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ABSTRACT 

This study examined the impact of STEAM Education for Sustainable Development on 
students’ environmental awareness, environmental attitudes, environmental behavior, 
and climate awareness in the context of SDG 13. STEAM education integrates Science, 
Technology, Engineering, Arts, and Mathematics to promote creativity, collaboration, 
and sustainability among learners. The study adopted a quantitative cross-sectional 
survey design and collected data from 200 students enrolled in secondary schools and 
higher education institutions through structured questionnaires. Descriptive statistics, 
correlation analysis, and regression analysis were employed to examine the relationships 
among the study variables. The findings revealed that sustainability-focused STEAM 
education significantly enhanced students’ environmental awareness, positive 
environmental attitudes, climate consciousness, and environmentally responsible 
behavior. The results further indicated strong positive relationships between STEAM 
learning and sustainable practices among students. The study contributed to growing 
literature on sustainability education and provided practical implications for curriculum 
developers, and policymakers integrating climate education and sustainability aligned 
with SDG 13.  
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Introduction 

In recent years, STEAM learning, which combines the fields of Science, 
Technology, Engineering, Arts and Mathematics, has become an innovative educational 
method that encourages creativity, critical thinking, collaboration and problem-solving 
abilities among students. According to some studies, STEAM-based learning is beneficial 
for sustainable development because it allows students to learn in a way that focuses on 
solving real problems in the environment (Rosyida et al., 2021; Djam’an, 2021). Education 
for Sustainable Development (ESD) is an approach that focuses on providing students 
with the knowledge, values, and attitudes required to create a sustainable future and to 
effectively address global challenges like climate change and environmental degradation 
(Huang, 2021). Climate change is one of the greatest global challenges that are discussed 
under Sustainable Development Goal 13 (Climate Action) and consequently, 
environmental awareness and climate education are of growing importance. Integrating 
SDG 13 into educational systems helps students develop environmental responsibility 
and sustainable behavior. The study reveals that STEAM education with ESD principles 
has a significant effect in improving students' environmental awareness and pro-
environmental attitudes. Therefore, STEAM education plays an important role in 
promoting environmental responsibility and climate consciousness among learners. 
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Although the environment is experiencing increasing challenges, the students 
show low level of environmental awareness and also low level of sustainable behaviour. 
Many educational institutions do not have sustainability-related pedagogies which are 
well anchored in real-world environmental issues (Parry & Metzger, 2020; Agbor et al., 
2021). Climate action and environmental responsibility are often not addressed with 
students in traditional teaching and learning approaches. Thus, there is a pressing 
requirement for innovative educational approaches and methods, like STEAM 
education, to build students' environmental attitudes, climate literacy, and sustainable 
practices. 

Literature Review 

Concept of STEAM Education 

STEAM education is the result of a combination between Science, Technology, 
Engineering, Arts and Mathematics, with the aim of using this combination in an 
integrated way that promotes the development of critical thinking, creativity, 
collaboration and innovation. STEAM focuses on interdisciplinary learning, which 
embodies the knowledge gained in several fields to solve real world problems, rather 
than learning based on specific subjects (Perignat & Katz-Buonincontro, 2019). 
Educational reforms in recent years have focused on STEAM as it helps to strengthen 
students' creative thinking, analytical, and 21st-century problem-solving skills (Yakman 
& Lee, 2012). Incorporating arts into STEM subjects enhances imagination, 
communication, and innovation, allowing students to develop their imagination to tackle 
scientific and environmental challenges. This comprehensive concept of STEAM 
education is a way to make education meaningful, as it combines theory with application 
and social issues such as sustainability and climate change education (Auh et al., 2021; 
Safder et al., 2012). 

Sustainable Development in Education 

Sustainable development in education is about imparting knowledge, values, and 
competencies to make a sustainable society. Education for Sustainable Development 
(ESD) invites children and young people to learn about the three facets of sustainability 
(environment, economy, society), and to be citizens with a sense of responsibility 
(UNESCO, 2020; Fatima, Malik, & Safdar, 2011). The significance of ESD has grown over 
time as the world faces environmental issues like climate change, pollution and 
biodiversity loss, and it is important for students to be educated on this so that they have 
the ability to act responsibly. One of the Sustainable Development Goals has a particular 
focus on Education and awareness raising on climate mitigation and adaptation (SDG13), 
as stated by Babacan (2021). Therefore, educational institutions are encouraged to 
incorporate concepts of sustainability in education programs and practices. Kopnina 
(2020) notes that sustainability education fosters students' environmental ethics and 
motivates them to take action in climate action efforts. Incorporating sustainability into 
STEAM education offers students a chance to engage in creative innovation, scientific 
inquiry, and technology to solve environmental problems. 

Environmental Awareness and Environmental Attitudes 

Environmental awareness refers to individuals’ understanding of environmental 
issues and their willingness to protect natural resources. Environmental literacy entails 
knowledge, attitudes, values and behaviors, concerning environmental protection 
(Ardoin et al., 2020; Fatima et al., 2012). High environmental awareness is a key factor in 
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enabling students to adopt sustainable lifestyles and engage in environmental 
conservation activities. Educational experiences, social values, media exposure and 
environmental policies are all factors that shape environmental attitudes (Collado et al., 
2020; Otto & Pensini, 2017; Hussain, Rafique, & Malik, 2019). The importance of climate 
education in raising students' awareness of the environment is because it will help to 
increase awareness of the problems related to climate change and the effects of climate 
change on society. There is some evidence that a more experiential/activity based 
method of learning is more effective at enhancing environmental attitudes than a lecture 
approach (Trott, 2019; Fatima, Hussain, & Malik, 2014). As a result, more and more 
schools and universities are implementing sustainability programs to improve 
environmental education and climate awareness among students. 

STEAM Education and Environmental Sustainability 

STEAM education has become known as an effective pathway to promote 
environmental sustainability and climate awareness. In STEAM learning, students can 
deepen their understanding of the environment by immersing themselves in the process 
of solving problems, which not only helps them gain knowledge, but also fosters 
creativity and innovation (Zhao & Abdullah, 2021; Fatima, et. Al., 2014). Education that 
focuses on sustainability, including project-based learning, design challenges focused on 
the environment, green innovation activities, etc., promotes students in the process of 
finding solutions to environmental issues. Students can create renewable energy projects, 
recycling systems, eco-friendly products, etc. in interdisciplinary STEAM projects. Sousa 
and Pilecki (2018) argue that STEAM education increases climate awareness as students 
are directly involved in real-world issues concerning climate and use knowledge to make 
decisions for sustainable practices. These methods foster environmental awareness and 
contribute to the knowledge of students in relation to sustainable development goals. 

Students’ Environmental Behavior 

Environmental Behavior is something that is associated with actions and 
practices that help to make the environment sustainable and conserved. Some of the 
students' sustainable behaviours are: recycling, conserving energy, reducing waste and 
participating in campaigns for the environment. The role of educational institutions is 
crucial in influencing students' environmental behavior, as they can foster eco-friendly 
practices and initiatives (Altassan, 2020). Environmental awareness, attitudes and 
education experiences can often affect behavioral intention to protect the environment. 
Research studies have shown that students who engage in education relating to 
sustainability are more likely to exhibit positive environmental behaviors and climate 
conscious actions (Al-Naqbi & Alshannag, 2018; Badea et al., 2020). Environmental 
projects based on the STEAM strand further promote students' sustainable practices in 
everyday life, and foster a long-term environmental responsibility. 

Empirical Review of Previous Studies 

The correlations between STEAM education, environmental awareness, and 
sustainability behavior have been investigated in several studies. The result of Zhao and 
Abdullah's (2021) study showed that project learning with STEAM approach increased 
students' critical thinking and environmental problem solving skills. Similarly, Auh et al. 
(2021) showed that interdisciplinary STEAM activities facilitated students to become 
more creative, and more conscious of sustainability. Psycho-social studies on EE have 
also shown positive outcomes with regard to environmental attitudes and behaviour. 
Experiential climate education was found to have a profound influence on enhancing 
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participants' environmental consciousness by Trott (2019). Ardoin et al. (2020) also noted 
that environmental literacy initiatives have a positive impact on the sustainability 
behaviour of students and their environmental responsibility. Recent research on the 
importance of STEAM learning and sustainability awareness suggests that the presence 
of environmental themes in STEAM syllabuses enhances the knowledge of climate 
change, sustainable attitudes and behaviors among students (Sousa & Pilecki, 2018; 
Malik, et. al., 2013). 

This study is significant for educators because it highlights effective teaching 
strategies that improve environmental awareness and responsible behavior among 
students (Aldawsari et al., 2021; Torabi et al., 2021). It is useful for curriculum developers 
in creating a learning programs of sustainability oriented and interdisciplinary learning 
that are related with SDG 13. The results could be leveraged by policymakers to improve 
climate education policies and to encourage sustainable educational reforms. In addition, 
the study helps in fulfilling SDG 13 Climate Action by promoting environmentally 
responsible actions through educating people (Priatna & Khan 2021; Fatima et al., 2012). 
Furthermore, it enriches the literature on sustainability education by analyzing the effect 
of STEAM education on students' attitudes and behaviors toward the environment. 

Hypotheses 

H1 STEAM education significantly influences students’ environmental awareness and 
attitudes. 

H2 Sustainability-focused STEAM learning has a positive relationship with students’ 
environmental behavior. 

H3 STEAM education significantly promotes sustainable development and climate 
awareness among students. 

Theoretical Framework 

The principles of Constructivist Learning Theory focus on learning as a process 
of building knowledge by engaging in real-life experiences and collaboration. In STEAM 
education, students engage in hands-on environmental projects, investigations, and 
problem-solving activities that enhance understanding of sustainability concepts (Piaget, 
1972). The theory is reinforced and strengthened by the conviction that learning is an 
active process: this increases the awareness of the surrounding and acts as a motivator 
for responsible behavior. 

According to Kolb (2014) in his work of Experiential Learning Theory, learning is 
a process of doing, experiencing and reflecting. Environmental education programs 
make use of fieldwork, experiments and sustainability projects to facilitate students' 
learning by interacting with environmental issues. The experiential learning model is the 
one that involves the link between what is learned in the classroom and environmental 
issues in real life to increase environmental attitudes and climate awareness. 

Conceptual Framework 

STEAM Education for Sustainable Development is identified as the independent 
variable that affects students' environmental outcomes in this conceptual framework. 
According to the framework, STEAM education imbued with sustainability awareness 
helps to cultivate students' environmental awareness, climate awareness, and 
responsible attitude toward environmental protection. The combination of science, 
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technology, engineering, arts and mathematics with the concepts of sustainability allows 
students to acquire inter-disciplinary knowledge and hands-on experience in addressing 
environmental issues and finding solutions to sustainability (Huang, 2021; Setiawan et 
al., 2021). Additionally, previous research showed that STEAM education improved 
students' critical thinking skills and encouraged the adoption of sustainable learning 
practices in education (Rosyida et al., 2021). 

The dependent variables in the present study are Environmental Awareness, 
Environmental Attitudes, Environmental Behavior, and Climate Awareness. 
Environmental Awareness is students' knowledge and understanding of environmental 
problems and environmental sustainability practices. Environmental Attitudes are 
students' values, perceptions and positive feelings about environmental conservation 
and climate action. Environmental Behavior and Climate Awareness are concerned with 
students' environmentally responsible participation and behavior in daily life, and their 
understanding of causes, impacts and prevention strategies to climate change, 
respectively. The study revealed that environmental education had a significant impact 
on the students' environmental responsibility and awareness of sustainability (Aldawsari 
et al., 2021). In the same way, educational institutions are one of the important actors in 
climate change mitigation by carrying out environmental education activities and in 
fostering Sustainable Development Goal 13 (SDG 13) (Priatna & Khan, 2021). 

The framework is based on the premise that incorporation of STEAM education 
with sustainability has a positive impact on students' comprehension of environmental 
concern, attitudes towards climate change action and environmentally responsible 
behaviours. Research that investigated the environmental education in STEAM 
education showed positive impacts for learners' attitudes of sustainability and 
involvement with the environment (Djam'an, 2021; Ahmad, Thomas & Hamid, 2020). 
Moreover, good environmental teaching methods improved environmental knowledge 
and sustainable practices of the students (Agbor et al., 2021; Malik, et.al., 2013). 
Innovative teaching methods also proved to have a positive impact on environmentally 
responsible behaviors and attitudes of learners (Torabi et al., 2021). However, barriers to 
sustainability learning still existed in educational institutions, highlighting the need for 
stronger sustainability-focused instructional practices and effective teacher support 
systems (Parry & Metzger, 2020). The conceptual framework in Figure 1 displays the 
relationship between STEAM education for sustainable development and student 
environmental awareness, attitudes, behavior and environmental climate awareness. 
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Figure 1. Conceptual Framework of STEAM Education for Sustainable Development and 
Environmental Outcomes 

Methodology 

Quantitative research was used in this study to delve into the relationship 
between STEAM Education for Sustainable Development and students' environmental 
awareness, attitudes, behavior, and climate awareness pertaining to SDG 13 (Climate 
Action). The quantitative method was deemed appropriate as it would allow the 
researcher to gather numerical data, analyze the relationships between the study 
variables, and use statistical methods (Creswell & Creswell, 2017; Raza & Ahmed, 2017). 
The study utilized a cross sectional survey design because data were gathered at one 
time. This design facilitated an efficient and systematic understanding of students' 
perceptions, experiences and environmental behaviors. The population was students 
from secondary schools and higher education institutions. These students were chosen 
as they are the learners who were exposed to science, technology and sustainability 
related educational activities. The study aimed at investigating the effect of STEAM 
learning experiences on environmental awareness, attitude and sustainable behavior of 
students (Taherdoost, 2016). The number of students involved in the study was 200 
students. The sample size was deemed to be sufficient for statistical analysis and for 
accurate results about the effects of STEAM education on students' environmental 
awareness and behavior. A stratified random sampling was used in the study. The 
participants were divided into different strata according to their education and 
institutions. The stratification was followed by random sampling within each stratum to 
ensure equal representation of respondents and to reduce sampling bias. This method 
gave better results in terms of accuracy and reliability of the data collected. A structured 
questionnaire was used for collecting data, which was developed by the researcher. The 
questionnaire provided the data for this study on the experiences of students in STEAM 
education, environmental awareness, environmental attitudes, environmental behavior, 
and climate consciousness. The questionnaire included demographic data, STEAM 
learning experiences, environmental awareness, environmental attitudes, environmental 
behaviors and climate awareness. These sections allowed the researcher to explore 
students' perception of environmental sustainability and how STEAM-based learning 
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can impact students' attitudes and actions towards climate issues. The questionnaire 
items were measured on a five-point Likert scale which spanned from strongly disagree 
to strongly agree. The use of a likert scale helped the researcher gather quantitative 
information and to systematically analyze what participants responded. The structured 
questionnaire was found suitable as it would enable data collection from many 
participants in a structured, reliable and efficient manner. The research instrument was 
reviewed with subject experts for content validity to guarantee the validity of the 
research instrument. They made suggestions and recommendations which were 
included prior to the completion of the instrument (Taber, 2017). A small number of 
students were also involved in a pilot test to check for any confusion or difficulty in the 
items in the questionnaire. In addition, reliability test (Cronbach's Alpha) was conducted 
to analyze the instrument's internal consistency. The reliability results showed moderate 
values, thus confirming the reliability of the questionnaire used in collecting the data. 
The initial stage in the data collection process was to get permission from the chosen 
educational institutions. The questionnaires were distributed to all participants, once 
approved. Before participation the respondents were provided with information about 
the objectives and the significance of the study. Great care was taken to ensure that ethical 
issues were respected in the data-gathering process. Confidentiality and anonymity of 
participants was maintained and all data collected was utilized only for academic 
purposes. Data collected was analyzed using different statistical methods. The 
respondents' demographic characteristics were summarized using descriptive statistics. 
In order to measure the students’ responses to the questions related to environmental 
awareness, attitude, behavior and climate awareness, the mean and the standard 
deviation were calculated. Correlation analysis was performed to investigate the 
correlation between the variables, and regression analysis was performed to identify the 
influence of STEAM education on students' environmental outcomes. 

Results and Discussion 

Table 1 
Gender Distribution of Respondents 

Gender Frequency Percentage 

Male 92 46.0 

Female 108 54.0 

Total 200 100.0 

Table 1 showed the gender distribution of the respondents of the study. Out of 
200 students, 108 (54%) were female, while 92 (46%) were male. The results showed that 
the sample of the study was slightly dominated by female respondents. The inclusion of 
both genders in the study in a balanced manner made the study more representative and 
gave different opinions about the subject of STEAM education and environmental 
sustainability. 

Table 2 
Age Distribution of Respondents 

Age Group Frequency Percentage 

15–18 Years 78 39.0 

19–22 Years 94 47.0 

23 Years and Above 28 14.0 

Total 200 100.0 

Table 2 showed the distribution of the respondents according to age. The age 
group of the most respondents was 19-22 years, accounting for 47% of the total 
respondents. 39% of students were between the ages of 15 and 18 and 14% were 23 years 
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old and older. The results showed that most of the respondents were young learners who 
are involved in educational activities related to STEAM and sustainability. 

Table 3 
Educational Level of Respondents 

Educational Level Frequency Percentage 

Secondary School 86 43.0 

Undergraduate 96 48.0 

Postgraduate 18 9.0 

Total 200 100.0 

Table 3 indicated the educational levels of the respondents. The highest 
proportion of participants was made up of undergraduate students (48%) while the 
secondary school students made up 43%. The postgraduate student sample made up 9% 
of the sample. The results indicated that the study achieved the achievement of collecting 
responses from the learners from various educational levels, which would lead towards 
diversity and reliability of the data. 

Table 4 
Descriptive Statistics of Study Variables 

Variables N M SD 

STEAM Education 200 4.12 0.61 

Environmental Awareness 200 4.25 0.57 

Environmental Attitudes 200 4.18 0.63 

Environmental Behavior 200 4.05 0.66 

Climate Awareness 200 4.21 0.59 

Table 4 presented the descriptive statistics of the study variables. The findings 
revealed that there is high agreement among the students on the variables of STEAM 
education and environmental sustainability. The mean score of Environmental 
Awareness was the highest (M = 4.25, SD = 0.57), reflecting good understanding of the 
students in relation to environmental issues and sustainability practices. The 
respondents were also aware of climate change and environmental protection as 
evidenced by the high mean value (M = 4.21, SD = 0.59) that was obtained for Climate 
Awareness. Also, Environmental Attitudes (M = 4.18, SD = 0.63) and Environmental 
Behavior (M = 4.05, SD = 0.66) showed positive sustainable attitudes and 
environmentally responsible actions of students. It was found that training students in 
STEAM with sustainability had a positive impact on their environmental perceptions and 
climate consciousness. 

Table 5 
Environmental Awareness Levels 

Response Category Frequency Percentage 

Low 18 9.0 

Moderate 52 26.0 

High 130 65.0 

Total 200 100.0 

Table 5 showed the level of awareness of students on environment. Most of the 
respondents (65%) were high environmental awareness, 26% moderate environmental 
awareness. 9% indicated that they were low on environmental awareness. The results of 
these findings suggested that students who were exposed to STEAM education had rich 
knowledge and understanding about environmental sustainability and climate-related 
issues. 
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Table 6 
Environmental Attitude and Behavior Analysis 

Variables M SD Interpretation 

Environmental Attitudes 4.18 0.63 Positive 

Environmental Behavior 4.05 0.66 Responsible 

Table 6 showed students’ environmental attitudes and behaviors. High scores (M 
= 4.18, SD = 0.63) were obtained in the Environmental Attitudes domain, reflecting 
positive attitudes and perceptions of respondents towards the conservation of the 
environment and climate action. In the same way, the mean score of Environmental 
Behavior was 4.05 (SD = 0.66) showing the students' practice of being environmentally 
responsible. The results indicated that the learning outcomes of STEAM sustainability 
education made learners feel and act sustainably. 

Table 7 
Cronbach’s Alpha Reliability Results 

Variables Number of Items Cronbach’s α 

STEAM Education 6 0.86 

Environmental Awareness 5 0.84 

Environmental Attitudes 5 0.82 

Environmental Behavior 5 0.88 

Climate Awareness 4 0.81 

Overall Reliability 25 0.87 

Table 7 presented the Cronbach’s Alpha reliability analysis results for the study 
instrument. The reliability values were from 0.81 to 0.88, higher than the acceptable value 
of 0.70 recommended by researchers. The internal consistency of the items in the 
questionnaire was high with an overall reliability value of 0.87. Hence it can be stated 
that the instrument was reliable and appropriate for data collection and statistical 
analysis. 

Table 8 
Correlation Analysis among Study Variables 

Variables 1 2 3 4 5 

1. STEAM Education 1 
    

2. Environmental Awareness .691** 1 
   

3. Environmental Attitudes .648** .721** 1 
  

4. Environmental Behavior .603** .674** .702** 1 
 

5. Climate Awareness .657** .738** .689** .641** 1 

Note. Correlation is significant at the 0.01 level (2-tailed). 

Table 8 presented the correlation analysis among the study variables. The results 
showed that there were significant positive correlation between STEAM Education and 
Environmental Awareness (r = .691, p < .01), Environmental Attitudes (r = .648, p < .01), 
Environmental Behavior (r = .603, p < .01), and Climate Awareness (r = .657, p < .01). The 
findings showed that the application of sustainability-focused STEAM learning was able 
to positively impact students' awareness, attitudes and sustainable practices. Further, 
high positive correlation among the environmental variables indicated that an enhanced 
environmental awareness led to positive changes in attitude and environmentally 
responsible behavior. 
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Table 9 
Regression Analysis: Impact of STEAM Education on Environmental Awareness 

Model Summary 
Model R R² Adjusted R² Std. Error of the Estimate 

1 .691 .477 .472 0.421 

ANOVA 
Model Sum of Squares df Mean Square F Sig. 

Regression 31.846 1 31.846 179.420 .000 

Residual 34.947 198 0.176 
  

Total 66.793 199 
   

Coefficients 
Variables B Std. Error β t Sig. 

Constant 1.284 0.214 
 

5.999 .000 

STEAM Education 0.721 0.054 .691 13.395 .000 

The regression results showed that students' Environmental Awareness was 
significantly predicted by STEAM Education (β = .691, p < .001). The R2 value of 0.477 
indicated that 47.7% of the students' environmental awareness is accounted for by 
STEAM education. The results from ANOVA also verified that the regression model was 
statistically significant, F(1, 198) = 179.420, p < .001. Based on these results, it was 
concluded that STEAM-based sustainability education had a positive impact on learners' 
environmental understanding and awareness. 

Table 10 
Regression Analysis: Impact of STEAM Education on Environmental Behavior 

Model Summary 
Model R R² Adjusted R² Std. Error of the Estimate 

1 .603 .364 .359 0.468 

ANOVA 

Model Sum of Squares df Mean Square F Sig. 

Regression 24.281 1 24.281 113.627 .000 

Residual 42.312 198 0.214 
  

Total 66.593 199 
   

Coefficients 

Variables B Std. Error β t Sig. 

Constant 1.462 0.237 
 

6.168 .000 

STEAM Education 0.629 0.059 .603 10.659 .000 

The regression results showed that students' Environmental Behavior (EB) was 
significantly influenced by STEAM Education (β = .603, p < .001). The R² result was 0.364, 
which meant that the variance of environmental behavior accounted for 36.4% due to 
STEAM education. The results of statistically significant ANOVA, F(1,198) = 113.627, p < 
.001, showed that the regression model was suitable. The results indicated that STEAM 
learning that focused on sustainability was able to motivate students to act in an 
environmentally responsible way and adopt sustainable practices. 

Hypotheses Testing 

Table 11 
Summary of Hypotheses Testing 

Hypotheses Statement Decision 

H1 
STEAM education significantly influences students’ environmental 

awareness and attitudes. 
Accepted 

H2 
Sustainability-focused STEAM learning has a positive relationship with 

students’ environmental behavior. 
Accepted 
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H3 
STEAM education significantly promotes sustainable development and 

climate awareness among students. 
Accepted 

Table 11 summarized the hypotheses testing results of the study. All hypotheses 
were accepted as the results of the statistical analysis indicated that all study variables 
have significant positive relationships and impacts. The results showed that STEAM 
Education had a positive effect on students' environmental awareness, environmental 
attitudes, environmental behavior, and climate awareness. Thus, sustainability-oriented 
STEAM learning was determined to be an effective learning approach to foster 
environmental responsibility and to contribute to Sustainable Development Goal 13 
(Climate Action). 

Discussion 

The results of this study showed that STEAM Education for Sustainable 
Development had a great effect on increasing the awareness of students about the 
environment, environmental attitude, environmental behavior and awareness about 
climate change. Results from descriptive and regression analysis indicated that the 
students who engaged in the STEAM approach to sustainability had high scores for their 
environmental understandings and environmentally responsible behaviors. The 
correlation analysis also revealed positive correlations between the variables of STEAM 
education and environmental sustainability. The results confirmed the hypotheses of this 
study and suggested that the learning model of interdisciplinary STEAM was able to 
positively affect students' climate consciousness and sustainable practices. The findings 
were like previous research that found the use of STEAM-based learning increased 
students' environmental literacy, creativity and awareness of sustainability (Rosyida et 
al., 2021; Zhao & Abdullah, 2021; Ahmad & Hamid, 2021). Likewise, Setiawan et al. (2021) 
revealed that STEAM learning with the principles of Education for Sustainable 
Development greatly enhanced students' environmental awareness and positive 
environmental attitudes. The results also supported the conclusions of Trott (2019), who 
argued that experiential climate education increased students' involvement in the 
environment and their responsible actions. Moreover, the study was congruent with the 
theory of Constructivist Learning Theory and Experiential Learning Theory as the 
students acquired knowledge about the environment by engaging in active learning, 
interaction, and sustainability experiences (Piaget, 1972; Kolb, 2014; Ahmad, Ali, & 
Sewani, 2021; Malik, Altaf, & Gull, 2020). These theories were used to account for the 
process of meaningful learning by directly experiencing the challenges of the 
environment around them and reflecting on the experiences. The results showed that 
STEAM education had a positive impact on environmental awareness and 
understanding of climate change among students. The interdisciplinary learning 
approach helped Students Bridge the gap between scientific knowledge, creativity, and 
problem-solving while addressing environmental sustainability concerns. The students 
were able to gain knowledge about climate change, environmental conservation, and 
sustainable development practices through the sustainability-focused projects and 
hands-on tasks (Ali et al., 2020). Huang (2021) found that education for sustainable 
development positively contributed to the students' knowledge of sustainable 
development and their environmental responsibility. Likewise, Djam'an (2021) noted 
that EE in the context of STEAM approaches had a positive effect on enhancing 
sustainability consciousness and environmental involvement of learners. The study 
showed that STEAM learning had a positive effect on the students' environmentally 
responsible behaviors and sustainable attitudes. Students who were exposed to STEAM 
sustainability education showed their eco-friendly attitude towards recycling, energy 
saving, and participating in environmental activities. The results aligned with the Ardoin 
et al. (2020) who found that EE programs had positive effects on sustainable behaviour 
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and environmental responsibility. Similarly, Torabi et al. (2021) revealed that innovative 
and activity based teaching methods have a positive effect on the improvement of 
students' environmentally responsible behavior. In this experiential and collaborative 
approach to STEAM learning, students engaged with sustainable practices in their lives 
and were cultivating long-term environmental ethics. 

The study is a significant contribution to Sustainable Development Goal 13 
(Climate Action) by underlining the need for sustainability education to foster climate 
awareness and eco-responsible actions among learners. The results indicated that 
incorporating STEAM education into the environmental sustainability discourse helped 
improve the students' awareness about climate change topics and promoted active 
engagement in climate change action projects. Interdisciplinary sustainability education 
and climate literacy programs in education were thus found to be crucial to realizing 
SDG 13 (Priatna & Khan, 2021; Malik, Azhar, & Rafiq, 2021). The study also 
complemented UNESCO's (2020) focus on incorporating the principle of Education for 
Sustainable Development into the education system to equip learners for environmental 
issues and sustainable futures. 

Conclusion 

This study examined the impact of STEAM Education for Sustainable 
Development on students’ environmental awareness, environmental attitudes, 
environmental behavior, and climate awareness in relation to Sustainable Development 
Goal 13 (Climate Action). The results showed that STEAM education with sustainability 
concepts had a positive impact on improving students' understanding of environmental 
problems and creating environmental responsibility. The descriptive, correlation and 
regression analyses results have verified the positive effect of STEAM education on 
environmental awareness, climate consciousness and sustainable practices of students. 
Interdisciplinary STEAM education was found to positively influence students' attitudes 
towards the environment and their involvement in taking care of the environment, 
including recycling, saving energy, and participating in climate related practices. 

The results also revealed that STEAM education provided meaningful learning 
experiences by combining STEAM with concepts and challenges related to sustainability. 
The study also reinforced Constructivist Learning Theory and Experiential Learning 
Theory, which posited that students' understanding and behavior towards 
environmental sustainability can be enhanced through active involvement and hands-on 
learning experiences. The findings were also similar with previous studies that showed 
that STEAM sustainability education is effective in increasing environmental literacy and 
climate awareness in students (Setiawan et al., 2021; Djam’an, 2021). 

Overall, the study concluded that STEAM education served as an effective 
educational strategy for promoting environmental responsibility and sustainability 
awareness among students. Sustainability concepts' embedding in interdisciplinary 
education is a significant contribution to climate education and helped to implement 
SDG 13 by adopting sustainable education approaches and processes. 

Recommendations 

The study's results were used to recommend that the incorporation of 
sustainability-related STEAM curricula in educational processes should foster students' 
environmental awareness and climate literacy. Additionally, teachers need professional 
development on climate education and the teaching of sustainability and 
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interdisciplinary teaching to enhance the effectiveness of the STEAM learning 
environments. Schools and universities should continue to arrange environmental 
projects, green innovation activities and practical experiences based on sustainability to 
provide opportunities for active involvement of students in environmental protection 
and climate action projects. Policymakers were also urged to support sustainability 
education through institutional and policy measures with the inclusion of SDG 13 goals 
in the national educational systems and curriculum changes. 

The study highlighted the importance of improving sustainability-oriented 
teaching practices through STEAM education. The results can be applied in educational 
environments to create innovative teaching methods that improve environmental 
education, climate awareness and fostering students' problem-solving skills regarding 
sustainability issues. 

The findings highlighted the significance of the education policies required for 
SDG 13 Climate Action. The results can be utilized by the policy makers on supporting 
sustainability-related curriculum development, climate education programs, and 
environmental awareness education in educational institutions. 

The study was practically significant in promoting responsible student behavior 
towards the environment through interdisciplinary and experiential learning activities. 
Through sustainability STEAM education, students were encouraged to develop a habit 
of green behavior and actively engage in environmental protection work. 
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