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Abstract: Critical thinking is a crucial 21st-century competency. However, science 

education in elementary schools often limits opportunities for students to engage in 

interdisciplinary and contextual learning experiences that foster thinking skills. Therefore, 

this study aims to assess students' critical thinking skills and examine their relevance to 

STEAM learning and the SDGs framework that connects learning to real-world contexts. 

This study used a quantitative descriptive approach with a survey method involving 328 

students in grades 3, 4, and 5 from elementary schools in Sukabumi, Indonesia. Data were 

collected through a Likert-scale questionnaire. Instrument validity was tested using Pearson 

Product Moment Correlation (α = 0.05) with 30 out-of-sample students, indicating that all 

items were valid (r-count > r-table = 0.361). Reliability testing using Cronbach's Alpha 

produced a coefficient of 0.874, indicating high reliability. The results showed that students 

had moderate critical thinking skills, with an average score of 58.72. The highest achievement 

was found in procedural dimensions, while reasoning, interdisciplinary, and sustainability-

related dimensions remained low. This situation highlights the need for a STEAM learning 

approach within the SDGs framework to foster critical thinking and sustainability awareness 

in daily life. 
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INTRODUCTION 

Critical thinking is one of the important competencies needed in 21st century education 

because it enables students to analyze information, evaluate evidence, solve problems, and 

make rational decisions in everyday life (Rončević & Rieckmann, 2025). In elementary 

education, the development of critical thinking skills is also considered important because 

students begin to develop reasoning skills, curiosity, and problem-solving habits that will 

influence their future learning (Hartati, et al., 2022). Students with strong critical thinking 

skills tend to be more active in asking questions, analyzing situations, and building logical 

arguments based on evidence (Ngatminiati & Hidayah, 2024). Therefore, critical thinking 
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has become an important goal in contemporary educational practice, including at the 

elementary school level. 

Science learning in elementary schools basically emphasizes scientific processes such as 

observing, identifying problems, asking questions, conducting investigations, analyzing data, 

and drawing conclusions based on evidence (Putri et al., 2021). Through this process, 

students can be trained to think logically, reflectively, and systematically in understanding 

various phenomena in the surrounding environment (Putri et al., 2024). Therefore, science 

learning in elementary schools should not only focus on mastering concepts but also serve as 

a means to develop students' critical thinking skills. However, the learning situation in the 

field still shows a different reality. Science learning in elementary schools is often dominated 

by a teacher-centered approach and memorization activities, resulting in students receiving 

more information than developing deep thinking skills (Putri et al., 2026). Students are more 

often asked to remember information than to explore problems, question phenomena, or 

construct reasoning independently. The results of the 2022 Programme for International 

Student Assessment (PISA) show that Indonesian students' scientific literacy skills are 359, 

which is far below the OECD average of 487 (OECD, 2022), particularly in the aspects of 

scientific reasoning, argumentation, and the use of evidence in problem-solving. These low 

abilities indicate that learning has not fully trained students to think reflectively and 

analytically in real-life contexts (Punto Aji & Nugraheni, 2023). These findings indicate an 

urgent need to present a learning approach that is more contextual, integrative, and oriented 

towards developing critical thinking skills.  

To address the challenges outlined above, STEAM (Science, Technology, Engineering, Arts, 

and Mathematics) learning is gaining increasing attention as an interdisciplinary approach 

that has the potential to support the development of students' critical thinking skills (Perales-

Palacios & Martín-Páez, 2021; Ananda et al., 2023). STEAM learning emphasizes the 

integration of multiple disciplines through contextual, collaborative, inquiry-based, and 

project-based learning experiences that are closely linked to real-world situations  (Milara & 

Orduña, 2024).  Through STEAM activities, students are encouraged to explore problems, 

investigate ideas, design solutions, collaborate with peers, and apply knowledge in authentic 

contexts rather than simply memorizing concepts (Cohrssen & Garvis, 2021). Küçük, Zeki 

et al., (2023) explains that a STEAM-oriented learning environment can help elementary 

school students develop critical thinking dispositions, problem-solving skills, and active 

involvement in the learning process. 

In addition to developing academic competencies, 21st century learning is also expected to 

raise students' awareness of sustainability and real-world issues (Iqbal et al., 2023). Learning 

in elementary schools focuses not only on conceptual understanding but also helps students 

understand their roles and responsibilities in addressing social and environmental challenges 

in everyday life. In this regard, Education for Sustainable Development (ESD) and the 

Sustainable Development Goals (SDGs) framework are becoming increasingly relevant in 

contemporary education because they encourage contextual, meaningful, and sustainable 
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learning (Pham Xuan & Håkansson Lindqvist, 2025). Through sustainability-oriented 

learning, students can be introduced to issues such as environmental cleanliness, energy 

conservation, healthy living, social responsibility, and caring for others from an early age 

(Esentürk & Çetinkaya Yıldız, 2023).  

The characteristics of STEAM learning are considered closely related to the ESD and SDGs 

because STEAM emphasizes interdisciplinary inquiry, collaboration, creativity, and real-

world problem-solving. By connecting learning activities to authentic environmental and 

social issues, students can develop not only critical thinking skills but also awareness of 

sustainability and responsible decision-making (Zhao et al., 2024).  For example, students 

can explore simple issues related to waste management, water use, energy conservation, or 

community well-being through project-based and inquiry-oriented activities. Such learning 

experiences allow students to apply scientific understanding in meaningful contexts while 

strengthening their awareness of sustainability challenges in everyday life. Therefore, 

integrating STEAM learning with the SDGs framework has the potential to create more 

contextual and transformative learning experiences relevant to the demands of 21st-century 

education (Erlina, 2021). 

Previous research has extensively examined the implementation of STEAM learning and its 

impact through experimental research designs, intervention-based, inquiry-based activities, 

and project-based approaches can improve students' problem-solving skills, creativity, 

collaboration, and higher-order thinking skills (Küçük et al. 2023; Li et al. 2022; Quigley et 

al. 2020; Wu et al. 2022; Jurado et al. 2020). However, research specifically assessing the 

current state of elementary school students' critical thinking skills and examining their 

relevance to STEAM learning and the Sustainable Development Goals (SDGs) framework 

remains limited, particularly in the context of elementary education in Indonesia. Existing 

research tends to emphasize teaching implementation outcomes rather than identifying 

whether current classroom practices reflect the characteristics of interdisciplinary, 

contextual, and sustainability-oriented learning. Consequently, there is limited evidence to 

illustrate the extent to which students' critical thinking skills demonstrate the need for more 

integrative learning approaches connected to real-world social and environmental issues. 

This research is a preliminary assessment study aimed at determining the critical thinking 

skills of elementary school students and their relationship to the characteristics of STEAM 

learning and the Sustainable Development Goals (SDGs) framework. Specifically, this study 

identifies the current state of students' critical thinking and examines the extent to which 

classroom learning provides interdisciplinary, contextual, and sustainability-related learning 

experiences. The results are expected to provide an initial overview of the importance of a 

more integrative learning approach to support the development of elementary school students' 

critical thinking skills. 
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METHOD 

This study uses a quantitative descriptive research design to assess elementary school 

students' critical thinking skills and examine their relevance to the characteristics of STEAM 

learning and the Sustainable Development Goals (SDGs) framework. The study population 

consisted of 328 students from five elementary schools in Sukabumi Regency and City, 

Indonesia. The study sample included 328 students in grades 3, 4, and 5, who served as the 

primary respondents. This analysis is framed within a broader perspective regarding the 

characteristics of STEAM learning and sustainability-oriented education.   

Data were collected using a structured questionnaire designed to capture students' perceptions 

of learning experiences related to the development of critical thinking skills. This 

questionnaire uses a Likert scale with four answer options: always, often, sometimes, and 

never. The questionnaire grid is compiled based on critical thinking skill indicators adapted 

from the Ennis framework, and adapted to the context of STEAM learning in elementary 

schools, presented the questionnaire grid refers to the dimensions of Ennis, (2011) in Table 

1 and the criteria for students' critical thinking refers to (Tawil et al., 2026) in Table 2.  

Table 1. Questionnaire Grid 

No 

Critical 

Thinking 

Dimensions 

Indicator No. Item 
Number 

of Items 

1 Elementary 

clarification 

Students get the opportunity to explain 

science concepts related to everyday 

life. 

1,2 2 

2 Basic support Students are accustomed to giving 

reasons or opinions based on the results 

of observations or experiments. 

3,4 2 

3 Inference Students are trained to predict the 

impact of an action on the environment 

or daily life. 

5,6 2 

4 Advanced 

clarification 

Students are invited to connect learning 

outcomes with sustainability values. 
7,8 2 

5 Strategy and 

tactics 

Students get the opportunity to find 

ways to improve or enhance the 

solutions they create. 

9,10 2 

6 STEAM 

Integration 

Students feel the connection between 

science, technology, engineering, art, 

and mathematics in learning. 

11,12 2 

7 ESD Principles 

within the SDGs 

Framework 

Students can connect learning with 

environmental problems and everyday 

life. 

13,14,15 3 
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Table 2 Average Criteria for Students' Critical Thinking Skills 

Assessment  Criteria 
86 - 100  Very High 
71 - 85  High 
56 - 70  Medium 
41 - 55  Low 

< 40  Very Low 
 

Prior to data collection, the validity of the research instrument was tested using the Pearson 

Product Moment Correlation technique with a significance level of α = 0.05. The trial was 

conducted on 30 students outside the research sample. With n = 30, the r-table value = 0.361. 

The validity test results showed that all questionnaire items had a calculated r-value > r-table, 

thus declared valid. Meanwhile, the reliability test was carried out using the Cronbach's 

Alpha formula to measure the internal consistency of the instrument. The reliability test 

results showed that the overall reliability coefficient of the instrument was α = 0.874, which 

is included in the very high category. This indicates that the instrument has very good internal 

consistency and is suitable for use in research data collection. 

Data were collected and analyzed using descriptive statistical techniques, including mean 

values, frequencies, and percentages. This analysis was conducted to provide an overview of 

students' critical thinking skills and their relevance to the characteristics of STEAM learning 

and the Sustainable Development Goals (SDGs) framework. This analysis aims to describe 

students' critical thinking skills and identify their relevance to the characteristics of STEAM 

learning and sustainability-oriented learning contexts. 

RESULT AND DISCUSSION 

The survey results show that elementary school students' critical thinking skills are 

categorized as moderate, with an average score of 58.72. Analysis based on Ennis' critical 

thinking indicators revealed variations across various dimensions (see Figure 1). The 

Strategy and Tactics indicator achieved the highest percentage at 68%, followed by Basic 

Clarification at 64%. Furthermore, the Inference indicator achieved 58%, while Basic 

Support and Advanced Clarification achieved relatively lower percentages, at 54% and 52%, 

respectively. 

In addition to the critical thinking dimension, this study also examined the relevance of 

current learning practices to the characteristics of STEAM and ESD principles within the 

SDGs framework. The findings indicate that the STEAM Integration dimension achieved a 

percentage of 49%, while ESD within the SDGs showed the lowest percentage at 46%. These 

results indicate that students still have limited experience in connecting interdisciplinary 

learning and relating classroom learning to sustainability issues and everyday life contexts. 
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Figure 1. Students’ Critical Thinking and STEAM-SDGs Dimensions 

The findings indicate that elementary school students' critical thinking skills are still at a 

moderate level. The highest achievement in the Strategy and Tactics dimension indicates that 

students are relatively capable of identifying alternative strategies and following procedural 

steps in solving problems. This finding suggests that students have developed basic 

procedural thinking and flexibility in simple problem-solving. This condition is indicated 

because classroom learning activities at the elementary school level often emphasize 

following instructions, completing structured tasks, and implementing procedural steps rather 

than engaging students in deeper reflective reasoning processes (Stylos, 2026). 

However, relatively low achievement in the Advanced Clarification and Basic Support 

dimensions indicates that students still experience difficulties in constructing logical 

explanations, critically evaluating information, and developing evidence-based arguments. 

These findings suggest that classroom learning does not fully facilitate analytical and 

reflective thinking processes. Students are still rarely engaged in activities that require 

discussion, argumentation, investigation, and contextual problem-solving that foster higher-

order thinking skills (Yadav & Singh, 2026). As a result, students may be more accustomed 

to procedural learning than reasoning-oriented learning experiences. (Raximboyevna, 2026). 

This condition is consistent with the research results Hussain, (2026) and Rokhmah et 

al.,(2026)  which emphasizes that critical thinking skills can develop more effectively 

through active learning environments involving collaboration, inquiry, discussion, and 

authentic problem-solving experiences. Therefore, strengthening contextual and student-

centered learning approaches is crucial in supporting the development of deeper critical 

thinking among elementary school students. 

Furthermore, the results above also reveal relatively low scores in STEAM and ESD 

Integration within the SDGs dimension. The low percentage in STEAM Integration indicates 

that students still have limited experience connecting science, technology, engineering, arts, 
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and mathematics in classroom learning. This condition reflects the persistence of disciplinary 

fragmentation in classroom instruction, where subjects are generally taught separately rather 

than through interdisciplinary and contextual learning experiences (Widarti & Roshayanti, 

2021; Auh, 2026). As a result, students may have fewer opportunities to apply knowledge 

collaboratively and holistically in solving real-world problems (Dhika et al., 2026). Similarly, 

low achievement in the Education for Sustainable Development (ESD) dimension within the 

SDGs framework indicates that classroom learning has not yet strongly connected academic 

content to sustainability-related issues in students' daily lives. Students still show limited 

awareness of how learning can relate to environmental cleanliness, energy conservation, 

social responsibility, and sustainable living practices. These findings suggest that 

sustainability-oriented learning experiences are still not sufficiently integrated into 

elementary school classroom practices (Azzahra et al., 2023). 

The relatively low performance in the STEAM and ESD Integration dimension within the 

SDGs framework also suggests that students' critical thinking development may be affected 

by the limited availability of interdisciplinary and sustainability-oriented learning 

experiences (Nugroho et al., 2025). In this regard, STEAM learning has the potential to be 

integrated with the principles of Education for Sustainable Development (ESD) and the 

Sustainable Development Goals (SDGs) framework to create more meaningful and 

contextual learning experiences (Wahyuni et al., 2023). Through project-based inquiry, 

collaboration, and authentic problem-solving activities, students can be encouraged not only 

to develop critical thinking skills but also to build sustainability awareness and apply their 

understanding to real-life situations (Khoiri et al., 2023). Therefore, integrating STEAM and 

SDGs can be a relevant alternative to support more holistic 21st-century learning in 

elementary schools. 

CONCLUSION 

This study aimed to assess elementary school students’ critical thinking skills and examine 

their relevance to STEAM learning and the Sustainable Development Goals (SDGs) 

framework. The findings revealed that students’ critical thinking skills were still categorized 

as moderate, with an average score of 58.72. Among the critical thinking dimensions, 

Strategy and Tactics showed the highest achievement, while Advanced Clarification and 

Basic Support remained relatively low. These results indicate that students are more 

accustomed to procedural problem-solving than to constructing logical explanations, 

evaluating evidence, and developing argumentative reasoning. 

In addition, the relatively low scores on the STEAM Integration and ESD within SDGs 

dimensions indicate that current classroom learning has not fully provided interdisciplinary, 

contextual, and sustainability-oriented learning experiences. Learning activities are still less 

connected to real-world social and environmental issues, limiting students’ opportunities to 

develop critical thinking skills in meaningful contexts. 
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Therefore, more integrative and contextual learning approaches are needed in elementary 

education. Integrating STEAM learning with the SDGs framework has the potential to 

support students’ critical thinking skills through collaborative, inquiry-based, and real-world 

learning experiences while also fostering sustainability awareness and problem-solving 

abilities related to everyday life. 
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