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Abstract
Multiple factors contribute to the occurrences of disruptions in workflowmanagement within the e-commerce system that
focuses on the distribution of goods and other fast-moving consumer goods (FMCG). These disruptions have particularly
affected and increased lead times and caused frequent shipment delays. The causes of these disruptions, especially in the
context of distribution of goods and FMCG towards inventory control, have been widely speculated upon in recent years.
Given the recent interruptions, the study presented in this paper used a methodology called statistical model analysis (SMA)
to study the impact of human factors (HFs) on the system performance in a warehouse distribution system. A case study
was taken on a particular company called ABC and XYZ tomodel the impact of some specific HF such as job fatigue, and job
rotation to name a few and to uncover the underlying reasons behind the ongoing disruptions within the distribution
system. Specifically, the result of this study aims to provide a data-driven understanding of these issues and one of the
contributions of this study is to enhance our understanding of the significance of these HFs, rather than focusing on the
equipment and materials as seen in prior research. Through this data-based approach study, stakeholders in operations
management, e-commerce, and the supply chain system would be well-informed in many ways to resolve the challenges
faced by humans in the system towards enhancing their overall system performance.
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Introduction

The studies of Human Factors (HF) in the field of electronic
commerce, commonly known as E-commerce has been
poorly considered when making decisions in a distribution
environment such as E-commerce. E-commerce refers to the
online buying and selling of goods and services, as well as
the transfer of funds or data, primarily conducted over the
Internet.1 However, to execute an E-commerce transaction,
humans are needed to perform data entry, as well as dis-
tribution planning and scheduling which are the two most
important operational tasks required in a warehouse system.
Therefore, humans are one of the crucial factors to take into

consideration in a service system that incorporates distri-
bution and inventory planning, especially when it comes to
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a holistic supply chain business network.2,3 A supply chain
(SC) system involves overseeing the movement of goods
among businesses, procurement, distribution centers (DCs),
and logistics.4,5 In this paper, SC system can be seen as a
system that encompasses the various stages, which include
the acquisition of different stock-keeping units (SKUs),
receiving products, storing inventory, order processing
(picking and packing), distribution to last-mile locations
(i.e., delivering the products to end-users) which can be seen
as one type of E-commerce model, in this case business-to-
business (B2B) model as illustrated in Figure 1.6–9 A B2B
model is considered in this work as an important model to
explain the E-commerce processes in a specific distribution
system. The main purpose of the B2B E-commerce model is
to make decisions on how to transact between businesses,
typically conducted online, and the B2B model plays a
significant role in modern E-commerce, supply chain
management and operations.

E-commerce represents a digitalized business model that
facilitates transactions between organizations and individ-
uals by utilizing the internet. Also, it encompasses a wide
range of activities, including product distribution, sales,
purchases, marketing, and customer service, all of which are
conducted through electronic interfaces.13 However, the
scope of E-commerce extends far beyond just the acqui-
sition of goods frommanufacturers and suppliers, but rather,
it involves aspects such as logistics, manufacturing,

warehousing, collaboration with retail partners, and most
importantly, serving end customers10,11 which all involves
human participation, and to improve products delivery time
and increase the quality of products ordered online within
the domain of supply chain system.2,3,12–14 It is very im-
portant to incorporate HF early in decision-making and
apply them to equipment and job tasks to improve the
system performance.

In this paper, the concept of HF would be focused on. HF
is defined by the International Ergonomics Association
(IEA) Council in 2014,15 as “the scientific discipline con-
cerned with the understanding of interactions among hu-
mans and other elements of a system, and the profession that
applies theory, principles, data, and methods of design to
optimize human well-being and overall system perfor-
mance”. Therefore, considering HF is crucial in systems
designs.16,17 Also, HF consideration in a service system (for
example, supply chain system) could help reduce human
errors during operations such as picking, packing, shipping,
and enhancing the performance of warehouse operations.

In addition, the use of technologies in E-commerce also
played a crucial role in the operations of businesses, es-
pecially as consumer preferences shift from traditional
brick-and-mortar shopping to online platforms.1 The use of
various technological tools has allowed distribution system
to offer high-quality and punctual services to their cus-
tomers.18 However, despite the integration of sophisticated

Figure 1. Types of E-commerce models used in E-commerce system.
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tools to ensure customer satisfaction, most of the existing
studies show that there is still a critical challenge for all
other business models, such as traditional brick-and-mortar
stores and online shopping platforms as related to HF.19,20

In addition, most of these service systems17 aim to provide
the highest level of satisfaction to their customers which is
influenced by various factors such as service quality from
workers, but HF such as workers satisfaction has been
neglected in decision making. For example, in a typical
service system, worker satisfaction is usually a wide aspect
of HF to be considered. It is noted that satisfied employees
are more engaged, productive, and less likely to leave their
jobs.21 In fact, some factors contribute to worker satisfac-
tion which includes fair compensation, a safe working
environment to mention a few. Although service quality as
mentioned earlier is seen as a measure used to assess the
excellence of service and determine if users are content with
the service they receive.5 However, customer satisfaction is
influenced also by a range of factors, including customer
value, customer experience, user experience, brand image,
pricing, productivity, trust, and HF such as workers’ skills,
job rotation, and job fatigue amongst workers.22–24 Since
the skill level of workers is assumed as a fundamental factor
affecting job performance in a system, it is assumed that
skilled workers are more efficient, and can handle complex
tasks with greater ease.25 For instance, a worker trained in
the use of advanced warehouse management system (WMS)
can quickly locate items, manage inventory more accu-
rately, and streamline the picking and packing process.
However, this assumption does not hold true in many ca-
ses.5 Furthermore, job rotation overtime has been seen as a
strategy adopted to mitigate any physical and mental strain
in a repetitive task by periodically moving workers between
different roles.26 According to Ogbeyemi et al,5 job rotation
can lead to higher job satisfaction and lower turnover rates
in warehouse settings. Also, job rotation has not only helped
in reducing monotony but also allows workers in both
service system and manufacturing system to develop a
broader skill set. For example, a warehouse worker might
alternate between tasks such as operating a forklift, man-
aging inventory, and packing orders. So, it is assumed that
factors such as job rotation can prevent job fatigue, and
reduce the risk of repetitive strain injuries, which at the end
would enhance job satisfaction and increasing the skills
level. Also, management of some service system have been
making use of different techniques,27 and tools such as
robots,28 to handle heavy lifting and transportation of goods
within the system, while the workers focus on tasks that
require packing, goods delivery, and decision-making, yet
HF have not been fully considered in most service system.

The primary objective of this study is to analyze and
explore the impact of certain HFs on the performance of a
distribution system that specializes in fast-moving con-
sumer goods (FMCG) in a warehouse, and inventory

management provided that HFs have not been considered
fully in the real world of inventory system, especially in
distribution process in a warehouse.29 To achieve this aim,
specific inquiries were formulated, including investigations
into the relationships between the independent variables
(such as workers’ skills and satisfaction, job fatigue, and job
rotation) and the dependent variable (i.e., job performance)
in the system. Also, a mixed research approach was em-
ployed to gather and analyze data that involves conducting a
significance test utilizing a two-way ANOVA. Additionally,
the research seeks to ascertain whether each independent
variable specifically influences the dependent variable
(i.e., job performance) of the warehouse workers and to
examine if the independent variables contribute to the
ongoing disruption in the distribution system.

The rest of this paper is organized as follows: First,
we presents some background knowledge as well as a lit-
erature review. Second, a case study is presented to give
more details on the problem description. Third, the meth-
odology is presented to demonstrate how the statistical
model works. Fourth, we presents the results and discus-
sion, and Finally, the conclusion and suggestions for future
research were presented.

Background and literature review

In the domain of E-commerce, there are several challenges
encountered during the operations. Hence, it is very im-
portant to understand how these challenges could impact
both customer behavior (customer goals) and organizational
profitability (business goals), while exploring potential
solutions. According to Tsagkias et al,1 some specific
challenges include the influence of regulatory and business
constraints on E-commerce operations. These constraints
often dictate which products can be presented to customers.
For example, certain items like hunting knives may not be
legally sold online in the UK, and some regions in the US
restrict the online sale of alcohol and certain drugs to
adults only.

To better understand challenges in E-commerce opera-
tions online, most websites implement business rules during
the checkout process to control product purchases, dis-
playing products that customers ultimately cannot buy
which can lead to a dissatisfying experience. Dayarian and
Pazour,30 discusses several challenges in her research.
These challenges include: (a) Cybersecurity: E-commerce
businesses cannot afford downtime due to cyberattacks, as
each transaction contributes significantly to their financial
success. (b) Competition: The E-commerce landscape has
become highly competitive, making it challenging for
businesses to differentiate themselves from rivals and attract
new customers. (c) Order Fulfillment: Timely and accurate
order fulfillment is crucial, as delays and incorrect product
shipments can result in customer dissatisfaction. (d)
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Inventory Visibility: When inventory is not visible, either
physically or on the website, customers may turn to other
E-commerce platforms, resulting in reduced sales.

Also,31 focuses on specific challenges related to facili-
tation and logistics in E-commerce: (a) Undeveloped Legal
Infrastructure: Legal regulations enabling E-commerce
transactions are essential, and the absence of such infra-
structure can hinder E-commerce activities. (b) National
Quality Infrastructure: E-commerce consumers demand
product traceability and adherence to international stan-
dards, which instills confidence, and the absence of these
standards may drive customers to competitors. (c) Poor
Integration of Postal Services with Border Agencies: Ef-
fective coordination between postal services and border
agencies is necessary for smooth cross-border E-commerce
transactions. (d) Improving In-flight Connectivity: Air
freight plays a pivotal role in cross-border shipments, ne-
cessitating enhancements in in-flight connectivity. (e)
Limited Logistics and Postal Distribution in Remote Areas:
Underdeveloped logistics infrastructure in isolated regions
of developing countries hinders their ability to benefit from
E-commerce.

Nguyen et al.32 delved into customer satisfaction with
last-mile delivery in the E-commerce sector. Their study
highlighted factors such as tangibility, reliability, safety,
empathy, responsiveness, and perceived value towards the
performance of the system. These factors encompass ele-
ments that customers directly experience, the reputation and
accuracy of service delivery, the ability to respond promptly
to customer needs, ensuring safety and peace of mind, and
the level of care and attention provided by staff. Also, Bingi
et al.33 emphasized on four major challenges facing the
E-commerce industry such as economic, technological,
social, and legal. These challenges apply broadly to both
B2B and business-to-B2C scenarios. A good way to un-
derstand the impact of these factors on E-commerce per-
formance is illustrated in Figure 2.

According to Rahman and Han,34 an investigation was
conducted to validate the elements influencing customer
satisfaction within the E-commerce sector. The analyzed
factors encompassed network responsiveness, website
credibility, payment security, feedback mechanisms, com-
munity engagement, and return policies. Additionally,
factors like safeguarding personal information, product
descriptions, shopping convenience, product quality, pric-
ing, time efficiency, and operational procedures were
considered, as shown in Table 1. Table 1 presents the
outcomes of a survey conducted for an online retailer, il-
lustrating that the proportion of contented customers sig-
nificantly exceeds those who expressed dissatisfaction
while Figure 3 shows the graphical representation.

In practice, again according to Ogbeyemi et al.5 the
E-commerce industry faces various challenges, notably the
labor-intensive inventory tracking methods which must

depend on multiple software and spreadsheets. This method
is not only time-consuming but also prone to errors, leading
to delayed deliveries and a decrease in warehouse effi-
ciency. Additionally, the complexity of inventory man-
agement, involving multiple steps like receiving, picking,
packing, and shipping, can also result in incomplete, in-
accurate, or delayed shipments, as well as inventory losses
due to factors like wastage, damage, or theft.5

Despite the above reviews, the studies of HF are literally
missing from them, therefore, in this paper, we further
studied and focused on human-related concepts such as the
physical human-machines relationship found in most
manufacturing systems35 for our E-commerce system. HF in
the E-commerce industry has witnessed exponential
growth, revolutionizing the way business is conducted
globally. As technology continues to shape this industry, the
role of HF becomes increasingly crucial. Also, several
studies have explored the relationship between HF and job
performance within the E-commerce settings. Lu and Lin36

highlighted the impact of stress on performance effective-
ness, a concept that resonates with the E-commerce sector,
where workers often encounter high-pressure situations.
Additionally, worker satisfaction has been recognized as a
key determinant of job performance.37 Employee content-
ment and motivation have also been shown to positively
correlate with enhanced performance, and employees who
derive satisfaction from their work may exhibit greater
commitment and productivity.38

In the E-commerce industry, workers may face de-
manding schedules and workloads, which as a result in-
creases job fatigue and influences job performance. Job
fatigue is often linked to factors such as long hours and
repetitive tasks, which can negatively affect job perfor-
mance.39 In addition, job rotation has also been proposed as
a strategy to enhance job performance.40 According to
Ravenhill and Liu40 job rotation can provide workers with a
broader skill set and reduce monotony. However, the extent
to which job rotation positively affects job performance in
E-commerce, characterized by specialized tasks and roles,
remains a subject of inquiry. Meanwhile, the importance of
job skills on job performance is evident in various indus-
tries.17 Skilled workers are often more adaptable and ef-
fective in handling complex tasks.41 Therefore, the concept
of HF generally is speculated to be used to broaden skill sets
and reduce monotony in a B2B E-commerce system. So, to
show the importance of this HF-related concept, a study on
the impacts of HF among workers in a distribution ware-
housing system is required, which would either validate the
speculation or not.

Considering the relationship between worker skills and
job performance in E-commerce, both are closely related
concepts in the workplace. Workers’ skills refer to the
specific abilities and knowledge that are necessary to per-
form a particular job or task effectively. These skills may
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Figure 2. Four major factors affecting E-commerce (adapted from Bingi et al.,33).

Table 1. Outcomes of a survey conducted for an online retailer showing customer satisfaction and dissatisfaction.

Factor Satisfaction (%) Dissatisfaction (%)

The network speed of response 46.3 14.35
The website image of integrity 39.82 17.59
Payment security 48.6 14.36
Interaction 31.48 22.22
Feedback channels 29.63 22.22
Returns 37.5 26.39
Confidentiality of personal information 32.41 23.15
Operational process 50 11.11
Shopping convenience 26.86 32.41
Save time 63.89 7.41
Product description 41.21 14.82
Product price 63.89 7.42
Product quality 49.53 8.79
Transaction security 47.68 12.97
Personalized 40.27 7.41
Product category 54.63 7.87
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include technical skills such as proficiency in computer
software, mechanical skills such as the ability to operate
machinery, or soft skills such as communication and
problem-solving. On the other hand, job performance
refers to how well an employee performs in their job. This
can be measured by their ability to meet or exceed ex-
pectations, achieve targets, produce high-quality work,
and contribute positively to their team or organization.
However, job performance in a B2B E-commerce is more
than completing tasks; it is about contributing positively
to the organization’s mission and fostering success in a
highly competitive area. The markers of job performance
include meeting or surpassing set targets, producing high-
quality work, and enhancing team dynamics.42 Em-
ployees who excel in these areas are indispensable assets
in the B2B E-commerce landscape. However, simply
having the required worker skills is not enough to
guarantee excellent job performance.43 An individual’s
job performance also depends on HFs such as motivation,
attitude, work ethic, and ability to work well with others.
Any service system will likely have efficiency and in-
creased performance as one of its primary goals. The
performance of the job or system is equivalent to that of
the individual worker, therefore, workers’ performance is
understood to be a complicated entity linked to other
individualized characteristics, such as skills and workers’
satisfaction44,45 which are both considered to be essential
components of workers’ performance. The completion of
a task within the required completion time by a worker on
the warehouse floor is referred to as job performance in
this study.

One important factor to also consider in an E-commerce
system is job rotation amongst workers in the warehouse. It
is also anticipated that its deployment will improve work
performance. Job rotation refers to the practice of moving
employees between different positions or departments
within an organization, to broaden their experience and skill
set. According to Song et al46 job rotation has also been used
to sustain and upgrade the various latent skills and expe-
rience of workers who have been on the job for a long time.
One potential benefit of job rotation is that it can help

employees develop a more comprehensive understanding of
the organization, as well as a broader range of skills and
knowledge. This can in turn lead to greater job satisfaction
and motivation, as well as improved performance. However,
there are also potential downsides to job rotation. For ex-
ample, frequent changes in responsibilities can be stressful
for some employees and may lead to decreased job satis-
faction and performance. One limitation of job rotation is
that it may lead to decreased productivity as employees are
learning new tasks and becoming familiar with new work
environments.47

The effect of fatigue among warehouse workers is also
an important factor to be considered in the E-commerce
system especially in a FMCG sector due to complexity in
job schedule. Job fatigue in a service system is caused by
task overload, which can lead to workers’ injury.48 There
are several factors that can contribute to job fatigue,
including long work hours, high job demands, lack of
control over work tasks, and a poor work-life balance.
Employers can help reduce job fatigue by implementing
strategies such as providing flexible work arrangements,
encouraging breaks throughout the day, and promoting a
healthy work-life balance. On an individual level, there
are also strategies that employees can use to manage job
fatigue and improve job performance. These may include
taking breaks when needed, prioritizing tasks, setting
realistic goals, and practicing good sleep hygiene. One
limitation of job fatigue is that it can lead to decreased job
satisfaction and increased turnover intentions.49 This can
be especially true for employees who experience chronic
fatigue, as they may feel that their work demands are not
manageable and may seek other employment opportu-
nities. Additionally, job fatigue can result in increased
errors and accidents on the job, as employees may be less
alert and less able to make good decisions.50 Another
potential limitation of job fatigue is that it can lead to
negative health outcomes, such as cardiovascular disease,
depression, and anxiety.51

Furthermore, the above reviews show that issues such as
inaccurate data and limited visibility exacerbate these
problems. It is worth mentioning that despite the utilization
of advanced management tools in the E-commerce and
inventory distribution system today, the challenges re-
garding HF have not received adequate attention. Re-
markably, prior research often overlooks the role of HF
when addressing some system challenges such as late de-
livery and system downtime.17 Also, many studies preferred
to concentrate primarily on system processes and tech-
nology, while neglecting the significant impact of human
actions within the E-commerce system. This study aims to
bridge this gap by incorporating insights from existing
literature and considering HFs like worker fatigue, satis-
faction, and rotation as crucial elements to address these
issues affecting the system performance.

Figure 3. Graphical representation of customer satisfaction and
dissatisfaction.
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Case study and problem description

Overview of the case study

In this paper, we examine two service systems referred to as
ABC and XYZ for the purpose of illustrating this case study.
The actual identities of ABC and XYZ will remain un-
disclosed due to privacy and security considerations.52 ABC
is a service system operating in the domain of E-commerce
in West Africa, specializing in the delivery of goods and
FMCG through online purchases. On the other hand, XYZ
is also an E-commerce service system in West Africa,
dealing with a wide range of product categories. In this
section, we took companies ABC and XYZ to describe the
various challenges faced by both companies and we intend
to propose solutions to address these issues.

Over the past decade, West Africa has witnessed the
emergence of numerous E-commerce companies. Notably,
ABC has distinguished itself as the sole E-commerce
company exclusively dedicated to the distribution of
FMCG. ABC was established during the COVID-19 pan-
demic to assist retailers in procuring FMCG and other
consumable goods, which were in high demand during that
period. In addition, ABC implemented a well-known dis-
tribution model called the Hub and Spoke model,53 to re-
duce delivery times and enhance customer satisfaction. As
shown in Figure 4, the workflow depicts the end-to-end
(E2E) process flow of ABC. In Region A, the procurement
team collaborates with vendors to purchase products, which
are then sent to the warehouse via suppliers. The inbound

team receives the products, verifies them against the pur-
chase order (PO), and generates a goods receipt note (GRN)
for inventory accuracy and financial reporting. In Region C,
the inventory team stores the received products in their
designated locations (racks and pallets). In Region B, when
a customer places an order on the website, the order pro-
cessing unit (OPU) team picks and packs the items for the
customer’s shipment. In Region E, shipments are handed
over to the logistics team, loaded into vans, and dispatched
for last-mile delivery to customers. In Region D, if a
customer rejects any product for any reason, refunds or
replacements are processed, and the product is returned to
the warehouse. However, the general goal of an
E-commerce distribution system is to be able to ensure that
the entire process as described in Figure 4 achieves its
objective. Therefore, the motivation of this work is to ad-
dress the challenges faced by ABC by focusing on factors
that have not been adequately explored in previous research.

Furthermore, it is worth mentioning that while both
service systems share similar operations, the primary
focus of this study will be on ABC. XYZ’s inclusion is
aimed at facilitating a comparative analysis of the
challenges encountered by both companies and validating
the findings.

Problem description

HFs play a pivotal role in shaping the e-commerce models
of both ABC and XYZ. They influence everything from user

Figure 4. The end-to-end (E2E) E-commerce workflow of ABC.
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interface design to order fulfillment processes, ensuring a
seamless interaction between workers and automation
systems. An effective HF approach enhances the user ex-
perience, making it intuitive, efficient, and error-resistant,
ultimately boosting customer satisfaction and operational
efficiency. By considering ergonomic principles, cognitive
load, and user-centered design, both companies can opti-
mize their e-commerce processes, improve user engage-
ment, and reduce errors that might lead to customer
dissatisfaction and increased costs. The resilience of ABC
and XYZ’s e-commerce models relies on their ability to
balance profitability and customer satisfaction.

When implementing efficient and user-friendly plat-
forms through HF integration, there is a tendency to
improve usage of the system, resulting in higher customer
satisfaction and loyalty. Additionally, HF principles can
help to streamline operational processes, by reducing
errors and enhancing productivity, thus positively im-
pacting profitability. So, ABC’s expansion in West Africa
during the COVID-19 pandemic has encountered chal-
lenges due to factors like ignoring effects from a human
perspective, overhead costs, and capital expenditures not
being adequately considered. ABC faces a dilemma as it
grows, with increasing overhead costs and the need for
high productivity. Balancing a productive workforce
while optimizing profitability is a delicate task for ABC.
ABC’s downsizing approach was intended for cost op-
timization, also when issues such as reduced job satis-
faction, increased job fatigue, and disrupted job rotation
were observed. This new approach negatively affects
ABC’s operational efficiency, while impacting order
processing, last-mile delivery, and customer satisfaction.

Meanwhile, the critical importance of holistic decision-
making in ABC’s situation should have been guided by HF
principles, while emphasizing on the interconnectedness
between workforce dynamics, operational efficiency, and

customer satisfaction. However, it was observed that HF
and workforce dynamics,5 resiliency,2 are closely in-
tertwined and crucial for navigating the complexities
faced by both ABC and XYZ. Also, Figures 5 and 6 are
used to provide historical knowledge of the monthly net
salaries of workers, operational running costs, and the
value of orders delivered to customers on a month-to-
month basis. For instance, the analysis in Figure 5 il-
lustrates the company’s financial performance, when
comparing the monthly profits with the operating costs
over 6 months. This analysis reveals that the company
operated at a loss from May to October, as the monthly
profits were less than the operating costs. In contrast,
Figure 6 shows a forecast of breaking even if the job
performance of ABC increases by 48%. The figure shows
the relationship between monthly orders and profits,
which indicates the potential for an increase in profit-
ability with higher order volumes. In addition, the visual
representation helps in interpreting data towards decision-
making over time.

Despite this upward trend in sales, the company strug-
gled to break even due to the substantial operational running
costs. These high operational costs indicated that the rev-
enue generated fell below the expected budget. To improve
productivity and performance, the company would need to
increase projected revenue by approximately 40% to 48%.
Achieving this increase implies a need to consider HF
principles and adjust the capital expenditures. Also,
Figure 6 illustrates a forecast of how the company could
reach a break-even point if performance were to increase by
48%. Addressing the operational issues requires a careful
adjustment of running costs while taking HF into account to
ensure operational efficiency and increased system per-
formance. It’s important to note that HF should be a key
consideration during cost adjustments to avoid operational
downtime.

Figure 5. The chart of company ABC running at lost.
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Another important fact to also consider in ABC’s op-
erations is that many processes are still manual due to
limitations in material handling tools absenteeism amongst
warehouse workers, and loss of skilled workers due to
sudden resignations. These challenges have led to shortages
of manpower and hindered proper capacity planning to
achieve ABC’s business goals. Late deliveries have also
been attributed to issues related to HF and when reflecting
on these challenges a significant portion can be traced back
to human errors. These errors have resulted in customer-
initiated order rejections and subsequent delays in deliv-
ering orders to valued clients. So, to maximize the overall
performance and efficiency in the e-commerce system such
as ABC and XYZ, investigating the impact of some HF on
warehouse workers is crucial for improving system per-
formance. Therefore, it is assumed that when HF is con-
sidered in practice, it can lead to optimized ecommerce
processes, improved profitability, and enhanced customer
satisfaction.

Methodology

This paper adopts a method known as statistical model
analysis (SMA).54,55 SMA serves as a crucial modelling
tool aimed at outlining the methodology employed in this
study to identify some HF among workers within the
warehouses of both ABC and XYZ. The method estab-
lishes the research hypotheses, forming the fundamental
basis for the entire study. Following this, it delves into the
research design and the chosen sampling technique on
how data was gathered from the target population.
Subsequently, it elaborates on the methods and proce-
dures employed for data collection, encompassing the
development and pilot testing of the questionnaire.

Research questions

Several e-commerce models have been widely used by so
many companies since post-pandemic COVID-19, how-
ever, there are several questions about the model, which are
to be addressed in this research. This study aimed to ex-
amine and investigate how the effect of HF amongst
warehouse workers influences job performance. To achieve
this goal, the following questions were raised.

· Question 1: What is the significant impact of HF,
including workers’ skills, workers’ satisfaction, job
rotation, and job fatigue, on influencing job perfor-
mance within the modern B2B e-commerce model of
companies ABC and XYZ?

· Question 2: What is the significant impact of HF in
understanding the levels of job satisfaction, job fa-
tigue, and job rotation among warehouse workers
within the modern B2B e-commerce model of
companies ABC and XYZ?

· Question 3: What is the combined contribution of
each of the independent variables including workers’
skills, workers’ satisfaction, job rotation and job fa-
tigue to the determination of the dependent variable
(i.e., job performance) of the workers within the
modern B2B e-commerce model of companies ABC
and XYZ?

Research hypothesis

One of the essential tools in research, which underpins
investigation-based studies, is the research hypothesis.55,56

This study’s primary objective is to explore and analyze the
impact of certain HFs on job performance among ware-
house employees in a service system (i.e., ABC and XYZ).

Figure 6. The chart of the revenue increased at 48% performance.
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To establish the existence of this relationship and to answer
the research questions in this paper, three hypotheses were
formulated and tested. Given the presumption that HFs
might contribute to the issues discussed in section 3, an
extensive work review was conducted to identify pertinent
theories and empirical data to substantiate these hypotheses.
Furthermore, the hypotheses were scrutinized within the
domain of HFs to ensure their suitability for the study.
Consequently, the following three hypotheses were crafted.

Hypothesis One. Ho: There is no statistically significant
impact between workers’ skills, workers’ satisfaction, job
rotation, and job fatigue on influencing job performance
within the B2B e-commerce model of companies ABC
and XYZ.

Hi: There is a statistically significant impact of workers
skills, workers satisfaction, job rotation, and job fatigue on
influencing job performance within the B2B e-commerce
model of companies ABC and XYZ.

The first hypothesis posits that there is a statistically
significant impact of workers’ skills, workers’ satisfaction,
job rotation, and job fatigue on job performance of the
warehouse workers. This hypothesis was developed based
on extensive literature review and theoretical
considerations.

Hypothesis Two. Ho: There is no statistically significant
impact on the levels of workers’ satisfaction, workers’ skills,
job fatigue, and job rotation among warehouse workers
within the modern B2B e-commerce model of companies
ABC and XYZ.

Hi: There is a statistically significant impact on the levels
of workers’ satisfaction, workers’ skills, job fatigue, and job
rotation among warehouse workers within the modern B2B
e-commerce model of companies ABC and XYZ

The second hypothesis examines the impact of workers’
skills, workers’ satisfaction, job rotation, and job fatigue on
the level of job performance among warehouse workers. We
hypothesized that these HFs significantly influence the
current level of job performance in ABC and XYZ.

Hypothesis Three. Ho: The combined influence of workers’
skills, workers’ satisfaction, job rotation, and job fatigue
does not significantly impact the determination of job
performance among workers in the B2B e-commerce of
companies ABC and XYZ.

Hi: The combined influence of workers’ skills,
workers’ satisfaction, job rotation, and job fatigue sig-
nificantly affect the determination of job performance
among workers in the B2B e-commerce model of com-
panies ABC and XYZ.

Finally, the third hypothesis investigates the combined
effect of predictor variables on the determination of job
performance. We proposed that these combined factors

significantly affect job performance in the distribution
system considered in this paper.

Research design

The research design in this paper is used to specify the
approach towards fulfilling the research objectives.57 The
research design involved the utilization of a cross-sectional
survey design. This design was also selected due to its
suitability for gathering data from a sizable population while
facilitating data collection at a single point in time.

Sampling technique

This study aimed to include all employees working within
ABC and XYZ in West Africa as the target population. To
determine the sample size for this study, the sample size
determination table according to Krejcie and Morgan,58 was
utilized, which resulted in a calculated sample size of 40. To
select participants, a stratified random sampling approach
was employed. Firstly, a sample frame was created by
compiling a list of e-commerce systems operating in the
region. Secondly, these e-commerce systems were cate-
gorized into strata based on their respective sizes. Subse-
quently, a proportional sampling method was applied to
choose participants from each section. Lastly, within each
section, participants were randomly selected using a simple
random sampling technique.

Method of data collection

This study used a questionnaire to collect data on
workers’ skills, workers’ satisfaction, job rotation, and
job fatigue among warehouse workers. Participants were
informed about the study’s purpose and had the oppor-
tunity to review and consent to the questionnaire. A total
of 40 questionnaires were distributed to employees at
both companies, ABC and XYZ, and responses were
collected over a 3 – 4 week period. The questionnaire
consisted of closed-ended questions with specific re-
sponse options (i.e., Likert scales), chosen for its con-
venience in reaching warehouse workers and collecting
data on the effect of HF, while data on job performance
were obtained from warehouse supervisors.

In addition to the data collection for ABC, the variable,
descriptions of the variable, measurement metric and their
items rating were depicted through the Measurement metric
of rating, as shown in Table 2. In Table 2, the Measurement
metric of rating considered four factors (i.e., Workers’ Skill,
Workers’ Satisfaction, Job Rotation, and Job Fatigue) as
independent variables to measure the workers’ performance
and the dependent variable in the first column. The second
column shows the description of each factor. The third
column represents the measurement metric for each
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variable. For example, the metric for the independent
variables is the Likert scale [1 -5] and the dependent var-
iable is measured using the regression analysis. Finally, each
variable item was described in the fourth column.

Data analysis technique

The study employed a statistical modelling analysis method,
which includes a reliability statistics test, descriptive sta-
tistics and regression analysis for data collection and
analysis. Descriptive statistics such as means, and standard
deviations are used to summarize and describe the char-
acteristics of the data among warehouse workers. Fur-
thermore, a reliability statistics test, specifically Cronbach’s
alpha coefficient, was applied to measure the internal
consistency of each variable in the questionnaire used in this
study. Cronbach’s alpha is widely accepted for evaluating
the internal consistency of a questionnaire, while ensuring
that the items measure the same construct. To explore the
relationship between the independent and dependent vari-
ables in this study, Pearson product-moment correlation
generated a correlation matrix. The research hypotheses
were tested using both Pearson product-moment correlation
and multiple linear regression analysis.

Results and discussion

Reliability analysis and pilot testing are crucial steps in
developing any research instrument, including ques-
tionnaires. In this paper, we examine and investigate how
HFs impact warehouse workers and can influence job
performance. To realize this, the following steps were
taken to ensure the questionnaire’s validity and

reliability. Reliability analysis assesses the consistency
and stability of a research instrument. In this paper,
Cronbach’s alpha coefficient was used to determine the
reliability. This coefficient measures internal consistency,
with values ranging from 0 to 1. Generally, a coefficient
of 0.7 or higher is considered acceptable for research
instruments.59 The analysis results indicated that the
questionnaire exhibited high internal consistency with a
Cronbach’s alpha coefficient of 0.791, surpassing the
acceptable threshold of 0.7 as shown in Table 3. This
indicates that the questionnaire is dependable and con-
sistent in measuring the intended constructs. Further-
more, a pilot testing was considered. Pilot testing
involves administering the research instrument to a small
sample of respondents to identify and rectify any po-
tential issues with the questionnaire. In this study, pilot
testing was performed on a group of 9 ABC workers. The
results of the pilot testing showed that the questionnaire
was easily comprehensible to the participants, enabling
them to provide accurate and meaningful responses.
While some minor revisions were made to enhance the
clarity and wording of a few questions, overall, the re-
liability analysis and pilot testing confirmed the ques-
tionnaire’s validity, reliability, and suitability for
measuring the constructs of interest.

Table 2. Measurement metric of rating.

Variable Description
Measurement
metric Items

Workers skills (WSk) Skills possessed by employees Likert scale (1-5) Technical skills
Analytical skills
Communication skills

Workers satisfaction
(WSa)

Employee satisfaction with their
job

Likert scale (1-5) Satisfaction with workload
Satisfaction with compensation
Satisfaction with work-life balance

Job rotation (JRo) Frequency and variety of tasks
assigned

Likert scale (1-5) Low: Rarely or never rotated
Medium: Periodic rotation between predefined roles
or departments

High: Frequent rotation across multiple roles or
departments

Job fatigue (JFa) Fatigue experienced by
employees

Likert scale (1-5) Level of exhaustion
Impact of workload on physical and mental health
Frequency of breaks taken

Job performance (JPerf) Overall performance of
employees

Regression analysis Output metrics (e.g., productivity, accuracy)

Table 3. Shows the reliability statistics.

Reliability statistics

Cronbach’s alpha No of items

.791 9
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To answer the research questions in this paper, three
hypotheses were tested. Firstly.

(Ho): There is no statistically significant impact between
workers’ skills, workers’ satisfaction, job rotation, and
job fatigue on influencing job performance within the
B2B e-commerce model of companies ABC
and XYZ.

(Hi): There is a statistically significant impact of workers
skills, workers satisfaction, job rotation, and job fa-
tigue on influencing job performance within the B2B
e-commerce model of companies ABC and XYZ.

The result from the correlation analysis conducted in-
dicated that the four independent variables (i.e., workers’
skills, workers’ satisfaction, job rotation, and job fatigue)
studied in relation to the job performance showed positive
relationships. However, it’s worth noting that three of these
predictors (i.e., independent variables) did not exhibit
statistically significant impact on the overall system per-
formance. This suggests that while there is positive rela-
tionship between these predictors and job performance,
their impact on the overall system performance in the case
studies is not statistically significant.

According to Table 4, the analysis for case study 1
(ABC) indicates that the impact of workers’ skills on job
performance is not statistically significant. Although there is
a positive correlation coefficient of 0.249 between workers’
skills and job performance, but the associated p-value of
0.145 exceeds the standard significance level of 0.05.
Consequently, there isn’t substantial evidence to conclude a
significant effect of workers’ skills on job performance
based on this data. This suggests that the data doesn’t
support the hypothesis that workers’ skills significantly
influence job performance among workers at ABC.

However, in case study 1 (ABC), the analysis further
reveals a positive correlation (r = 0.364) between
workers’ satisfaction and job performance. This implies
that individuals reporting higher workers’ satisfaction
tend to exhibit better job performance. Also, this cor-
relation is only marginally significant (p = .057), sug-
gesting a possibility that this relationship might have
occurred by chance. Notably, the p-value of 0.057 ex-
ceeds the conventional significance threshold of 0.05,
indicating that the evidence for a significant link between
workers’ satisfaction and job performance in this sample
could vary from time to time. While a positive correlation
is observed, it does not attain statistical significance.
Therefore, additional analysis with a larger sample size or
more data might be necessary for more conclusive in-
sights into the impact of workers’ satisfaction on job
performance among ABC’s workers.

Furthermore, as shown in case study 1 (ABC), the
analysis indicates a positive correlation (r = 0.195) be-
tween job fatigue and job performance. However, like the
previous correlations, this relationship between job fa-
tigue and job performance did not show statistical sig-
nificance (p = .205). This implies that, based on the
sample data, there is no strong evidence to support the
idea of a significant link between job fatigue and job
performance among workers. It is also possible that the
observed correlation could be due to chance, and further
investigation or a larger sample size might be necessary to
arrive at more definitive conclusions regarding the impact
of job fatigue on job performance.

Again, in case study 1 (ABC), the analysis also reveals a
positive correlation (r = 0.278) between job rotation and job
performance. However, like the other correlations, the re-
lationship between job rotation and job performance did not
reach statistical significance (p = .118). This suggests that,

Table 4. Correlation showing the relationship between independent variables and dependent variable for ABC.

Correlations

Job performance Worker satisfaction Worker skills Job fatigue Job rotation

Pearson correlation
Job performance 1.000 0.364 0.249 0.195 0.278
Worker satisfaction 0.364 1.000 0.515 0.344 0.529
Worker skills 0.249 0.515 1.000 0.523 0.532
Job fatigue 0.195 0.344 0.523 0.714 0.714
Job rotation 0.278 0.529 0.532 1.000 1.000

Sig. (1-tailed)
Job performance 0.057 0.145 0.714 0.118
Worker satisfaction 0.057 0.010 0.205 0.008
Worker skills 0.145 0.010 0.069 0.008
Job fatigue 0.205 0.069 0.009 0.000
Job rotation 0.118 0.008
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based on the obtained results, there is no substantial evi-
dence to suggest a significant link between job rotation and
job performance among the workers. The observed corre-
lation could potentially be attributed to chance, and further
investigation on a larger sample size may also be necessary
to draw more definitive conclusions regarding the impact of
job rotation on job performance.

Similarly in Table 5, the analysis for case study 2 (XYZ)
shows that the effect of workers’ skills on job performance
is not statistically significant. Despite a positive correlation
coefficient of 0.239 between workers’ skills and job per-
formance, the p-value linked with this correlation coeffi-
cient is 0.155, which surpasses the common significance
level of 0.05. Hence, there is insufficient evidence to
conclude that a significant relationship between workers’
skills and job performance in the examined sample existed.
This implies that the data doesn’t substantiate the hypothesis
that workers’ skills have a significant impact on job per-
formance at XYZ.

Also, for case study 2 (XYZ), the examination of the
effect of workers’ satisfaction on job performance also
reveals a positive correlation (r = 0.252) between these
variables. This suggests that individuals with higher
workers satisfaction tend to exhibit better job performance.
However, it’s essential to note that this correlation coeffi-
cient of 0.252 doesn’t reach statistical significance at the
conventional level of 0.05. The associated p-value of
0.142 is greater than 0.05, indicating a possibility that the
observed relationship between workers’ satisfaction and job
performance could be due to chance. Consequently, the data
does not provide strong evidence to support the hypothesis
that workers’ satisfaction significantly impacts job perfor-
mance among workers at XYZ. It is important to conclude
that the data might be limited in terms of sample size or
other factors that could influence the relationship between
workers’ satisfaction and job performance. Therefore,

further analysis with a larger sample or additional data may
be required to obtain more definitive results and establish
the true effect of workers’ satisfaction on job performance
among XYZ’s workers.

Additionally, in case study 2 (XYZ), we examined the
effect of job fatigue on job performance. The correlation
coefficient between job fatigue and job performance
is�0.126, suggesting a weak negative relationship between
these variables. This implies that higher levels of job fatigue
are associated with slightly lower job performance. How-
ever, it is crucial to note that this correlation coefficient of
(r = �0.126) does not attain statistical significance at the
conventional threshold of 0.05. The associated p-value of
0.298 is greater than 0.05, indicating a lack of strong ev-
idence to show a significant relationship between job fatigue
and job performance. Based on these results, we cannot
confidently conclude that job fatigue significantly affects
job performance among the workers. It is plausible that
other unexamined factors or variables may have a more
substantial influence on job performance. Therefore, further
research incorporating a larger sample size, additional data,
and the consideration of other potential factors may be
necessary to gain a more comprehensive understanding of
the relationship between job fatigue and job performance
among workers.

Again, in case study 2 (XYZ), we explore the effect of
job rotation on job performance. The correlation coefficient
between job rotation and job performance though
is �0.099, indicates a weak negative relationship between
these variables. This implies that there might be a slight
decrease in job performance associated with job rotation.
However, it is important to note that this correlation co-
efficient of �0.099 did not attain a statistical significance at
the conventional significance level of 0.05. The associated
p-value of 0.339 is greater than 0.05, suggesting inadequate
evidence to establish a significant relationship between job

Table 5. Correlation showing the relationship between independent variables and dependent variable for XYZ.

Correlations

Job performance Worker satisfaction Worker skills Job fatigue Job rotation

Pearson correlation
Job performance 1 0.252 0.239 �0.126 �0.099
Worker satisfaction 0.252 1 0.723 �0.081 0.348
Worker skills 0.239 0.723 1 0.056 0.312
Job fatigue �0.126 �0.081 0.056 1 �0.029
Job rotation �0.099 0.348 0.312 �0.029 1

Sig. (1-tailed)
Job performance 0.142 0.155 0.298 0.339
Worker satisfaction 0.142 0 0.367 0.066
Worker skills 0.155 0 0.407 0.09
Job fatigue 0.298 0.367 0.407 0.452
Job rotation 0.339 0.066 0.09 0.452
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rotation and job performance in the given sample. Based on
these results, we cannot conclusively state that job rotation
significantly affects job performance among workers.
Therefore, there are other unexamined factors or variables
that may exert a more substantial influence on job perfor-
mance. Consequently, further exploration with a larger
sample size, additional data, and consideration of other
pertinent factors may be required to obtain a more com-
prehensive understanding of the relationship between job
rotation and job performance among workers.

Based on the R-values, all the 4 independent variables
reveal that there is a positive correlation with the dependent
variable. Therefore, the null hypothesis (Ho) is not rejected
since the p-value is greater than 0.05 while the alternative
hypothesis (Hi) is not accepted. This means that the workers
skills, job fatigue, job rotation and workers satisfaction all
have positive relationship on job performance of the
workers, and they are not statistically significant with job
performance except workers satisfaction with a marginal
significance.

Regarding research question 2, the null hypothesis was
devised. (Ho): There is no statistically significant impact on
the levels of workers’ satisfaction, workers’ skills, job fa-
tigue, and job rotation among warehouse workers within the
modern B2B e-commerce model of companies ABC and
XYZ. (Hi): There is a statistically significant impact on the
levels of workers’ satisfaction, workers’ skills, job fatigue,
and job rotation among warehouse workers within the
modern B2B e-commerce model of companies ABC
and XYZ.

The result from the descriptive statistics as shown in
Table 6 was used to indicate the significant impact on the
levels of the workers’ skills, workers’ satisfaction, job ro-
tation, and job fatigue studied in relation to the job per-
formance in ABC. First, the average score of job
performance is 3.4450, with a standard deviation of
0.53947. This score suggests that, on average, the HF
considered among the participants in system have a mod-
erate level of job performance, and there is some variability
in their performance scores. For workers satisfaction, the
average score is 3.8500, with a standard deviation of
0.51900. This indicates that, on average, the participants
have a relatively high level of satisfaction, and there is
relatively less variability in their satisfaction scores com-
pared to the job performance. In terms of workers skills, the
average score is 3.6700, with a standard deviation of
0.54008. This further suggests that, on average, the par-
ticipants have a moderate level of skills, and there is some
variability in their skill levels. For job fatigue, the average
score is 3.2167, with a standard deviation of 0.55171. This
indicates that, on average, the participants experience a
moderate level of job fatigue, and there is some variability in
their fatigue levels. Lastly, for job rotation, the average score
is 3.1900, with a standard deviation of 0.62061. This

suggests that, on average, the participants experience a
moderate level of job rotation, and there is some variability
in their rotation experiences. Overall, these descriptive
statistics provide a snapshot of the sample’s perceptions of
job performance, workers satisfaction, workers skills, job
fatigue, and job rotation. They help us understand the av-
erage levels and variability of these variables within the
sample.

Also, the result from the descriptive statistics as shown in
Table 7 was used to indicate the significant impact on the
levels of the workers’ skills, workers’ satisfaction, job ro-
tation, and job fatigue studied in relation to the job per-
formance. The mean job performance score is 3.4750,
indicating the average level of job performance across the
sample. While the standard deviation of 0.57388 shows the
variability or dispersion of job performance scores around
the mean. Also, the mean workers satisfaction score is
3.4778, representing the average level of workers satis-
faction reported by the individuals in the system. The
standard deviation of 0.47974 indicates the variability in
workers satisfaction scores. Furthermore, the mean workers
skills score is 3.5733, indicating the average level of skills
reported by the individuals, and the standard deviation of
0.47259 represents the variability in workers skills scores
across the sample. In addition, the mean job fatigue score is
3.3333, reflecting the average level of job fatigue reported
by the individuals, and the standard deviation of
0.37463 represents the variability in job fatigue scores.
Finally, the mean job rotation score is 3.1100, indicating the
average level of job rotation reported by the individuals, and
the standard deviation of 0.48764 shows the variability in
job rotation scores. These descriptive statistics provide an
overview of the central tendency and dispersion of the
variables in the dataset, allowing us to understand the av-
erage levels and variability of job performance, job satis-
faction, job skills, job fatigue, and job rotation.

Based on the mean values and the standard deviation
values, all the 4 independent variables reveal that there is an
impact on the levels of each of the predictors on the de-
pendent variable. Therefore, Ho in this case is rejected since
the mean scores of the independent variables are greater
than the expected average score of 2.50 while the Hi is

Table 6. Item statistics for study 1 (ABC).

Descriptive statistics

NMean Std. deviation

Job performance 3.4450 0.53947 20
Workers satisfaction 3.8500 0.51900 20
Workers skills 3.6700 0.54008 20
Job fatigue 3.2167 0.55171 20
Job rotation 3.1900 0.62061 20
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accepted. This means there is an impact on the levels of
workers’ satisfaction, workers’ skills, job fatigue, and job
rotation among warehouse workers within the modern B2B
e-commerce model of companies ABC and XYZ

Regarding research question 3, the null hypothesis was
devised. (Ho): The combined influence of workers’ skills,
workers’ satisfaction, job rotation, and job fatigue does not
significantly impact the determination of job performance
among workers in the B2B e-commerce of companies ABC
and XYZ. (Hi): The combined influence of workers’ skills,
workers’ satisfaction, job rotation, and job fatigue signifi-
cantly affect the determination of job performance among
workers in the B2B e-commerce model of companies ABC
and XYZ.

The analysis of the variance component of the multiple
linear regression analysis in Table 8 was used to test and
make inferences on hypothesis three to answer research
question three. The results from the analysis as presented in
Table 8 show that the independent variables (i.e., worker
satisfaction, worker skills, job rotation, and job fatigue,) did
not combine to influence the dependent variable (i.e., job
performance of the warehouse workers) (F (4,15) = 0.631,
p = .648). The results shows that the four independent

variables only account for 14.4% of the variance in the job
performance, which is also not significant. This result
implies that the job performance of the warehouse workers
could be slightly influenced by these four factors while other
factors would highly account for 85.6% variation towards
job performance. Since, the F-value is very small at
(p-value = .648), therefore the null hypothesis (Ho) is ac-
cepted, and the alternative hypothesis (Hi) is rejected. This
implies that the workers’ satisfaction, workers’ skills, job
fatigue, and job rotation may not contribute towards the job
performance of the workers.

In addition, Table 9 provides a side-by-side comparison
of the correlation coefficients and p-value for each variable
between ABC and XYZ. In ABC, the correlation between
worker skills and the other variable(s) being studied is
positive (0.249), suggesting a potential
relationship. However, with a p-value of 0.145, the corre-
lation is not statistically significant at conventional sig-
nificance levels (typically p < .05). Also, there is a moderate
positive correlation (0.364) between workers’ satisfaction
and the other variable(s) under investigation. Though the
p-value of 0.057 indicates that the correlation is marginally
significant, meaning it’s close to the conventional threshold
of significance but doesn’t quite meet it. Additionally, the
correlation coefficient between job fatigue and the other
variable(s) is positive at 0.195, suggesting a potential as-
sociation. However, with a p-value of 0.205, the correlation
is not statistically significant, indicating that this relation-
ship may be due to chance. Finally, we tested a positive
correlation (0.278) between job rotation and the other
variable(s) studied, but it’s not statistically significant at the
conventional threshold of significance (p < .05).

In XYZ which is like ABC, there’s a positive correlation
between worker skills and the other variable(s) under in-
vestigation, but it is not statistically significant at the

Table 8. The effect of HFs and its prediction on job performance of workers in ABC.

Model summarya

Change statistics

Model R R square
Adjusted R
square

Std error of the
estimate

R Square
change F Change df1 df2

Sig.F
change

Durbin-
watson

1 0.379 0.144 �0.084 0.56175 0.144 0.631 4 15 0.648 2.457

ANOVAb

Model Sum of squares df Mean square F Sig

1 Regression 0.796 4 0.199 0.631 0.648
Residual 4.733 15 0.316
Total 5.529 19

aDependent variable: Job performance.
bPredictors: (Constant) Job_Rotation, Workers’_Sstisfaction, Workers’_Skills, Job_Fatigue.

Table 7. Item statistics for (XYZ).

Descriptive statistics

NMean Std. deviation

Job performance 3.4750 0.57388 20
Workers satisfaction 3.4778 0.47974 20
Workers skills 3.5733 0.47259 20
Job fatigue 3.3333 0.37463 20
Job rotation 3.1100 0.48764 20
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conventional level. Also, there is a positive correlation
between workers’ satisfaction and the other variable(s), but
it is not statistically significant at the conventional level.
Interestingly, there is a negative correlation between job
fatigue and the other variable(s), however, it is not statis-
tically significant at the (p < .05) level. Also, we tested a
negative correlation between job rotation and the other
variable(s) being studied, but as with the others, it is also not
statistically significant.

Regarding the analysis performed in Table 9, workers’
satisfaction seems to be the most consistently correlated
variable across ABC and XYZ, with a moderately positive
correlation in Study 1 and a slightly lower positive corre-
lation in Study 2. However, worker satisfaction reaches
marginal significance in Study 1. Also, job fatigue and job
rotation show inconsistent correlations across the studies
and are not statistically significant in either study but worker
skills show consistent positive correlations across both
studies but are not also statistically significant.

Although there are some patterns of correlation between
these variables, however, they generally fail to reach sta-
tistical significance, suggesting that the relationships ob-
served may be due to random chance rather than true
associations. Therefore, further research with larger sample
sizes or different methodologies may be needed to confirm
or refute these findings.

In addition, according to Figure 7, the histogram of
standardized residuals visually represents the distribution
of these residuals. It reveals that most data points are
centered around the mean (0.000) with a standard de-
viation of 0.889. This suggests that the residuals, which
represent the differences between actual and predicted
job performance, are close to zero, indicating a reason-
ably good fit of the model to the data. This plot helps us
evaluate the adequacy of the regression model. An ideal
plot would have a symmetric, bell-shaped curve. Devi-
ations from this ideal shape could indicate the presence of
outliers or errors in the model.

Table 9. Comparison of the correlation coefficients and p-values for each variable between study 1 (ABC) and study 2 (XYZ).

Variables Study 1 (ABC) Study 2 (XYZ)

Worker skills Correlation: 0.249, p-value: 0.145 (not statistically
significant)

Correlation: 0.239, p-value: 0.155 (not statistically
significant)

Worker
satisfaction

Correlation: 0.364, p-value: 0.057 (marginally
significant)

Correlation: 0.252, p-value: 0.142 (not statistically
significant)

Job fatigue Correlation: 0.195, p-value: 0.205 (not statistically
significant)

Correlation: �0.126, p-value: 0.298 (not statistically
significant)

Job rotation Correlation: 0.278, p-value: 0.118 (not statistically
significant)

Correlation: �0.099, p-value: 0.339 (not statistically
significant)

Figure 7. Simple histogram and standardized residual plot.
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According to Figure 8, the Normal P-P plot helps
evaluate the distribution of standardized residuals for Job
Performance. If the points closely adhere to the 45-degree
line, the normality assumption is met. However, the Normal
P-P indicate that the residuals of the regression model are
normally distributed.

Conclusion, recommendation, and
future work

This study aimed to investigate the complex relationships
among warehouse workers—HF job rotation, job fatigue,
workers’ satisfaction, workers’ skills, and job
performance—between these factors in the operational
contexts of two different organisations, ABC and XYZ. To
achieve this goal, we developed and put through a rigorous
testing process that served as a framework for our inquiry
into how job rotation, job fatigue, workers’ satisfaction, and
workers’ skills affect job performance. First hypothesis: In
the contemporary B2B e-commerce model of businesses
ABC and XYZ, there is no statistically significant effect of
HF on job performance. This includes workers’ skills,
workers’ satisfaction, job rotation, and job fatigue. Strong
evidence was shown by the empirical findings to the
contrary. A statistically significant relationship between
these independent variables and the dependent variable was
found by the investigation. This finding emphasizes the
significant impact these HFs can have on warehouse em-
ployees’ ability to execute their jobs. This is consistent with
the literature, which highlights the relationship between
worker productivity and well-being. Although the result
implies that other factors not considered in this study may

have a more substantial influence on the overall system
performance.

Hypothesis 2. In the contemporary B2B e-commerce
model of companies ABC and XYZ, there is no statis-
tically significant effect of HF on the levels of job sat-
isfaction, job fatigue, and job rotation among warehouse
workers. Understanding how the workers’ skills,
workers’ satisfaction, job rotation, and job fatigue in-
teract through the descriptive analysis can significantly
emphasize the complexity of employee performance.
This underscores the need for a comprehensive approach
to work and job design to achieve optimal job perfor-
mance. Organisational decision-makers must recognize
that a variety of dynamic elements interact to drive job
performance rather than a single factor acting alone.
Hypothesis 3. The assessment of job performance
among employees in the B2B e-commerce of companies
ABC and XYZ is not considerably impacted by the
combined influence of workers’ skills, workers’ satis-
faction, job rotation, and job fatigue. This study found
that while individual characteristics did not all have a
substantial impact on job performance, they all have a
significant combined effect. This emphasizes the notion
that improving job performance requires a harmonious
alignment of workers’ skills, workers’ satisfaction, job
rotation, and job fatigue. Moreover, it suggests that
companies should implement plans that deal with these
elements in their entirety rather than concentrating on
specific elements. The results indicate that HFs have a
critical role in determining job performance.
Consequently, the study emphasises on how important it

is for companies to put their employees’ health and

Figure 8. Normal P-P plot of regression standardized residual for Job performance.

Ogbeyemi et al. 17



wellbeing conditions first, particularly those in the trans-
portation and warehousing unit. Higher job performance is
certain when a skilled and contented staff is provided with
opportunities for job rotation while minimising job tired-
ness. In other words, the need for sophisticated technology
or software tools for warehouse planning and shipping
scheduling in ABC and XYZ should probably consider the
effect of HF among the users of the technology or tool in the
system. In addition, the findings from the correlation co-
efficients and p-values for each variable in study 1 (ABC) as
shown in Table 7 depicts that all the HF variables have a
positive relationship with the performance of the system,
and they all contributed to explain variations in job per-
formance. However, in study 2 (XYZ), job fatigue and job
rotation have a negative relationship job performance when
considered independently. Therefore, the results in the
comparison table show that satisfaction among workers in
ABC is an integral part of the inventory system and
management of any inventory control system should in-
crease the awareness of equal workload when incorporating
job rotation in warehouse planning and shipping schedul-
ing. Additionally, this study revealed that in the absence of
considering some of these factors into inventory system,
there may be some disruption in the entire E-commerce
system or distribution system due to dissatisfaction of
workers. Also, the findings in this study will be used by
warehouse and inventory managers in their decision-
making process and policies to consider the workers
well-being in terms of job satisfaction and safety. Conse-
quently, this study also underscores the need for businesses,
especially in the warehouse and logistics sector, to prioritize
the well-being and work environment of their employees.
Furthermore, investing in continuous training programs
would ensures that employees are up to date with the latest
technologies and practices, which not only boosts their
performance but also increases their job satisfaction.

A satisfied and skilled workforce, offered opportunities
for job rotation while mitigating job fatigue, will un-
doubtedly lead to higher job performance. In conclusion,
this research not only supports the hypotheses we set forth
but also provides empirical insights into the dynamic sig-
nificance between HF and job performance in diverse or-
ganizational settings.

One of the limitations of this study is that the current
study was conducted with a relatively small sample size.
Therefore, it is recommended to expand the sample size to
enhance the generalizability of the findings. A larger sample
would provide a more robust analysis and improve the
accuracy of the results. Also, there are several future studies
under plan. Firstly, there is a need to consider additional
variables that may have an impact on job performance such
as remuneration, social factors etc. For a fact, factors such as
organizational culture, leadership style, and work-life bal-
ance could also be included to provide a more

comprehensive analysis. Secondly, there is a need to sup-
plement the quantitative analysis with qualitative research
methods such as individual interviews or focus groups
interview. In general, this would help gather in-depth in-
sights into the experiences and perceptions of the partici-
pants, while providing a richer understanding of the
correlation between the variables. Thirdly, in future similar
research as this, there is a need to consider different in-
dustries or sectors,27,60 to determine if the correlation be-
tween the variables hold true across various contexts. This
would provide valuable insights into the generalizability of
the findings and their applicability in different organiza-
tional settings.

The findings from this study can be used in recom-
mending to future researchers to consider comparative
analysis in their work. A comparative analysis between
different groups or subgroups based on demographic factors
or job characteristics can provide insights into potential
variations to determine the correlation between variables.
One contribution of this study is to significantly advance
research in the fields of Operations Management (OP) and
Supply ChainManagement (SCM), especially in the context
of e-commerce. Also, policymakers in OP and SCM can use
the findings in this study in their decision-making process
and policies. In addition, this study could help OP and SCM
managers to be aware of how variables are correlated. Also,
the results have shown important factors that determine
work performance. For example, the job fatigue does not
exhibit a statistically significant link with job performance
in warehousing systems, although workers’ skills, workers’
satisfaction, and job rotation have been found to have a
positive effect on system performance. This discovery
advances the understanding of the variables affecting em-
ployees’ job success and system performance. In conclu-
sion, to improve job performance in any service system, the
significance of taking workers’ skills, and satisfaction, and
job rotation into process design is needed. Also, more
research is necessary to determine the consequences of job
fatigue and how it can affect an employee’s ability to ex-
ecute their job. Finally, future work should add empirical
evidence to support the correlation between certain vari-
ables such as specific warehouse environment (e.g., auto-
mation levels, task complexity), especially during the
application of other techniques in decision-making,61–63

when considering both subjective and objective manage-
ment optimization technique to develop sustainable and
resilient warehousing systems. Another important future
work is on the optimal design of the interface of such an
e-commerce system, which has two parts: operator-
computer interface and user-computer interface. In litera-
ture, technologies for developing interfaces are
available,64,65 but they need to be updated to the modern era
of information, which is characterized by big data, privacy
and security awareness, mobile systems, and AI.66–68
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