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Abstract 

his article explores the role of simulations in enhancing critical thinking skills within the realm of science 
education. In today's rapidly evolving world, the ability to think critically is paramount, particularly in 

scientific fields where understanding complex concepts and navigating uncertainty are essential. Traditional 
instructional methods often fall short in promoting critical thinking, necessitating innovative approaches. 
Simulations offer dynamic, experiential learning opportunities that engage students in active problem-
solving, decision-making, and collaborative exploration. By simulating real-world phenomena and laboratory 
experiments, simulations provide students with immersive experiences that foster deeper understanding 
and the application of scientific principles. This abstract encapsulates the importance of simulations in 
cultivating critical thinking skills and highlights their potential to shape the next generation of scientifically 
literate individuals. 
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Introduction 

Fostering skills is vital for tackling 21st century challenges, and education plays a key role in 

nurturing this skill [1]–[3] and one of the essential skill are critical thinking skills [4], [5]. The 

characteristics of critical thinking skills are complex, by stimulating the ability of learners to analyze 

information or arguments, making inferences using inductive or deductive reasoning, evaluate 

arguments [6]–[8], and make reasoned decisions [9]. These skills involve the ability to identify 

assumptions, analyze arguments, and draw appropriate conclusions. In addition, critical thinking skills 

require students to be able to recognize bias and to apply logic and reasoning to a range of different 

situations. By developing these skills, students can become more independent thinkers who are better 

prepared for the challenges of the modern world. The importance of developing critical thinking 

individually and also to negotiate it with others, to raise awareness of the consequences of one's 

decisions on others. Thus, science learning can be learned contextually and collaboratively [10]. 

The use of simulations like PhET can greatly enhance students' critical thinking skills. 

Simulations allow students to interact with dynamic models and see how changes in variables affect 

outcomes in real time. This allows students to test hypotheses and develop a deeper understanding of 

complex concepts. Through simulation, students can observe cause-and-effect relationships, make 

predictions, and analyze data to draw evidence-based conclusions. This process ultimately fosters a 

more in-depth understanding of the subject matter, as well as the development of critical thinking skills 

such as problem-solving, decision-making, and analytical reasoning. Moreover, simulations also provide 
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a safe and controlled environment for students to experiment with complex concepts. They can make 

mistakes, learn from them, and iterate on their ideas until they arrive at a solution. This iterative process 

of learning is essential for developing critical thinking skills, as it encourages students to think creatively 

and consider multiple perspectives.  

One common problem that students face while learning through simulations and critical 

thinking skills in science lessons is the tendency to rely too heavily on the simulation without fully 

understanding the underlying concepts. In other words, students may become so focused on 

manipulating the simulation that they overlook the important principles and theories that the simulation 

is meant to illustrate. Additionally, some students may struggle with identifying and formulating testable 

hypotheses, or they may have difficulty interpreting the results of their experiments in a meaningful 

way. To address these issues, educators can encourage students to approach simulations as tools for 

exploring concepts and testing hypotheses, rather than simply as games or distractions. Teachers can 

also provide guidance and support to help students develop critical thinking skills, such as by asking 

open-ended questions, encouraging students to explain their reasoning, and providing opportunities for 

collaboration and peer feedback. Additionally, educators can help students to connect the simulations 

to real-world phenomena and to see how the principles illustrated by the simulations apply in a broader 

context. By doing so, students can develop a deeper understanding of the underlying concepts and 

principles, as well as improve their critical thinking skills. 

Discussions 

In today's rapidly evolving world, the ability to think critically is more crucial than ever. 

Whether it's evaluating information, solving complex problems, or making informed decisions, critical 

thinking is the cornerstone of success in both academic and real-world contexts. Nowhere is this more 

evident than in the field of science education, where students must navigate a landscape of ever-

expanding knowledge and uncertainty. In this article, we explore how simulations can serve as powerful 

tools for enhancing critical thinking skills in science education. 

A. The Need for Critical Thinking in Science Education 

Science education aims not only to impart factual knowledge but also to cultivate the ability to think 

critically about scientific concepts and processes. Critical thinking in science involves questioning 

assumptions, analyzing evidence, evaluating arguments, and drawing logical conclusions. Critical 

thinking as a complex combination of knowledge, skills, and predispositions that can be intentionally 

developed using proper stimuli [11]. These skills are essential for students to become scientifically 

literate individuals capable of understanding and participating in discussions about complex scientific 

issues.  

Furthermore, the link between critical thinking and science performance is that learners need 

reasoning for activities that involve investigating, answering problems [12], and familiarization with 

HOTS-based science questions [13]. Science education often involves concept have tended to be abstract 

or complicated for student understanding. Students have difficulty understanding and applying the 

principles of science learning in solving problems, so it becomes a challenge in learning [14]. Critical 

thinking requires reliable investigative procedures rather than careless or distorted thinking [15]. 



Buletin Edukasi Indonesia (BEI)  E-ISSN 2962-1674 

DOI: 10.56741/bei.v3i03.601  P-ISSN 2962-5742 

Title: Paper Formatting for IISTR (max. 12 words) (First author, et al.)     
BEI by IISTR 

Vol. 3, No. 03, December 2024, pp. 87-92 

Page | 89 

However, traditional instructional methods often fall short in promoting critical thinking. Passive 

learning through lectures and rote memorization may help students acquire basic knowledge, but it does 

little to develop their ability to think critically and apply that knowledge in meaningful ways. To truly 

engage students and foster deep understanding, educators need innovative approaches that encourage 

active learning and problem-solving. 

B. The Role of Simulations in Enhancing Critical Thinking 

Simulations offer a dynamic and immersive learning experience that can significantly enhance 

critical thinking skills in science education. By simulating real-world phenomena or laboratory 

experiments, simulations provide students with opportunities to explore scientific concepts in a hands-

on, interactive manner. Here are several ways in which simulations can promote critical thinking: 

1. Experiential Learning: Simulations allow students to experiment with different variables, 

observe outcomes, and make connections between theory and practice. By engaging in virtual 

experiments, students develop a deeper understanding of scientific principles and the scientific 

method. 

2. Problem-Solving: Many simulations present students with complex problems or challenges to 

solve. Through trial and error, students learn to formulate hypotheses, test them, and revise 

their strategies based on feedback. This iterative process mirrors the problem-solving approach 

used by scientists and encourages students to think creatively and analytically. 

3. Decision-Making: In some simulations, students are required to make decisions based on 

incomplete information or uncertain outcomes. This simulates the real-world complexity of 

scientific research and encourages students to weigh evidence, consider alternative viewpoints, 

and make informed judgments—a hallmark of critical thinking. 

4. Collaboration and Communication: Some simulations are designed for collaborative learning, 

where students work together to achieve common goals. In these environments, students must 

communicate effectively, exchange ideas, and justify their reasoning—a valuable skill in both 

science and everyday life. 

C. Examples of Simulations in Science Education 

Simulations can cover a wide range of scientific disciplines, from physics and chemistry to biology 

and environmental science. Here are a few examples of simulations commonly used in science education: 

1. PhET Interactive Simulations: Developed by the University of Colorado Boulder, PhET offers a 

suite of interactive simulations covering topics such as mechanics, electricity, and molecular 

biology. These simulations allow students to explore scientific concepts through virtual 

experiments and visualizations. https://phet.colorado.edu/ . 

https://phet.colorado.edu/
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Fig. 1. A description of the PhET’s benefit 

PhET can help students in experiments on physics learning through simulations that have been 

presented in features [16] and can provide experience and improve student generic in science 

learning [17]. Key features of PhET interactive simulation contribute to effectiveness in basic 

science and technology education through manipulating variables, conducting experiments, 

observing the outcomes in real-time, and fostering a sense of active participation in the learning 

process [18]. 

2. Labster: Labster provides virtual laboratory simulations that replicate real-world lab 

environments. Students can conduct experiments, analyze data, and solve problems in subjects 

like chemistry, biology, and physics, all within a digital platform accessible from anywhere with 

an internet connection. https://www.labster.com/  

 

Fig. 2. A description of the use of Labster in science learning 

Virtual simulations can replace laboratories to be used as a medium for practicing experiential 

learning exercises [19], [20]. In addition, through virtual simulation, it can provide a solution to 

the relatively expensive safety and cost of hands-on practice [19]. 

3. Foldit: Foldit is an online puzzle game that challenges players to fold proteins into stable 

structures. By solving these puzzles, players contribute to scientific research on protein folding 

and drug design. Foldit illustrates how gamification can be used to engage students in scientific 

inquiry and problem-solving. https://fold.it/  

https://www.labster.com/
https://fold.it/
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Fig. 3. Folding in science learning discussion 

Conclusion 

In an era defined by rapid technological advancement and complex global challenges, the ability 

to think critically is more important than ever. In science education, simulations offer a powerful means 

of enhancing critical thinking skills by providing students with immersive, interactive learning 

experiences. By engaging in virtual experiments, solving complex problems, and making informed 

decisions, students develop the skills they need to thrive in a world where scientific literacy is essential. 

As educators continue to embrace innovative teaching methods, simulations are poised to play an 

increasingly central role in fostering the next generation of critical thinkers and problem solvers.   
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