
                                                                                   International Journal Advanced Research Publication 

www.ijarp.com                                                                                                                                                                                                                                 

       1 

 

 

 

USE OF SIMULATION AND DIGITAL TOOLS IN TEACHING 

AUTOMOTIVE SYSTEMS: A REVIEW OF BEST PRACTICES IN 

POLYTECHNIC EDUCATION 

 

*Michael Runesu Shamu 

 

Department of Mechanical Engineering, RP Kigali College, P.O Box 6579 Kigali, Rwanda. 

 

 

 

 

 

ABSTRACT 

The rapid digital transformation of the automotive industry has generated a need for 

significant changes in engineering education especially in polytechnic institutions that 

prepare students for technical careers. This review article explores how digital and simulation 

based learning technologies are used in automotive engineering education. It focuses on tools 

such as simulation software, computer-aided design (CAD), diagnostic systems, virtual and 

augmented reality environments as well as online learning platforms. Based on recent 

literature, the study analyzes how these technologies improve safety during training, increase 

student engagement, strengthen diagnostic skills and help connect theoretical knowledge with 

practical application. In addition to reviewing existing studies, the article presents an 

Integrated digital simulation adoption framework (IDSAF). This framework explains the 

adoption of digital learning as a process determined by institutional needs, technology use, 

teaching methods and organizational support. It demonstrates that technology alone does not 

improve education, infact, significant results are achieved when digital tools are 

complemented by hands-on learning approaches, qualified instructors and updated curricula. 

The review also highlights common challenges faced by polytechnic institutions which 

include limited infrastructure, insufficient teacher training and resistance to change in 

teaching practices, especially in resource constrained settings. This study provides a clear 

conceptual model that can help educators, policymakers and researchers plan for sustainable 

digital transformation in technical education. It offers guidance on how to integrate digital 

tools in ways that truly enhance skills development rather than simply upgrading equipment. 

The paper concludes by recommending future empirical studies to test the proposed 
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framework and examine the long-term effects of simulation based learning on graduate 

preparedness, technical competence and adaptation to evolving industry demands. 

 

KEYWORDS: Simulation based learning, Automotive engineering training, Digital 

transformation, Polytechnic education, Experiential learning, Conceptual framework. 

 

1. INTRODUCTION 

1.1 Evolution of digital learning tools in technical education 

Over the past twenty years, digital learning tools have significantly transformed how teaching 

and learning are delivered in technical and vocational education. Tools such as Computer-

Aided Design (CAD) software and simulation systems have transformed hands-on training, 

moving away from purely practical methods toward blended approaches that combine theory, 

practice and visual learning (Garcia-Penalvo & Seoane-Pardo, 2015). In the early 2000s, 

automotive programs began using basic 2D and 3D design software. However, today, many 

polytechnic colleges rely on advanced digital systems that include simulations, remote 

experiments and interactive learning platforms (Sánchez et al., 2020). 

Simulation-based learning was primarily developed to address the challenges of traditional 

workshop-based training. These challenges include limited access to vehicles, high 

equipment maintenance costs and safety risks for students (de Jong et al., 2013). As digital 

transformation has expanded into higher education, simulation tools have offered a practical 

solution by enabling affordable, repeatable and easily scalable performance of complex 

automotive experiments. According to Marques & García-Peñalvo (2021), simulations 

accurately represent real-world automotive conditions. Furthermore, modern learning 

technologies such as virtual laboratories, cloud-based diagnostic platforms and AI-powered 

learning analytics have become an important part of automotive programs at polytechnic 

institutions (Nosratinia & Zakeri, 2021). 

Polytechnic institutions have taken a leading role in adopting these technologies as their 

training focuses primarily on practical skills and industry needs. Research demonstrates that 

simulation-based teaching enhances experiential learning by connecting classroom concepts 

with real-world industrial practice (Freeman et al., 2014). As a result, the increasing use of 

digital and simulation-based teaching methods support Industry 4.0 goals and help prepare 

automotive technicians with skills relevant to future work environments.  
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1.2 The role of simulation in automotive engineering education 

Simulation tools play a fundamental role in automotive engineering education by helping 

students gain a clearer understanding of complex mechanical and electrical systems. Through 

simulation, instructors can recreate engine operation, failure scenarios and diagnostic 

processes in a controlled digital environment. This allow students to observe how automotive 

systems function and interact with components without physically disassembling engines or 

vehicles (Santos et al., 2018). This approach supports constructivist learning theory which 

prioritizes learning through active participation, experimentation and continuous feedback 

(Kolb, 2014). 

Research by Makransky and Petersen, (2019) demonstrates that simulation-based training in 

automotive education improves both theoretical understanding and practical skills. Students 

who use simulations develop stronger diagnostic thinking and are better able to apply 

classroom knowledge to practical situations. These tools are valuable in polytechnic 

institutions where hands-on learning is prioritized but access to physical engines and vehicles 

testing is often limited due to cost and resource constraints (Zhou and Xu, 2020). Recent 

developments such as real-time engine performance simulators and vehicle communication 

system simulations such as the Controller Area Network (CAN) bus models allow students to 

interact with virtual systems that closely resemble real vehicles (Azuma, 1997). Sin this case, 

students can safely simulate failures, observe system responses and test solutions as many 

times as needed. In this way, simulation improves learning effectiveness while at the same 

time promoting sustainable education by reducing material usage, equipment wear and tear 

and environmental impact. 

 

2. Overview of simulation tools 

2.1 Engine and transmission simulators 

Engine and transmission simulators are essential tools for teaching powertrain systems in 

automotive engineering. These simulators range from basic mathematical models based on 

physical laws to advanced 3D interactive environments where students can work with virtual 

engine and transmission components (Yüce and Güngör, 2020). Balamuralithara and Woods 

(2009) point out that widely used platforms such as LabVolt's Automotive Engine Trainer 

and simulators based on OpenModelica allow students to model key internal combustion 

engine variables such as pressure, torque, air-fuel ratio and ignition timing in controlled 

digital laboratory environments. 
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One of the main learning advantages of these simulators is their ability to reproduce both 

normal operating conditions and failure situations at different speeds and loads. Achieving 

this level of variation in real workshops is often difficult and risky, as it can damage the 

physical equipment. For instance, MATLAB/Simulink is commonly used to simulate 

transmission systems which allow students to modify input values and immediately observe 

how the system responds (MathWorks, 2023). Similarly, industry-grade software such as 

AVL Cruise and GT-SUITE facilitates teaching and research by providing accurate 

simulations of multiple vehicle systems (AVL, 2020). 

Studies show that polytechnic students trained with engine and transmission simulators 

demonstrate greater diagnostic accuracy and solve technical problems more quickly (Prince, 

2004). These findings reflect global trends that recognize digital literacy as a key skill in 

modern automotive technology training. 

 

2.2 Electrical system and CAN bus simulation 

Bosch, (2018) highlights that electrical and electronic systems account for more than 40% of 

the functions of modern vehicles. These systems support safety, infotainment and control 

operations, most of which are managed via the CAN bus. Teaching these systems require an 

accurate representation of electrical circuits, sensors, actuators and communication protocols, 

for which simulation tools are ideal. At the same time, professional simulation platforms such 

as NI Multisim, Proteus and Simulink-based CAN tools are widely used in polytechnic 

programs to model electrical behavior and network communication in vehicles (Shehova et 

al., 2020). These tools allow students to design circuits, test system behavior and diagnose 

faults in a safe virtual environment before working with real hardware. Some training 

institutions use CAN and Vector software in their laboratories to teach vehicle 

communication diagnostics thereby helping students to get exposed with tools common in the 

automotive industry (Vector Informatik, 2023). 

Research shows that using simulation in electrical and communication systems training can 

reduce troubleshooting time by approximately 25% during student assessments (Radianti et 

al., 2020). Furthermore, hands-on practice with virtual CAN diagnostics helps students better 

understand real-world automotive communication standards which improve their readiness 

for the job market. 
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2.3 Vehicle diagnostic and fault detection platforms 

Modern vehicles are equipped with numerous sensors that continuously send performance 

data to on-board control units. Diagnostic platforms such as Bosch KTS, Autel MaxiSys and 

Snap-on Solus are now essential tools in both automotive training and professional repairs 

(Bosch Automotive, 2022). In polytechnic education, these digital diagnostic systems are 

used to simulate fault codes, analyze live vehicle data and perform active component testing. 

As such, instructors can integrate these tools into blended learning modules to enable students 

to alternate between virtual diagnostic exercises and real vehicle testing. Research by 

Alsubaie and Alghamdi (2021), demonstrate significant improvements in the understanding 

of engine management systems among technical students trained through simulated fault 

scenarios. In addition, web-based diagnostic systems such as OBD-II virtual trainers facilitate 

remote laboratory work in line with post-pandemic trends towards hybrid and distance 

technical education (El-Sayed and El-Shafei, 2020). Thus, the convergence of simulation and 

diagnostic technologies has created a powerful synergy that reinforces both analytical and 

practical learning while ensuring that curriculum content reflects current industry practices. 

 

3. Virtual and augmented reality in automotive education 

3.1 Virtual reality laboratories for engine assembly and disassembly 

Virtual Reality (VR) is widely used in automotive engineering education as an advanced 

form of simulation-based learning. These create immersive, three-dimensional models of 

automotive systems which allow students to interact with engines, transmissions and related 

subsystems in a way that closely resembles real-world workshop activities (Santos et al., 

2018). In particular, VR-based engine assembly and disassembly laboratories enable students 

to examine internal components, follow correct assembly procedures and understand 

mechanical relationships without relying on physical engines. 

At polytechnic institutions, VR laboratories help address persistent challenges such as limited 

access to training engines, high maintenance costs and safety risks during hands-on sessions 

(de Jong et al., 2013). By allowing students to repeat assembly and disassembly tasks in a 

virtual environment, VR fosters learning through practice, mistakes and reflection. This 

approach aligns well with experiential learning theory which emphasizes hands-on learning 

and continuous feedback (Kolb, 2014). Students can observe component interactions in real 

time, freely rotate assemblies and observe internal processes that are often difficult to see in 

real engines. 
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Research shows that VR training improves students’ spatial awareness and accuracy when 

working with complex systems such as internal combustion engines and hybrid propulsion 

systems (Yüce and Güngör, 2020). Furthermore, VR laboratories promote sustainable 

education by reducing physical damage to equipment and material usage. This makes VR 

particularly well-suited for polytechnic institutions with large student populations and limited 

resources (Zhou and Xu, 2020). 

 

3.2 Augmented reality for parts and systems identification 

Augmented Reality (AR) works in conjunction with VR by adding digital information to real 

automotive components, facilitating learning closely linked to real-world tasks. In automotive 

education, AR is commonly used to identify parts, understand system design and guide 

maintenance activities. Digital labels, diagrams and performance data are displayed directly 

on physical vehicles or training equipment which help students connect theory with practice 

(Sánchez et al., 2020). 

AR-based learning improves students’ ability to correctly identify components and 

understand how systems connect, especially in complex electrical and electronic systems 

(Azuma, 1997). By offering real-time visual support, AR reduces mental overload and helps 

beginners who may struggle to follow traditional manuals or wiring diagrams (Nosratinia and 

Zakeri, 2021). 

In polytechnic education, studies show that AR improves task accuracy and reduces students' 

reliance on constant instructor guidance which enable them to work independently during 

practical sessions (Radianti et al., 2020). Moreover, AR reflects current industry practices in 

automotive maintenance and manufacturing where digital overlays and intelligent diagnostic 

tools are increasingly being used (Bosch Automotive, 2022). As a result, AR-based 

instruction reinforces alignment with industry standards while maintaining the hands-on and 

direct approach of automotive training. 

 

4. Benefits of simulation in education 

4.1 Safety, repeatability and cost reduction 

One of the most important benefits of simulation based learning in automotive engineering is 

the improvement of safety during training. Automotive systems involve high temperatures, 

high speed moving components, pressurized fluids and complex electrical circuits which can 

be dangerous for inexperienced students. In this case, according to Fowler (2015), simulated 

environments eliminate these risks and allow students to experience realistic operating 
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conditions and failure scenarios. Simulation also allow learning activities to be repeated as 

many times as will be necessary under the same conditions. This is useful in automotive 

education where real-world vehicle failures are often unpredictable and difficult to recreate in 

a controlled manner (Santos et al., 2018). Hence, repeated practices in simulated 

environments help students strengthen their understanding and gradually master complex 

systems. 

From an institutional perspective, simulation helps reduce costs by decreasing the need for 

physical engines, spare parts, consumables and frequent equipment repairs. This makes 

simulation based learning a cost-effective and sustainable option for polytechnic institutions 

which serve a large number of students with limited resources (Zhou & Xu, 2020). 

 

4.2 Increased student engagement and performance 

Freeman et al., (2014) argue that research consistently demonstrate that simulation based 

learning increases student engagement by fostering active participation and hands-on problem 

solving. Unlike traditional lectures, simulation environments require students to make 

decisions, test ideas and observe system behavior which result to deeper learning. 

Studies also show that students trained with simulation tools develop stronger diagnostic 

skills, identify faults more quickly and gain greater confidence when transitioning from 

virtual tasks to real-world workshop activities (Makransky & Petersen, 2019). The visual 

representation of complex ideas such as control systems, signal flow and thermal processes 

help students understand complex concepts more clearly and reduces learning difficulties 

(Yüce and Güngör, 2020). 

Simulation based teaching also facilitates continuous feedback, allowing students to 

recognize errors and adjust their approach immediately. This cycle of practice, feedback and 

improvement leads to better learning outcomes and the development of long-term skills 

(Prince, 2004). 

 

4.3 Bridging the gap between theory and practice 

One of the main challenges in automotive engineering education is connecting theoretical 

knowledge with practical skills. Simulation tools help address this challenge by integrating 

mathematical models, design principles and system behavior into a single learning 

environment (Garcia-Penalvo & Seoane-Pardo, 2015). 

By allowing students to apply theory to realistic simulated scenarios, this type of learning 

enhances knowledge transfer and prepares them for real-world tasks in industry (Santos et al., 

http://www.ijarp.com/


                                                                                   International Journal Advanced Research Publication 

www.ijarp.com                                                                                                                                                                                                                                 

       8 

 

2018). This approach is especially important in polytechnic education where graduates are 

expected to be ready for the job market from the outset. 

Furthermore, simulation facilitates blended learning approaches that combine digital 

experiments with hands-on experience in workshops. This ensures that theoretical concepts 

are reinforced through practical application (Zhou and Xu, 2020). As a result, simulation-

based education acts as a bridge between theory and practice which improves clarity, 

relevance and effectiveness in automotive engineering training. 

 

5. Integration of CAD and diagnostic software 

5.1 Use of SolidWorks, AutoCAD and MATLAB in design and analysis 

The use of computer-aided design (CAD) and analysis software has become a key component 

of modern automotive engineering education, especially at polytechnic institutions that focus 

on practical skills. Software such as SolidWorks and AutoCAD are widely used to support 

the design, modeling and visualization of automotive parts and systems. These tools help 

students translate theoretical ideas into accurate digital designs (Garcia-Penalvo & Seoane-

Pardo, 2015). 

SolidWorks allow students to create three-dimensional models and simulate assemblies, 

facilitating the study of how components fit together, interact and function within design 

constraints. This process enhances spatial understanding and facilitates the iteration of design 

improvements that reflect real-world industry practices (Santos et al., 2018). AutoCAD, on 

the other hand, is primarily used for two-dimensional technical drawings and designs. It is 

especially important for the design of chassis components, shop layouts and electrical wiring 

diagrams (Sánchez et al., 2020). When used together, both SolidWorks and AutoCAD help 

students understand engineering drawings, design standards and technical documentation. 

MATLAB and the Simulink environment play a fundamental role in systems analysis and 

simulation in automotive education. These tools allow students to model and study dynamic 

systems such as engine operation, propulsion system performance and control strategies using 

mathematical equations and block based simulations (MathWorks, 2023). Research shows 

that incorporating MATLAB based analysis into automotive courses help students to connect 

better mathematical theory with the behavior of real-world systems thereby improving 

analytical thinking and problem solving skills (Yüce and Güngör, 2020). 

On the other hand, the use of CAD tools in conjunction with analytical software facilitates a 

learning process that involves the design, analysis and evaluation of solutions which aligns 

well with experiential and constructivist learning theories (Kolb, 2014). By allowing students 
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to test designs digitally before building physical models, polytechnic institutions can optimize 

workshop time while strengthening conceptual understanding and design accuracy (Zhou & 

Xu, 2020). 

 

5.2 Real-time diagnostic tools and their educational applications 

Real-time diagnostic software has become increasingly important in automotive training as 

vehicle systems become more reliant on electronics and digital control. Diagnostic tools such 

as Bosch KTS, Autel MaxiSys and Snap-on systems allow students to access real-time 

vehicle data, read fault codes and perform active tests in both simulated and real-world 

training environments (Bosch Automotive, 2022). 

In educational settings, these diagnostic tools are often combined with simulation platforms 

to create realistic failure scenarios. This allows students to practice troubleshooting without 

the risk of damaging physical systems or encountering safety hazards (Makransky & 

Petersen, 2019). Working with real-time data also helps students understand how sensors 

function, how actuators respond and how electronic control units make decisions, which is 

essential in modern vehicles (Azuma, 1997). 

Furthermore, CAN bus diagnostic simulators allow students to observe the communication 

between electronic control units thereby helping them better understand vehicle network 

structures (Radianti et al., 2020). These tools connect classroom learning with real-world 

industry practice, exposing students to diagnostic methods and workflows commonly used in 

professional automotive service environments (Vector Informatik, 2023). 

Overally, integrating real-time diagnostic software into automotive training improves 

practical skills, speeds up fault diagnosis and prepares graduates for modern, digitally driven 

automotive work environments (Garcia-Penalvo & Seoane-Pardo, 2015). 

 

6. Online learning platforms and virtual laboratories 

6.1 Integration with learning management systems (Moodle and Google Classroom) 

Online learning platforms and learning management systems (LMS) are now an important 

part of simulation based automotive training especially in blended and hybrid learning 

formats. Platforms such as Moodle and Google Classroom facilitate course delivery, 

assessment management, communication with students and progress tracking. This facilitates 

the organized integration of digital tools into automotive training programs (Nosratinia and 

Zakeri, 2021). 
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In polytechnic institutions, learning management system (LMS) platforms are widely used to 

host simulation guides, CAD assignments, diagnostic exercises and instructional videos that 

complement hands-on workshop training (El-Sayed and El-Shafei, 2020). This approach 

improves learning continuity by allowing students to access learning materials, simulation 

activities and feedback outside of class time. 

Studies show that automotive courses using LMS platforms improve students’ organization, 

participation and independent learning skills by providing a single, structured space for 

digital resources and learning activities (Freeman et al., 2014). In addition, LMS tools 

facilitate formative assessment through quizzes, discussion forums and assignment 

submissions. This enable instructors to track student progress and provide timely feedback 

which is consistent with simulation based learning tasks (de Jong et al., 2013). 

 

6.2 Virtual workshops and remote assessments 

Virtual laboratories and workshops have become common as extensions of simulation based 

learning especially given the growing demand for flexible and remote technical education. 

Virtual workshops allow students to work with engine simulators, diagnostic systems and 

electrical simulations through online platforms which reduces the need for constant access to 

physical laboratories (El-Sayed & El-Shafei, 2020). According to Prince, (2004), remote 

assessment methods such as virtual problem solving assignments, CAD design submissions 

and simulation based performance tests allow instructors to evaluate both theoretical 

understanding and practical skills in online environments. These methods reflect post 

pandemic educational trends that focus on flexibility, access and continuity of technical 

training (Nosratinia & Zakeri, 2021). 

Furthermore, virtual laboratories also promote equitable access to learning resources by 

allowing many students to use the same simulated systems simultaneously. This helps 

address challenges such as limited equipment and large class sizes (Zhou & Xu, 2020). When 

combined with LMS platforms, virtual laboratories form integrated digital learning 

environments that facilitate reliable assessment, active student engagement and scalable 

instruction. 

 

7. Implementation challenges 

7.1 High initial costs and infrastructure needs 

Zhou and Xu, 2020 suggest that while digital and simulation based tools offer numerous 

advantages in automotive engineering education, their adoption is often limited by high initial 
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costs and demanding infrastructure requirements. Advanced simulation software, CAD tools, 

diagnostic systems and virtual laboratory technologies typically require a considerable 

financial investment. This includes licensed software, powerful computers and stable network 

systems.  

Polytechnics, especially those with limited resources struggle to acquire and maintain 

industry standard tools such as MATLAB/Simulink, CAN bus simulators and advanced 

diagnostic platforms (Garcia-Penalvo & Seoane-Pardo, 2015). In addition to the cost of 

acquiring these tools, institutions must also cover ongoing expenses related to software 

updates, system maintenance and technical support which places further strain on already 

tight budgets (de Jong et al., 2013). As a result, some institutions only partially adopt digital 

tools and in the end the impact on teaching and learning is decreased. 

Infrastructure challenges further complicate implementation. Limited laboratory space, 

inadequate computer facilities and unreliable internet connections can affect the uniform use 

of simulation based learning across all courses (Nosratinia & Zakeri, 2021). These limitations 

often prevent institutions from fully integrating digital tools which leads to unequal learning 

experiences for students. 

 

7.2 Lack of trained instructors 

The effective use of digital tools in automotive training depends heavily on the skills and 

confidence of instructors. However, many instructors at polytechnic institutions were trained 

in traditional, workshop centered teaching methods and may not have received formal 

training in simulation software, CAD systems or digital diagnostic tools (Prince, 2004). This 

skills gap poses as a significant challenge to the success of digital integration. 

Without proper training and support, instructors may use simulation tools in a limited way or 

fail to apply them effectively in problem based, hands-on learning (Kolb, 2014). Research 

shows that when educators are not familiar with digital platforms, these tools are often used 

only for demonstrations rather than for active student engagement (Makransky & Petersen, 

2019). As such, this limits the benefits of simulation based learning and can reduce its impact 

on student achievement. 

The lack of structured institutional support for ongoing professional development exacerbates 

this challenge. As digital technologies continue to evolve, instructors need regular training to 

update their technical skills and teaching approaches so they remain aligned with industry 

standards and curriculum objectives (Garcia-Penalvo & Seoane-Pardo, 2015). Hence, 
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addressing this issue is critical to sustaining long term digital transformation in automotive 

education. 

 

7.3 Resistance to change from traditional teaching methods 

Resistance to change is another significant challenge in the adoption of digital and simulation 

based learning in automotive education. Traditional workshop based teaching has long been 

central to polytechnic training and both instructors and students may be reluctant to 

incorporate digital tools alongside hands-on practice (Santos et al., 2018). 

This resistance often stems from the belief that simulations cannot fully capture the 

complexity of real mechanical systems or that increased use of digital tools may undermine 

the development of practical skills (Zhou and Xu, 2020). In some institutions, deeply 

ingrained teaching cultures that prioritize traditional methods over innovation further hinder 

the adoption of new approaches (de Jong et al., 2013). 

Freeman et al., (2014) highlight that students who are accustomed to conventional classroom 

and workshop instruction may also have initial difficulties adapting to self directed learning 

with technology, which can affect motivation and engagement. However, to overcome 

resistance require careful change management which include a clear explanation of the 

benefits, phased implementation and the use of digital tools to support, not replace, traditional 

workshop based training (Nosratinia & Zakeri, 2021). 

 

8. Sustainability of polytechnic education 

8.1 Sustainable strategies for adopting digital tools 

The reviewed studies clearly demonstrate that digital tools such as simulation software, CAD 

systems, diagnostic platforms and virtual learning environments are now a fundamental 

component of modern automotive engineering education. These tools foster hands-on 

learning, enhance diagnostic skills and help align training with current industry needs (Santos 

et al., 2018). However, to ensure the sustainability of these benefits, institutions must adopt 

realistic implementation strategies tailored to their specific contexts. 

Thus, sustainable use of digital tools require gradual and well planned integration. Research 

highlights the value of phased approaches that balance technological progress with available 

institutional resources. Zhou and Xu, (2020) suggest that scalable and flexible platforms 

which include modular simulation tools and blended learning systems can be introduced 

gradually as funding and capacity increase. This reduces financial pressure while maintaining 

consistency in teaching and learning. 
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In addition, collaboration with industry partners and software providers is also identified as 

an effective way to promote long-term sustainability. Educational software licenses, shared 

platforms and access to industry relevant tools help keep curricula upto date and reduce costs 

in the long run (Vector Informatik, 2023). Also, the use of digital tools promote sustainable 

education by reducing material waste, energy consumption and reliance on physical 

equipment. This aligns automotive training with broader environmental and sustainability 

goals (Marques and García-Peñalvo, 2021). 

 

8.2 Teacher training and curriculum redesign 

The success of digital transformation in automotive training depends largely on instructor 

preparation and curriculum alignment. Literature strongly emphasizes the need for ongoing 

professional development to help instructors acquire effective technical skills and teaching 

strategies for simulation based learning (Makransky & Petersen, 2019). Without adequate 

training, digital tools are often not used to their full potential, hence, teacher training should 

go beyond basic software use and focus on how digital tools can support active learning, 

problem-solving and reflection (Kolb, 2014). Therefore, including digital teaching methods 

in professional development programs strengthens instructor confidence, reduces resistance 

to change and promotes the systematic use of digital tools across different courses (Garcia-

Penalvo & Seoane-Pardo, 2015). In the same vein, Nosratinia & Zakeri, (2021) state that the 

redesign of curriculum as being equally important to ensure that digital tools are fully 

integrated into teaching and learning, rather than to be added as optional extras. 

Consequently, research recommends curriculum frameworks that clearly link learning 

outcomes, teaching activities and assessment methods to simulation based learning objectives 

such as blended approaches that combine simulations, virtual laboratories and hands-on 

workshops which are effective. These preserve the practical focus of polytechnic education 

while developing essential digital skills (Zhou & Xu, 2020). 

Overally, a coordinated strategy that integrates sustainable technology adoption, ongoing 

instructor training and comprehensive curriculum redesign is essential to maximizing the 

benefits of digital tools in automotive engineering education. This approach ensures that 

polytechnic graduates develop strong technical skills, digital competence and adaptability 

which adequately prepare them for the demands of today's automotive industry. 
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9. Conceptual synthesis and proposed framework for the adoption of digital simulation 

in automotive engineering education 

9.1 Conceptual integration of the reviewed literature 

While existing studies extensively document the benefits of simulation technologies, virtual 

laboratories, CAD systems and diagnostic platforms in automotive engineering education, the 

reviewed literature largely examines these technologies in isolation. A critical synthesis of 

the reviewed studies reveals that educational effectiveness arises not solely from individual 

technologies but from the systematic interaction between technological tools, pedagogical 

strategies and institutional preparedness. 

Across the literature reviewed in this article, three recurring dimensions emerge, namely: 

a. Technological – these include simulation software, CAD tools, diagnostic platforms and 

VR/AR environments for visualization, experimentation and the safe acquisition of skills. 

b. Pedagogical – these involve experiential learning, constructivist approaches and blended 

learning models which facilitate meaningful interaction with digital tools. 

iii. Institutional – These are infrastructure availability, instructor competence, curriculum 

alignment and organizational support which determine the sustainability of adoption. 

While previous research recognizes these factors individually, few studies offer an integrated 

explanatory model that shows how, they produce educational outcomes in polytechnic 

automotive education together. Therefore, this review proposes an integrated conceptual 

framework that synthesizes the findings of simulation based learning, digital transformation 

in education and experiential learning theory. 

 

9.2 Proposed integrated framework for digital simulation  

 

Figure 1: Integrated digital simulation adoption framework (IDSAF) 
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The IDSAF above was developed from synthesis of the empirical and theoretical literature 

reviewed in this study. It explains digital transformation in automotive engineering education 

as a connected system, not simply as the introduction of new technologies. Institutional needs 

such as Industry 4.0 skills, limited resources and safety concerns drive the use of digital tools 

such as simulation software, CAD systems, diagnostic technologies and VR/AR 

environments. However, these tools enhance learning only when supported by effective 

teaching approaches based on experiential and constructivist learning which include blended 

and problem based methods. Successful implementation also depends on factors such as 

instructor skills, adequate infrastructure and curriculum improvement. When these elements 

work together, they improve student engagement, diagnostic skills, training efficiency and 

industry readiness, demonstrating how digital ecosystems can sustainably support skills 

development in polytechnic automotive education. The framework is made up of the 

following core components: 

 

a. Institutional drivers (Input layer) 

These represent the pressures that motivate adoption: 

• Industry 4.0 workforce demands 

• Skills shortages in modern automotive systems 

• Limited resources in workshops and safety concerns 

These drivers initiate the transition to digital learning environments. 

 

b. Integration of digital tools (Technology layer) 

The framework groups the technologies analyzed in the review into a unified ecosystem: 

• Simulation software (engine, electrical system, CAN systems) 

• CAD and modeling tools 

• Diagnostic platforms 

• Virtual and Augmented Reality systems 

• Online learning environments 

Instead of operating independently, these tools form a digital learning infrastructure. 

 

c. Pedagogical processes (Learning mechanisms layer) 

Technology only becomes educationally effective when mediated through pedagogy: 

• Experiential learning cycles 

• Problem-based learning 
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• Blended and hybrid instruction 

• Iterative practice and feedback 

This aligns well with Kolb's experiential learning theory which is referenced throughout the 

review. 

 

d. Enabling factors (Implementation moderators) 

Literature consistently identifies enabling conditions that determine success which are 

• Teacher digital competence 

• Curriculum redesign 

• Institutional investment 

• Infrastructure reliability 

These factors act as moderators which influence the effectiveness of adoption. 

 

e. Educational outcomes (Output layer) 

When all components interact effectively, institutions achieve the following 

• Improved diagnostic reasoning 

• Greater student engagement 

• Reduced training costs 

• Industry-ready graduates 

• Sustainable technical education 

 

9.3 Theoretical contribution of the framework 

The proposed framework enhances existing research in three ways: 

a. Integration contribution - it unifies fragmented research on simulation platforms, VR/AR, 

CAD and LMS into a single explanatory framework. 

b. Contextual contribution - it explains digital adoption specifically in polytechnic and 

resource constrained educational environments, a context underrepresented in the current 

literature. 

c. Pedagogical contribution - it demonstrates that educational outcomes arise from the 

interaction between technology and pedagogy, rather than from the mere presence of 

technology alone. 
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9.4 Implications for research and practice 

i. Educational practice 

Institutions should avoid the isolated adoption of technology and instead, should implement 

coordinated strategies that integrate pedagogy, teacher training and curriculum redesign. 

ii. Policy implications 

Policymakers should prioritize phased investment models that combine infrastructure 

development with professional capacity building. 

iii. Future research directions 

 

Future empirical studies may: 

• Quantitatively validate the framework. 

• Compare the outcomes of adoption in developed and developing contexts. 

• Examine long term competency development through simulation ecosystems. 

 

10. CONCLUSION AND FUTURE RESEARCH 

This review explored the increasing use of digital technologies in automotive engineering 

education and highlighted the important role played by simulation tools, CAD systems, 

diagnostic software, virtual and augmented reality environments as well as online learning 

platforms. The reviewed literature shows that simulation based learning improves safety 

during training, increases student engagement, strengthens diagnostic thinking and helps 

students connect theory with practical skills. These findings confirm that digital competence 

is becoming essential for graduates who will work in modern automotive industries which is 

influenced by the advancements of Industry 4.0. 

Based on the reviewed studies, this document proposed the Integrated digital simulation 

adoption framework (IDSAF) which explains digital transformation as a process shaped by 

technology, teaching methods and institutional support. The framework emphasizes that 

successful educational outcomes depend not only on having advanced technology but also on 

its proper integration into teaching practice, the support of trained instructors and its 

alignment with curriculum design. By focusing on polytechnic education, the framework 

offers a clear explanation of how simulation based learning systems can enable scalable, 

practical and cost-effective technical training. 

Future research should aim to test the proposed framework in different educational settings to 

confirm its practical value. Long-term studies are needed to assess how simulation based 

learning influence graduates' employability and professional skills over time. Comparative 
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research between developing and developed education systems could also help identify 

contextual factors that influence the success of digital adoption. In addition, studies on 

teacher professional development and affordable implementation approaches would provide 

useful evidence for policymakers seeking to promote sustainable digital transformation in 

technical education. 
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