waste and reducing variations in processes.” (Chen et al., 2014, p.
95)

This emphasizes DMAIC's role in fostering continuous improvement within organizations.
p g p g

252 Cause Analysis Method Ishikawa Diagram

The Ishikawa diagram is a support tool for analysis, it is also called time to time the fishbone
diagram or cause-and-effect diagram. It is a visual tool used to systematically identify and
analyze the potential causes of a specific problem or effect. It categorizes causes into
different groups such as “People,” “Process,” “Materials,” and ‘“Machinery/Equipment,”
which also can be referred as “Tools.” This tool supports the data-driven approach by
providing a structured way to analyze the possible reasons for an issue, which can then be

validated through data analysis.

According to Bhattacharya et al. (2015), the Ishikawa diagram:

"enables teams to categorize potential causes of problems in a structured
manner, facilitating discussions and analysis to pinpoint root causes."
(Bhattacharya et al., 2015, p. 123)

Furthermore, Jha and Iyer (2017) conclude the important role of the tool in fostering

collaborative efforts to identify and address quality issues effectively by stating:

"The Ishikawa diagram serves as a foundational tool in quality improvement
initiatives, helping organizations visualize relationships between causes and
effects, thereby enhancing problem-solving capabilities.” (Jha et al., 2017, p.
89).

To conclude, both the DMAIC methodology and the Ishikawa diagram are a part of the data-
driven approach because decisions are made based on reliable evidence collected and

analyzed. The Ishikawa diagram supports identifying potential root causes during the
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“Analyze” phase of DMAIC, while DMAIC offers a structure for an optimization project
and ongoing and continuous improvement. Together, these tools strengthen the ability to
identify issues, form solutions, and maintain long-term improvements. They are both vital

components in achieving operational excellence.

2.6 Literature Review Conclusion

During this literature review, we highlighted several best inventory management process
practices, such as data accuracy, cross-team collaboration, clear definition of roles,
information sharing, and advanced technologies applications collected from various
scientific books and articles, which also align with real-life success case studies on leading
global companies, such as Procter & Gamble, IKEA, Walmart, Amazon, and Siemens,
showcasing that implementing these best practice strategies leads to success. Ultimately, this
literature review explains two structured optimization methodologies, DMAIC and the
Ishikawa diagram, as data-driven optimization approaches, which will be applied further in
this study for process improvement. While this review provides valuable insights into best
practices and optimization strategies, the focus of these is primarily internal. It means
potential external causes are not discussed, such as global supply chain disruptions, market
demand, or external partner’s performance. This literature review does not mention any
applications of emerging technologies that are becoming popular these days, such as
artificial intelligence and blockchain and their potential application and their impact on order
management processes, inventories, and inventory accuracy could be researched further. On
top of that, future studies could explore implementation related to these technologies in
SMEs. Finally, the effectiveness of DMAIC in specific industries could also be investigated
further to understand how this methodology can be adapted and applied in diverse

operational contexts.
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3 Methodology

The Methodology chapter discusses in detail how this study is designed and conducted with
explanations of the selected methods. Both qualitative and quantitative methods are used in
this study, making it a mixed-methods study, to assess the current situation of the case
company’s inventories, detect discrepancies, measure inventory accuracy, and evaluate the
current state of the selected order management processes to explore opportunities for
improvement and optimization. First, the Research Design section explains how the mixed-
methods approach addresses the research question. Next, the Data section discusses the
types of data collected and the data sources. After that, the Variables section describes the
key variables, and the Data Analysis section explains the methods used to analyze the data.
Finally, the Limitations and Trustworthiness section addresses the study's limitations and

strategies to ensure the research's trustworthiness.

3.1 Research Design

This study employs a mixed-methods approach, combining qualitative and quantitative
methods to answer the main research question: “How can the existing order management
processes related to finished goods inventory transactions be optimized to enhance inventory
accuracy?” The main goal is to understand the current situation, evaluate the current

processes, identify areas for optimization, and advise on further improvement ideas.

> Define > Measure > Analyze > Improve > Control

* Problem: Frequent
inventory
mismatched,

* Goal: Enhanced
inventory accuracy.

* Historical data on
inventory
mismatches,

 Patterns data shows,

* Current processes
steps.

 Identify the root
causes,
 Identify sub-causes,

» Categorize sub-
causes to form areas,

* Propose
improvement action
based on the
analyses.

* Establish control
measures the
proposed
improvement
actions to sustain
those.

Figure 2. DMAIC Framework applied.
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The DMAIC framework serves as the foundational structure for this study, guiding the
systematic approach to optimizing the selected order management processes related to
finished goods inventory transactions. Figure 2 above illustrates the DMAIC framework
applied in this study, where the framework has five main steps. The first step is “Define,”
which describes the problem and goal. The problem is that inventory mismatches occur; they
are usually detected during the end-of-the-month inventory check. The goal is to increase
inventory accuracy by working with the selected order management processes only. The
second step is “Measure”, which involves working with historical data to measure and define
the current situation as well as evaluating the currently selected processes to find the weakest
areas. The third step is “Analyze”. We identify and analyze the possible root causes based
on the current situation and identify the possible sub-causes, in the end we categorize the
findings to form areas for improvement. The fourth step is “Improve”, where improvement
ideas or development solutions are formed to address the root causes of mismatches to
improve the inventory management process. The fifth step is “Control”, which is about
control measures to ensure that the actions implemented are sustainable. This structured
approach improves process efficiency by systematically identifying, analyzing, and

addressing issues through data-driven strategies.

3.2 Data

As the company’s internal process implies that the inventory accuracy check process is
performed after completing order shipping activities at the end of every month based on two
reports, one created internally from the ERP based on the recorded transactions and the other
one provided by the 4PL service provider based on physical inventory count as well as their
own ERP count. Several different reports are used to gain the data during the study: end-of-
month inventory reports generated from the case company ERP reports Jun-Dec 2023, end-
of-month inventory reports provided from 4PL service provider Jun-Dec 2023, based on
which the summary report on inventory mismatches over time was created. As the data has
a connection to the specific period, which is as stated Jun-Dec 2023, this makes the data the
sampling technique time-based, which means selecting data points from a dataset based on

specific periods or dates. This method is used as data is collected or available over time, and
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the goal is to analyze trends or patterns within those timeframes. The first step was data
cleaning to identify and fill in missing values. This is essential for comprehensive analysis,
as incomplete data can lead to biased results and incorrect conclusions. At the same time, it
was ensured that there were no duplicate values and no errors. After that, during the data
preparation stage, similar items were grouped or classified together to perform a more
focused analysis, gain insights into patterns or trends within each group, and not reveal

confidential details of the case company.

Besides that, personal and professional observations from experience handling the tasks as
per the described processes are used. By combining these sources, we can cross-verify the
data and ensure the reliability of the inventory counts plus understand the reasons behind
any discrepancies in inventory levels. For example, the selected processes were described
via process flow charts to review the process steps and point out the weak points of the
selected processes. Also, in the causal analysis part, the causes and sub-causes are also based

on personal, professional observations from experience handling the tasks.

Therefore, to sum up, there are two data types: quantitative and qualitative. The quantitative
data is collected internally by collecting several reports on inventory counts for half a year,
assuming this is a relatively sufficient period to discover patterns and trends. The qualitative
data consists of observations on the selected order management processes related to the

problem, collected by forming process flowcharts and during the Ishikawa method.

3.3 Variables

For the quantitative part of the research, the final dataset captures detailed transaction
information across several months. Table 1 below outlines various variables used in the
analysis, specifying their format, type, range of values, and meaning. Month is a categorical
integer categorical variable (7-12), representing July to December. Item Groupis a
categorical integer variable (1-5), indicating different item groups. Value (EUR)is a
continuous numeric variable, representing the monetary value of items (e.g., 990 EUR).

Consumer Orders and Business Orders are continuous numeric variables, showing the
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number of orders shipped for consumers and businesses, respectively (e.g., 25 orders). Total
Orders is a continuous numeric variable, indicating the total quantity of orders shipped (e.g.,
25 orders). System Count and Physical Countare continuous numeric variables,
representing the end-of-month inventory counts from the system and physical count,
respectively (e.g., 100 units). Difference is a continuous numeric variable, showing the
discrepancy between the physical and system counts (e.g., 100 units). Mismatch is a
categorical integer variable (0 or 1), with 0 meaning no mismatch and 1 indicating a

mismatch.

Table 1. Quantative Variables.

Variable Form Type Values | Meaning

Month Integer | Categorical | 7-12 7=July,  8=August,  9=September,
10=October, 11=November,
12=December

Item Integer | Categorical | 1-5 1=Group 1, 2= Group 2, 3= Group 3,

Group 4= Group 4, 5= Group 5

Value Numeric | Continuous | number | Value in EUR (Example: 990)

(EUR)

Consumer | Numeric | Continuous | number | Consumer orders shipped, qty

Orders (Example: 25)

Business Numeric | Continuous | number | Business orders shipped, qty

Orders (Example: 25)

Total Numeric | Continuous | number | Total orders shipped, qty

Orders (Example: 25)

System Numeric | Continuous | number | End of month system inventory count

Count (Example: 100)

Physical Numeric | Continuous | number | End of month physical inventory count

Count (Example: 100)

Difference | Numeric | Continuous | number | Difference physical vs system (Example:
100)

Mismatch | Integer | Categorical | 0-1 0=No, 1=Yes

Error Numeric | Continuous | 0-100% | Error rate (Example: 0,05 or 5%)

Accuracy | Numeric | Continuous | 0-100% | Accuracy rate (Example: 0,05 or 5%)

Two new variables, Accuracy and Error, are not part of the initial dataset and are introduced
to measure inventory accuracy and reflect the accuracy and error rates.

Error and Accuracy are continuous numeric variables (0-100%) reflecting the error rate and
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accuracy rate in percentage terms (e.g., 5%). By introducing these variables, the goal is to
be able to measure the accuracy and error for inventories recorded over time. These are the
main variables in this research. This calculation is based on the simple error percentage
formula, commonly used to assess measurement accuracy by calculating the percentage
difference between an observed value and a true value. In this case, the error rate measures
the proportion of data entries that contain errors expressed as a percentage, while the
accuracy rate metric reflects the proportion of correct data entries expressed as a percentage.
The high accuracy rate shows the effectiveness of current processes in maintaining precise
records, indicating the successful execution of order management transactions and pointing
to the correctness of the processes themselves. Meanwhile, the error rate focuses on the
frequency of mistakes or mismatches between inventory records and actual inventory. It
helps identify where and how frequently errors occur, which is crucial for determining areas
of improvement. The calculations are done in Rstudio, the code to run the calculations was
written specifically for this study and is attached in Appendix 1 for transparency. Here is the

logic of the calculations for the error (1) and accuracy (2) rates.

Error rate= (Difference / Physical Count) * 100 (1)

Accuracy rate = (1 - (Difference / Physical Count)) * 100 (2)

where the Difference refers to the discrepancy between physical stock and numbers on the
same stock in the ERP System, Physical Count is counted as physical stock, and x/00

converts the ratio into a percentage, making it easier to interpret.

For the qualitative part, focusing on causes leading to mismatches allows us to explore the
root causes behind errors in greater depth. The main variables are possible causes categories
for inventory mismatches as per the Ishikawa method. First is man or people, which are the
factors related to human error, inadequate training, lack of skill, or miscommunication that
may lead to inventory mismatches. Then goes method or processes, meaning the procedures,
workflows, and methods used in managing inventory. Machine or tools are tools, equipment,
or systems used in inventory-related processes. Material covers factors related to the physical
goods, including quality, labeling, or packaging issues. Measurement refers to the metrics,

data accuracy, and methods of measurement used for inventory tracking. Mother nature or
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environment is about external factors such as environmental or storage conditions affecting
the inventory. This method is used to identify potential issues by observing the actual
inventory handling process is observations. The data is structured in the form of cause
categories, including the major categories and their sub-causes and issues under each main
cause category. Ultimately, these are used to explore the root causes that must be addressed.

The complementary qualitative data is within the selected processes flowcharts.

3.4 Data Analysis

Multiple data analysis techniques were used for the research in order to provide a
comprehensive understanding of the data. For the quantitative data analysis, we use the
statistical software Rstudio, which allows for generating detailed insights and visualizations.
The accompanying RStudio code written specifically for this study is attached in Appendix
1 for transparency. First, an explanatory analysis is done. It includes descriptive statistics
and frequency distributions and is a foundational method for identifying patterns in the data
(Sallis, 2021, 115-116). Additionally, distribution analysis will help assess whether the
variables follow a normal distribution, where a normal distribution presents as a symmetric,
bell-shaped curve (Saunders et al., 2009, 676). We must examine the distribution before
proceeding to correlation analysis as it determines whether Pearson’s or Spearman’s
correlation method will be applied, depending on the normality of the data. With the help of
the Jarque-Bera test, which is used to determine whether the data is normally distributed or
not statistically. by examining skewness and kurtosis, where the null hypothesis assumes
normality. A small test statistic and corresponding p-value indicate that the data is normally
distributed, while a large test statistic suggests a deviation from normality. (Jarque et al.,
1980) Next, correlation analysis follows to explore relationships between variables, where a
correlation coefficient ranges from +1, meaning perfect positive correlation, to -1, meaning
perfect negative correlation, with a value of 0 indicating no relationship (Saunders et al.,
2009, p. 521). After that, a root cause analysis is conducted to investigate the reasons or
causes for errors in the order management processes we discuss. For that we follow the
Ishikawa (Fishbone) Diagram as it helps to identify and address these root causes, leading

to more sustainable improvements (Andersen, 2006, p. 15).
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4 Empirical Research with DMAIC

Next, I present the empirical research results, which were obtained by following the earlier
presented DMAIC framework to enhance inventory accuracy within the case company's
order management processes. It starts with defining the problem and goals of the study.
Then, it measures current processes, including receiving, shipping, and inventory checks,
including investigating the results of the EOM inventory check for six months, meaning
quantitative data with various analyses like data normality, correlation, and accuracy
calculations. After the numbers are analyzed and certain patterns are revealed, causes and
sub-causes are identified using the Ishikawa diagram. After that, we propose concrete
improvement solutions and, on top of that, a number of control measures to ensure that the
improvement action is sustainable. Finally, the implementation time of these solutions is
discussed briefly to point out short- and long-term initiatives, followed by a summary of the

key findings and recommendations.

4.1 Define Problem and Goal

The case company’s finished goods inventory-related activities within the order
management scope include several processes: receiving new goods, shipping commercial
and non-commercial orders, receiving returning orders, and administrating orders lost in
transit. These activities involve several actors, such as the orders team, the finance team, the

4PL service provider, various international carriers, and business and consumer customers.

The orders team is the main actor in the processes in question. The team is responsible for
ensuring that all order-related transactions are registered correctly. Those would cover item
receipts (IR) to reflect incoming stock levels, booking sales orders (SO), creating or ensuring
that item fulfillment (IF) to register shipping is created by the system automatically, creating
return material authorization (RMA) for return registration, and register lost-in-transit cases
by informing the finance team to create a manual inventory adjustment (INA). IR, I[F, RMA,

and INA are the company’s enterprise resource planning system-specific terms.
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The finance team is involved in inventory management activities because inventory directly
affects financial reporting and cost calculations. Their role includes manually adjusting
inventory records if there is a certain need. For instance, to maintain accurate financial
statements and reports in special cases when the system fails to support, such as non-
commercial order shipments, lost in transit orders, and failed registrations of item receipts,

or when the reason for the discrepancy is not identified and it can not be fixed.

Several external participants are also involved. The 4PL service provider is responsible for
receiving and storing inventory, handling shipping activities such as picking and packing,
preparing all the necessary shipping documents, and shipping by coordinating directly with
carriers and others involved in the process, if any. International carriers are logistics
companies that handle the transportation and delivery of packages and freight and support
import and export activities. In addition, the company serves different customers globally,
including channel partners, business customers, consumer customers, and non-commercial

partners, and they are also considered external participants in the processes.

The activities are run using the following tools: the ERP system of the 4PL service provider,
the ERP system of the case company, and the integration between the two systems. As noted
earlier, the company's existing finished goods order management processes cause inventory

inaccuracies, leading to mismatches that disrupt order fulfillment and operational efficiency.

To ensure accurate inventory numbers, we will follow a structured approach to addressing
the inefficiencies within these processes and, as mentioned several times before, optimize
the company’s finished goods order management processes to enhance inventory accuracy.
By improving these processes, the company aims to achieve reliable inventory levels and

reduce errors, and as a bonus to receive optimized order management processes in question.

4.2 Measure Current Situation

This section discusses the processes in question and measures their performance. It includes

detailed descriptions and evaluations of the processes for receiving new items, shipping
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orders, order returns, and performing inventory checks. Then, we analyze the quantitative
data using several methods, such as explanatory and distribution analyses, data normality
checks, correlation analysis, and calculations of accuracy and errors. The section concludes

with a summary of the key findings from these analyses.

4.2.1 Order Management Processes Review

The case company regularly receives new finished goods at the main distribution warehouse
operated by a 4PL service provider. Figure 3 below illustrates the process step by step. First,
the service provider receives a new batch of goods and registers them in their ERP system
by entering necessary details related to, for example, quantity, part number, and Purchase
Order (PO) number. Next, the service provider's system sends a signal to the company's ERP
via the system integration. When the signal is received, the company's ERP can connect the
signal to an open PO if the signal contains sufficient information. Once the signal is
successfully allocated to a PO, an IR transaction is created, and the inventory records are
automatically updated in the company's ERP to reflect the change. However, if the signal
lacks sufficient data or is not recognized by the company's ERP, and the PO is not allocated,
and the IR is not created. The signal is ignored in this case, and the inventory records remain
unadjusted, therefore incorrect and inaccurate. As a result, the orders team must detect this
issue and later request the finance team to perform a manual inventory adjustment, known
as INA, or receive an open PO manually, if there is any, to correct the inventory records.
This process's weak point is the lack of data validation and error handling when the signal is
sent by the service provider's system and lacks sufficient information or is not recognized
by the company's ERP. Besides that, the physically received items are not reflected in the

system and, therefore, the system considers those as unavailable for fulfillment.
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Figure 3. Item Receipt Process.

L

To ship an order, the orders team needs to book an SO and then release it for shipping so it
appears on the service provider’s side. Otherwise, it is not visible to the service provider.
Below Figure 4 shows the process, which starts with releasing an SO for shipping and
involves sending a signal to the service provider with all relevant shipment details. If the
details are correct, the signal is successfully transmitted, and the SO is accepted by the
service provider’s system. However, if not, the signal is rejected. The signal can be rejected

if a mandatory detail is missing, for example, a consignee's telephone number is not entered
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or a service level for shipping is not set. Once the SO is accepted, it is available for

fulfillment in the service provider’s warehouse work list.
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Figure 4. Order Shipping Process.
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Once the order is shipped, the signal is sent from the service provider’s ERP to the case
company’s ERP, and if it is correct, it allocates to a respective open order and creates IF. If
this does not happen, the order stays open and unfulfilled in the system. To fix this
discrepancy, the orders team manually creates the IF. The weak point here is the risk that IF
creation is simply delayed. The consequence is that the customer is not informed about the
shipping of the goods ordered, and the finance team can not bill the unfulfilled order. In the
case company, this area is monitored quite closely. In the case of returns, the service provider
sends a signal for orders returned to the warehouse once the return is received. However, the

system does not create an RMA for these returns. Figure 5 below shows the process steps.

SO returns

P——

4PL warehouse
receives the goods

Signal sent from 4PL
ERP to the
company's ERP via
system integration

RMA not created,
The system does not
support this process

RMA not created,
The system does not
support this process

Orders team
manually create RMA
and IR

Figure 5. Order Return Process.

As a result, the returned units are not automatically recorded into stock, requiring several
additional steps by either the orders or finance teams. Additionally, there is no established
process for handling cases where a shipped order is lost in transit, and the system needs to
provide support for such scenarios. Therefore, the weak point in this process is that the
system is not able, as not set so, to automatically generate RMA for returned SO and lacks a

process for handling lost orders during transit, leaving a gap in the system's support for such
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situations. On the last day of every month, after completing shipping activities, inventories
are checked. The process is shown in Figure 6, starting with the orders team requesting the
4PL EOM inventory report from the service provider. Once the report is received, the orders
team generates an internal EOM inventory report in the company's ERP system, the

company's ERP.
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Figure 6. Inventory Check Process.

Next, the team cleans the data and aligns it in both reports to ensure consistency to be able
to do the required comparison. After this, the orders team compares the inventory numbers

in both the 4PL report and the company's internal ERP-generated report. If the inventory
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numbers in both reports match, the orders team reports internally on the successful
reconciliation. However, if the numbers do not match, the orders team begins an
investigation to identify the cause of the discrepancy. If the reason for the mismatch is
detected, the orders team manually fixes it by creating a missing IF or RMA. If the cause
cannot be identified or the error requires financial adjustment, the orders team requests an
INA from the finance team to align the inventory numbers. The weak point in this process
lies in the manual steps required to perform the inventory audit check and correct
discrepancies during the end-of-month inventory check. Cleaning and aligning the data each
time creates a significant manual workload and increases the chances of errors, making the
reconciliation process time-consuming and inefficient. To fix mismatches, the orders team
must manually create transactions or request it from the finance team. This creates the

potential for errors and inefficiencies and a strong reliance on manual intervention.

422 Inventory Data Analyses: Explanatory and Distribution

This subchapter presents the findings of the current inventory situation, including key
statistics such as minimum, maximum, mean, and median, supported by data visualizations.
Table 2 below summarizes key statistics for inventory and order data, providing insights into
the distribution of values. It highlights the range and central tendency of the data, which can
be used to assess the consistency and reliability of inventory management processes over
time. Given the right-skewed nature of the data and the influence of outliers, quartiles may
not provide a representative view of the distribution in this case, so this is why it is not
discussed further. Therefore, we focus on the mean and median as they offer more reliable
insights.

> summary(data)

Month Ttem Group  Value (EUR)  Consumer Orders Business Orders Total Orders  System Count Physical Count Difference Mismatch Error Accuracy
Min. :7.000 Min. :1.000 Min. : 59 Min. : 0.00 Min. : 1.00 Min. : 2.00 Min. : 0.00 Min. : 0.00 Min. : 0.0 Min. :0.0000 Min. : 0.0000 Min.

1st Qu.: 8.000 1st Qu.:1.000 1st Qu.: 99 1st Qu.: 0.00 1Ist Qu.: 10.00 1st Qu.: 16.75 1Ist Qu.: 98.75 1st Qu.: 98.75 1st Qu.: 0.00 1Ist Qu.:0.0000 1st Qu.: 0.0000 1st Qu.: 96.98
Median :10.000 Median :3.000 Median : 149 Median : 6.00 Median : 22.50 Median : 39.50 Median : 211.50 Median : 208.00 Median : 1.00 Median :1.0000 Median : 0.2746 Median : 99.73
Mean : 9.574 Mean :2.853 Mean :1419 Mean : 30.26 Mean : 82.18 Mean :113.00 Mean : 476.19 Mean : 469.72 Mean : 11.18 Mean :0.617%6 Mean : 4.8220 Mean : 95.18
3rd Qu.:11.000 3rd Qu.:4.000 3rd Qu.:1990 3rd Qu.: 19.00 3rd Qu.:102.75 3rd Qu.:126.00 3rd Qu.: 687.50 3rd Qu.: 664.00 3rd Qu.: 5.25 3rd Qu.:1.0000 3rd Qu.: 3.0235 3rd Qu.:100.00
Max. :12.000 Max. :5.000 Max. :9990 Max. :427.00 Max. :555.00 Max. :891.00 Max. :3392.00 Max. :3381.00 Max. :342.00 Max. :1.0000 Max. :100.0000 Max. :100.00

Table 2. Inventory Data Analysis Summary.

First, we will review categorical variables, starting with Month. Table 2 and Figure 7 below

show that the data spans from July (7) to December (12). The average month value is



45

approximately 9.57, focusing on the latter half of the year, with most data points clustered
in the later months. Figure 7 below also shows that December (12) has more data points than
other months, indicating a higher volume of inventory items recorded during this period. The
next categorical variable is Item Group, where group data range from 1 to 5. As per Table 2
above, the median is 3, with an average of about 2.85, suggesting a slightly higher frequency
of lower-numbered groups. Despite that, as shown in Figure 7, it is clear that Item Group 1
is the most frequent and the Group 2 is the least frequent. This is due to a high skew toward
one category. The categorical variable Mismatch goes next, showing us whether a
discrepancy exists, with values 0 as no mismatch detected and 1 as no mismatch detected,
The mean of 0.6176 suggests that mismatches occur more often than no mismatches as the
illustration also confirms., with a median of 1, indicating that mismatches are common.

Figure 7 also shows that mismatches are more common than no mismatches.

Month Group Mismatch

1
20

1
Frequency
10
Frequency

7 8 9 10 1 12 1 2 3 4 5 No mismatch Mismatch detected

Figure 7. Bar Plots for Categorical Variable Month, Group, Mismatch.

Let’s discuss the continuous variables, as per Table 2 above, the variable Value (EUR),
ranges from a minimum of EUR 59 to a maximum of EUR 9990, with a mean of EUR 1419
and a median value of EUR 149. Next, let’s look at the visualization. Figure 7 further
supports this and shows a concentration of data points below EUR 1000, with very few items

reaching the higher end of the scale, around EUR 10 000.
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Figure 8. Histograms for Continuous Variables Order Volumes, Business, Consumer, Total.

The continuous variable Consumer Orders ranges from 0 (no orders) to 427, as shown in
Table 2, where a median is 6 orders and a mean of 30.26, indicating occasional spikes in
consumer demand. In contrast, Business Orders range from 1 to 555, with a median of 22.5
and an average of 82.18, suggesting steady business activity with larger order volumes. This
trend is similarly depicted in Figure 8. These results indicate that business activity is
generally more consistent than consumer. As Table 2, shows the Total Orders variable
ranges from 2 to 891, with a median of 39.5 and a mean of 113. This suggests that while the
typical order volume is about 39.5 units, the average total orders are at 113 units. Figure 8
illustrates this pattern as well. The continuous variable, System Count, represents the
inventory data the case company's system recorded, ranging from 0 to 3392 as per Table 2.

It has a median of 211.5 and a mean of 476.19, suggesting the system tracks large volumes
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of items. In comparison, the continuous variable Physical Count ranges from 0 to 3381 with
a median of 208 and a mean of 469.72, meaning that these point to an indication that physical
inventory tracking is also robust. Overall, both counts demonstrate a strong alignment in
tracking inventory, with the System Count showing slightly higher values in both median
and mean. This may suggest that the system occasionally misses registering transactions on
time. Figure 9 shows that histograms for System Count and Physical counts are almost

identical, which is a positive sign of alignment.
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Figure 9. Histograms for Continuous Variables Inventory Counts, Difference.

The continuous variable, Difference, measures the discrepancy between the case company's
system count and the Physical count, with data ranging from 0 to 342, as shown in Table 2.
The median difference is 1, and the average (11.18) indicates minor discrepancies between
recorded and actual inventory from time to time. As illustrated in Figure 9 above, these
discrepancies typically fall between 0 and 50. However, cases are recorded in 100 to 150

and 300 to 350, suggesting that significant issues occasionally arise.
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As previously discussed, the Error and Accuracy variables measure the level of discrepancy
and correctness of the recorded inventory, respectively, with both having a minimum value
of 0% and a maximum value of 100%. The Error variable has a mean of 4.89% and a median
of 0.27%, indicating small discrepancies on average. The Accuracy variable has a mean of
95.11% and a median of 99.72%, reflecting a high level of accuracy in the recorded inventory
counts. The histograms illustrated in Figure 10 show that most errors are small (0-20%), and
accuracy is generally high, with most values close to 100%. This indicates that inventory
processes are functioning well in most cases. However, the few large errors and occasional
low accuracy values highlight isolated inefficiencies or process errors that could impact
overall accuracy. While most discrepancies are minor, addressing the higher error
percentages is crucial to identifying root causes and preventing future occurrences, ensuring

continued improvement in inventory accuracy.
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Figure 10. Histograms for Error and Accuracy Percentages.

To sum up, the current inventory situation is reviewed, and the obtained results provide
critical insights. The data points concentrated in December indicate the importance of
preparation for a busy season when the company must prepare for increased demand and
ensure that inventory levels cover the demand and are correct and all inventory transactions
are registered on time. Besides that, the detected higher business activity and demand
highlight the importance of prioritizing business clients, as this type of customer provides a
reliable revenue stream. Additionally, we observe the dominance of lower-value items, with

most data points below EUR 1 000. This finding provides an opportunity to improve overall
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profitability by enhancing the inventory mix and focusing on higher-value offerings. Besides
that, Group 1 turns out to be the most frequently recorded category, and this is an area that
suggests that related to it, order management processes can be streamlined further to meet

customer needs.

The accuracy and error rates show low error and quite high accuracy levels. However, while
most discrepancies are minor, occasional large errors and low accuracy values indicate
inefficiencies or process issues. Addressing these higher error rates is crucial to improving
inventory accuracy and preventing future problems. However, if we look at the whole
picture, there are 42 mismatches out of the 68 inventory check data entries, including 7684
total units shipped for orders. Thus, 61.76% of the records have discrepancies, and 38.24%
are accurate. The error frequency shows how often discrepancies or mismatches happen
between the system and the actual physical inventory. Therefore, frequent mismatches are a
negative sign and indicate problems such as poor data entry practices, inefficient
reconciliation between systems, errors in communication between systems like EDI
transactions, flaws, or order processing. This is why frequent errors require process reviews,
tighter controls, or automation to reduce human error. Low Frequency of Errors suggests
that the system is generally well-maintained and processes are functioning effectively,

meaning there is alignment between what is recorded and what is happening.

423 Inventory Data Analysis: Correlation

Before jumping into correlation, we must check the data on normality to choose the correct
correlation analysis method. Table 3 below shows Jarque-Berra test results, and it indicates
that while the Month and Group are approximately normally distributed (p-values > 0.05),
most other datasets, such as Value (EUR), Total Orders, and various counts, show strong
evidence against normality. The key conclusion is that these variables may require different
statistical methods for analysis, such as Spearman’s correlation analysis because they do not
conform to the assumptions of normality typically required for parametric tests. As some
variables in the dataset are not normally distributed, as discussed above, the next step is to

follow Spearman's correlation analysis for this data. Spearman's rank correlation coefficient
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is a non-parametric statistical method suitable for data that do not meet the assumptions of

normality.

Table 3. Jarque-Bera Normality Results.

Variable Result Interpretation
Month X-squared = 4.7957, df = 2, p-value = | Normal Distribution
0.09091
Group X-squared = 4.9787, df = 2, p-value = | Normal Distribution
0.08296
Value (EUR) X-squared = 60.652, df = 2, p-value = | Non-Normal
6.75e-14 Distribution
Total Orders X-squared = 183.74, df =2, p-value <2.2e- | Non-Normal
16 Distribution
Consumer Orders | X-squared =707.54, df =2, p-value <2.2e- | Non-Normal
16 Distribution
Business Orders X-squared = 91.22, df = 2, p-value < 2.2e- | Non-Normal
16 Distribution
System Count X-squared = 302.4, df = 2, p-value < 2.2e- | Non-Normal
16 Distribution
Physical Count X-squared =307.37, df =2, p-value <2.2e- | Non-Normal
16 Distribution
Difference X-squared = 7504, df = 2, p-value < 2.2e- | Non-Normal
16 Distribution
Mismatch X-squared = 11.489, df = 2, p-value = | Non-Normal
0.0032 Distribution
Error X-squared = 1889.2, df =2, p-value <2.2e- | Non-Normal
16 Distribution
Accuracy X-squared = 1889.2, df =2, p-value <2.2e- | Non-Normal
16 Distribution

Next, we move to the correlation analysis results. As per Figure 11, which illustrates the

results of the correlation analysis, there is a very strong positive correlation between Total

Orders volume and Business Orders volume (0.937), indicating that as the volume of

business orders increases, the volume of the total orders also significantly increases. There

is also a strong positive correlation between total Order Volume and Consumer Order

volume (0.813), suggesting that increases in consumer orders lead to higher total order

volume. These indicate that the business orders are making a larger share of inventories and,

therefore, should be considered more critical.
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> cor(data)
Month Item Group Value (EUR) Consumer Orders Business Orders Total Orders System Count Physical Count Difference Mismatch Error % Accuracy %

Month 1.00000000 -0.05387241 ©0.10581235 0.08420407 0.19306887  0.16634260 -0.22968339 -0.22959207 0.04809699 -0.17598319 -0.03529125 0.03529125
Item Group -0.05387241 1.00000000 -0.70078690 -0.31861472 -0.33197742 -0.37141569 -0.27831678 -0.27096966 -0.15706862 0.29426129 0.05017779 -0.05017779
Value (EUR) 0.10581235 -0.70078690 1.00000000 -0.01293724 0.23339747  0.16582678 ©0.17151851 0.15531571 0.24808012 -0.17229486 0.07632273 -0.07632273
Consumer Orders ©0.08420407 -0.31861472 -0.01293724 1.00000000 0.56009259  0.81307514  0.48973092 0.50323983 0.15532978 0.14124666 -0.05730711 0.05730711
Business Orders 0.19306887 -0.33197742 0.23339747 0.56009259 1.00000000 ©.93718769  0.44355701 0.45335322  0.08909286 -0.01465972 -0.02893153 ©0.02893153
Total Orders 0.16634260 -0.37141569 0.16582678 0.81307514 0.93718769  1.00000000 ©.52024891 0.53283557 0.12728519 0.05166417 -0.04538613 0.04538613
System Count -0.22968339 -0.27831678 0.17151851 0.48973092 0.44355701  0.52024891  1.00000000 0.99788303 0.14548276 0.24951099 -0.07412639 0.07412639
Physical Count -0.22959207 -0.27096966 ©.15531571 0.50323983 0.45335322  0.53283557  0.99788303 1.00000000 ©0.09162539 0.24165314 -0.10820679 0.10820679
Difference 0.04809699 -0.15706862 0.24808012 0.15532978 0.08909286  ©.12728519  0.14548276 0.09162539 1.00000000 ©.20521528 ©.55960306 -0.55960306
Mismatch -0.17598319 0.29426129 -0.17229486 0.14124666 -0.01465972  0.05166417  0.24951099 0.24165314 0.20521528 1.00000000 ©.24100439 -0.24100439
Error % -0.03529125 0.05017779 0.07632273 -0.05730711 -0.02893153 -0.04538613 -0.07412639 -0.10820679 0.55960306 0.24100439 1.00000000 -1.00000000
Accuracy % 0.03529125 -0.05017779 -0.07632273 0.05730711 0.02893153  0.04538613  0.07412639 0.10820679 -0.55960306 -0.24100439 -1.00000000 1.00000000

Figure 11. Correlation Analysis Results.

Given this high correlation, streamlining the fulfillment process for business orders could
enhance overall efficiency, for example, we could achieve that by optimizing order
management processes, investing in technology for real-time inventory tracking, or using
automation. While business orders are crucial, the strong correlation with consumer orders
indicates that both are essential for total order volume. Overall, regular inventory checks can
help identify fast-moving items, especially those driven by business orders, and also slow-
moving items, potentially consumer goods. Figure 11 also shows a strong negative
correlation (-0.701) between Item Group and Value (EUR), which implies that as the value
of an item group increases, the likelihood or volume of that item group decreases. This
correlation could indicate that stock levels for higher-priced items should be managed
carefully, as they are less likely to sell in larger volumes. Figure 11 also illustrates a moderate
negative correlation between item group and Consumer Orders volume (-0.319) and Item
Group and Business Orders volume (-0.332), suggesting that certain item groups may be
inversely related to the volume of consumer and business orders, meaning that certain item
groups are more attractive to consumer and business clients, while others may serve just an
occasional need. Based on this finding, it is beneficial to suggest highlighting the importance
of maintaining high inventory accuracy levels to ensure stock levels reflect actual sales
potential, for example, with the help of a more advanced inventory management system. As
shown in Figure 11, Mismatch and Item Group variables have a positive correlation (0.294),
suggesting that mismatches may increase as the item group's categorization becomes more
diverse. Moreover, Mismatch and Business Order volume correlate negatively (-0.015). This
very low correlation indicates that mismatch is almost independent of business order volume.
The positive correlation between Mismatch and Item Group highlights the need to manage
item classifications carefully to minimize order mismatches. Meanwhile, the low correlation
with Business Order volume indicates that, while mismatches are a concern, they may not

significantly impact business operations. System Count and Physical Count are also
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positively correlated (0.998), as we see in Figure 11, this suggests that the counts are
consistent and the data recorded well. This alignment is a strong indicator of accuracy in
inventory tracking. This high correlation also implies that discrepancies between the two
counts are minimal but still exist. However, a moderate positive correlation (0.205) exists
between difference and mismatch. Therefore, as long the difference in counts increases, the
likelihood of mismatches may also increase, making it essential to look into the underlying
causes of differences in counts and address these causes. Besides that, a moderate positive
correlation is detected, as per Figure 11, between Difference and Mismatch, indicating that
larger discrepancies in inventory counts can lead to increased order mismatches. This
relationship negatively affects both Error and Accuracy rates. We can see that as mismatches
increase, errors become more likely, leading to a decline in overall accuracy. Then, it is
important to address the root causes of these discrepancies is essential to enhance accuracy
and reduce errors in inventory processes. Implementing proactive measures, such as regular
reconciliations and improved tracking, can significantly improve inventory accuracy and

minimize errors in order fulfillment.

Now, let’s focus on Error and Accuracy only. Figure 12 below illustrates the correlation plot,
including all the initial variables plus the calculated variables Error and Accuracy. As
expected, Error and Accuracy strongly correlate negatively (-1.00). This suggests that as
error increases, accuracy decreases in a perfect inverse relationship, which is intuitive. Let’s

look into the correlation with accuracy.
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Figure 12. Correlation Plot.

Moreover, we can see that Physical Count has the highest positive -correlation
with Accuracy (0.11), implying that accuracy tends to increase when the physical count
increases. However, it is essential to note that the strength of the correlation is relatively low.
There is a slight positive correlation (0.07) between Accuracy and System Count, meaning
an increase in internal system counts might positively influence Accuracy. We also see that
Total Orders and Consumer Orders have a weak positive correlation with Accuracy (0.05)
and 0.06, respectively). Besides that, Value (EUR) shows a weak negative correlation with
Accuracy (-0.08), suggesting that Accuracy slightly decreases as the value of orders
increases. Then Mismatch and Difference show notable negative correlations with Accuracy
(-0.24) and -0.56), respectively, indicating that the more significant the discrepancy in
counts, the lower the accuracy, particularly with difference, which shows a moderate
negative correlation. Then, let’s look at how variables correlate with Error. The variable
Difference has a strong positive correlation with Error (0.56), meaning that more significant
discrepancies in counts result in higher errors. Then, the variable Mismatch has a weak

positive correlation with error (0.24), suggesting that mismatches contribute to errors but not
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as strongly as differences. Similar to Accuracy, Physical Count and System Count show
weak negative correlations with error (-0.11 and -0.07) respectively, meaning more reliable
counts lead to fewer errors. To sum up, accuracy and error are inversely related as expected.
Variables such as 4PL Physical Count, internal System Count, and Orders have some
influence on Accuracy, while Difference and Mismatch tend to drive errors. The most
important factor affecting accuracy and error seems to be the difference between physical

and system counts, so it is important to focus on this.

Here are the key takeaways based on the strongest correlations between the variables we
identified. First of all, we see that streamlining the order management processes for business
orders is essential to enhance overall efficiency, for example, with real-time inventory
tracking as well as automation. At the same time, it is crucial to align system and physical
counts regularly to ensure accuracy in inventory tracking. On top of that, standard processes
and tools establishment for regular audit reconciliations will help maintain consistency
between system records and actual stock levels. To start with, it can be a simple model made
in Excel to automate steps to clean and compare data, as these steps repeat during every audit
performed. Another key step is to strengthen the fulfillment processes for both consumer
and business orders to maintain all orders accurately. However, higher-priced items should
be managed with greater care, as they tend to sell in smaller volumes but they are a revenue
driver. Additionally, different approaches in taking care of diverse categories should be

mindful and might require reviewing.

424 Current Situation Key Findings

In conclusion, we detected several weaknesses in the processes reviewed. For example, there
is a lack of data validation for the new item-receiving process, therefore causing unadjusted
inventory records. Then, there are no error indications for the order shipping process. This
often causes delays and manual interventions in case errors happen. Next, the order return
process is limited because there is no automated creation for RMAs, and on top of that, there
is no process for lost shipment transaction registrations within the system. Moreover, manual

data cleaning and adjustment steps are necessary when performing the inventory check
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process, making the process time-consuming and error-prone. Improving these issues would
truly enhance efficiency and reduce manual intervention. It is possible by, for example,
implementing automated data validation with error notifications, as well as the creation of
RMAs, establishing a custom process within the system to support the scenario of lost

shipments, along with streamlining the inventory check process.

Based on reviewed inventory data reports, we detected that December is a high-demand
month requiring early preparations to meet the higher expectations and volumes. Accurate
inventory levels and timely transaction recording also will help meet year-end demands.
Business orders drive much of the inventory activity, reinforcing the need to streamline
processes for these orders, potentially through automation and technology. Regular audits
will also help balance fast- and slow-moving items, improving overall inventory
management. The analysis revealed to us that most items are valued under EUR 1000,
suggesting an opportunity to diversify the inventory mix toward higher-value items to
enhance profitability. Besides, items classified into group 1 are frequently ordered, pointing

out that efficient and well-understood processes to handle these items are needed.

Improving order accuracy is demanding for this case as it was identified that inventory
mismatches occur in 62% of cases. Current alignment between system and physical counts
shows effective tracking, but high discrepancies sometimes reveal gaps that require
attention. Regular cycle counts, process standardization, and targeted KPIs like inventory
accuracy and mismatch rates will drive continuous improvement. Finally, addressing low-
accuracy cases and discrepancies, especially during high-volume periods, will be critical to
sustaining efficiency. Reducing discrepancies and resolving root causes of mismatches are

essential to maintaining order fulfillment accuracy as order volumes increase.

4.3 Analyse Causes and Sub-Causes With the Ishikawa Method

As mentioned earlier within this work, the Ishikawa diagram visually represents the potential
causes of a specific problem or effect in categories. It helps identify and organize various

factors contributing to an issue, making pinpointing the identified root causes easier. As



56

discussed, we are addressing inventory inaccuracies in current order management processes.
The major Categories of Causes are People, Processes, Materials, Environment,
Measurement, and Equipment. Let’s discuss these categories in detail with the help of Figure

13 below.

People Processes Materials
Human error A\ \ ‘\v \\
\ \\ \\
\‘,, ‘\‘ Inefficient workflows, \ Incorrect inventory recﬁr&s
Lack of training and insiructions —— 0\ >\
A\ \\ \\
A\ Outdated procedures \ \ Receiving items \\
Lack of ownership  \ \ >\ \ >\
> \\ \»,‘ . . A\ X Shipped orders \x \._
\\ Inconsistent implementation ~\\
Poor communication \ '\ A\ \\
A\ \ N\ Returned shipments_ \ '\
\\ A\ \\
Y VY 3y Inventory

records
inaccuracy

Remote access to activities Incorrect data ’ Lack of alignment in rep(m‘/s/

Different time zone Delay in reporting //'// Lack of functionality of l;]{'?’/

Environment Measurement Equipment

Figure 13. Ishikawa Fishbone Diagram.

As shown in Figure 13, for the People category, the inaccuracies can be caused by human
error, lack of training and instructions, lack of ownership, and poor communication. For the
Processes category, the causes are inefficient workflows, outdated procedures, and
inconsistent implementation. Next is the Materials category. In this category, the causes are
incorrect inventory records, receiving items, shipped orders, and returned shipments. Causes
such as remote access to activities, different time zones belonging to the Environment
category, while incorrect data and a delay in reporting are related to the Measurement
category, and these also can cause inaccuracies. Lastly, the Equipment category is impacted

by causes such as a lack of alignment in reports and a lack of ERP functionality.

The next step is to identify possible sub-causes of the previously brainstormed causes. First

goes the People category, where the following sub-causes have been identified. Human
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error may be related to a high workload, stress, and a lack of understanding of the process
among the employees. Lack of training and instructions can stem from poor onboarding
practices, insufficient training and refresher sessions, and a lack of clear written guidelines.
Lack of ownership might result from inefficient task distribution within the team, unclear
role definitions, and multitasking. Poor communication could be caused by the absence of
an established communication framework, as well as a lack of status cross-check points, not
to mention differences in work styles or team culture. For the Processes category, we can
consider that inefficient workflows may result from unclear process steps, redundant tasks,
and a lack of process standardization, leading to delays and bottlenecks. Then outdated
procedures could be coming from failure to update processes regularly, resistance to
adopting new and more efficient practices, for example, reliance on legacy systems or
methods that might no longer fit current operational demands. On top of that, inconsistent
implementation or execution might be due to varying interpretations of standard operating
procedures, lack of process oversight, and insufficient monitoring of the established
guidelines that are followed. Then, for the Materials category, incorrect inventory
records may be caused by data entry errors, delays in recording transactions, and
discrepancies between physical stock and system records due to poor tracking or miscounts.
Receiving items inaccurately could result from mislabeling, failure to inspect incoming
goods properly, or incomplete documentation during the receiving process. Next, shipped
orders can be affected by incorrect picking and packaging activities or failure to update
system records promptly and accurately. While returned shipments might result from issues
such as failed import and unsuccesful delivery. For the Environment category, remote access
to activities and differences in time zones result from simple differences in geographical
location, the lack of real-time visibility into operations, and limited shared time to
communicate regarding the issues as quickly as possible. For the Measurement category,
incorrect data comes from entry errors, inconsistent data collection methods, or outdated
tools, resulting in inventory inaccuracies. Delays in reporting is caused by manual data
processing, lack of access to real-time data, or inefficient reporting systems. And for
the Equipment category, a lack of alignment in reports can result from incompatibility of
data formats and poor integration between the tools, which could further create discrepancies
and miscommunication in reporting. Also, limited customization provides low functionality

in the ERP system. Therefore, it is unable to support the complexity of current processes.
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43.1 Sub-Causes Categorization

Next, the identified root causes of inventory inaccuracies are grouped into five groups, each
representing a specific area of influence on inventory accuracy. The first is the data and
records management category covers issues like incorrect inventory records and data
collection, which directly undermine system reliability. Besides that, there are other
challenges, and they include, for example, reports that are not aligned, highlighting data
source discrepancies, reporting delays, which hinder timely decision-making. The second
one is process and workflow efficiency, which concerns problems in operational processes,
including outdated procedures, inconsistent implementation, and inefficient workflows. On
top of that, issues with returned shipments and errors in shipped orders further impact the
smooth execution of inventory activities. Next is the technology and systems group
addressing technological gaps, such as limited ERP functionality, which restricts inventory
management capabilities, and remote access to activities, which poses challenges for
dispersed operations. Moreover, human factors and employee training play a significant role
because human error and insufficient training often lead to operational mistakes, inaccurate
receipt of items, and as well as a lack of ownership and unclear accountability. The final is
communication and collaboration, including poor communication and differences in time
zones, potentially affecting team efficiency and cross-regional alignment. By implementing
this categorization, we can address inventory inaccuracies by targeting specific areas of

influence.

4.4 Improve and Control

The five areas identified are data and records management, process and workflow
efficiency, technology and systems, human factors and training, and communication and
collaboration. The next phase is the improvement stage, where we propose solutions to
address the identified causes along with the control measures are described to ensure the

improvement action stays sustainable.
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4.4.1 Training Programs

Comprehensive training programs can mitigate human factors and training causes by filling
the gap in knowledge on inventory-related procedures. Chuang et al. (2015) state that
operational errors often lead to inaccuracy in inventory. Therefore, this initiative reduces
mistakes from inadequate knowledge, as employees will be thoroughly trained on the latest
procedures and tools. This also follows Hakola’s (2021) idea of precise working methods,
which are crucial for success in inventory management and overall operational efficiency.
To be more specific, these programs should include the basics of inventory operations, cover
the specifics of the company’s products and services, and explain the collaboration with
other relevant process actors at a cross-functional level. This aligns with Punkari's (2020)
idea of cross-team collaboration and its importance as well. Moreover, the training should
include guidance on using the tools and systems. For example, the training format could
include live sessions for new employees, with recordings available for later reference and
written materials to provide diverse learning resources. Control can happen through
feedback and performance monitoring to assess the effectiveness of training programs. On
top of this, a brief quiz on critical concepts after the training can be done to ensure
understanding, and refresher training should be implemented periodically to maintain

ongoing competence.

442 Clear Consistent Communication

Clear and consistent communication is essential to ensure effective communication flow and
minimize misunderstandings. Punkari (2020) emphasizes the importance of cross-team
collaboration and aligning priorities, which are integral to clear communication. For
example, such can be achieved through weekly or bi-weekly status check meetings, team
members and other actors involved can assess their alignment on current priorities and
address concerns. Additionally, by sharing how each team and individual operates will help
everyone understand who is responsible for what tasks should be completed and when, teams
can foster transparency. Communicating the set expectations and achieved results is essential

to promoting a transparent and efficient workflow. Such initiatives would reduce stress
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among the employees involved and improve general performance as per Bruccoleri et al.
(2014). Control can be achieved by monitoring ongoing communication practices,
addressing issues through employee feedback, and implementing changes to communication

styles, channels, and consistency based on that feedback.

443 Clear Role Definitions

Understanding each other's responsibilities within the process plays a significant role in any
team. When roles and responsibility areas are clear, tasks are allocated effectively, which
minimizes the risk of errors and double-task execution. This aligns with Hakola’s (2021)
idea of clear role definition. The roles and responsibilities can be defined and divided by
territory or function. A clear responsibility for maintaining documentation and developing
processes should be assigned separately. Any expectations on collaboration between the
team members should also be clarified, including internal and external interactions. The
essential technical and soft skills required for each roles should be documented. Control can
happen through performance evaluations, with adjustments made as necessary. Roles and

responsibilities should also be clearly documented to ensure consistency and clarity.

444 Process Standardization and Modernization

Next, to address process and workflow-related causes, it is essential to map current
workflows, evaluate these to identify inefficiencies and map any redundant tasks and weak
areas of error. This is in line with Punkari (2020), who believes in optimizing processes,
which involves evaluating and improving existing workflows. On top of that, it is essential
to have similar or standardized processes for different sites in the company and use
consistent tools to manage activities as consistency will ensure streamlined operations and
minimize discrepancies. As per Jonsson et al. (2013), IKEA standardized its inventory
processes, which led to improved inventory accuracy and operational efficiency. Besides
that, missing processes should be founded to avoid manual adjustments. As manual

adjustments is one of the causes for inventory inaccuracy as per Shteren et al. (2017).
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Specifically, in the company's case, they should ensure consistent data flow between the 4PL
service provider’s ERP and the company's ERP, including automatic error handling for
incomplete signals. Per Parravicini (2015) and Barth et al. (2018), ERP systems greatly
manage inventory data, and should provide real-time data. Also, the sales order creation and
shipment release process should be standardized for all scenarios. Besides that, a
standardized process for generating and handling RMAs for returns and establishing
protocols for lost shipments will ensure smoother operations. This aligns with Diriba Ayele
Gebisa’s (2021) recommendation to integrate information technology to improve

performance and share information.

Besides that, the inventory check process has the potential to be automated by aligning and
comparing reports from both the 4PL provider and the company's ERP with automatic
discrepancy identifications. This is in line with the highlighted importance of reconciling the
numbers in the inventory process, as discussed by Agrawal et al. (2012) and Cannella et al.
(2017). Performance metrics, such as error rates, can be used to track and ensure compliance
to control this measure. Also, transit from outdated methods to more efficient practices and
technologies, such as automated inventory tracking, barcode scanning, or real-time data
systems that align with the business's current capabilities. This can be controlled by regularly
evaluating the effectiveness of new practices through KPIs such as inventory discrepancies,
processing time, and system uptime. Bragg (2012) supports the idea of KPIs being necessary
for evaluating inventory performance and identifying areas for improvement, enabling
continuous process optimization. Besides that, as per Edwards (2018) Amazon successfully
uses KPIs such as stock accuracy. Moreover, it is important to provide ongoing training to
ensure staff can effectively use the new technologies. One of the first steps should be focused
on fixing the inconsistencies between internal and external reports, as they contain irrelevant
and missing data. While the external report needs to add item names, the internal report
needs part numbers. Additionally, both reports need to be cleaned by removing obsolete

items, as cleaning the data repeatedly requires significant time and manual effort.
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4.4.5 Continuous Internal Improvement and Feedback

Additionally, a continuous improvement plan should be established and implemented by
collecting employee feedback on process efficiency and making necessary adjustments,
there such plan would involve feedback, employee surveys, and performance tracking to
evaluate the impact of process changes. For example, once or twice a year, the company
organizes a face-to-face workshop to ensure ongoing alignment with process improvements,
provide hands-on training, and gather direct feedback from employees on any challenges or
opportunities for further optimization. Regular process reviews also could be conducted as
a control measure to identify and promptly address any inefficiencies. This is in line with
Brown (2022) and Punkari (2020), who highlight the importance of continuous improvement

in streamlining operations.

4.4.6 Inventory Audit and Correction of Inaccuracies

To mitigate data and records management-related causes, the process can be improved by
auditing the inventory data to identify and resolve any discrepancies between physical stock
and system records, preventing misalignment of stock levels and avoiding cascading errors.
For instance, conducting a monthly inventory audit and a larger audit at the end of the year
is considered sufficient. Here, the control measure happens by implementing a regular audit
schedule to maintain consistent data accuracy. This approach is supported by Agrawal et al.
(2012), who emphasize that in general aligning system and physical inventory is essential
for reducing discrepancies. Cannella et al. (2017) also note that accurate inventory records
and periodic checks are crucial for smooth supply chain operations. Besides, automated tools
should be utilized to detect discrepancies early. Tracking the number of discrepancies over
time will also serve as a KPI for ongoing improvement. Something similar as Amazon’s KPI

on stock accuracy as mentioned before per Edwards (2018).
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4.4.7 Review and Optimize the ERP System

To mitigate technology and system-related causes, the ERP system could be optimized by
thoroughly reviewing functionality gaps or inefficiencies that hinder inventory tracking and
reporting. As discussed previously, Parravicini (2015), Barth et al. (2018), ERP systems are
essential for business success, especially if the conversation is about tracking inventory
levels. Then, the system could be upgraded or reconfigured to meet the company’s current
needs. For example, ERP optimization's primary focus is automation. This also includes
implementing automated error messages within the system to flag discrepancies immediately
and missed receipt signals and automating the RMA process to streamline returns
management. A control measure for this could be regularly monitoring the ERP system's
performance through metrics such as data accuracy, transaction speed, and system errors.
Implementing user feedback and performing periodic system reviews to ensure the system
continues to meet business requirements is also essential. One of the great examples is
Siemens, which has successfully optimized its ERP system and, as a result, leveraged real-
time data access to streamline inventory management, enhance decision-making, and

improve supply chain efficiency across its global operations.

4.5 Implementation Timeline and Summary

The proposed improvements mitigate the impact of the detected causes on inventory
accuracy. By implementing training programs, clarifying roles, and streamlining
communication, the company can better equip employees to manage high-order volumes
effectively, reducing human errors that impact inventory accuracy. Additionally, process
standardization and the integration of automation for repetitive tasks, such as real-time
inventory tracking, automated RMA creation, and system error notifications, will help
streamline the handling of business orders, ensuring faster and more accurate transactions.
Regular audits and inventory reviews are needed to monitor both fast- and slow-moving
items and ensure that inventory numbers for higher-value items are especially correct. With
62% of inventory mismatches tied to order inaccuracies, the focus on process improvements,

including cycle counting and ERP system optimization, will drive continuous accuracy
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improvements. Addressing these discrepancies, particularly during high-volume periods like
December, is critical for maintaining efficient order fulfillment and minimizing errors.
Therefore, leveraging these improvement strategies and effective control measures will help

manage the complexities of inventory and order processing as the business scales.

Let’s look at the short-term and long-term implementation perspectives. Short-term actions
should focus on immediate improvements, such as addressing communication gaps,
standardizing critical processes, and initiating the first training rounds. These also include
auditing data for discrepancies, reviewing ERP system functionality, and implementing
immediate fixes in processes where inefficiencies are most apparent. Regular performance
monitoring, feedback, and adjustment of workflows will provide quick insights and enable
swift corrective actions. Short-term gains will build momentum for the broader, long-term
transformation. The long-term implementation of the proposed measures will require
comprehensive planning, cross-departmental collaboration, and regular evaluation. For
example,we should be able to observe the evolution of training programs, role definitions,
and ERP system optimizations with ongoing updates and feedback loops. Automation and
process standardization should also be continuously refined to keep pace with new
technologies. Long-term success hinges on the commitment to continuous improvement,

regular audits, and sustained engagement with all employees.
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5 Discussion

The Discussion chapter discusses the main themes of the study by answering the main and
supporting research questions, comparing the empirical findings to the theoretical
background, and providing alternative explanations and research implications. This research
has identified several issues within the case company’s current operations and a number of
potential causes were discovered to influence the company's inventory accuracy and

operational efficiency. The study ends with proposed solutions for improvement.

The findings of this research directly address the research question: How can existing order
management processes related to finished goods inventory transactions be optimized to
enhance inventory accuracy? It aims to find ways to increase inventory accuracy by
optimizing order management processes, supported by the following sub-questions: What is
the current situation? What are the possible causes of inaccuracy? What areas must be

addressed, and what actions should be implemented to improve accuracy?

To answer the first sub-question about the current situation and possible causes of
inaccuracy, the collected data was analyzed via explanatory analysis, data visualizations,
distribution analysis, data normality check, and correlation analysis. These revealed several
key findings, such as increased order volume in December, highlighting the need for process
adjustments during this busy period, item group number one being the most frequent,
highlighting the need to ensure efficiency in transactions for this group, inventory
mismatches were detected in 62% of inventory checks, indicating to accuracy issues. Besides
that, we identified that most items fall within the EUR 59-999 range, but higher-value items
significantly impact the average order value. At the same time the business type of the
customer activity remains consistent throughout the time period taken, whereas consumer
orders fluctuate, underscoring the importance of prioritizing business clients. The
discrepancies detected between system and physical counts suggest improving inventory
tracking to reduce errors is required because minimizing these gaps through process
improvements will directly reduce errors and boost the reliability of inventory data. To

conclude, during the current situation analysis discrepancies between physical and system
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inventory records were detected, it was observed that mismatches pointed out to certain

inefficiencies in data management, process execution, and system integration.

To address the second sub-question, the Ishikawa root cause analysis identified five
categories impacting inventory accuracy: data and records management, process and
workflow efficiency, technology and systems, human factors and training, and
communication and collaboration. The key issues include inaccurate data reporting, outdated
processes, limited ERP functionality, human errors due to insufficient training, and poor
team coordination, therefore, it is critical optimizing these areas in order to improve accuracy

and efficiency.

To answer the last sub-question, the response describes the five categories of causes
contributing to inventory inaccuracies and proposes several improvement measures. Let’s
start with the human factors and training cause, the impact of this cause can be mitigated by
establishing and running comprehensive training programs for employees to enhance
employee knowledge, which then will help reduce human errors as employees are equipped
with the necessary skills and knowledge to handle inventory tasks correctly. The next cause
discovered is the process and workflow efficiency cause, to mitigate it’s effect we target to
standardize and modernize processes in order to eliminate inefficiencies and therefore
improve consistency across operations, eventually making it easier to follow procedures and
reduce errors. Then goes the technology and systems cause, via implementing ERP system
optimization, data accuracy and transaction speed improves, therefore, this way we ensure
that inventory data is updated correctly and promptly, leading to lower number of
discrepancies caused by outdated or malfunctioning systems. Besides that, for the
communication and collaboration cause, we strengthen communication across teams by
clearly defining roles and responsibilities as well as fostering better collaboration, and these
reduce misunderstandings plus ensure everyone is aligned on inventory management
processes. Finally, for the data and records management cause, we conduct regular inventory
audits to be able to identify and address discrepancies early and establish continuous
improvement feedback loops to learn from the descrepancies reactively. These improvement
actions aim to address the root causes of inaccuracies, minimize errors, and enhance the

overall reliability of inventory management.
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The best practices identified in the academic sources and presented in the literature review
align with the results of the improvement ideas within this research. For instance, clear
communication aligns with Punkari (2020), who stresses the importance of cross-team
collaboration to align priorities and reduce errors. Bruccoleri et al. (2014) argue that
transparent communication improves performance by reducing misunderstandings and
stress. While clear role definitions reflects Hakola (2021) as his work emphasizes that clear
role definitions minimize errors and improve task allocation, ensuring efficiency and
preventing confusion. When we consider process standardization and modernization
initiatives, then it closely aligns with Punkari (2020) supports process optimization and
standardization to reduce inefficiencies. Jonsson et al. (2013) demonstrate that IKEA’s
standardized processes improved inventory accuracy. Shteren et al. (2017) and Parravicini
(2015) highlight that automation and consistent systems, like ERP, are essential for
minimizing discrepancies and ensuring real-time data. Besides that Brown (2022) and
Punkari (2020) emphasize the importance of continuous feedback to drive process
improvements and optimize operations, which is also in the suggested continuous internal
improvement and feedback. Next is inventory audit and correction of inaccuracies and its
connection to Agrawal et al. (2012) and Cannella et al. (2017) argue that aligning system
and physical inventory through regular audits reduces discrepancies. Edwards (2018)
supports using KPIs, like stock accuracy, to measure and monitor performance. The final is
review and optimize the ERP system ideas, which correlate with Parravicini (2015) and
Barth et al. (2018) stress that optimizing ERP systems enhances data handling and
operational efficiency. Siemens' example demonstrates how real-time data access through
optimized ERP systems improves supply chain performance. Together, these insights from
the literature and the study's findings provide a comprehensive strategy for enhancing

inventory management and accuracy.

On the other hand, an alternative explanation for this study's findings could be that external
factors like supply chain disruptions or seasonal demand patterns contribute to the detected
inventory inaccuracies. For example, the increased order volume in December might be
driven by external factors like holiday sales, leading to a temporary spike, and the current
capacity does not support the increased volume of transactions. Additionally, external
inaccuracies related to the shipment itself could lead to discrepancies between physical stock

and system records, which can be independent of the internal processes reviewed. In such



68

cases, the problems in inventory come externally and are only sometimes visible. Therefore,
while internal processes are key, external factors must also be considered as contributing

influences on inventory discrepancies

The findings of this study suggest various recommendations for changes in processes,
practices, systems, or employee training based on the research results, which as believed,
could help the case company and similar businesses improve their inventory accuracy and
operational efficiency in order management activities. To streamline inventory tracking and
reduce discrepancies, it is essential to integrate modern technologies, such as enhanced ERP
systems and automation tools. Additionally, building and fostering a continuous learning
company culture is vital to help mitigate human errors and improve accountability through
regular training and clear role definitions. On top of these, with process standardization
methods, inconsistencies in inventory workflows can be minimized. While regular audits
should be implemented with automated tools support, teams can timely identify
discrepancies, ensuring more reliable and accurate inventory records. Finally, organizations
should emphasize data accuracy and leverage real-time monitoring and KPIs to enable
continuous feedback loops. This will help identify issues and enable quick adjustments to
processes, ultimately leading to sustained improvements in inventory management practices.
Therefore, companies can build a more resilient and efficient order management process

system by addressing both technological and human factors.
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6 Conclusion

The final chapter, Conclusion, discusses the learning journey, overall research contribution,
study’s limitations, paths for future research, and the final call for action. The research
process has been a valuable learning experience, helping me understand inventory control
better and practice my skills in process optimization. One of the main challenges I faced was
the limited amount of data collected and the difficulty of analyzing the processes in detail.
Despite these challenges, I learned that many factors cause inventory discrepancies. I now
realize that improving inventory accuracy requires looking at the problem from different
angles. After this study, I understand better how order management processes can be
improved through employee training, clear communication, and defined roles, process
workflow, and system perspectives. I now understand that solving this issue requires a
comprehensive approach, and the support of various stakeholders is vital. What I once
considered a simple inventory mismatch problem is turned out to be a much more complex
issue. Also, I learned that a case may be imperfect, but it is important to continue working

on it and I am proud that this work is now completed.

Overall, this research contributes to theory and practice by offering a comprehensive
framework for improving inventory-related order management processes in mid-sized
technology companies. The study emphasizes the importance of integrating technology with
process improvements and employee training to address the root causes of inventory
discrepancies. The findings highlight the need for a proactive approach to managing
inventory during high-demand periods, such as December, to ensure preparedness and
accuracy in fulfilling business orders. These contributions share practical recommendations

for companies seeking to enhance operational efficiency.

However, this study has several limitations. As discussed earlier, since there is no qualitative
data collected specifically for this study, there is some risk that the qualitative part results
may be subjective, leading to some risk of having a few perspectives missed, potentially
affecting the overall reliability of the qualitative insights. Lastly, the findings of this study
are very specific to the case company’s order management inventory-related processes, so

they may not apply to other organizations with different systems, operations, or industry
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conditions. Additionally, the insights gained may not work as well for larger companies or
industries. Besides that, it is important to remember that data quality and availability could

also affect the strength of the findings.

Future research can be continued by studying the weight of the discovered the causes and
analyze them with regression analysis. Besides that, it would be interesting to explore how
other external factors potentially impact inventory accuracy, maybe lost orders by carriers,
failures in customer imports, and other logistical challenges have some impact as well.
Additionally, advanced technological improvement solutions , such as artificial intelligence,
machine learning algorithms, or blockchain technology could be studied more and their
potential role in enhancing inventory accuracy and optimize order management processes
would be valuable. At this point, we can conclude the research question as well as sub-
questions are addressed on an addequate level, but incorporating more quantitative details
would have strengthened the findings and provided a deeper understanding of the impact of

specific causes on inventory accuracy.

Finally, based on the findings of this research, the recommendation is that the company start
by implementing proposed training programs and process standardization measures to
address human error and inefficiencies. Besides that, automation technologies should be
explored to streamline inventory tracking and improve real-time data accuracy. Not to
mention, the company should establish regular audits and KPI monitoring to be able to assess
and also optimize inventory practices continuously. In the longer term, reviewing and
optimizing the ERP system is essential to ensure it supports evolving business needs. These
actions will help mitigate inventory discrepancies and mismatches, improve order accuracy,

and enhance overall operational efficiency, particularly during high-demand periods.
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Appendix 1. RStudio Code

library(readxl)
library(openxIsx)
library(dplyr)
library(tidyr)
library(corrplot)
library(ggplot2)
library(reshape?2)
library(tseries)
library(scales)

#Loading initial data set
initial data <- read_excel("All_new.xIsx", sheet = "Sheet1")
str(initial_data )

# Adding 'Error' and 'Accuracy' as new columns in the dataset in % format
initial data <- initial _data %>%
mutate(
Error = (Difference / "Physical Count’) * 100, # Calculating Error in percentage
Accuracy = (1 - (Difference / "Physical Count")) * 100 # Calculating Accuracy in percentage

)

#Checking missing values

any(is.na(initial data ))

missing_values_indices <- which(is.na(initial_data), arr.ind = TRUE)
print(missing_values_indices)

#Manual fix for one missing value, based on Mismatch value
if (initial _data[59, "Mismatch"] == 0) {
initial data[59, "Error"] <-0  # Set Error to 0 if Mismatch is 0
initial data[59, "Accuracy"] <- 100 # Set Accuracy to 100 if Mismatch is 0

}

#Final missing values check
any(is.na(initial data))
data <- initial_data

#Exploratory Data Analysis
#Calculating min, max, mean, median via summary
summary(data)

#Visualizations

par(mfrow=c(1,3))

Month=data§Month

barplot(table(Month), xlab = "Month", ylab = "Frequency",
main = "Month", col = "lightblue")

Item Group=data$ ' Item Group"
barplot(table(Item_Group), xlab = "Group", ylab = "Frequency",
main = "Group", col = "lightblue")
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Mismatch=data$Mismatch
Mismatch_table <- table(data$Mismatch)
colors <- ¢("lightblue", "pink")
categories <- ¢("No mismatch", "Mismatch detected")
barplot(Mismatch_table,

names.arg = categories,

col = colors,

main = "Mismatch",

xlab = "Mismatch",

ylab = "Frequency",

border = "black")

par(mfrow=c(2,2))

Value EUR=data$ Value (EUR)

hist(Value EUR xlab="Value EUR", ylab="Frequency",
main="Histogram Value EUR", col="lightblue")

Consumer Orders=data$’Consumer Orders’
hist(Consumer Orders,xlab="Consumer Orders", ylab="Frequency",
main="Histogram Consumer Orders", col="lightblue")

Business_Orders=data$ Business Orders’
hist(Business _Orders,xlab="Business Orders", ylab="Frequency",
main="Histogram Business Orders", col="lightblue")

Total Orders=data$ Total Orders’
hist(Total Orders,xlab="Total Orders", ylab="Frequency",
main="Histogram Total Orders", col="lightblue")

par(mfrow=c(1,3))

System_Count=data$'System Count’

hist(System_Count,xlab="Inventory Count", ylab="Frequency",
main="Histogram System Count", col="lightblue")

Physical Count =data$ Physical Count’
hist(Physical Count,xlab="Inventory Count", ylab="Frequency",
main="Histogram Physical Count", col="lightblue")

Difference=data$Difference
hist(Difference,xlab="Difference", ylab="Frequency",

main="Histogram Difference between the Counts", col="lightblue")

par(mfrow = c(1, 2))

Accuracy=data$Accuracy

hist(Accuracy,xlab="Accuracy", ylab="Frequency",
main="Histogram Accuracy %", col="lightblue")

Error=data$Error
hist(Error,xlab="Error", ylab="Frequency",
main="Histogram Error %", col="lightblue")
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#JB Normality check

jb_Month <- jarque.bera.test(Month)

jb_Group <- jarque.bera.test(Item Group)
jb_Value <- jarque.bera.test(Value EUR)
jb_Total <- jarque.bera.test(Total Orders)
jb_Consumer <- jarque.bera.test(Consumer Orders)
jb_Business <- jarque.bera.test(Business Orders)
jb_System <- jarque.bera.test(System Count)
jb_Physical <- jarque.bera.test(Physical Count)
jb_Difference <- jarque.bera.test(Difference)
jb_Mismatch <- jarque.bera.test(Mismatch)
jb_Error<- jarque.bera.test(Error)
jb_Accuracy<- jarque.bera.test(Accuracy)
print(jb_Month)

print(jb_Group)

print(jb_Value)

print(jb_Total)

print(jb_Consumer)

print(jb_Business)

print(jb_System)

print(jb_Physical)

print(jb_Difference)

print(jb_Mismatch)

print(jb_Error)

print(jb_Accuracy)

#Correlation Analysis
cor(data)

par(mfrow=c(1,1))
corrplot(cor(data), "number")
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Appendix 2. Final Dataset

Table 4. Data
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Month  Item  Value  Consumer Business Total  System  Physical Difference Mismatch  Error Accuracy
Group _ (EUR) _ Orders Orders _ Orders _ Count __ Count

7 4 549 0 64 64 81 68 13 1 19.11764706 80.88235
7 4 69 4 3 7 769 765 4 1 0.52287582 99.47712
7 3 59 5 3 8 214 214 0 0 0.00000000 100.00000
7 3 149 3 10 13 31 31 0 0 0.00000000 100.00000
7 3 149 2 18 20 224 217 7 1 3.22580645 96.77419
7 1 1990 48 117 165 3392 3381 11 1 0.32534753 99.67465
7 5 99 7 173 180 303 304 1 1 0.32894737 99.67105
7 1 3645 0 18 18 175 175 0 0 0.00000000 100.00000
7 1 6495 0 38 76 999 997 2 1 0.20060181 99.79940
7 5 149 3 14 17 811 809 2 1 0.24721879 99.75278
7 2 399 80 55 135 439 410 29 1 7.07317073 92.92683
8 4 549 0 61 61 9 14 5 1 35.71428571 64.28571
8 4 69 15 6 21 746 747 1 1 0.13386881 99.86613
8 3 59 9 1 10 203 202 1 1 0.49504950 99.50495
8 3 149 0 2 2 29 29 0 0 0.00000000 100.00000
8 3 149 6 1 7 209 202 7 1 3.46534653 96.53465
8 1 1990 58 555 613 3232 3232 0 0 0.00000000 100.00000
8 2 399 27 53 80 353 352 1 1 0.28409091 99.71591
8 5 99 10 101 111 276 277 1 1 0.36101083 99.63899
8 1 3645 0 13 13 162 162 0 0 0.00000000 100.00000
8 1 6495 0 75 75 928 927 1 1 0.10787487 99.89213
8 5 149 7 5 12 799 797 2 1 0.25094103 99.74906
9 4 549 0 16 16 0 1 1 1 100.00000000  0.00000

9 4 69 26 26 52 695 675 20 1 2.96296296 97.03704
9 3 59 40 10 50 154 154 0 0 0.00000000 100.00000
9 3 149 5 14 19 10 10 0 0 0.00000000 100.00000
9 3 149 9 23 32 176 177 1 1 0.56497175 99.43503
9 2 399 45 66 111 221 224 3 1 1.33928571 98.66071
9 1 1990 287 183 470 2754 2752 2 1 0.07267442 99.92733
9 5 99 4 132 136 250 250 0 0 0.00000000 100.00000
9 1 3645 0 15 15 139 139 0 0 0.00000000 100.00000
9 1 6495 0 108 108 833 833 0 0 0.00000000 100.00000
9 5 149 10 30 40 739 737 2 1 0.27137042 99.72863
10 4 549 0 64 64 39 39 0 0 0.00000000 100.00000
10 4 69 25 9 34 661 642 19 1 2.95950156 97.04050
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10 59 40 15 55 100 100 0 0.00000000 100.00000
10 149 2 5 7 3 3 0 0.00000000 100.00000
10 149 12 6 18 158 159 1 0.62893082 99.37107
10 1990 427 464 891 1870 1974 104 5.26849037 94.73151
10 99 15 15 30 222 221 1 0.45248869 99.54751
10 3645 0 18 18 132 132 0 0.00000000 100.00000
10 6495 0 64 64 778 436 342 78.44036697 21.55963
10 149 15 2 17 722 720 2 0.27777778 99.72222
10 399 140 44 184 375 345 30 8.69565217 91.30435
11 549 0 81 81 110 110 0 0.00000000 100.00000
11 69 8 8 16 644 624 20 3.20512821 96.79487
11 59 26 11 37 48 46 2 4.34782609 95.65217
11 149 0 2 2 1 1 0 0.00000000 100.00000
11 149 6 19 25 131 128 3 2.34375000 97.65625
11 1990 229 405 634 1141 1135 6 0.52863436 99.47137
11 99 17 354 371 161 177 16 9.03954802 90.96045
11 399 48 386 434 57 53 4 7.54716981 92.45283
11 3645 0 11 11 125 125 0 0.00000000 100.00000
11 6495 0 129 129 689 667 22 3.29835082 96.70165
11 149 12 22 34 685 663 22 3.31825038 96.68175
12 549 0 24 24 95 95 0 0.00000000 100.00000
12 69 14 28 42 579 584 5 0.85616438 99.14384
12 59 27 12 39 27 27 0 0.00000000 100.00000
12 149 0 2 2 0 0 0 0.00000000 100.00000
12 149 4 8 12 122 123 1 0.81300813 99.18699
12 399 1 172 173 17 17 0 0.00000000 100.00000
12 99 12 159 171 111 131 20 15.26717557 84.73282
12 3645 0 22 22 111 111 0 0.00000000 100.00000
12 6495 0 125 125 593 592 1 0.16891892 99.83108
12 149 9 5 14 674 652 22 3.37423313 96.62577
12 3990 0 326 326 95 95 0 0.00000000 100.00000
12 9990 0 245 245 63 63 0 0.00000000 100.00000
12 1990 259 317 576 687 687 0 0.00000000 100.00000




