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Abstract 

This paper critically appraises Simulation and Learning: A Model-Centered Approach by de 

Jong and de Jong (2003), evaluating the educational effectiveness of computer simulations in 

science education through a model-centered approach. The model-centered framework 

positions simulations as interactive tools that enable students to test hypotheses, explore 

variables, and develop deeper conceptual understanding through guided inquiry. This review 

evaluates the educational effectiveness of computer simulations through the lens of model-

centered approach and the framework of theoretical foundations, instructional design 

principles, and empirical insights, highlighting that how simulations facilitate inquiry-based 

learning and conceptual change in science classrooms. Using qualitative content analysis 

supported by contemporary literature to examine how simulations foster active engagement, 

conceptual change, and higher-order reasoning skills. It also identifies key instructional design 

principles for simulation-based learning, discusses their impact on learner participation, and 

highlights their relevance in current educational contexts by drawing connections to emerging 

technologies such as virtual reality and AI-driven adaptive scaffolding. These developments 

extends the opportunities for more personalized and equitable learning experiences. The paper 

concludes with practical recommendations for educators, including strategies for integrating 

affordable simulation platforms, aligning activities with curriculum goals, and leveraging 

guided inquiry for conceptual growth and outlining directions for future research on scalability 

of simulation-based learning and its integration with evolving educational technologies.   

Keywords: computer simulations, science education, model-centered learning, inquiry-based 

learning 

Introduction 

The integration of computer simulations in science education offers opportunities for deeper 

conceptual understanding and inquiry-based learning, allowing students to actively experiment 

with scientific ideas in virtual environments (de Jong & van Joolingen, 1998; Rutten et al., 

2012). Simulation and Learning: A Model-Centered Approach (de Jong & de Jong, 2003) 

presents a model-centered learning framework that emphasizes simulations as manipulable 

models supporting hypothesis testing and iterative exploration in science classrooms. As 

highlighted by the National Education Policy (NEP, 2020), integrating technology in 

classrooms aligns with contemporary educational priorities, with emerging technologies like 
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immersive VR further enhancing simulation-based learning (Makransky & Mayer, 2022). This 

paper critically evaluates the educational effectiveness of computer simulations using de Jong 

and de Jong's (2003) framework, analyzes the role of the model-centered approach in fostering 

conceptual understanding, and explores necessary instructional design principles for effective 

simulation-based learning. 

 
Figure1: Conceptual Framework Illustrating Model-Centered Simulation-Based Science 

Education. 

This figure depicts how model-centered simulations intersect with scaffolding, feedback, 

inquiry-based exploration, and visualization to promote conceptual understanding, leading 

toward conceptual change and scientific reasoning in science classrooms (de Jong & de Jong, 

2003; Rutten et al., 2012). 

 Research Question 

1. How effective are computer simulations in enhancing conceptual understanding and 

inquiry-based learning in science education within the framework presented by de Jong 

and de Jong (2003)? 

Objectives of the paper 

1. To critically evaluate the educational effectiveness of computer simulations in science 

education using the framework presented by de Jong and de Jong (2003). 

 2. To analyze the model-centered approach and its role in facilitating conceptual understanding 

through simulations in science classrooms. 

 3. To explore the instructional design principles necessary for effective simulation-based 

science learning. 
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Literature Review 

The Role of Simulations in Science Education 

Computer simulations are essential tools for enabling learners to explore and visualize complex 

scientific phenomena that are otherwise difficult to observe directly (de Jong & van Joolingen, 

1998; Rutten et al., 2012). Simulations foster hypothesis testing, variable manipulation, and 

iterative experimentation, aligning with inquiry-based learning and constructivist pedagogies 

that emphasize active knowledge construction (National Research Council, 2000). Their visual 

and interactive nature bridges theoretical knowledge with practical application, promoting 

scientific reasoning and deeper conceptual understanding (Windschitl, 2003). 

Role of Model-Centered Approach: The model-centered approach places models at the heart 

of learning, allowing learners to manipulate and refine their understanding through direct 

interaction with simulations (de Jong & de Jong, 2003). De Jong and van Joolingen (1998) 

highlight that scientific discovery learning through simulations enables students to engage in 

authentic scientific practices, promoting deeper conceptual understanding. 

Systematic reviews (Rutten et al., 2012; Smetana & Bell, 2012) confirm simulations enhance 

conceptual understanding, motivation, and inquiry skills when paired with scaffolding, 

feedback, and reflective opportunities. Makransky and Mayer (2022) found immersive VR 

simulations further enhance engagement and conceptual learning when grounded in cognitive 

principles like the immersion principle. These studies underscore the potential of simulations 

to enrich science learning experiences, contingent on thoughtful instructional design. 

While extensive studies confirm the effectiveness of simulations, fewer have critically 

appraised foundational frameworks like the model-centered approach of de Jong and de Jong 

(2003) in light of emerging technologies and current educational policies (NEP, 2020). This 

review addresses this gap by critically evaluating the book's relevance within contemporary 

contexts, identifying how its principles can inform effective, scalable simulation-based 

learning practices and guide adaptation to immersive and AI-enhanced environments for 

inquiry-based conceptual learning in science classroom. 

Methodology 

This review employs a qualitative content analysis of Simulation and Learning: A Model-

Centered Approach (de Jong & de Jong, 2003), conducting systematic reading, annotation, and 

coding of its chapters to extract recurring themes related to the model-centered approach, 

instructional design principles, and conceptual understanding facilitated through simulations 

in science education. The analysis includes categorizing sections under pedagogical 

frameworks, learner engagement strategies, and technology integration perspectives described 

in the book. 

To enhance rigor, supporting literature from de Jong and van Joolingen (1998), Rutten et al. 

(2012), and Makransky and Mayer (2022) are integrated to triangulate and contextualize 

insights from the book within broader scholarly discussions on simulation-based science 

learning. Alignment with the National Education Policy (NEP, 2020) is examined to evaluate 
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how the principles from the book resonate with contemporary educational priorities and 

competency-based approaches in Indian science education. 

This methodology allows a systematic critical appraisal of the book's principles while ensuring 

alignment with contemporary educational practices and research, strengthening the review’s 

relevance for scholars and practitioners aiming to implement effective simulation-based 

science education. 

Theoretical Foundations: Model-Centered Learning 

De Jong and de Jong (2003) emphasize learning through active engagement with manipulable 

models, allowing students to test hypotheses, visualize processes, and refine conceptual 

understanding. This aligns with constructivist theories that prioritize learner-centered, active 

knowledge construction (de Jong & van Joolingen, 1998), situating simulations as essential 

tools for authentic scientific inquiry. 

 Instructional Design Principles 

The book outlines instructional design strategies including scaffolding, feedback, inquiry-

based exploration, and user-friendly interfaces to manage cognitive load in simulations. 

Scaffolding and feedback guide learners through complex concepts, while inquiry-based tasks 

promote critical thinking, aligning with effective simulation-based learning principles 

(Smetana & Bell, 2012; Makransky & Mayer, 2022). 

Empirical Insights and Case Studies 

Case studies presented in the book illustrate improved conceptual understanding in topics like 

mechanics, circuits, and chemical reactions when simulations are integrated with appropriate 

instructional support, aligning with Rutten et al. (2012) and reinforcing the role of simulations 

in promoting scientific reasoning and active engagement. 

Evaluation of Educational Effectiveness 

De Jong and de Jong (2003) argue that simulations foster conceptual change and inquiry skills 

when thoughtfully integrated within a model-centered instructional framework supported by 

structured guidance and reflective activities, emphasizing the conditions necessary for 

maximizing simulation effectiveness. 

Relevance to Contemporary Science Education 

Despite its 2003 publication, the book remains relevant within current pedagogical trends 

emphasizing experiential, inquiry-based learning (NEP, 2020) and aligns with emerging 

immersive technologies (Makransky & Mayer, 2022), providing frameworks adaptable to 

modern classrooms. 

Limitations and Future Directions 

While the book offers a strong framework, it lacks discussions on AR/VR and AI-enhanced 

adaptive simulations, highlighting opportunities for extending its principles (Makransky & 

Mayer, 2022). Future research should adopt mixed-method studies to empirically evaluate the 

scalability of the model-centered approach across diverse contexts and its integration within 

curriculum frameworks aligned with contemporary technology and policy priorities. 
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Analysis and Discussion 

Comparing the Model-Centered Approach with Other Instructional Approaches 

The model-centered approach advocated by de Jong and de Jong (2003) positions simulations 

as manipulable, interactive models through which learners actively test hypotheses and 

iteratively refine their understanding of scientific concepts. This approach balances structure 

with exploration, providing guided inquiry that situates learning within authentic scientific 

practices. 

In contrast, direct instruction emphasizes explicit teaching of concepts and procedures, 

focusing on clarity and efficiency, which is beneficial for foundational knowledge but may 

limit opportunities for exploration and deep conceptual engagement (Kirschner, Sweller, & 

Clark, 2006). Direct instruction can efficiently address misconceptions but may not foster the 

higher-order scientific reasoning and inquiry skills that simulations are designed to cultivate. 

Pure discovery learning, on the other hand, encourages learners to explore content with 

minimal guidance, promoting autonomy but often leading to cognitive overload and superficial 

understanding, particularly in complex domains like science (Mayer, 2004). The model-

centered approach offers a middle path, providing structured exploration with scaffolding and 

feedback, which helps manage cognitive load while retaining learner agency and promoting 

inquiry (de Jong & van Joolingen, 1998). 

Thus, the model-centered use of simulations aligns with guided inquiry-based learning, 

allowing students to actively construct knowledge while benefiting from scaffolding, which 

research suggests is essential for effective science learning (Hmelo-Silver, Duncan, & Chinn, 

2007). 

Limitations of Simulation-Based Learning 

While simulations present numerous pedagogical advantages, they are not without limitations: 

 Equity and Access: Effective simulation-based learning requires access to devices, 

stable electricity, and adequate internet connectivity, which may not be uniformly 

available across different schools, particularly in rural or under-resourced contexts 

(Mouza et al., 2016). This raises concerns about widening educational inequities if 

simulations are implemented without addressing infrastructure gaps. 

 Resource Constraints: High-quality simulations often require financial investments in 

software, hardware, and licensing. Additionally, developing custom-designed 

simulations aligned with specific curriculum standards may incur significant costs and 

require expertise for effective adaptation. 

 Teacher Readiness and Professional Development: Effective integration of 

simulations demands that teachers possess not only content knowledge but also 

technological pedagogical content knowledge (TPACK) to facilitate inquiry-based 

simulation activities (Koehler & Mishra, 2009). Many teachers may feel underprepared 

to manage simulations within classrooms, leading to underutilization or ineffective 

implementation. 
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 Assessment Challenges: Evaluating conceptual understanding and inquiry skills 

developed through simulation-based learning can be challenging using traditional 

paper-based assessments, necessitating alternative assessment practices aligned with 

simulation tasks (Rutten, van Joolingen, & van der Veen, 2012). 

 Risk of Superficial Engagement: Without appropriate scaffolding, learners may 

engage with simulations superficially, focusing on manipulation rather than reflection 

and conceptual integration, which can limit conceptual change (de Jong & van 

Joolingen, 1998). 

Recognizing and addressing these limitations is crucial for designing effective, equitable, and 

sustainable simulation-based science education frameworks. 

 
Figure2:Comparision of Instructional Approaches in Science Education. 

The diagram compares direct instruction, pure discovery learning, and the model-centered 

approach across teacher role, student role, structure and guidance, cognitive load, conceptual 

understanding, and example tools, highlighting the pedagogical distinctions relevant to 

effective science education design (de Jong & van Joolingen, 1998; Kirschner et al., 2006). 

Adapting the Book’s Principles with AR/VR and AI-Based Simulations 

The principles articulated in Simulation and Learning: A Model-Centered Approach can be 

extended to AR/VR and AI-enhanced simulation environments: 

 AR/VR Integration: Immersive simulations in AR/VR can enhance spatial and 

conceptual understanding of complex scientific phenomena (e.g., molecular structures, 

astronomical systems) while maintaining the manipulability emphasized in the model-

centered approach. Using VR, students can conduct experiments within virtual labs that 

mirror real-world processes, deepening engagement and conceptual understanding 

(Makransky & Mayer, 2022). However, consistent with the book’s principles, 

https://ijarmt.com/


International Journal of Advanced Research and 

Multidisciplinary Trends (IJARMT) 
     An International Open Access, Peer Reviewed Refereed Journal 

 Impact Factor: 6.4       Website: https://ijarmt.com          ISSN No.: 3048 9458 

 

Volume 2, Issue 3, July-September 2025                                                                                 664        

scaffolding and feedback remain essential to ensure these immersive experiences result 

in meaningful learning rather than passive exploration. 

 AI-Based Adaptive Scaffolding: AI can dynamically provide personalized scaffolding 

and feedback during simulation-based tasks, adapting to individual learners’ needs in 

real-time, thus operationalizing the model-centered approach at scale. AI tutors can 

analyze learner interactions within simulations and intervene with hints, corrective 

feedback, or probing questions to facilitate conceptual refinement and hypothesis 

testing, addressing the limitations of static guidance systems (Roll & Wylie, 2016). 

 Data-Driven Teacher Support: AI analytics embedded within simulations can 

provide teachers with actionable insights about learner progress, engagement, and 

misconceptions, supporting teacher readiness and effective facilitation in simulation-

based science classrooms (Koehler & Mishra, 2009). 

 Equity-Oriented Adaptation: Mobile-based AR applications and browser-based AI-

supported simulations can help lower the infrastructure barriers in under-resourced 

contexts, aligning with equity considerations while enabling model-centered 

simulation-based learning (Mouza et al., 2016). 

In conclusion, the model-centered approach is highly adaptable to AR/VR and AI-

enhanced simulation environments, retaining its foundational focus on learner interaction 

with manageable models, inquiry-driven hypothesis testing, and conceptual refinement, while 

aligning simulation-based science education with the evolving technological landscape. 

Educational Implications for Educators 

De Jong and de Jong (2003) provide a clear framework for leveraging simulations to foster 

conceptual understanding and inquiry in science education. Educators can apply these insights 

by: 

 Structuring Guided Inquiry: Use simulations as manipulable models to allow 

students to test hypotheses, visualize abstract processes, and reflect on outcomes with 

structured scaffolding and feedback. 

 Aligning with Curriculum Goals: Identify science concepts (e.g., forces, circuits, 

chemical reactions) that benefit from dynamic visualization and align simulations with 

lesson objectives. 

 Promoting Active Engagement: Encourage students to predict, observe, and explain 

phenomena within the simulation, followed by class discussions to consolidate 

conceptual change. 

 Managing Cognitive Load: Provide clear initial guidance, modeling how to use 

simulations effectively before allowing independent or group inquiry. 

Low-Cost Simulation Integration Strategies: 

 Utilize open-access platforms like PhET simulations, which cover physics, chemistry, 

and biology concepts with interactive, user-friendly designs. 

 Integrate Google Earth or virtual labs for environmental and earth science 

explorations. 
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 Design guided worksheets aligned with simulations, helping students focus on 

variables, predictions, and data interpretation. 

 Leverage blended learning, using simulations during lab downtime or as pre-lab 

conceptual preparation without requiring expensive hardware. 

 Use project-based learning, allowing students to design small experiments within 

simulations to investigate real-world problems while promoting scientific reasoning. 

By strategically integrating model-centered simulations within inquiry-based teaching, 

educators can enhance conceptual understanding, support active learning, and foster scientific 

reasoning even in resource-constrained settings. 

 
Figure3:Low-Cost Simulation Integration in Science Teaching Workflow. 

This workflow outlines practical, resource-conscious steps for teachers to implement 

simulation-based learning, including identifying concepts, selecting free or low-cost 

simulations (e.g., PhET), designing guided worksheets, introducing simulations with modeling, 

facilitating inquiry-based exploration, conducting reflection, and assessing student 

understanding, aligned with the model-centered approach (de Jong & de Jong, 2003; Rutten et 

al., 2012). 

Conclusion 

Simulation and Learning: A Model-Centered Approach by de Jong and de Jong (2003) provides 

a foundational perspective on simulation-based science education, demonstrating that 

simulations can serve as core instructional tools when grounded in a model-centered, inquiry-

oriented framework. The principles of scaffolding, feedback, and cognitive load management 

remain relevant for designing effective simulation-based curricula, aligning with constructivist 

engagement and policy directions (NEP, 2020). The book underscores the potential of 
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simulations to transform science classrooms into spaces for authentic inquiry and conceptual 

growth, emphasizing the need for careful attention to instructional design to facilitate 

meaningful learning and critical thinking among learners. Educators and curriculum designers 

should integrate model-centered simulations purposefully, ensuring alignment with learning 

objectives while balancing cognitive load to support inquiry. Teacher professional 

development on designing and facilitating simulation-based activities is recommended to 

maximize instructional effectiveness. Additionally, future research can focus on localized 

studies examining the impact of simulations within diverse science education contexts to 

expand evidence for practice. 
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