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Abstract—This paper comprehensively reviews the profound
impact of Artificial Intelligence (Al) on laboratory sessions within
supply chain management education. The primary objective is to
elucidate the diverse applications of Al in educational settings and
assess how Al has reshaped traditional laboratory sessions. This
paper uses a systematic review methodology to analyse literature
sources, identifying key trends, methodologies, and outcomes. The
analysis categorises and scrutinises supply chain education
laboratory sessions, including inventory management, demand
forecasting, logistics optimisation, and procurement strategies.
The paper delves into how Al technologies, such as machine
learning algorithms, optimisation models, and simulation tools,
have revolutionised these laboratory sessions. Findings reveal that
Al integration has substantially improved the quality and
effectiveness of laboratory experiments. Al-powered sessions
empower students with enhanced problem-solving skills and a
deeper understanding of real-world supply chain challenges.
Moreover, Al-driven experiments create dynamic and adaptive
learning environments, fostering student engagement and critical
thinking. The implications extend beyond the classroom, as Al in
laboratory sessions enhances supply chain management education
and prepares future professionals for an Al-driven industry. This
paper underscores the need for continued research and innovation
in Al applications for supply chain management education and
emphasises the importance of educators staying updated with
evolving Al technologies.
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. INTRODUCTION

In the evolving landscape of education, the integration of Al
has emerged as a potent catalyst, redefining traditional
pedagogical approaches and expanding learning horizons. This
paper embarks on a comprehensive exploration of the
transformative impact of Al in laboratory sessions within the
supply chain management education domain.

Supply chain management is a pivotal discipline at the
intersection of commerce, logistics, and operations. It is a field
where the orchestration of resources and processes can make or
break a business’s competitive edge. Traditionally, laboratory
sessions have played a crucial role in equipping students with
practical skills, enabling them to navigate the complexities of
real-world supply chain challenges. However, as we are in an
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era driven by technological advancements, traditional

approaches no longer suffice.

The primary objective of this review is to elucidate the
diverse applications of Al in the context of supply chain
management education laboratory sessions. These sessions
encompass a spectrum of critical topics, including inventory
management, demand forecasting, logistics optimisation, and
procurement strategies. Our focus extends beyond the mere
adoption of Al; we seek to assess how Al technologies,
including machine learning algorithms, optimisation models,
and simulation tools, have reshaped and revolutionised these
laboratory experiences.

As we delve into the role of Al in transforming supply chain
education, we aim to explore not only the methods and tools but
also the outcomes and impacts on educators and students. We
strive to understand how the infusion of Al technologies into
supply chain laboratory sessions has redefined the boundaries of
what can be achieved in experiential learning.

The findings from this investigation reveal that the
integration of Al has brought about substantial improvements in
the quality and effectiveness of laboratory experiments. Al-
powered laboratory sessions have the potential to empower
students with enhanced problem-solving skills, providing them
with a deeper insight into the real-world supply chain challenges
that businesses face daily. Furthermore, these Al-driven
experiments have enabled educators to create more dynamic and
adaptive learning environments, fostering student engagement
and nurturing critical thinking abilities.

The implications of our review extend far beyond the
classroom. Adopting Al in laboratory sessions enriches supply
chain management education quality and is pivotal in preparing
future professionals with the skills and knowledge needed to
excel in an industry increasingly reliant on Al-driven solutions.

This paper highlights the pressing need for continued
research and innovation in Al applications for supply chain
management education. It underscores educators’ need to
remain at the forefront of evolving Al technologies, equipping
themselves with the necessary knowledge and tools to nurture
the next generation of supply chain leaders.

In the subsequent sections of this paper, we will delve deeper
into the transformative journey of Al in supply chain



management education. Section 2 provides a concise literature
review, offering insights into the existing body of knowledge
and highlighting the trends and key findings that have paved the
way for our exploration. Section 3 conducts a comparative
analysis, allowing us to meticulously examine the dynamics
before and after introducing Al technologies in supply chain
laboratory sessions. Section 4 presents several exemplar supply
chain laboratory scenarios where Al has been successfully
integrated, providing concrete examples of its impact on
learning outcomes. Finally, in Section 5, we conclude our
exploration, summarising our findings’ implications and
suggesting future research directions. Together, these sections
provide a comprehensive examination of the role of Al in
shaping the future of supply chain management education.

Il. LITERATURE REVIEW

A. Literature Review on Supply Chain Management
Education

In supply chain management education, a comprehensive
understanding of the evolving landscape requires a robust
foundation in the existing literature. The following abstracts
provide valuable insights into the complex interplay between
knowledge management practices, critical theories, strategic
viewpoints, and emerging technologies, such as blockchain,
within supply chain management.

Kassaneh et al. [1] explore the importance of knowledge
management practices in supply chains. It underscores the need
to manage knowledge efficiently within individual firms and
across entire supply chains. The study delves into knowledge
management practices proposed by various authors and offers a
systematic review, shedding light on trends and focus areas in
knowledge management and supply chain fields. This paper’s
significant contribution lies in redefining and re-classifying
knowledge management practices, highlighting their potential
importance in effective and sustainable supply chain
management.

Moving forward, Croom et al. [2] take a unique approach by
categorising literature related to supply chain management into
a framework. While not a conventional literature review, it
contributes to a critical theory debate by structuring the literature
based on content and methodology criteria. This framework
offers a comprehensive view of the supply chain management
literature, providing a valuable resource for understanding the
various dimensions of this field.

Power [3] focuses on integrating and implementing supply
chain management practices from a strategic perspective. It
explores three critical perspectives: supply chain integration,
strategy and planning, and implementation issues. The findings
highlight the importance of a holistic supply chain view and the
associated  challenges. This paper emphasises the
interdependence between integration, strategic thinking, and
implementation approach, offering insights that can benefit all
trading partners in the supply chain.

Finally, Queiroz et al. [4] delves into the fascinating realm

of blockchain technology’s impact on supply chain management.

As blockchain’s adoption is still in its infancy, this literature
review seeks to identify current applications, disruptions, and
challenges within supply chain management due to blockchain

integration. It also provides a glimpse into potential future
developments in this field. The study highlights the need for
rethinking business models to incorporate blockchain
technology effectively.

B. Literature Review on Implications of Al in Laboratory
Experiments

In supply chain management education, the implications of
Al in laboratory experiments are profound, mirroring the
broader impact of Al on various fields. While the existing
literature predominantly explores Al’s applications in sectors
like healthcare, education, and digital transformation, its
integration into laboratory settings for supply chain management
education represents an emerging and transformative frontier [5].

The COVID-19 pandemic has intensified the need for
innovative solutions across various scientific domains. They
include the field of supply chain management, where Al has
emerged as a powerful tool for tackling challenges posed by the
pandemic [6]. Researchers have delved into multiple facets of
Al applications in this context, such as disease diagnosis, patient
monitoring,  image  processing,  epidemiology, and
pharmaceutical studies. Al is pivotal in enhancing decision-
making processes, optimising supply chains, and addressing
supply disruptions caused by the pandemic. This literature
underscores the multifaceted contributions of Al, demonstrating
its potential to not only manage crises but also drive
improvements in supply chain management education.

Beyond the pandemic response, the demand for online
learning, particularly in sectors requiring laboratory activities
such as engineering and technology, has become increasingly
apparent. The absence of suitable online laboratory management
systems has posed a unique challenge. However, Al offers a
solution. The development of Al-based laboratory learning
systems has gained traction, aiming to support online laboratory
experiments, whether virtual or remote-controlled. These
systems exhibit flexibility, enabling various experiment types
and resource management. Al-driven virtual lab assistants and
adaptive assessment processes further enhance the learning
experience, reinforcing the role of Al in reshaping laboratory
education for supply chain management [7].

The “connected lab” concept has garnered attention in the
broader context of laboratory digitisation. As laboratories
transition from traditional paper-based methods to digital
technology, Al plays a central role in this transformation. The
practical guide “Digital Transformation of the Laboratory”
provides insights into modernising laboratories, improving
efficiency, reducing costs, and enhancing productivity. It
underscores the pivotal shift from manual to digital techniques,
offering a stepwise approach for laboratories to adapt to the
digital age. While this guide primarily targets laboratory
management in various sectors, its principles can be adapted to
supply chain laboratories, emphasising the importance of Al-
driven advancements in this educational context [6].

Furthermore, the potential of virtual reality (VR) in
education, including higher education, has sparked significant
interest. Researchers have explored design elements, learning
contents, and learning theories related to immersive VR
experiences in the systematic mapping of VR’s application in



higher education. While the focus of this research extends
beyond supply chain management, it highlights the importance
of design considerations and learning theories when
implementing VR-based learning. The findings emphasise the
need for a strategic approach to effectively integrate VR into
educational settings, potentially extending to supply chain
management laboratories, where immersive experiences could
enhance students’ understanding of complex concepts [5].

In the following sections, we delve into a comparative
analysis, explore examples of Al-driven supply chain laboratory
scenarios, and ultimately draw conclusions regarding the
transformative potential of Al in supply chain management
education while considering future research directions.

I1l. SYSTEMATIC ANALYSIS

In the following section, we will analyse virtual and remote
laboratories using insights from prior studies [8, 9]. This
analysis draws from definitions and perspectives outlined by
Faulconer and Gruss [8] and is structured around critical
dimensions, including learner outcomes, practical skill
development, cost considerations, growth potential,
accessibility, student-instructor contact time, and safety. This
exploration comprehensively explains the comparative aspects
between physical and digital laboratory environments.

A. Learning Outcome

Before the implementation of Al in supply chain laboratory
experiments, learning outcomes were often constrained by
traditional methodologies and resources. Students might have
had limited access to practical, real-world scenarios, and their
understanding of supply chain dynamics may have been largely
theoretical. However, with the introduction of Al-driven
simulations and tools, learning outcomes have been significantly
enriched. Students now engage in hands-on experiences that
closely resemble real-world supply chain challenges. Al
empowers them to develop enhanced problem-solving and
decision-making skills, aligning their learning outcomes more
closely with the demands of the industry. The incorporation of
Al has transformed supply chain management education,
ensuring that graduates are better equipped to navigate the
complexities of the modern supply chain landscape.

B. Practical Skill Development and Growth Potential

Prior to Al implementation, the development of practical
skills in supply chain laboratory experiments may have been
limited to conventional methods, and students may not have had
extensive opportunities for hands-on learning. However, the
integration of Al has brought about a profound change. Al-
driven simulations and technologies provide students with
access to a wide range of practical scenarios, fostering skill
development and adaptability. Students can explore diverse
supply chain situations, enhancing their problem-solving
abilities and expanding their potential for practical skill growth.
Al’s role in supply chain laboratories extends beyond theory,
enabling students to acquire valuable, real-world skills that are
highly relevant in today’s job market.

C. Cost

In the pre-Al era of supply chain laboratory experiments,
costs were often associated with traditional laboratory

equipment, materials, and maintenance expenses. These
expenses could strain educational budgets, mainly when dealing
with physical resources that require ongoing care and upkeep.
However, introducing Al, while involving initial
implementation costs, can potentially offset these expenditures
in the long term. Al-driven experiments reduce the reliance on
physical resources, lowering operational costs considerably.
Additionally, the shift towards remote access to Al-based
laboratories can lead to significant savings for students who
might otherwise incur expenses related to travel and
infrastructure when attending physical labs.

D. Accessibility

Accessibility to laboratory resources was a concern before
Al implementation, mainly regarding scheduling conflicts and
students in remote locations who had limited access to
laboratory facilities. However, Al has introduced a
transformative change in this regard. Al-driven laboratories
offer significantly greater accessibility to students. These virtual
laboratories enable students to engage remotely, ensuring
equitable learning opportunities regardless of location. Students
can access supply chain simulations conveniently, reducing time
constraints and making education more flexible and accessible.

E. Student-Instructor Contact Time

Pre-Al laboratory settings may have faced limitations in
terms of student-instructor contact time. Limited laboratory
resources might have hindered one-on-one interactions, and
instructors might have had to manage large groups, limiting their
ability to provide individual attention. With Al implementation,
the dynamics of student-instructor contact have evolved
significantly. Al can facilitate personalised learning experiences,
allowing instructors to offer targeted guidance to each student.
Instructors can track students’ progress in real time, offering
timely feedback and support. Al-enhanced laboratories can
potentially increase the quality and efficiency of student-
instructor interactions, enhancing the overall educational
experience.

F. Safety

Safety concerns were prevalent before Al implementation,
particularly in laboratory experiments that involved physical
equipment and potentially hazardous materials. Students might
have been exposed to risks associated with conducting
experiments in a physical setting. However, adopting Al-driven
simulations and virtual environments has significantly improved
safety in supply chain laboratory experiments. Al eliminates
physical safety risks by providing students with a controlled,
secure virtual environment to conduct experiments. The safety
concerns associated with physical laboratories are minimised,
ensuring that students can focus on their learning without
unnecessary safety risks. This shift to safer, virtual
environments represents a crucial improvement in the
educational experience.

G. Comparative Analysis

Implementing Al in supply chain laboratory experiments has
yielded a transformative impact on various fronts. Before Al
integration, learning outcomes were often constrained to
theoretical knowledge, but Al-driven simulations and tools have
enriched these outcomes with practical, real-world experiences,



enhancing problem-solving and decision-making skills.
Additionally, the development of practical skills was limited
before Al, whereas Al now provides students access to a diverse
range of practical scenarios, fostering skill growth and
adaptability relevant to today’s job market. Al has also
demonstrated cost-saving potential by reducing reliance on
physical resources and enhancing accessibility through remote
access to virtual laboratories. Moreover, Al has revolutionised
student-instructor interactions by enabling personalised learning
experiences and real-time progress tracking. Al has significantly
improved safety in laboratory experiments by providing a
controlled, secure virtual environment. This transition to safer,
virtual environments represents a crucial improvement in the
educational experience.

IV. IMPLICATIONS OF Al IN LABORATORY EXPERIMENTS

Organisations frequently leverage a sequence of strategic
experiments to augment their supply chain performance. In a
similar vein, this discussion begins by presenting crucial

experiments in the realm of supply chain management education.

Subsequently, we delve into the far-reaching implications of Al
in the context of Supply Chain Management.

A. Demand Forecasting Accuracy Test

This experiment’s primary objective is to assess the accuracy
of various demand forecasting models [10]. To achieve this, the
experiment uses historical demand data to compare the
forecasting accuracy of different models, such as Exponential
Smoothing and Machine Learning-based approaches. By
analysing the performance of these models, organisations can
make informed decisions about which method best suits their
supply chain needs, helping them optimise inventory and
resource allocation.

B. Inventory Optimisation Experiment

The second experiment optimises inventory levels to balance
cost reduction and product availability [11]. To achieve this
objective, the experiment involves adjusting inventory levels for
selected products and closely monitoring their impact on
holding costs and stockout occurrences. By conducting this
experiment, supply chain managers can fine-tune their inventory
management strategies, ensuring that products are readily
available to meet customer demand while minimising the
financial burden of excessive stock.

C. Supplier Performance Assessment

In this experiment, the goal is to evaluate the performance of
different suppliers. The experiment assesses key supplier
metrics, including lead times, product quality, and pricing, to
make informed decisions regarding supplier relationships [12].
By comparing the performance of various suppliers for a
specific component or material over a defined period,
organisations can select and maintain relationships with
suppliers that align best with their supply chain goals and
requirements.

D. Transportation Mode Analysis

The fourth experiment concentrates on optimising
transportation methods to enhance cost efficiency within the
supply chain [13]. It entails shipping a predefined set of products
using various transportation modes, including truck, rail, and air.

Subsequently, detailed assessments are conducted to evaluate
transportation costs and delivery times associated with each
mode. By meticulously scrutinising these metrics, organisations
can make informed decisions to determine the most cost-
effective transportation options. This aspect of the experiment
aids in streamlining transportation logistics, reducing
operational expenses, and improving overall supply chain
efficiency.

E. Sustainable Supply Chain Practices

In addition to transportation mode analysis, the second facet
of this experiment focuses on sustainability objectives within the
supply chain [14]. Here, the emphasis is on implementing eco-
friendly practices to reduce the environmental footprint. These
practices encompass sustainable packaging, transportation
optimisation to minimise emissions and other eco-conscious
initiatives. The objective is to align the supply chain with
responsible and ethical business practices considering
environmental and social impacts. The experiment evaluates the
tangible effects of these sustainable practices on a range of
metrics, including reductions in carbon emissions and
improvements in social responsibility. This holistic approach
reflects a commitment to sustainability and contributes to the
growing global emphasis on environmentally responsible supply
chain management.

F. Implications of Al in Supply Chain Management

Adopting Artificial Intelligence (Al) is pivotal in all these
experiments. Al-driven algorithms can significantly enhance
demand forecasting accuracy by processing vast datasets and
identifying patterns humans might miss. Additionally, Al-
powered inventory optimisation algorithms can continuously
analyse inventory levels and demand fluctuations in real time,
optimising stock levels dynamically. Al can also automate
supplier performance assessments by tracking and analysing
supplier data, providing actionable insights for decision-makers.
In transportation analysis, Al helps optimise routes, reduce fuel
consumption, and lower costs. Moreover, Al facilitates
sustainability by enabling data-driven decision-making in eco-
friendly packaging and transportation optimisation. Al’s
integration revolutionises supply chain management by making
it more data-driven, agile, and sustainable.

V. CONCLUSION

Integrating Al into laboratory sessions within supply chain
management education has ushered in a transformative era of
learning. This comprehensive exploration has revealed Al’s
profound impact on education and illuminated the vast potential
that lies ahead. Al has expanded the boundaries of what can be
achieved in experiential learning, significantly enriching the
quality and effectiveness of laboratory experiments. Students
now have unparalleled access to real-world supply chain
scenarios through Al-powered simulations and tools,
empowering them with enhanced problem-solving skills and a
profound understanding of the industry’s intricacies. These Al-
driven experiences foster engagement, critical thinking, and
deep learning.

However, the journey does not end here. The future of
supply chain management education is ripe with possibilities
and exciting prospects. VR and Augmented Reality (AR) can



potentially take supply chain management education to new
heights. Imagine students entering a virtual warehouse where
they can interact with inventory in real time or use AR glasses
to analyse supply chain processes in a physical setting. These
immersive experiences will enhance understanding and
engagement further. As blockchain technology becomes integral
to supply chain transparency and security, education should
incorporate blockchain modules. Students can learn how
blockchain is used to trace products and ensure authenticity,
contributing to more responsible supply chain practices.

The supply chain generates vast amounts of data. Future
supply chain education will likely place a greater emphasis on
advanced data analytics and big data techniques. Students will
learn to harness data to make informed decisions and optimise
supply chain operations. The Internet of Things (loT) is
significant in modern supply chain management. Educators can
introduce 10T concepts and showcase how connected devices
improve tracking, monitoring, and decision-making in the
supply chain.

Sustainability is a growing concern in supply chains. Future
education will include sustainable supply chain practices, ethical
sourcing, and environmental impact assessment modules.
Students will explore innovative ways to make supply chains
more eco-friendly and socially responsible. Furthermore, close
collaboration between academia and industry will be crucial.
Partnering with companies to provide real-world projects and
internships will bridge the gap between classroom learning and
practical experience.

In conclusion, while Al has revolutionised supply chain
management education, the future holds even more exciting
possibilities. Incorporating VR, AR, blockchain, advanced
analytics, 10T, sustainability, and industry collaborations will
make supply chain education more dynamic, relevant, and
future-ready. As Al continues to evolve, academia and industry
must work hand in hand to harness its full potential and provide
students with the skills and knowledge needed to excel in an
ever-evolving, Al-driven supply chain landscape.
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