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 This pressing issue requires immediate attention and action. Education, 

particularly STEM education, is one of the key areas that can contribute to 

addressing this issue. STEM education is an alternative learning strategy that can 

enhance students' problem-solving and decision-making skills in relation to the 

challenges posed by the need for clean water. However, the extent to which these 

two skills are interconnected remains unclear. Therefore, this study was conducted 

to measure the effect of STEM on problem-solving and decision-making skills, as 

well as to explore the relationship between these two variables. This study 

employed a quasi-experimental design with a sample of 54 students, focusing on 

the topic of water pollution and its solutions. Based on the MANCOVA test, the 

results showed significant effects of STEM education. In the experimental group, 

the p-value for problem-solving ability was 0.001, and for decision-making ability, 

it was 0.000, indicating a substantial impact of STEM education on both skills. 

Furthermore, a strong correlation between problem-solving and decision-making 

skills was observed, particularly in the context of water pollution and its solutions. 

The findings suggest that STEM education effectively supports students in 

exploring complex issues and equipping them to meet the demands of 21st-century 

skills, especially those related to environmental challenges. 
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Introduction 

 

Water is a crucial and essential resource for human health (Wutich et al., 2020). However, the relationship between 

water availability and population growth is not directly proportional. As the human population increases, the 

demand for water rises, yet water availability is steadily declining (Vega et al., 2023). This decrease is largely 

attributed to human activities contributing to water pollution (Bashir et al., 2020). Water contaminated with 

chemicals or pollutants poses serious health risks, potentially leading to chronic illnesses if consumed (Mutileni 

et al., 2023). Recognizing the critical importance of water for human survival, preventive measures must be taken, 

and one key aspect that can contribute significantly to this effort is education. 

 

Education regarding the importance of water use and cleanliness can be effectively delivered to students through 

formal learning settings (Aminah et al., 2018; Rollwagen-Bollens et al., 2022). Environmental education plays a 

crucial role in enhancing students' awareness of the significance of environmental hygiene (Zhang, 2023). 
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Environmental education must be presented in a suitable learning framework to be effective (Summak, 2022). 

STEM education is particularly recommended as an instructional approach for addressing topics related to water 

pollution (Yahaya et al., 2022). STEM-based environmental education offers students practical experiences that 

enable them to tackle environmental issues and develop effective solutions through hands-on learning (Kanaki et 

al., 2022; Schroth et al., 2021). 

 

Environmental education that addresses real-life issues necessitates the development of problem-solving and 

decision-making skills during its implementation (Çevik et al., 2024; Gavari-Starkie et al., 2024; Zabasta et al., 

2024). This field of education needs student active performance and participation to solve the issue (Susilawati et 

al., 2019). Problem-solving skills require applying analytical thinking, while decision-making involves 

understanding the characteristics of the problem and conducting a thorough analysis (Gavari-Starkie et al., 2024).  

 

Research has shown that STEM education can enhance students' problem-solving and decision-making abilities 

(Adair, 2010; Koculu et al., 2022; Zengin et al., 2022). However, integrating STEM learning with pollution topics 

remains insufficiently explored (Siribunnam et al., 2019), and there is a lack of research examining the relationship 

between problem-solving and decision-making skills. Given that problem-solving and decision-making are 

interconnected processes that often follow similar stages, it is essential to investigate this relationship, particularly 

in the context of environmental issues. Therefore, this study aims to assess the impact of STEM education on 

water pollution problems and its effects on problem-solving abilities, decision-making skills, and the 

interrelationship between these two competencies. Accordingly, the research questions addressed in this article 

are: 

1. How does STEM learning impact students' problem-solving abilities? 

2. How does STEM learning influence students' decision-making skills? 

3. Is there a relationship between problem-solving and decision-making skills? 

 

STEM Education 

 

STEM education encompasses the disciplines of science, technology, mathematics, and engineering, all of which 

must be integrated into the learning process. The primary goal of STEM education is to enhance and address the 

demands associated with technical skills, thereby equipping learners to confront the challenges of the 21st century 

(Artika et al., 2023). 

 

Objectives of STEM Learning 

 

According to the book What is STEM Education, the objectives of STEM learning include (Bybee, 2010): 

1. Solving real-world problems based on factual information; 

2. Engaging in problem-solving grounded in knowledge and investigation; 

3. Establishing an environment conducive to intellectual growth within STEM disciplines; 

4. Developing citizens capable of applying the concepts of science, technology, engineering, and 

mathematics. 
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Problem Solving 

 

Problem-solving is the process of diagnosing complex issues, particularly those characteristic of 21st-century 

challenges, before devising solutions (Bybee, 2013). Problem-solving activities represent the application of 

knowledge acquired by students to real-life situations, making them essential in both professional environments 

and daily life (Aranda et al., 2022; Carr, 2024). This ability encompasses several stages, including analysis, 

interpretation, critical thinking, hypothesis formulation, evaluation, and reflection (McCormick et al., 2015). 

Students equipped with strong problem-solving skills are better prepared for success at various life stages; when 

confronted with challenges, they actively seek and devise innovative solutions (Eshrati Fard et al., 2014). 

 

Decision Making 

 

Decision-making is a fundamental process that involves selecting actions from multiple known and evaluated 

options (Loedige et al., 2024). This process is critical for human survival, as individuals frequently face numerous 

choices (Liu, 2023). The ability to make informed decisions requires analytical skills to evaluate options and the 

capacity to assess the potential outcomes of those choices (Gavari-Starkie et al., 2024). 

 

Method 

Research Design 

 

This research employed a nonequivalent control group design, utilizing both experimental and control groups that 

were directly selected. The researchers implemented different treatments for the two groups while maintaining 

the same subject matter, which focused on water pollution. The experimental group followed a STEM learning 

framework, while the control group utilized the 5E learning model. 

 

The STEM learning process comprises the following steps (National Research Council, 2012): 

1. The teacher poses questions and presents problems. 

2. Students coordinate their research efforts. 

3. Students generalize the data they have collected. 

4. Students identify potential solutions. 

5. Students present the results of their discussions. 

6. Students engage in self-evaluation. 

 

In contrast, the 5E instructional model, as discussed in The BSCS 5E Instructional Model: Origins and 

Effectiveness (Bybee et al., 2006), follows these steps: 

1. Engagement: The teacher facilitates the discovery of new concepts to stimulate curiosity and promote 

knowledge acquisition. 

2. Exploration: The teacher allows students to explore previously identified concepts, allowing for 

conceptual clarification. 

3. Explanation: The teacher and students interact to articulate the concepts and processes derived from their 
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exploration. 

4. Elaboration: The teacher extends students’ understanding and skills through additional activities that 

build on prior knowledge. 

5. Evaluation: The teacher assesses students’ progress concerning their understanding and skills. 

 

 

Figure 1. Research Implementation 

a. Experimental class with 27 students, b. control class with 27 students, c. Pre-test for both of experimental and control class 1 week before 

the research, d. Experimental class have 2 meetings of STEM learning with water pollution topic, e. Control class have 2 meetings of 

Learning Cycle 5E with water pollution topic, f. Post-test with the same question with pre-test 1 day after the STEM and Learning Cycle 5E. 

 

Participant 

 

This study involved 54 students, 30 males, and 24 females, from a school in the Bangka Belitung Islands Province 

of Indonesia. The school was selected due to its location in a village within Bangka Regency that faces significant 

challenges related to clean water shortages, relying primarily on the river for public bathing and other household 

activities. 

 

Data Collection and Research Instrument 

 

Data collection in this study utilized a testing system that included both pretest and posttest phases. The test 

instruments were based on questions derived from Putri's research (Putri, 2019), which were subsequently 

modified to align with the problem-solving indicators established by (Abazov, 2016) and the decision-making 

criteria outlined by (Andreis, 2020). Each variable—problem-solving and decision-making skills—was assessed 

using five questions. The pretest was administered one week before the STEM and 5E learning treatments were 

implemented, while the posttest was conducted one day after the treatment.  
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Figure 2. Worksheet 

Modified from (Hidayani et al., 2023) 

 

Data Analysis 

 

The data for this study were obtained from the pretest and posttest assessments of problem-solving and decision-

making skills. Statistical analysis compared the differences between the pretest and posttest scores in both the 

control and experimental groups. Each correct answer received a score of 20 points for each student. The results 

of the MANCOVA test analysis for problem-solving and decision-making skills are presented in Tables 1 and 2, 

which indicate significant findings. 

 

Results 

Research Question 1: How Did STEM Learning Impact Student Problem Solving? 

 

Figure 1 illustrates the outcomes of the N-Gain score calculation for problem-solving ability. The N-Gain scores 

were derived from the control and experimental groups' pretest and posttest data. As shown in Figure 3, the 

problem-solving ability in the experimental class, which received the STEM learning treatment, exhibited a 

medium average, whereas the control class had a low average. 

 

Problem-solving skills were assessed using five indicators: identifying problems, identifying sources of problems, 

considering solutions, taking action to solve issues, and evaluating the essence of learning. Figure 4 illustrates 
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that the highest indicators identified in this study were "identifying problems" and "identifying sources of 

problems," while the lowest indicator was "taking the essence of learning."  

 

 

Figure 3. N Gain score 

 

Table 1. Result of MANCOVA Analysis for Problem Solving Skill 

Source Dependent Variable Df Sig. 

STEM Problem-Solving 1 0,01 

 

 

Figure 4 N Gain Score Problem-Solving Indicator 

 

Research question 2: How Did STEM Learning Impact Student Decision-Making? 

 

Students' decision-making abilities were assessed using the N-Gain score. Figure 5 illustrates the differences in 

decision-making abilities between the control and experimental classes. The experimental class exhibited a 

medium average in decision-making skills, whereas the control class showed a low average. The STEM learning 
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treatment in the experimental class resulted in better decision-making abilities compared to the 5E treatment 

applied in the control class. 

 

 

Figure 5 N Gain Score 

 

Table 2. Result of MANCOVA Analysis Decision Making Skill 

Source Dependent Variable Df Sig. 

STEM Decision Making 1 0,00 

 

 

Figure 6 N Gain Score Decision-Making Indicator 

 

Research question 3: Is Problem Solving and Decision-Making Related? 

 

The Pearson correlation analysis presented in Tables 3 and 4 illustrates the relationship between problem-solving 

ability and decision-making skills in both the control and experimental classes. The correlation analysis results 

for the control class indicated a strong correlation, with a value of 0.893 between problem-solving ability and 

decision-making skills. In the experimental class, the correlation analysis yielded a result of 0.797, also indicating 

a strong correlation between these two variables. 
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Table 3. Result of Pearson Correlation Analysis for Control Class 

Correlations 

 Problem Solving Decision Making 

Problem Solving Pearson Correlation 1 .893 

Sig. (2-tailed)  .000 

N 27 27 

Decision Making Pearson Correlation .893 1 

Sig. (2-tailed) .000  

N 27 27 

 

Table 4. Result of Pearson Correlation Analysis for Experimental Class 

Correlations 

 Problem Solving Decision Making 

Problem Solving Pearson Correlation 1 .797 

Sig. (2-tailed)  .000 

N 27 27 

Decision Making Pearson Correlation .797 1 

Sig. (2-tailed) .000  

N 27 27 

 

Discussion 

 

The MANCOVA analysis, detailed in Table 1, was conducted to assess the effect of the STEM treatment on 

problem-solving ability. The analysis yielded a p-value of 0.01, indicating that the STEM learning treatment has 

a significant impact on students' problem-solving abilities. This finding suggests that STEM education effectively 

enhances students' problem-solving skills in the context of water pollution. This study confirms that the STEM 

learning approach effectively improves students' problem-solving skills related to water pollution. The syntax of 

STEM learning is a significant stimulus for enhancing these skills. Integrated STEM learning has been shown to 

foster students' problem-solving abilities (Hebebci & Usta, 2022).  

 

Furthermore, STEM-integrated project-based learning includes specific stages that contribute to improving 

problem-solving skills (Fiteriani et al., 2021). Through STEM learning, students' problem-solving skills can be 

deepened and developed (Rosiningtias et al., 2023). The observed increase in students' problem-solving abilities 

can be attributed to the active involvement of students in the learning process, which promotes their problem-

solving capabilities (Maspul, 2023). Innovative learning was more effective than conventional learning in 

enhancing problem-solving abilities among junior high school students. (Ridwan et al., 2021) 

 

STEM learning is an effective educational approach because it incorporates teaching strategies that challenge 

students to innovate and create, promoting active engagement in learning activities (Kennedy et al., 2014). 
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Furthermore, STEM learning encompasses an understanding of model design based on theoretical frameworks 

(Hallström et al., 2019). It is specifically structured to address real-world problems and is grounded in existing 

situations (Chen et al., 2020; English, 2023). To improve the relatively low problem-solving skills, students' 

abilities to express their opinions should be enhanced, and they should be encouraged to re-explore their creativity 

in generating solutions (Puccio et al., 2020). 

 

Table 2 presents the results of the MANCOVA calculation for the experimental class, yielding a p-value of 0.00. 

This indicates that STEM learning significantly affects students' decision-making skills. The STEM learning 

model is particularly effective in enhancing students' decision-making abilities due to its instructional strategies 

(Wahono et al., 2021). STEM education fosters decision-making skills in both scientific and social contexts, 

addressing real-world problems encountered in everyday life (Zarestky et al., 2023). The observed improvement 

in decision-making skills can be attributed to the opportunities that STEM provides for students to engage in 

structured problem-solving processes (Gönbatar et al., 2022).  

 

The experimental class achieved the highest scores on the indicators of describing the problem and analyzing 

causes, whereas the control class had the highest N-Gain on the indicators of describing the problem. These 

decision-making indicators align with the syntax of STEM learning, which supports students' decision-making 

abilities. STEM education allows students to select solutions and evaluate alternatives, enabling them to compile 

effective and appropriate decisions (Alderman et al., 2022).  

 

Moreover, STEM fosters students' confidence in making decisions based on investigations they have conducted 

(Çakir & Altun, 2021).This finding aligns with previous research that suggests a close relationship between 

problem-solving and decision-making skills, as the processes for achieving both typically involve similar stages 

(Yurtseven et al., 2021). While students' problem-solving and decision-making abilities are closely related, it is 

important to note that an individual with strong problem-solving skills does not necessarily possess equally strong 

decision-making abilities (Bedel et al., 2021). Decision-making is considered a problem-solving component; 

however, individuals often overlook the various stages involved in the decision-making process, leading to less 

effective outcomes (Veysel, 2017). The results of the correlation analysis support existing literature that indicates 

enhancing one ability can positively influence the other (Atici et al., 2024). 

 

Conclusion  

 

This study concludes that STEM learning significantly influences both problem-solving and decision-making 

skills. The post-test results indicated a marked improvement in students' abilities following the implementation of 

the STEM learning treatment. Furthermore, this research identified a relationship between problem-solving and 

decision-making skills, suggesting that these two abilities influence each other and can develop concurrently. 

However, a limitation of this study is that the products created were constructed using basic and inexpensive 

materials. Future research on this topic is encouraged to utilize more complex products made from higher-quality 

materials to enhance the depth of investigation and outcomes. 
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