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Exploring educational simulation
platform features for addressing
complexity in Industry 4.0: a
qualitative analysis of insights
from logistics experts

Ernesto Pacheco-Velazquez®™, Virginia Rodes-Paragarino! and
Alberto Marquez-Uribe?

!Institute for the Future of Education, Tecnologico de Monterrey, Monterrey, Mexico, ?Industrial
Engineering Department, Lamar University, Beaumont, TX, United States

Introduction: This study explores the transformative impact of Industry 4.0 on
industrial operations, emphasizing the integration of advanced technologies like
Al, 1oT, and Big Data Analytics to enhance process optimization, automation,
and connectivity. Despite its potential for efficiency, Industry 4.0 introduces
significant complexities, challenging existing operational and decision-making
frameworks. Addressing these challenges, the research investigates the role of
simulation platforms in logistics, seeking to identify their critical attributes for
effective complexity management. It highlights the need for innovative tools in
system evaluation, performance measurement, and skill development, aiming
to equip the workforce with essential Industry 4.0 competencies. Through
qualitative insights from logistics experts, the study aims to offer practical
recommendations for educators and industry professionals, contributing to
the design and implementation of educational simulations that align with the
intricate demands of Industry 4.0 logistics.

Methods: This study employs a qualitative content analysis approach to
develop an Industry 4.0-adapted logistics simulator, leveraging the Asteraceae
framework for digital game co-design and pedagogical reflection. Data were
collected from six industry and academia experts through semi-structured
interviews, designed around the framework’s key steps to explore simulator
design, decision-making, impact, and skill development. Utilizing convenience
sampling, the research engaged participants with experience in educational
logistics platforms and simulators. Interviews were conducted online, with
ethical considerations including informed consent. Transcription used OpenAl’s
API for accuracy, followed by manual review. The analysis combined qualitative
content with frequency analysis, employing Atlas.ti software to identify and
code key simulation features as informed by expert insights. This methodology
underscores a comprehensive approach to understanding and innovating
logistics education for Industry 4.0, aiming to equip learners with necessary
competencies through targeted simulation tools.

Results: The study’s findings emphasize the critical role of simulation tools in
Industry 4.0 logistics for risk mitigation, operational planning, and decision-
making. Experts pointed out the significant benefits of simulations in providing
safe spaces for experimentation, especially valuable for SMEs with limited access
to advanced technologies. They advocated for simulators to incorporate current
technological and e-commerce trends, suggesting a customizable business
model based on diverse logistics requirements. Key insights included the
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1 Introduction
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necessity for adaptable simulation architectures to handle various operational
variables, the importance of integrating multidisciplinary competencies like data
analytics and strategic management, and the role of performance metrics in
evaluating simulations and logistics operations. The analysis revealed essential
features for an educational logistics simulator, highlighting the importance of
operational knowledge, predictive analytics, and the need for a comprehensive
tool that integrates technology, strategy, operations, and data analysis. This
approach aims to equip users with the skills necessary for navigating the
complexities of modern logistics, promoting a deep understanding of systems
thinking and complex reasoning skills.

Discussion: The discussion centers on the essential requirement for a
multidisciplinary approach in creating an educational logistics simulator
for Industry 4.0, emphasizing the need for technological adaptability and
operational efficiency. It highlights the importance of integrating advanced
technologies and collaborative paradigms to enhance logistics operations and
improve decision-making processes. The utility of simulation-based learning as
a pedagogical tool is acknowledged, with an emphasis on its role in developing
complex thinking and practical skills relevant to the digital transformation of the
logistics sector. The discussion suggests that educational simulations are poised
to play a pivotal role in preparing the workforce for Industry 4.0 challenges by
bridging technological advancements and pedagogical strategies. However, it
also points to the limitations of the current study, such as its sampling method
and regional focus, and calls for future research to explore broader applications
and the integration of comprehensive strategies to ensure the educational
simulator’s effectiveness and relevance in a global context.

KEYWORDS

serious games, simulators, logistics education, Industry 4.0, complex thinking,
educational innovation, higher education

replicate real-world processes, support decision-making on complex
system behaviors, scale to adapt to increasing complexities, ensure

The concept of Industry 4.0 signifies a transformative phase in
industrial operations, characterized by the integration of technologies
such as Artificial Intelligence, the Internet of Things, and Big Data
Analytics (Javaid et al., 2022). This paradigmatic shift aims to optimize
processes through automation, real-time data analytics, and enhanced
connectivity (Zizic et al., 2022). Although the vision of Industry 4.0
promises to bring about unprecedented efficiencies, it also introduces
layers of complexity that challenge traditional operational models and
decision-making processes (Pacheco-Velazquez and Aguilar-
Avalo, 2019).

These complexities pose a challenge to current decision-making
models and call for innovative tools in system evaluation, performance
measurement, and human capital development (Mukhuty et al., 2022).
Classical paradigms are increasingly seen as lacking the precision and
adaptability needed to address the intricate interactions and rapid
decision-making characteristic of Industry 4.0 settings (Oluyisola
et al,, 2022). Business simulation in higher education and employee
training enhances decision-making and understanding of dynamic
logistical scenarios (Pacheco-Velazquez, 2022).

The general objective of this study is to examine simulation
platforms’ attributes that can effectively address the complexity
introduced by Industry 4.0, with a specific focus on the logistics
domain. This encompasses the simulation capacity to faithfully
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accessibility and ease of use, and seamlessly integrate with Industry
4.0 technologies. Additionally, the study aims to extend its implications
into the field of educational simulations, recognizing their importance
in equipping the emerging workforce with essential skills for Industry
4.0, and to provide practical recommendations for educators,
policymakers, and industry professionals based on qualitative insights
from industry experts. Ultimately, the research seeks to contribute to
the development of an integrated model for selecting, designing, and
implementing educational simulation platforms that meet the
technical, pedagogical, and real-world demands of Industry
4.0 logistics.
Research questions are:

QI: What design elements and features do logistics experts

prioritize for addressing Industry 4.0 complexities in education?

Q2: What attributes and functionalities, as per logistics experts,
should be integrated into educational simulation platform designs

for effective preparation in Industry 4.0 logistics challenges?

The article is organized as follows. The next section contains
Background literature describing the core competencies needed to
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address complexity, especially in Industry 4.0, and explores the
benefits of educational games and simulators in logistics education.
Next, the Methods section details the research approach,
emphasizing interviews with logistics experts, participant selection
criteria, and the analytical framework used. In the next section, the
Results are presented, categorized into five key dimensions:
technological adaptability, educational objectives, industry-specific
elements, user experience, and development of reasoning skills.
These findings are examined in depth in the Discussion section,
highlighting their practical implications in logistics education and
the broader context of Industry 4.0. Finally, the article ends with the
Conclusion, which summarizes the importance of the key findings
in bridging academia and industry, particularly in logistics
education, and its implications for curriculum development and the
design of tools adapted to meet the demands of the educational and
industrial development.

2 Background

In the realm of education, Information and Communication
Technologies (ICTs) are considered tools that can promote learning
opportunities and enhance students’ skills. Various instances of ICT
utilization are evident in educational platforms and virtual
environments. Notably, the integration of Serious Games (SGs) and
simulators has become a favored choice in classroom settings, as
learners’ participation in these games has demonstrated the ability to
induce changes in their attitudes, beliefs, and behaviors (Tilvawala
etal, 2019). As a result, SGs and simulators are now employed as a
strategy to support learning across diverse domains, including
medicine, logistics, military training, nursing, among others (Pacheco-
Velazquez et al., 2023).

One noteworthy advantage of utilizing these tools is the capacity
to create motivational factors that significantly enhance student
learning (Naul and Liu, 2020). Additionally, researchers contend that
these tools contribute to the development of critical thinking skills,
improve retention, foster creativity, and enhance skills associated with
problem-solving and decision-making (Saleem et al., 2022). SGs and
simulators integrate instructional content within gameplay, offering
immersive environments where users can practice and apply
knowledge and skills. By incorporating game elements such as
challenges, rewards, and immersive storytelling, SGs capture students’
attention and sustain their interest over extended periods.
Furthermore, SGs provide a unique context for learning, placing
knowledge acquisition within meaningful and practical scenarios
(Lameras et al., 2017). Learning occurs within the game’s environment,
enabling students to directly apply and practice what they have
learned. This concept of situated cognition enhances the relevance and
applicability of the acquired knowledge.

2.1 Simulation-based pedagogies and
Education 4.0

In contemporary educational paradigms, the combinations of
simulations, and innovative experiences plays an indispensable role in
preparing professionals for complex business terrains (Gonzalez-Pérez
and Ramirez-Montoya, 2022). These simulations serve as vital
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pedagogical scaffolds across diverse domains, enhancing complex skill
sets required for problem-solving (Chernikova et al., 2020). In
particular, the domain of logistics benefits from gamified modeling
and simulation frameworks, optimizing real-world logistic issues and
enhancing planning methodologies (Hubl and Fischer, 2017). Business
simulation games not only serve as effective tools for higher education
but also find applications in workforce training, contributing to
improved decision-making, and a comprehensive understanding of
dynamic logistic scenarios (Jiang et al., 2020; Barykin, 2021).

Education 4.0 uniquely emphasizes the cultivation of reasoning
abilities tailored to manage complexity, thereby accentuating the value
of collaborative challenges and knowledge sharing (Gonzalez-Pérez
and Ramirez-Montoya, 2022). This pedagogical shift aims at nurturing
a holistic set of cognitive proficiencies, spanning scientific, critical,
innovative, and systemic thinking. Such an expansive skillset facilitates
a learner’s capacity to engage in comprehensive problem-solving, for
continuous learning relevant to current societal challenges.

Research has cast a spotlight on the remarkable efficacy of game-
based learning and active learning environments in elevating
knowledge retention, skill cultivation, and engagement across an array
of disciplines. Furthermore, the incorporation of game-based
methodologies extends its influence into diverse domains,
encompassing Industry 4.0 challenges. These methodologies foster
critical thinking, informed decision-making, and collaborative
prowess, nurturing a learner-centric paradigm that primes individuals
to surmount real-world trials. This underscores simulations potential
to revolutionize conventional education, equipping students to
navigate the challenges that characterize the Industry 4.0 (Agarwal
and Biswas, 2019; Hansen and Elbeek, 2019; Tseng et al., 2019; Bastos,
2020; Lezama et al., 2020; Sincharoenkul et al., 2020; Mahmood et al.,
2021; Buzady et al., 2022; Cruz-Martinez et al., 2022; Cecchi et al,,
2023; Pacheco-Velazquez et al., 2023).

The availability of simulation games for teaching logistics and
supply chain management is limited (Pacheco-Velazquez et al., 2019).
The most widely recognized game is the “beer game,” originally
developed at MIT in the 1960s to demonstrate the bullwhip effect in
a supply chain. Initially, it was a board game for classroom use, and
later, computer-based versions were created by Jacobs (2000), Sparling
(2002), and Simchi-Levi et al. (2008) available online. Despite these
advancements, the beer game focuses solely on illustrating the
bullwhip effect and its causal relationships within the supply chain.
Currently, there are some modifications to the beer game that have
allowed blockchain elements to be integrated into inventory
management (Sunny et al., 2022; Tsang et al., 2022). Another variant
of the beer game can be found in the Beer Distribution Game, which
illustrates the coordination and consequences that the bullwhip effect
has on the distribution of products (Kandanaarachchi and
Perera, 2021).

“Global Supply Chain” is a single-player asynchronous simulation
developed by Harvard. Participants oversee the supply chain for a
global mobile phone company, involving tasks such as demand
forecasting, supplier selection, and production allocation. Players can
modify their decisions in response to unexpected events over four
simulated years. The game features a single scenario, and the objective
is to accumulate the highest profit (Hammond, 2016).

“The Supply Chain Game” is a team-based simulation by Chopra
and Afeche (Feng and Ma, 2008). Teams control a virtual company
producing an industrial chemical, making decisions on demand
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forecasting, inventory control, production, transportation, and supply
network design. The game offers two scenarios, and in each, the
objective for student teams is to maximize their cash balance. The
team with the highest cash balance at the end wins.

“The Fresh Connection” is a team simulation of a perishable fruit
juice manufacturer (Hannani, 2021). This computer game has a high
level of complexity, assigning different roles to players. Students
interact with the materials and data provided in the game, requiring
prior knowledge in logistics and supply chain. The simulation typically
runs in a full-day session.

“Warehouse Game” is a game focused on warehouse operation,
where students will experience the challenges of managing a
distribution center. The main challenge in this simulation is to achieve
the reception and dispatch objectives at the lowest possible cost.

The Logistic Simulator (abbreviated as LOST) serves as a serious
game designed to enable students to swiftly and enjoyably develop and
apply logistics concepts. It provides a unique opportunity
tocomprehend the intersections of various logistics topics. LOST is
crafted as a game with the goal of emulating the operations of a small
supply chain. The simulation revolves around a hypothetical enterprise
specializing in the production of balls for various sports. This game is
integrated into an online platform known as the “GOAL Project,”
dedicated to making the learning of logistic concepts an engaging and
entertaining experience (Pacheco-Velazquez et al., 2020).

Supply Chain Bullwhip Effect Learning Platform (SBELP)
simulates a supply chain scenario where the player assumes the role of
an electronic equipment manufacturer. Despite featuring various
built-in functions like inventories and backorders, the primary
objective of the game is to illustrate the Bullwhip effect resulting from
fluctuations in demand. The player’s success is evaluated based on the
total cost incurred in the supply chain, with an emphasis on
minimizing both inventory and backorder costs (Siddiqui et al., 2008).

In addition to these games that are focused on teaching logistics,
we can also mention some educational platforms such as, for example,
MIT Sloan Learning Edge Supply Chain Management, or GOAL
Project (associated with the LOST game). It would also be convenient
to mention some software dedicated to the simulation of logistics
scenarios, such as SCM Globe Supply Chain Simulation. A brief
summary of these games, platforms and software is seen in Table 1.

2.2 Simulation platform features and
Industry 4.0

Existing research on the development, integration, and application
of Industry 4.0 simulation technologies across diverse sectors such as
manufacturing, automotive, and supply chain management has been
marked by the emergence of intelligent manufacturing, the
convergence of the Internet of Things (IoT), Artificial Intelligence
(AI), digital twins, and augmented reality, representing a significant
paradigm shift. In the exploration of these new technologies, the
synergistic integration of the Internet of Things (IoT) and Artificial
Intelligence (AI) has been shown to markedly enhance operational
efficiency in manufacturing systems (Javaid et al., 2022; Zizic et al.,
2022). Simultaneously, innovations in the realms of digital twins and
augmented reality facilitate the construction of virtual replicas of these
systems for more refined control and decision-making processes.
These advancements collectively underscore the indispensable role of
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intelligent manufacturing and virtual system modeling in improving
operational efficacy and control (Mourtzis et al., 2022; Siyaev et al.,
2023) and necessary strategies for integrating digital technologies into
logistics and supply chain management (Longo et al., 2019).

Researchers have explored the consequences of Industry 4.0
technology adaptations and sector-specific challenges have been
examined (Kucera et al., 2022), as well as frameworks that allow the
systematic evaluation of technological maturity in congruence with
the industrial requirements (Yurci and Durakbasa, 2021). Studies on
decision-making mechanisms within industrial environments and
data-based techniques with simulation models to optimize production
processes also stand out (Lang et al., 2018; Mourtzis et al., 2019;
Williams and Olajide, 2020; Sekaran and Hildas, 2023). In terms of
sector-specific adaptations, the emphasis on manufacturing and
automation for Industry 4.0 addresses the convergence of physical and
virtual systems, digital twins, and virtual reality applications in the
manufacturing sector (Simon et al., 2021; Diniz et al., 2022), lean
manufacturing and Al-driven efficiency (Eriksson et al, 2021;
Helmold et al., 2022). The automotive and aerospace sectors are also
looking at the transformative impacts of digitalization within these
sectors (Sorger et al., 2021; Hoover et al., 2022).

These trends also show the preparation and adaptations of small
and medium-sized enterprises (SMEs) in the context of Industry 4.0
(Grisales-Palacio et al., 2022; Manbachi et al., 2022) offering
comprehensive frameworks and assessment tools that enhance the
understanding the challenges and opportunities intrinsic to the
integration of Industry 4.0 within SMEs.

2.3 Industry 4.0 and education

Human capital training strategies have also been applied to adapt
to Industry 4.0. For instance, Flaga and Pacholczak (2022) conducted
studies on integrating project-based learning into engineering curricula,
highlighting the need to equip future professionals with relevant skills.
In addition, the investigations of Gonzalez-Hernandez et al. (2020) and
Zolotova et al. (2020) focused on the use of virtual laboratories to spread
the principles of Industry 4.0, as well as the efforts to equip students
with both theoretical and practical skills for innovative problem-solving
in diverse fields like manufacturing, agriculture, robotics, and aerospace
(Hernandez-de-Menendez et al., 2020).

Research on the multiple dimensions of Industry 4.0, ranging
from its implications for manufacturing and sector-specific
adaptations to educational curricula. Within the scope of
competencies, the adaptation of curricular frameworks is observed to
adapt to the changing demands of Industry 4.0 (Pacheco-Velazquez
et al,, 2019; Mahmood et al., 2021) promoting the alignment of
educational competencies with the standards of the industry,
highlighting the importance of pedagogical redesign in the context of
the fourth industrial revolution. In the line of competencies, the
integration of innovative educational technologies is also identified,
such as virtual and remote laboratories, which meet pedagogical
objectives and at the same time function as substitutes for
technological interfaces (Bolanowski and Paszkiewicz, 2021). On the
other hand, Ramirez-Montoya et al. (2022) points out the need to
develop competencies associated with reasoning for complexity, in
particular, four fundamental sub-competences are highlighted:
critical, systemic, scientific, and innovative thinking.
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TABLE 1 Features of some games, platforms, and simulators focused on the logistics area.

Game/Platform/ Platform Focus Brief description Supply Chain Type of References
Software scope decisions
SCM globe supply chain Online simulator Online Modeling and simulation | Allows users to model and simulate logistic Entire supply chain Strategic and https://www.scmglobe.com/
simulation of real-world logistics situations to enhance supply chain Operational
scenarios understanding
Beer distribution game Board Game/Online | Various (board  Illustrating the bullwhip Developed to teach about demand variability Distribution and Strategic and Kandanaarachchi and Perera (2021)
game and effect in a supply chain and the importance of coordination in the Inventory Operational
online supply chain Management
versions)
MIT sloan learning edge Online simulations Online Various aspects of supply = Offers various interactive online simulations Variable (depending Strategic and https://executive.mit.edu/course/supply-
supply chain management chain management for supply chain education on the simulation) Operational chain-strategy-and-management/
simulations 2056g00000URaN6AAL.html
Global supply chain Online simulation Online Strategies and operations =~ Focused on strategic and operational decision- | Entire supply chain Strategic and https://hbsp.harvard.edu/product/8623-
management simulation game in the supply chain making in the supply chain Operational HTM-ENG, Hammond (2016)
The fresh connection Online simulator Online Production planning and = Focuses on improving strategic decision- Entire supply chain Strategic https://www.thefreshconnection.com/,
inventory management making across the entire supply chain https://inchainge.com/business-games/
tfc/, Hannani (2021)
The supply chain game Simulation game Online Supply chain Used to teach supply chain management in Entire supply chain Strategic and https://www2.open.ac.uk/openlearn/
management real-world scenarios Operational supply-chain/index.html, Merkuryev
and Bikovska (2012)
Warehouse game Simulation game Online Warehouse and Focuses on strategies to optimize warehouse Warehouse and Operational https://gamelabeducation.com/en/
distribution management | efficiency and inventory management Distribution warehouse-game/
SBELP Simulation game Online Strategic decision- Supply chain management tackles the core Entire supply chain Strategic and Siddiqui et al. (2008)
making in the supply business challenge of providing products to Operational
chain fulfill demand within an intricate and
unpredictable global environment.
Blockchain-enabled beer Simulation Game Various Application of Used to familiarize with blockchain Entire supply chain Strategic and Sunny et al. (2022), Tsang et al. (2022)
game (specific name blockchain in the supply | application in logistics management Operational
not provided) chain
Logistics simulator Online simulation Online Production planning and = Used to teach supply chain management and Entire supply chain Strategic and https://goalproject.co/, Pacheco-
(LOST) game supply chain improvement decision-making Operational Velazquez et al. (2019), Pacheco-
management Velazquez and Aguilar-Avalo (2019)
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FIGURE 1

Asteraceae approach. Ten steps to integrate Digital Games for Learning extracted from Romero et al. (2020).

OBJECTIVES

MECHANICS

In terms of educational technologies, Virtual Reality (VR) and
Augmented Reality (AR) have been prominently discussed as
pedagogical tools (Daniela, 2020; Sharifpour et al., 2022) underlining
their usefulness in developing skills and immersive learning
experiences, as well as the integration of such technologies into
engineering education and manufacturing simulations (Pacheco-
Velazquez et al., 2019; Pizzuto et al., 2022). Of particular interest are
the studies that adopt non-traditional or innovative approaches to
Industry 4.0, seeking to integrate these new technologies with
educational innovation (Cortes et al., 2020) as the incorporation of
IoT devices in training medical (Al-Emran et al., 2020).

In addition, the
environmental implications of Industry 4.0 are discussed, where

broader social, organizational, and
studies on organizational and cultural aspects shed light on the
myriad factors that influence technology adoption and the role of
education in its sustainable integration (Bongomin et al., 2020;
Takahashi et al., 2020; Vanduhe et al., 2020; Marmier et al., 2021),
identifying various ways in which emergent technologies are
impacting sectors, shaping educational paradigms and redefining

sociotechnical systems.

3 Methods

Amid rapid and transformative changes in various Industry 4.0
sectors, the logistics field faces an imperative to cultivate people with
competencies to adapt to emerging complexities. The main objective
of this study was a needs analysis aimed at developing a logistics
simulator adapted to current needs. Through qualitative content
analysis, we integrated the knowledge of logistics experts, to identify
features of educational simulators adapted to the demands of Industry
4.0 in said sector. The goal is to design a simulator that contributes to
the formation of human capital to thrive in the complex landscape
of logistics.

Frontiers in Education

3.1 Instruments

The theoretical-methodological framework Asteraceae (Romero
et al,, 2020) was adopted, enabling the comprehensive pedagogical
reflection approach to digital game iterative co-design and application.
Following in Figure 1 the comprehensive Asteraceae framework and
its ten steps are presented.

An interdisciplinary research team carried out co-design instances
of qualitative data collection instruments aimed at logistics experts to
identify needs. As a result, two semi-structured interviews scripts were
designed, one for individuals and one for groups, divided into four
sections, each corresponding to the steps 1 (Learning Objectives), 2
(Context, Learners Needs, Pedagogical integration), 7 (Development
and Personalization), and 8 (Distribution and Business model) of the
Asteraceae framework.

The topics covered in the semi-structured interview script were
related to the development of a logistics simulator, encompassing areas
such as the design and features of the simulator, the types of decisions
players should make, the potential impact of the simulator, and the
competencies and skills that can be developed through its use.
Additionally, the conversation also included discussions about
potential business models for the platform, the educational
opportunities it can provide, and the structure and design of the
platform. The application concluded with a request for demographic
data and any final comments or suggestions.

3.2 Participants and data collection

The theoretical sample comprised six experts from both industry
and academia, including one woman and five men. In this study, a
convenience sampling approach was adopted, primarily chosen due to
participants’ familiarity with the simulation software. The participants
included two university professors specializing in engineering and
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logistics (one from Mexico and the other from Colombia), two SME
specialist from a regional government secretariat in Mexico, and two
consultants specialized in entrepreneurship. One of the consultants
owns a transnational consulting firm, while the other is the director of
logistics and operation of a transnational company.

The main selection criterion was that participants had actively
engaged in educational platforms dedicated to logistics for teaching,
training, and/or consulting purposes. Additionally, participants were
also required to have experience in using logistics simulators. While
this sampling method facilitated access to a group of experts well-
versed in the subject, it is important to note that the findings should
be interpreted with caution, considering potential limitations
associated with convenience sampling.

During the month of April 2023, two individual interviews and
one group interview were conducted, which lasted in total more than
6 h. The data collection instrument was applied online, using Zoom,
to the experts who provided recommendations on the logistics and
decision-making simulator for process optimization, logistics chains,
and intelligent production and logistics systems for Industry 4.0. The
execution of data collection adhered rigorously to the ethical
guidelines outlined by the Mexican national board of ethics. A
fundamental ethical requisite was the acquisition of informed consent
from participants, which was obtained verbally and recorded prior to
conducting the interviews, ensuring participants’ comprehension of
the research’s purpose, procedures, and their voluntary involvement.

The transcription was carried out using OpenATD’s API, which
employs artificial intelligence. It discerned linguistic characteristics in
the audio and transcribed it using open-source technology. Following
the automated transcription, a manual revision was undertaken to
further ensure the precision, reliability, and coherence of the
transcribed content.

3.3 Analysis

The methodological approach combined qualitative content
analysis with frequency analysis to effectively extract and quantify the
perspectives of logistics experts on simulation systems in Industry 4.0.
It highlighted the key areas and themes of greatest relevance according
to professionals in the field.

Firstly, an exploratory word frequency analysis was conducted.
This analysis involved examining the transcriptions of structured
interviews with these experts. An automated word count was
performed using Atlas.ti. software. After excluding terms irrelevant to
our study, we generated a list of words that appeared more than seven
times, as detailed in Table 2.

The process of analyzing this set of words enabled
us to develop a series of codes related to the fundamental
characteristics of simulation systems in Industry 4.0. This coding
was carried out automatically using Atlas.ti., grouping several
words identified in the previous process into a single code, as
shown in Table 3. From this process, we created a list of
36 codes.

Finally, it was performed conventional content analysis on the
transcriptions, a research method that involves the systematic
classification and coding of text data to identify themes or
patterns, enabling the subjective interpretation of the content
(Hsieh and Shannon, 2005). The qualitative analysis involved a
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three-step process: open coding, axial coding, and selective
coding, resulting in the creation of emergent categories and their
properties that represented prevalent themes and concepts from
experts’ discourse (Miles and Huberman, 1989). Results of this
step of the analysis methodology can be seen in the next section,
in Table 4.

4 Results
4.1 Logistics experts’ insights

The professionals interviewed supported the instrumental role of
simulation as a risk mitigation tool in decision-making and
operational planning, particularly highlighting its value in creating a
safe space for experimentation. Additionally, they emphasized the
importance of solid protocols to mitigate the inherent uncertainties
characteristic of logistics operations. An important emerging finding
was the greater usefulness that experts assign to simulators for small
and medium-sized enterprises (SMEs), which are often prevented
from taking advantage of more sophisticated optimization algorithms.

The insights extended to technological advances within Industry
4.0 and trends in e-commerce, advocating their incorporation into a
logistics simulation framework. The experts proposed a tiered
business model for simulation that could be customized to the specific
logistics needs of various companies. They also underlined the critical
importance of performance metrics to evaluate both the effectiveness
of the simulation tool and the logistics operations themselves.
Additionally, experts emphasized the need for the simulation
architecture to adapt to a large number of variables, ranging from
various transportation modalities to specialized conditions, such as
supply
Educational possibilities were also a point of attention since the

temperature-controlled chains for pharmaceuticals.
interviewed experts envisioned the inclusion of pedagogical
functionalities to contribute to an understanding of the complexity of
the mechanics of supply chains.

Finally, the experts highlighted the essential incorporation of
multidisciplinary competencies into the logistics simulation tool. This
includes skill sets in data analytics, finance, and strategic management
that they argued are critical to navigating the complexities endemic to
logistics operations. Collaboration with a broader range of
stakeholders was highlighted as a vital component to the successful
development and implementation of a logistics simulator that is
contextually relevant and effective. In summary, the insights derived
from these expert dialogs accentuate the broad potential of logistics
simulation tools, especially in managing the complexities and
uncertainties inherent to logistics operations. These tools exhibit
marked flexibility across a variety of business models and user groups
and will benefit significantly from alignment with contemporary
trends, metrics, and

technology performance

multidisciplinary competencies.

4.2 Simulation platform features for
complexity management

Following Table 2, “Qualitative word count and set of codes;
summarizes the results of the exploratory word frequency analysis and
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TABLE 2 Qualitative word count and set of codes.

Codes (grouped) (in

spanish)
Simulator 139 simula*|simulacién™|ejercicio™|
camién*|distribucién™|transporte*|s
Distribution 125
uministro*|entrega*|
Services 111 servicio™|
Decision making 88 toma*|decisién™|
Value chain 81 cadena*|valor*|
Logistics 75 logistic*|
Companies 69 empresa*|comparia*|
Manufacturing -
67 fabrica*|produc*|industria*|
Production - Product
Learning - Training -
Knowledge 63 aprend*|formac*|conocimiento*|
Development - develop 55 desarroll|
Reality 50 real*|
Capacity - abilities - skills
) 44 capacidad® |habilidad* |competenc*|
- competencies
Time 40 tiempo*|temporal®|
Suppliers 40 proveedor*|
Complexity 38 complej|
Platform 32 plataforma*|
Information — Data 29 informa’*|dato*
Costs 27 costo*|
Business 27 negocio®|
Inventory 24 inventario*|stock*|
Process 23 proceso™|
Challenges 23 reto™|
Sectors 19 sector*|
Market 16 mercado*|
Raw material 16 prima*|materia*|
Problem 16 problema*|
Project 16 proyecto®|
System 16 sistema*|
Analysis 15 andli*|anali*|
Model 15 modelo*|
Design 12 disefio*|
Impact 12 impacto*|
Experience 12 experiencia*|
Structure 12 estructura®|
Investigation 11 investiga*|
Interesting 10 interesante*|

the codes constructed in the content analysis from the interviews with
the experts in the field of logistics, related to the essential
characteristics of a simulation system designed for Industry 4.0. Each
row of the table represents a different thematic group, constructed by
the most frequent words, together with a numerical representation
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TABLE 3 Game components revealed by affinity diagram.

Cluster Features

Simulation Platform; Simulator; Model; System; Structure; System;

Design

Decision-making Decision Making; Data; Information; Experience

Logistics & Supply Distribution; Services; Value Chain; Logistics;

chain Manufacturing; Production; Suppliers; Inventory; Process;
Raw material

Learning & Learning - Training - Knowledge; Development; Capacity

Development - Abilities - Skills - Competencies; Analysis

Business & Market Companies; Business; Sectors; Market; Costs

Investigation & Investigation & Interesting

Interesting

Complexity Challenges; Problem; Complexity; Reality

that indicates its recurrence during the interviews, and the
correspondent set of codes constructed during the content analysis.
These codes, identified through the qualitative analysis phase, account
for the concepts and terms emphasized by the experts during
the interviews.

Simulator, a category with a frequency of 139, is the most relevant,
obviously due to the centrality of the topic in the interviews. This is
followed by Distribution, with a frequency of 125, covering terms that
represent various facets of distribution logistics, including
transportation and delivery modes. Services have been a key and
distinctive element, mentioned 111 times, and summarizes several
dimensions of services within the industry, highlighting the
importance assigned to a concentration on the optimization and
integration of service functionalities in the simulation system.
Categories such as “Decision Making,” “Value Chain,” and “Logistics,”
with respective frequencies of 88, 81, and 75, suggest a network of
decision-making processes, value optimization strategies, and logistics
coordination, which are expected to be fundamental characteristics
within the simulation system.

Toward the last part of the table, we observe categories such as
“Design,” “Impact,” and “Research” with lower frequencies, which
implies that these aspects, although they were considered during the
conversation about the characteristics necessary in the development
of the simulator, may not be the focal points according to experts.

Table 2 provides a first representation of experts’ perspectives on
the critical components that should be incorporated into a simulator
for the development of a tool consistent with industry expectations.

Based on the words presented in Table 2, an affinity diagram was
constructed, grouping the related words and assigning appropriate
names to the clusters. The result of this affinity diagram is shown in
Table 3, “Game Components revealed by affinity diagram?”

Based on the codes and the affinity diagram, a set of categories
and their properties were constructed, grounded on the conventional
content analysis of the experts’ discourse. Table 4 “Categories and
properties for Logistics Simulator for Industry 4.0%, outlines the main
categories for building an educational logistics simulator, identified by
experts in the field. This table summarizes the thematic categories that
emerged from the experts’ discourse, further segmented into specific
properties that highlight critical focal areas suggested by the
interviewed. These areas are expected to significantly influence the
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TABLE 4 Categories and properties for logistics simulator for Industry 4.0.

Categories = Properties Recommendatio
The simulator should provide an understanding of logistical operations, especially concerning customs processes and
Operational knowledge
transportation
Learning and Necessity for the simulator to adapt to technological advancements and integrate them into existing systems for enhanced
Technological adaptability
knowledge efficiency and productivity
Collaboration and A collaborative approach for the simulator where knowledge sharing is encouraged to foster innovation and develop
knowledge sharing solutions that address existing challenges.
Incorporation of artificial intelligence for predictive analytics in the supply chain. The role of blockchain technology in
Technological integration
ensuring transparency and security in supply chain operations.
Logistics and Collaboration and Integration of the perspective of multi-sector collaborations for supply chain solutions, and educational strategies
supply chain partnerships fostering partnerships with stakeholders for optimized logistics operations.
Integrating lean methodologies for waste reduction and promoting digital transformation’s impact on supply chain
Supply Chain optimization
efficiency.
Simulation technologies Integrating virtual reality for immersive simulations and realistic platforms in training and analysis
Apply simulation technologies to enhance infrastructure development and predictive modeling across diverse industrial
Simulation and Real-world applications
sectors
reality
Simulations for risk assessment and management and gaining predictive analytics insights for informed business
Predictive analysis
decision-making.
Facilitate development of sustainable business models for long-term success. Provide insights into market analysis and
Business strategies
strategy formulation for business growth.
Company and
Integrating brand positioning and differentiation strategies in competitive markets, while offering insights on leveraging
business Market competitiveness
technological innovations for a competitive advantage.
Organizational efficiency Fostering a culture of continuous improvement within organizations.
Innovative designing Design should foster innovation, sustainability, and creativity.
Design and Production processes Include optimization of the production processes through lean manufacturing principles.
production Capacity for adapting product designs to meet evolving consumer preferences. Provide insights into the market for
Market demands
informed design and production decisions, by including databases and other references.
Establishing pathways for critical, scientific, systemic, and innovative thinking in the evaluation of complex logistics’
Critical analysis systems and processes, along with offering support and insights into diverse sector-specific analysis and assessment
Analysis and methodologies.
evaluation Incorporating data-driven approaches for process evaluation and optimization, and strategies for monitoring and
Process evaluation
evaluation.
Optimization strategies optimize processes and systems in the simulator, and offer support and insights for optimization strategies
Incorporate project management principles for effective time management and optimize workflows for enhanced time
Time management
efficiency in the simulator.
Time and cost Incorporate cost-control measures for operational efficiency, including strategies to optimize resource allocation for cost
Cost reduction strategies
reduction and increased profitability.
Operational efficiency Offer guidance on best practices for balancing time and cost considerations in operations.
Promote informed business decision-making and offer guidance on the role of data analytics in enhancing diverse
Data analytics
business operations.
Data and Introduce effective information management. Systems, and offer support for modern data governance and information
Information management
information management in organization
Incorporate data and information analysis scenarios for strategic decision-making and offer support and insights on
Decision-making
developing data-driven decision-making models in business.
Utilize the educational simulator as an innovation lab, offering guidance on developing creative solutions for complex
Innovative solutions
challenges.
Innovation and | Problem-solving strategies Integrate systematic problem-solving for complex issues and provide strategies for fostering innovation and problem-
resolution solving in organizations within the simulator.
Technological advances Integrate assessment for innovation and problem-solving in the simulator, with support on the role of emerging
technologies in enhancing solutions
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development of an educational simulator adapted to the logistics
The last the
recommendations made by the experts regarding each category

sector. column summarizes most relevant
and property.

Table 3 provides key themes identified by experts in the field for
the construction of a logistics simulation educational tool for the
context of Industry 4.0. It integrates general categories into specific
properties, thus providing subconstructs that experts anticipate will
inform the development trajectory of a logistics simulation tool
designed for educational purposes. Each category and its respective
properties together establish a matrix to conceptualize, design, and
implement educational logistics simulators. The categories and
properties reflect a dual focus on experience in the practical domain
and agility in technological incorporation, as well as the vertical and
horizontal integration necessary for effective logistics operations. It
suggests a convergence between the simulated environment and real-
world operational requirements while incorporating aspects of strategic
management and data-driven decision-making, highlighting the role
of the simulator in facilitating organizational efficiency and market
competitiveness. Experts advocate a comprehensive approach to the

development of an educational logistics simulator. From fostering

10.3389/feduc.2024.1331911

domain-specific competencies like “Operational Knowledge” to
advocating for advanced features like “Predictive Analytics,” the table
reflects an integrative perspective. It requires the synergy of technology,
strategy, operations, and data analysis to create an educational
simulator that not only captures the complexities and dynamics
inherent in contemporary logistics but also provides students with the
skillset necessary for an evolving sector. It also highlights the need for
systems thinking that considers a multiplicity of stakeholders and the
demands of constant technological and market changes. Therefore, this
matrix provides a view of what constitutes an advanced, pedagogically
sound, and industry-relevant educational logistics simulator.

Previous results presented above in Tables 2-4, converge in a
conceptual model to address the complexities inherent in creating an
educational game designed specifically for logistics and supply chain
management. More than a mere inventory of game features, it is a
conceptual map, for clarifying the interaction between the
technological dimension, pedagogical objectives, operational
concerns, user participation, and broader economic realities. Below,
Figure 2 shows how the game components are related to the
development of the sub-competences that make up the skill of
complex thinking development.

Scientific Thinking

Investigation &

Systemic
Thinking

Business & Market

&

FIGURE 2

Innovative Thinking

Relationship between clusters and sub-competencies of complex thinking.

Decision-Making

A

' 4
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The “Investigation & Interesting” cluster is related to Scientific
Thinking because it involves the fundamental principles of
exploration, inquiry, and curiosity inherent in scientific endeavors.
The “Logistics & SC” Cluster is related to scientific thinking as supply
chain management involves scientific and logistical processes based
on data and analysis. However, it also encompasses a significant
component of systemic thinking, as the supply chain is inherently a
complex system. The “Learning & Development” cluster is closely
linked to both Scientific Thinking and Critical Thinking due to its
emphasis on systematic exploration, evidence-based learning, and
analytical reasoning. The authors consider that “Simulation” cluster is
intricately connected to Systems Thinking due to its inherent focus on
modeling and understanding complex interrelationships within a
system, “Simulation” involves creating models that replicate real-world
processes or systems, include interconnected variables, and there is a
focus on identifying and understanding causal relationships. The
“Decision Making” cluster is intricately connected to both Critical
Thinking and Innovative Thinking due to its involvement in
thoughtful analysis, evaluation, and the potential for creative problem-
solving and exploration of alternatives. The “Business & Market”
cluster is closely tied to both Systems Thinking and Innovative
Thinking due to its involvement in understanding complex
interconnections within the business ecosystem and fostering creative
approaches to market challenges.

Technologically, the model highlights the importance of adaptability
and response capacity in real-time, while in pedagogy, it reflects an
educational philosophical perspective that transcends the mere transfer
of knowledge and advocates the development of cognitive skills.
Advanced, such as decision-making and critical analysis. Operationally,
the model emphasizes a commitment to experiential learning by reflecting
the complexities of real-world logistics, thus serving as an argument for a
game design that does not simply simulate but actively engages the user
in practical and realistic problem-solving. In terms of user experience, it
promotes a design approach that balances complexity and accessibility,
aiming to cultivate metacognitive skills such as strategic planning and
problem identification which are crucial in logistics and supply chain
management. Broadly, within the economic and business landscape, the
model recognizes the transdisciplinary nature of logistics, interweaving
aspects related to market dynamics and resource allocation, thus
recognizing the potential usefulness of the game not simply as an isolated
learning tool. But as an integrative system that can help understand the
complex interaction between logistics, broader business strategies, and
market behaviors. This transdisciplinary establishes the relationship with
a dynamic, complex and interconnected world, with significant changes
in the skills that must be developed in professionals who belong to the
logistics area, as well as in the workforce, considering the development of
reasoning for complexity in individuals. Therefore, Figure 2 provides a
model to articulate the attributes and characteristics of a pedagogical tool
that integrates academic rigor with practical relevance, synthesizing a
variety of educational and operational objectives within the environment
of logistics, development of desirable skills for the future workforce, and
supply chain management in Industry 4.0.

5 Discussion

The current demand for a multidisciplinary framework for the
construction of an educational logistics simulator adapted to the
specificities of Industry 4.0, emerges as an indisputable imperative. This
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need for an integrative approach finds empirical support in “technological
adaptability” and “operational efficiency” which serve as constructs in
Table 3. While Javaid et al. (2022) and Zizic et al. (2022) emphasize the
indispensability of technological fluency and operational effectiveness,
Longo et al. (2019) raise the complementary need for collaborative
paradigms. This manifests itself in the “Collaboration and Partnerships”
and “Supply Chain Optimization” categories. In the same sense, Williams
and Olajide (2020) and Sekaran and Hildas (2023) expand the
requirement for the necessary agility in data analysis and information
management in simulation systems. About the pedagogical dimensions,
the usefulness of simulation-based learning in the context of Industry 4.0
is a recurring motif in contemporary research. The works of Gonzalez-
Pérez and Ramirez-Montoya (2022) is a foundation for simulations as
viable pedagogical instruments in various sectors, integrated with the
macro-competence of complex thinking, as well as the “Simulation and
Reality” dimension in Table 3, which in turn integrate to broader
paradigms in the Education 4.0 (Cruz-Martinez et al., 2022; Cecchi et al,,
2023). Furthermore, the categories of “Analysis and Evaluation” and
“Time and Cost” are conceptually aligned with studies that emphasize
systematic evaluation and optimization, particularly those by Lang et al.
(2018) and Mourtzis et al. (2019). These insights validate the claim that
an educational logistics simulator based on Table 3 would benefit from a
comprehensive methodology, combining core logistics functionalities
with broader educational objectives and novel technologies.

Educational games, when designed with an integrated framework
that incorporates technological features, educational objectives,
industry-specific elements, and user experience, show great promise
as pedagogical tools in complex disciplines such as logistics and
supply chain management. As presented in Table 3, the incorporation
of Industry 4.0 technologies, particularly when complemented by
Artificial Intelligence (AI) and the Internet of Things (IoT), improves
operations and efficiencies in the logistics and logistics sectors. Supply
chain (Javaid et al., 2022; Zizic et al., 2022). However, these advances
pose new challenges for assessing technological maturity and
adaptation strategies (Yurci and Durakbasa, 2021). At the same time,
in the pedagogical field, the effectiveness of project-based learning and
virtual laboratories for training in skills relevant to Industry 4.0 has
been supported (Gonzalez-Hernandez et al., 2020; Zolotova et al,,
2020; Flaga and Pacholczak, 2022), although the need for technological
advances to make the necessary pedagogical redesign invisible is
highlighted (Mahmood et al.,, 2021).

The model detailed in Figure 2 serves as a pedagogical and theoretical
tool for future research. It allows the development of specialized
educational games in the logistics and supply chain sectors for Industry
4.0. Furthermore, Figure 2 relate the development of reasoning
competence for complexity to the components of the game. The
sub-competences systemic, scientific, critical, and innovative thinking,
Ramirez-Montoya et al. (2022) are important for the development of the
workforce with characteristics that impact Industry 4.0. In addition, it
highlights the need for interdisciplinary research that explores the
interactions between technological advances, pedagogical philosophies,
and real-world logistical challenges, and for a rethinking of the design,
implementation, and evaluation of educational tools in the age of the
fourth industrial revolution.

This study comes with its set of limitations and opens avenues for
future investigation. One notable limitation lies in the adoption of
convenience sampling, emphasizing the involvement of experts well-
versed in simulator usage. Furthermore, the study exclusively involved
participants from the Latin American region, and these participant
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characteristics may potentially influence the study’s outcomes.
Additionally, most participants boast backgrounds in academic,
consulting, and business management roles, raising concerns about
the applicability of the recommendations to real-world scenarios
where operational logistics are central. Future research could explore
the seamless integration of simulator modules focused on market
analysis and strategy formulation to ensure sustained business viability
and competitiveness, particularly for SMEs. An examination of the
impact of incorporating project management principles, specifically
those related to time and cost management, on operational efficiency
is also warranted. Ideally, the simulator should serve as an innovation
hub, incorporating systemic strategies for effective problem-solving.
Subsequent research endeavors will delve deeper into these
dimensions, providing insights into the optimal design of educational
simulation platforms that cater to both educational and operational
needs within an Industry 4.0 framework.

6 Conclusion

In response to the central objectives of the study, the research
emphasizes the crucial role of well-designed educational games in
complex domains such as logistics and supply chain management,
especially within the framework of Industry 4.0. The articulated
multidimensional model provides a matrix that, (a) specifies
technological characteristics designed to be adaptable to emerging
innovations; (b) outlines educational objectives, prioritizing
operational knowledge and fostering a collaborative ecosystem; (c)
incorporates industry-specific elements, including customs
processes and transportation modalities; (d) accentuates the
importance of user experience through the use of large-scale data
analysis and information management systems; and (e) underlines
the need for the development of sub-competencies associated with
reasoning for complexity. These various components act together to
improve both the educational outcomes and operational efficiency
of a simulator.

The growing complexity of logistics and supply chain management
demands specific features for simulation platforms. Guided by the
model developed in this study, these simulators can provide a dynamic
environment to model, assess, and optimize complex logistics
operations. Consequently, these tools not only serve as educational
spaces for skill acquisition but also offer a theoretical foundation for
future interdisciplinary research. As a result, the findings of this study
can inform logistics educational curricula and the development of
operational tools, integrating academic perspectives with industry-
relevant applications.

Finally, concerning practical and research implications, the study
suggests forming teams with interdisciplinary approaches in the
design of educational games, integrating pedagogical and
technological aspects, and fostering collaboration between game
designers and logistics experts to ensure an effective integration of
knowledge. Additionally, it recommends designing data collection
instruments that address key areas such as learning objectives,
pedagogical integration, and business models, utilizing questionnaires
and interviews to thoroughly explore the needs and expectations of
users in the logistics context. The study also underscores the
importance of including participants with diverse roles in the logistics
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chain, from operators to managers, to ensure a comprehensive
understanding of this complex system. Furthermore, the study
encourages a focus on developing competencies and practical skills
relevant to modern logistics, suggesting the design of game scenarios
that simulate critical decisions in the supply chain and
logistics management.
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