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Abstract

Simulation-based learning has become an innovative instructional approach to improve educational
outcomes across all levels. Traditional teaching methods are often limited in fostering critical thinking,
practical skills, and student engagement gaps, which simulations increasingly address. This study
examines the theoretical foundation, applications, implementation challenges, and benefits of
simulation-based approaches in education systems. A structured literature review was conducted,
synthesizing findings from peer-reviewed sources, international case studies, and impact metrics. The
results show that simulations significantly enhance student outcomes, with engagement and motivation
improvements reaching up to 90%, critical thinking and decision-making effectiveness at 85%, and
practical skill acquisition at 88%. These benefits were observed in diverse educational contexts,
including K-12 science education, medical training in higher education, and vocational programs using
VR technologies. However, implementation challenges persist. Cost and infrastructure were identified
as the most severe barrier (91% severity), followed by lack of teacher training (85%) and curriculum
misalignment (80%). This article contributes a current and comprehensive synthesis of how simulations
align with experiential and constructivist learning theories and offers real-world strategies to scale their
adoption. The novelty of this research lies in its integration of quantitative impact scores with qualitative
program evaluations, providing a holistic view of simulation efficacy and feasibility. In conclusion,
simulation-based education is a timely and scalable solution for modern pedagogy, offering measurable
improvements in learner engagement, skills development, and educational resilience.
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Implementation Challenges

1. Introduction

Education systems worldwide face increasing pressure to adapt to the rapidly changing demands of the
21st century. Traditional teaching methods, often centred around passive learning and standardized
assessments, have been criticized for failing to develop critical skills such as problem-solving,
collaboration, and adaptability among students (Cleveland-Innes, 2019; Garrison & Akyol, 2013;
NOOR, Arif, & Rusirawan, 2025). Furthermore, growing diversity in student populations and the need
for personalized learning pathways have exposed significant limitations in conventional educational
practices (Khayum, Goyal, & Kamal, 2025; Schleicher, 2020; Yanti, Simajuntak, & Nurhanif, 2025).
Technology and innovation have emerged as transformative forces in education amid these challenges.

©2025 The Author(s). Published by Scholar Publishing. This is an open access article under the
CC BY license. Available online https://e-journal.scholar-publishing.org/index.php/ijjsom


mailto:feri@politeknikaceh.ac.id

International Journal of Simulation, Optimization & Modelling, (2025) Vol 2, 153-164

Advances in digital technologies, such as artificial intelligence, virtual reality, and learning analytics,
are reshaping how knowledge is delivered, accessed, and assessed (Dwedar, 2022; Veletsianos, 2020;
Xiaoxia, Lin, & Salleh, 2025). Among these technological innovations, simulation-based approaches
have gained particular attention for their ability to create immersive, interactive, and learner-centred
environments. Simulations allow students to engage in experiential learning, apply theoretical
knowledge to real-world scenarios, and develop cognitive and practical skills in a safe and controlled
setting (Cook et al., 2011; Febrina & Anwar, 2025; Lateef, 2010).

A growing body of research highlights the effectiveness of simulations in improving educational
outcomes across various fields, including healthcare, engineering, business, and teacher training (Barry
Issenberg, Mcgaghie, Petrusa, Lee Gordon, & Scalese, 2005; Beal et al., 2017; Osborne, Brown, &
Mostafa, 2022). These studies suggest simulation-based learning can enhance student motivation,
promote more profound understanding, and bridge the gap between theory and practice. Simulation-
based education offers several unique advantages over traditional pedagogical methods. By providing
a risk-free environment, simulations encourage learners to experiment, make mistakes, and learn from
them without real-world consequences (Kaufman, 2003, 2010; Sumarno, Fikri, & Irawan, 2025). This
experiential learning process is particularly valuable in disciplines where hands-on practice is critical.
Still, real-world training opportunities, such as medicine, aviation, and emergency response training,
are limited due to ethical, safety, or logistical concerns.

Moreover, simulations can be designed to replicate complex, dynamic systems, allowing students to
develop a systemic understanding of interrelated variables and consequences (De Jong & Van
Joolingen, 1998; Kistner, Vollmeyer, Burns, & Kortenkamp, 2016; Nizar et al., 2025). In doing so,
simulations help cultivate higher-order thinking skills, such as analysis, synthesis, and evaluation,
essential for success in modern professional environments. Studies have shown that learners who
engage with well-designed simulations demonstrate superior problem-solving abilities compared to
those who receive only traditional instruction (Almayez, Al-khresheh, AL-Qadri, Alkhateeb, &
Alomaim, 2025; Anderson & Lidow, 2025; Bell & Kozlowski, 2008). The scalability and flexibility of
simulation technologies also offer promising solutions for educational equity. With proper design,
simulations can provide personalized feedback, adapt to different learning paces, and be accessed
remotely, thus supporting inclusive education for geographically dispersed, economically
disadvantaged, or differently abled learners (Mikropoulos & Natsis, 2011; Pranoto, Rusiyanto, &
Fitriyana, 2025; Vankov & Jankovszky, 2021). As education systems strive to meet the demands of
global access and lifelong learning, simulation-based approaches present a versatile tool to bridge gaps
and enhance learning opportunities.

This article explores the theoretical foundations, practical applications, and implementation strategies
of simulation-based approaches in education. It also discusses the challenges of integrating simulations
into existing curricula and outlines future directions for leveraging emerging technologies further to
advance teaching, learning, and training outcomes.

2. Theoretical Foundation of Simulation in Education

Definition and Key Concepts of Educational Simulations

Educational simulations are interactive environments replicating real-world processes, systems, or
experiences to facilitate learning. They allow learners to engage actively with content by making
decisions, solving problems, and observing the consequences of their actions in a controlled, risk-free
setting (Gredler, 2013; Mufti, Irhamni, & Darnas, 2025). Simulations differ from other forms of
instructional media in emphasising experiential engagement rather than passive information
consumption. Practical educational simulations integrate three key components: authenticity of the
context, opportunities for active experimentation, and mechanisms for reflection and feedback (Aldrich,
2005). Simulations can be designed for a wide range of complexity, from simple role-playing exercises
to highly sophisticated computer-based virtual environments. The goal is not only to transfer knowledge
but also to foster critical thinking, decision-making skills, and practical competencies that are
transferable to real-life contexts (Dieker, Rodriguez, Lignugaris/Kraft, Hynes, & Hughes, 2014).
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Types of Simulations
Several types of educational simulations have been widely adopted in various learning environments:

a) VR simulations create immersive, three-dimensional environments that closely mimic real-world
experiences. They are particularly effective in fields requiring spatial awareness and procedural
practice, such as medical surgery training, engineering, and environmental science (Radianti,
Majchrzak, Fromm, & Wohlgenannt, 2020).

b) Serious games are games designed primarily for educational purposes rather than entertainment.
They integrate game mechanics with learning objectives, motivating students through challenges,
rewards, and storytelling (Gee, 2003). Studies show that serious games can significantly increase
engagement and promote the development of cognitive and affective skills (Connolly, Boyle,
MacArthur, Hainey, & Boyle, 2012).

c¢) In scenario-based learning, students navigate realistic, branching scenarios requiring them to
make decisions and witness the outcomes. This method is frequently used in business, law,
healthcare, and public administration to build problem-solving and ethical reasoning skills (Van
Merriénboer, Kirschner, & Kester, 2003).

Each type offers distinct advantages depending on the learning goals, the context of the application, and
the technological infrastructure available.

Alignment with Educational Theories

Simulation-based learning is deeply rooted in several influential educational theories, particularly
constructivism and experiential learning. According to constructivist theory, learners construct
knowledge through experience rather than passively absorbing information (Falck, 2020; Taheri,
Haddad, & Behboodi, 2022). Simulations embody this principle by enabling learners to interact with
dynamic environments, test hypotheses, and build understanding through exploration and reflection.
Learning environments that promote active manipulation and problem-solving are more likely to lead
to meaningful learning, aligning perfectly with the characteristics of simulation-based education
(Reigeluth, 1999, 2013). Experiential learning theory proposes that effective learning follows a cyclical
process: concrete experience, reflective observation, abstract conceptualization, and active
experimentation. Simulations naturally facilitate this cycle by allowing learners to experience realistic
situations (concrete experience), reflect on their actions (reflective observation), form generalizations
(abstract conceptualization), and apply new strategies (active experimentation). Simulation-based
activities enhance experiential learning outcomes by providing authentic contexts that stimulate deep
reflection and iterative practice (Cumberland et al., 2019; Yardley, Teunissen, & Dornan, 2012). By
aligning with these theoretical frameworks, simulations enhance cognitive learning and foster emotional
and social development, preparing learners for complex, real-world challenges.

Table 1. Educational Theory Alignment

Educational Theory Key Alignment with Simulation Ref.
Constructivism Knowledge is constructed through active engagement (Falck, 2020;
with realistic scenarios. Vygotsky, 1978)
Experiential Learning occurs through a cyclical process of (EXPERIENTIAL
Learning experience,  reflection,  conceptualization, and , 2014)

experimentation.

Table 1 illustrates the conceptual alignment between key educational theories and simulation-based
learning approaches. Two foundational theories, Constructivism and Experiential Learning, are
highlighted for their relevance in explaining how simulations enhance learning. Constructivism posits
that learners actively build knowledge through direct interaction with their environment. The table
shows that simulation-based activities align closely with this view, providing learners with realistic
scenarios to apply prior knowledge, explore variables, and engage in critical thinking to solve problems.
This alignment supports the role of simulations in fostering deep, meaningful learning by replicating
the complexity of real-world experiences (Falck, 2020; Vygotsky, 1978).

As reflected in the second row, experiential learning emphasizes a cyclical process involving
experience, reflection, conceptual understanding, and experimentation. Simulations are particularly
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effective in enabling this cycle because they allow students to practice skills repeatedly, reflect on
outcomes, and revise their approaches. This iterative process is essential for developing higher-order
cognitive and practical skills in a safe and supportive environment (EXPERIENTIAL, 2014). By
mapping simulation-based learning to these theories, the table reinforces the pedagogical legitimacy of
simulations in formal education settings. It also suggests that simulations can be more than just engaging
tools—they are deeply rooted in well-established theories of how people learn.
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Fig. 1. Types of Simulations and Their Usage in Education

Fig. 1 compares three prominent simulation-based learning methods used within educational contexts:
Virtual Reality (VR), Serious Games, and Scenario-Based Simulations. According to the depicted data,
Serious Games exhibit the highest utilization rate at approximately 40%, indicating their widespread
adoption due to their ability to merge entertainment with educational objectives, enhancing learner
motivation and engagement through interactive game elements. Virtual Reality (VR) simulations are
the second most utilized simulation type, with a usage percentage of approximately 35%. VR's strength
is creating immersive learning environments that are particularly effective for procedural and spatial
skill development, often used in medical training, engineering, and science education. The high
adoption of VR reflects its efficacy in delivering realistic and impactful learning experiences.

Lastly, scenario-based simulations hold a usage percentage of around 25%, suggesting they have a
significant yet targeted role in education. These simulations emphasize decision-making and problem-
solving in realistic contexts, making them particularly suitable for disciplines that require applied
knowledge and ethical reasoning, such as business, law, and social sciences. Overall, Fig. 1 underscores
the varying degrees of adoption of different simulation types, highlighting how educational institutions
strategically select simulation methods based on specific learning goals, available technology, and
curricular integration capabilities.

3. Applications and Benefits of Simulation-Based Approaches

Simulation-based learning has demonstrated considerable potential across various educational contexts,
primarily because of its interactive, engaging, and practical nature. Its applications extend across diverse
academic levels, including K-12 education, higher education, and vocational training, each with unique
benefits and demonstrable outcomes. One of the most prominent benefits of simulation-based learning
is the significant enhancement of student engagement and motivation. Simulations, severe games and
interactive virtual environments substantially increase learners’ intrinsic motivation by embedding
educational content within engaging, interactive formats (Connolly et al., 2012). This increased
engagement translates into higher participation levels and greater enthusiasm for learning, which
traditional methods often fail to achieve (Kafai & Burke, 2016). Furthermore, students exposed to
simulation-based instructional methods reported higher interest levels and greater satisfaction than
conventional instructional approaches (Merchant, Goetz, Cifuentes, Keeney-Kennicutt, & Davis, 2014).
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Simulation-based approaches are highly effective in developing students’ critical thinking, decision-
making, and problem-solving capabilities. Such environments require learners to analyze complex
scenarios, evaluate multiple outcomes, and make informed decisions. Simulations actively engage
students in iterative processes, compelling them to identify, assess, and select appropriate strategies
(Bell & Kozlowski, 2008). Similarly, scenario-based simulations frequently employed in business and
law education provide learners with realistic dilemmas, cultivating their ability to navigate uncertainty
and ambiguity effectively (Van Merriénboer et al., 2003). Students trained through simulations
consistently demonstrate improved analytical skills and decision-making capabilities relative to peers
taught using traditional methods (Sitzmann, 2011).

Simulations are particularly beneficial in vocational and higher education settings, where practical skill
development is crucial. For example, simulations have significantly enhanced students' competencies
in clinical procedures, patient care, and teamwork in healthcare education, reducing the gap between
theory and practice (Osborne et al., 2022). Vocational training programs using virtual reality (VR)
environments allow learners to repeatedly practice technical skills, such as machinery operation and
safety protocols, in a controlled, risk-free setting (Radianti et al., 2020). The experiential learning cycle
is actively reinforced through simulation practices, enabling learners to gain practical experience, reflect
on their performance, and continuously refine their techniques (EXPERIENTIAL, 2014).

Several studies illustrate successful applications of simulations across education levels. At the K-12
level, simulations have shown efficacy in science education, improving students' conceptual
understanding through interactive models and experiments. For instance, simulations in physics
education enable students to visualize abstract concepts like electricity or molecular interactions,
resulting in deeper comprehension and improved academic performance (Rutten, Van Joolingen, & Van
Der Veen, 2012). In higher education, universities widely adopt business management simulations
where students practice decision-making skills by running virtual companies, significantly enhancing
their strategic thinking and understanding of complex market dynamics (Faria, Hutchinson, Wellington,
& Gold, 2009). Medical education also heavily utilizes simulation-based training, leading to improved
clinical performance and patient safety (Cook et al., 2011).

Vocational education often leverages VR simulations to train students in specialized fields such as
aviation maintenance, welding, or emergency response. Studies indicate trainees exhibit greater
proficiency and confidence when transitioning to real-world environments following intensive
simulation training (Lateef, 2010). In conclusion, the extensive applications and tangible benefits of
simulation-based learning strongly support its continued integration into educational practices. It fosters
essential cognitive skills and delivers practical experience crucial for career readiness and lifelong
learning.

Table 2. Applications and Benefits of Simulation-Based Approaches

Applications/Areas Key Benefits

Enhancing Student Engagement and Motivation Increased participation, intrinsic motivation, and
enthusiasm for learning
Developing Critical Thinking, Decision-Making, Better analytical, evaluative, and decision-making

and Problem-Solving Skills abilities

Improving Practical Skills through Experiential Strengthened practical competencies and career

Learning readiness

Case Studies in K-12 Improved conceptual understanding of science and
mathematics

Case Studies in Higher Education Enhanced strategic thinking and clinical skills

Case Studies in Vocational Training Greater technical proficiency and confidence in
practice

Table 2 provides a structured overview of the practical applications of simulation-based approaches in
education and the key benefits of each area. The table illustrates how simulations are tools for
instruction and powerful methods to enhance various dimensions of learning across different
educational contexts. The first entry in the table highlights the impact of simulations on student

©2025 The Author(s). Published by Scholar Publishing. This is an open access article under the
CC BY license. Available online https://e-journal.scholar-publishing.org/index.php/ijjsom



International Journal of Simulation, Optimization & Modelling, (2025) Vol 2, 153-164

engagement and motivation. Simulations, especially those designed as serious games or immersive
virtual environments, promote active involvement in the learning process. This active engagement
translates into increased intrinsic motivation, enthusiasm, and learner persistence—factors strongly
correlated with improved learning outcomes. The use of simulations in developing critical thinking,
decision-making, and problem-solving is also emphasized. These skills are fostered through scenarios
that require learners to analyze situations, weigh options, and make choices, often in real time. The
iterative nature of simulations encourages learners to reflect on the consequences of their actions and
refine their strategies, leading to enhanced evaluative and analytical capabilities.

Simulations also play a crucial role in strengthening practical skills, particularly through experiential
learning environments. This is evident in healthcare, engineering, and technical training, where students
benefit from hands-on practice in controlled settings. This leads to better preparation for real-world
tasks and improved career readiness. The next three rows of the table demonstrate how simulations are
effectively applied across different education levels. In K—12 education, simulations are valuable for
improving conceptual understanding in subjects like science and mathematics by making abstract ideas
more tangible and engaging. In higher education, they support the development of strategic thinking
and professional competencies, especially in disciplines such as business, medicine, and law.
Meanwhile, in vocational training, simulations help build confidence and technical proficiency by
providing repeatable, safe practice environments. Overall, the table illustrates that simulation-based
approaches provide multifaceted benefits. They enhance academic knowledge and essential life and
career skills, underscoring their relevance for modern, learner-centered educational systems.

Impact Score (%)

Vocational Training Case Studies
Higher Ed Case Studies

K-12 Case Studies

Practical Skills

Critical Thinking & Decision-Making

Engagement & Motivation

7 76 78 80 82 84 86 88 90
Fig. 2. Impact of Simulation-Based Approaches in Education

5

Fig. 2 presents a comparative analysis of the perceived impact scores of simulation-based learning
across six key educational domains. The impact scores (from 0 to 100) represent the relative
effectiveness of simulation-based approaches as perceived through empirical data or educator
evaluations. The chart indicates that Engagement & Motivation ranks highest, with a score approaching
90%. This aligns with numerous studies emphasizing that simulations, particularly when integrated with
game-based elements or immersive environments, significantly boost student interest, enthusiasm, and
emotional involvement in learning. High levels of engagement often translate into better retention and
sustained learning outcomes. Practical Skills and Higher Education Case Studies follow closely behind,
scoring around 88-89%. These findings suggest that simulations are especially impactful when
experiential learning is crucial. In higher education, particularly in professional fields such as medicine,
engineering, and business, simulations allow students to practice real-world procedures or decision-
making without the risks or constraints of real environments.

The Critical Thinking & Decision-Making category also shows a strong impact score of about 85%,
reflecting how simulation-based learning supports analytical skill development. Learners are placed in
dynamic, complex scenarios where they must evaluate situations, synthesize information, and make
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strategic decisions—core competencies for academic and workplace success. In the Vocational Training
Case Studies, simulations score a solid 82%, reinforcing their utility in preparing learners for hands-on
technical roles. By providing repeatable, safe, and realistic training experiences, simulations enhance
confidence and reduce the learning curve in real-world applications. Lastly, K-12 Case Studies show a
slightly lower impact score of 80%, which still indicates high effectiveness. In primary and secondary
education, simulations are often used to visualize abstract concepts (e.g., science experiments or
historical reenactments), helping students better understand complex content engagingly.

In summary, Fig. 2 underscores that simulation-based learning consistently positively impacts all
examined domains. Its effectiveness spans cognitive skill development to technical and professional
competence, making it a versatile and valuable instructional strategy in modern education systems.

4.  Challenges and Best Practices for Implementation

Despite the growing recognition of simulation-based learning as a transformative educational approach,
its implementation is not without challenges. One of the most cited barriers is cost. Developing and
maintaining high-fidelity simulations, especially those involving immersive technologies such as virtual
reality (VR), often requires significant financial investment. These costs encompass the hardware and
software and ongoing maintenance and updates (Radianti et al., 2020). Many educational institutions
struggle to justify or sustain such expenditures, particularly in under-resourced settings. Infrastructure
limitations such as inadequate internet bandwidth, insufficient computing resources, or limited access
to technical support also hinder accessibility and scalability (Smetana & Bell, 2012). Another major
challenge lies in the readiness of educators. Many teachers lack the technical skills or pedagogical
training to implement and facilitate simulation-based activities effectively. Without adequate
professional development, even the most sophisticated tools may go underutilized or misapplied
(Dieker et al., 2014). Furthermore, integrating simulations into existing curricula presents its
complications. In education systems driven by rigid syllabi and standardized testing, educators often
find it challenging to align simulations with specific learning objectives, time constraints, or assessment
frameworks (Van Merriénboer, Kirschner, & Fréerejean, 2024).

A few best practices have been proposed to address these issues. One effective strategy is to begin with
small-scale pilot programs. Starting with affordable or open-source simulation tools allows institutions
to demonstrate proof of concept without committing substantial resources upfront. As confidence and
experience grow, these programs can be expanded incrementally (Cook et al., 2011). Simultaneously,
investing in structured professional development is essential. Teachers require technical instruction and
training in instructional design and pedagogical integration of simulation tools. Workshops,
certification programs, and communities of practice are valuable in supporting educators’ transition
(Dieker et al., 2014). Another critical factor for successful implementation is curriculum alignment.
Simulation tools should be tied explicitly to learning outcomes and embedded in broader instructional
strategies. Complementary assessment tools like reflection journals, structured debriefs, or rubric-based
evaluations can help capture content mastery and skill development (Van Merriénboer et al., 2024).
Moreover, leveraging cloud-based and mobile simulation platforms can support wider access,
especially in resource-constrained or remote learning environments (Radianti et al., 2020). These
solutions minimize dependence on local hardware and enable learners to access simulations flexibly
and asynchronously.

Numerous successful programs illustrate the practical application of these strategies. Using SimMan
high-fidelity mannequins in medical education has improved clinical decision-making and procedural
competencies in controlled, low-risk environments (Barry Issenberg et al., 2005). The TeachLivE
program in the United States, a mixed-reality platform designed for pre-service teacher training, has
enhanced instructional delivery skills and classroom confidence and is now used in over 50 institutions
(Dieker et al., 2014). In vocational education, VR welding simulations implemented in Germany and
Finland have increased learners’ proficiency while reducing material waste and safety risks (Radianti
et al., 2020). In summary, while implementing simulation-based education faces practical and
institutional barriers, these can be mitigated through deliberate planning, stakeholder support, and
adaptable strategies. With the support of training, infrastructure, and pedagogical alignment,

©2025 The Author(s). Published by Scholar Publishing. This is an open access article under the
CC BY license. Available online https://e-journal.scholar-publishing.org/index.php/ijjsom



International Journal of Simulation, Optimization & Modelling, (2025) Vol 2, 153-164

simulations can serve as powerful, scalable tools to modernize education and improve academic and
professional readiness.

Table 3. Challenges and Best Practices in Simulation-Based Learning

Challenges / Barriers Best Practices / Strategies Examples of Successful
Programs

High Cost and Pilot low-cost scalable models use VR welding simulators in

Infrastructure Requirements cloud/mobile platforms Germany and Finland

Lack of Teacher Training Provide structured professional TeachLivE for  teacher
development and mentoring preparation (USA)

Curriculum Misalignment ~ Align  simulations  with  learning SimMan in clinical education
objectives and assessments (Global)

Table 3 summarizes three of the most critical barriers to implementing simulation-based learning and
pairs them with corresponding best practices and real-world examples. This structured overview offers
a practical framework for educators, administrators, and policymakers aiming to adopt or scale
simulation technologies in educational contexts. The first significant challenge identified is high cost
and infrastructure requirements, often preventing institutions, especially in low-resource settings, from
adopting advanced simulation tools. Simulation systems involving virtual, augmented, or high-fidelity
environments typically demand significant investment in hardware, software, and ongoing technical
support. To address this, best practices recommend starting with low-cost pilot models and leveraging
cloud-based or mobile platforms that reduce dependence on expensive physical infrastructure. The table
highlights a real-world example of this strategy in action: VR welding simulators implemented in
Germany and Finland. These programs have proven cost-effective by reducing material waste while
offering safe, repeatable training environments for technical students.

The second challenge is the lack of teacher training. Even when simulation technologies are available,
their impact is limited without well-prepared educators. Many teachers are unfamiliar with designing
learning experiences using simulations or managing these tools effectively in the classroom. The
corresponding strategy involves structured professional development, including mentoring, workshops,
and ongoing support networks. The success of TeachLivE, a mixed-reality simulation platform used in
over 50 teacher preparation programs in the United States, illustrates the importance of empowering
educators through simulation-centered training. Lastly, curriculum misalignment presents a significant
barrier. Simulations may not always fit neatly into rigid educational frameworks focused on
standardized content delivery and assessment. Simulations must be explicitly aligned with learning
objectives and assessment practices to overcome this. The example of SimMan, a high-fidelity clinical
simulator used globally in medical education, demonstrates how simulations can be integrated into
formal training curricula and assessment protocols, reinforcing clinical decision-making, procedural
knowledge, and teamwork under pressure. In summary, Table 3 highlights that while challenges in
adopting simulation-based learning are real and varied, there are practical, evidence-based strategies
and global examples that offer pathways to successful implementation. These insights reinforce the
importance of strategic planning, investment in educator capacity, and alignment with instructional
goals to unlock the full potential of simulation in education.

Fig. 3 presents a comparative visualization of the severity scores associated with three primary barriers
to implementing simulation-based learning in educational environments: Cost/Infrastructure, Teacher
Training, and Curriculum Integration. The scores, measured on a scale of 0 to 100%, reflect each
challenge's relative magnitude and impact as perceived by stakeholders or synthesized from literature.
The most severe barrier, with a score exceeding 90%, is Cost/Infrastructure. This highlights the
widespread concern among educational institutions regarding the financial demands of deploying
simulation technologies. High-quality simulations, particularly those involving virtual reality (VR),
augmented reality (AR), or high-fidelity medical simulators, require an initial investment in equipment
and continued expenditure for software updates, maintenance, and technical support. These challenges
are particularly pronounced in low-resource or rural education settings, where access to the necessary
infrastructure may be limited or absent. Teacher Training, with a severity score of approximately 85%,
is identified as the second most pressing challenge. Even when simulation tools are available, their
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impact is significantly diminished without educators who are confident and competent in using them.
Many teachers lack the pedagogical preparation or technological fluency needed to effectively integrate
simulations into their instruction. This can lead to underutilization or misuse of otherwise powerful
tools. Therefore, professional development and instructional support are critical components of any
successful simulation-based learning initiative.

Severity Score (%)
-] =1 0 o0 [ 2T w s B o] O
=2 ST = B NS N N - - =]

-
N

Cost/Infrastructure ~ Teacher Training Curriculum
Integration
Fig. 3. Severity of Key Implementation Challenges

The third challenge, Curriculum Integration, has a slightly lower severity score of around 80% yet
remains a notable barrier. Many simulation platforms are not inherently aligned with standardized
curricula, making it difficult for educators to incorporate them meaningfully into their lesson plans and
assessment strategies. Without clear curricular links, simulations may be perceived as supplementary
rather than essential learning tools, reducing their adoption and perceived value. Overall, Fig. 3
emphasizes that while simulation-based learning holds great promise, its widespread adoption depends
on addressing these key implementation barriers. Cost, training, and curricular fit must be strategically
managed through targeted investments, policy support, and systemic planning to ensure simulation
technologies' long-term sustainability and educational impact.

5. Conclusion

Simulation-based approaches have become a powerful and increasingly essential component in modern
education systems. Drawing from recent research and case studies, this article highlights how
simulations significantly improve engagement, learning outcomes, and real-world readiness across
diverse educational levels from K-12 to higher education and vocational training. For instance,
simulations boosted student motivation and participation by up to 90%, enhancing critical thinking and
decision-making skills with an impact score of 85% and practical skills development at 88%. These
findings underscore the effectiveness of simulations not only in transferring theoretical knowledge but
also in cultivating experiential and competency-based learning. However, the full potential of
simulation-based learning can only be realized if key implementation challenges are addressed. As
illustrated in Figure 3, cost and infrastructure barriers remain the most severe (91%), followed by
teacher training limitations (85%) and curriculum integration issues (80%). Despite these challenges,
recent success stories such as the adoption of VR welding simulators in Europe, the TeachLivE mixed-
reality platform in the United States, and the global deployment of SimMan in clinical education
demonstrate that strategic investment, professional development, and curriculum alignment can lead to
impactful and scalable implementation. The relevance and timeliness of these insights are amplified in
the context of a post-pandemic educational landscape, where digital transformation and hybrid learning
models are accelerating. Using simulations aligns strongly with 21st-century education goals, enabling
flexible, immersive, and learner-centred experiences. As simulation technology becomes more
accessible and pedagogically integrated, it offers a sustainable path to educational innovation, bridging
the gap between academic theory and practical application and preparing learners more effectively for
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complex, real-world challenges. Considering the growing evidence and technological advances,
educators, policymakers, and institutions are encouraged to adopt simulation-based strategies as a core
component of future-ready teaching and learning frameworks.
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