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Abstract: 21st century education demands innovation in learning to develop students' 
creative thinking skills.  This study aims to measure the effect of implementing STEAM-
SDGs-based science learning on the concept of energy on students' creative thinking skills. 
The research method used a quasi-experimental method with a one-group pretest-posttest 
design. The subjects of the study were 32 students of grade VIII of SMP Negeri 1 Jumo, 
Temanggung Regency. Data collection was carried out using a creative thinking skills test 
instrument and the research data were analyzed using the rasch model. The results showed 
a significant increase in students' creative thinking skills, with an average pretest score of 
35.83 and a posttest score of 82.32. Welch's t-test showed a significant difference between 
the pretest and posttest (t = -6.31, df = 55, and prob = 0.001, p <0.05). The greatest increase 
occurred in the fluency, flexibility, and elaboration indicators, while the originality 
indicator experienced a lower increase. STEAM-SDGs integration has proven effective in 
improving students' creative thinking skills, with the highest indicator in flexibility (90.24) 
and the lowest in originality (69.93). This study suggests that combining STEAM with 
global sustainability issues such as the SDGs can prepare students to face 21st century 
challenges and increase their awareness of environmental and sustainability issues. 
 
Keywords: Creative Thinking Skills; Energy; Science; SDGs; STEAM 

  

Introduction  

 
In the era of globalization and rapid technological 

development, creative thinking skills are one of the main 
competencies that every individual must have 
(Anindayati & Wahyudi, 2020). Creative thinking skills 
enable a person to generate new ideas, find innovative 
solutions to various problems, and adapt to changes in 
the surrounding environment (Majidah et al ., 2024).  In 
the context of education, creative thinking skills are not 
only important for students' self-development, but are 
also one of the indicators of the success of education in 
preparing the younger generation to face the challenges 
of the 21st century (Rohman et al., 2021).  Natural Science 
(IPA) learning has a strategic role in developing creative 
thinking skills. (Kurnia, 2021; NNL Handayani, 2010).  
As one of the subjects that teaches basic concepts about 
nature and the environment, science provides 
opportunities for students to explore, analyze, and 

understand natural phenomena through a scientific 
approach (TW Handayani, 2018 ; Ansya, 2023).  
However, science learning is often trapped in a 
traditional approach that tends to prioritize memorizing 
theoretical concepts without providing space for 
students to think creatively and explore their knowledge 
in depth (Qomariyah & Subekti, 2021).  

The results of the 2022 Program for International 
Student Assessment (PISA) survey show that the critical 
and creative thinking skills of Indonesian students are 
still lagging behind the international average, a 
worrying indication of the quality of education in the 
country (State & OECD, 2023).  One of the main factors 
contributing to this low ability is the learning method 
which is still dominated by a conventional approach 
(Sopandi. W, 2017).  This approach tends to place less 
emphasis on the development of problem-solving skills, 
which are essential in encouraging students to think 
critically and creatively (Bakti et al., 2023 ; Permanasari 
& Permana, 2021).  In this context, the STEAM (Science, 
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Technology, Engineering, Arts, and Mathematics) 
learning approach emerges as a potential solution that 
can overcome this problem (Linda, 2023 ; Supriaman, 
2023).  

The STEAM approach is a learning method that 
integrates science, technology, engineering, arts, and 
mathematics (Abed, 2016 ; Stagg & Verde, 2018 ; Stagg, 
2019) so that it can create active learning, because the 
five disciplines must be applied simultaneously in 
solving problems (Ulfayani et al., 2022; Diana & 
Turmudi, 2021; Zubaidah, 2019).  This approach 
encourages students to think broadly about real-life 
problems, which ultimately develops their creative 
thinking skills (Muntamah et al., 2023).  Through this 
approach, students not only learn scientific concepts, but 
also develop technical skills, creativity, and critical 
thinking skills (Rahmawati & Mintohari, 2024; Iffiani et 
al., 2024). The integration of arts in the STEAM approach 
provides a new dimension in science learning, where 
students are invited to explore the relationship between 
science and art. Art is not only used as a tool to convey 
information, but also as a medium to express creative 
and innovative ideas (Rahmawati & Mintohari, 2024).  

The implementation of STEAM still faces 
significant challenges. In Indonesia, education with the 
STEAM approach has been implemented at several 
levels of education but has not yet occurred massively 
(Annisa et al., 2019).  Most teachers still focus on the 
traditional curriculum which tends to separate science, 
mathematics, arts, and technology subjects. Teachers 
also do not fully understand, design, and implement the 
STEAM approach in the learning process (Hayat et al., 
2023).  Many teachers are not yet familiar with the 
concept of STEAM and how to apply it effectively in the 
learning process (Agusniatih & R., 2022) and still focus 
on separating disciplines and emphasizing exam results 
rather than interdisciplinary and exploratory learning 
processes (Firdaus & Ritonga, 2024).  Research from 
Probosari et al., (2021) that some teachers have not been 
able to integrate several fields of science in an integrated 
manner and how to evaluate them. The learning 
methods applied still tend to be traditional and not fully 
in accordance with the times. As a result, students are 
less trained in critical, creative, and collaborative 
thinking skills that are much needed in the 21st century.  
However, the potential of STEAM in equipping students 
with relevant skills for the 21st century cannot be 
ignored. This approach not only prepares students to 
face challenges in an increasingly complex and dynamic 
world of work, but also encourages them to become 
global citizens who care about sustainability issues.  
Through STEAM, students can be invited to connect 
their knowledge to global issues such as climate change, 
energy sustainability, and environmental conservation, 
so that they grow into responsible individuals who are 

ready to contribute positively to the global community 
(Damayanti, 2024).  The STEAM approach is an 
approach that can be used to prepare the younger 
generation to answer the challenges that will be faced in 
dealing with environmental issues (Nguyen et al ., 2020).  

In addition to equipping students with soft skills, 
education must also teach environmental knowledge 
and create awareness of the importance of sustainability. 
Education must be able to develop students' awareness 
of environmental sustainability, form characters that 
support sustainability, and encourage them to 
understand and address the impacts of the energy crisis 
(Vioreza et al., 2023).  Thus, students can act as agents of 
change who contribute to sustainable development and 
have responsibility for the environment. STEAM offers 
a holistic approach to achieving this goal. With STEAM, 
students can learn about global issues such as the energy 
crisis and climate change, and develop sustainable 
solutions (Megawati & Arief, 2021 ; Indahwati et al., 
2023).  

The concept of sustainable development can be 
realized through education and is an important 
principle in national education development (Pauw et 
al., 2015). Machado & Davim, (2022) said the same thing 
that education is the key to success in achieving the 
Sustainable Development Goals (SDGs). Education 
holds the responsibility to shape students in terms of 
environmental awareness (Sustainability awareness) 
and change the attitudes of future generations towards 
the importance of preserving the natural environment 
(Hamid et al., 2017). SDGs is a global action plan 
designed by UNDP as an effort to encourage 
environmentally friendly behavior and balance of life in 
nature and is an effort to achieve shared prosperity 
(Khataybeha et al., 2010). 

Basic introduction and application of SDGs in 
school learning needs to be created so that students who 
act as the next generation have a basic mindset towards 
social awareness needed to realize sustainable life ( 
Pribadi, 2017).  In Indonesia itself, the implementation of 
SDGs has begun. One of the goals of SDGs is to address 
environmental problems (Tareze et al ., 2022).  Of the 17 
SDGs goals, two of them are very close to the focus of 
science education, namely the seventh goal (clean and 
affordable energy) and the thirteenth goal (addressing 
climate change). The presence of SDGs provides great 
hope for restoring the global climate from the negative 
impacts of parties who do not comply with 
environmental ethics and do not understand the values 
of sustainability (Leontinus, 2022).  

In science learning that discusses SDGs such as the 
concept of Renewable Energy, a learning approach is 
needed that can develop students with knowledge, 
abilities, and skills. The implementation of the STEAM 
approach in science learning can also meet one of the 
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SDGs goals, namely the fourth goal on Quality 
Education, this goal can be achieved if students have 
21st century skills. (Kurniawan, 2023).  According to 
Utami et al., (2024) teachers still have difficulty in 
preparing learning tools that implement the STEAM 
approach and still have difficulty connecting learning 
topics with everyday life using STEAM that supports the 
SDGs. 

The integration of the STEAM approach with SDGs 
in science learning provides a comprehensive 
framework for developing students' creative thinking 
skills (Prihatiningsih, 2024). The STEAM approach 
based on interdisciplinarity allows students to 
understand scientific concepts in a broader context, 
while the SDGs provide a framework that is relevant to 
global needs. Research conducted by Indahwati et al., 
(2023) shows that the integration of independent 
learning and the STEAM approach improves students' 
critical thinking skills and supports the achievement of 
the 2030 SDGs on renewable energy, and equips 
students to become agents of change in sustainable 
development. 

Through the synergy between STEAM and SDGs, 
science learning can be oriented towards the 
development of creative thinking skills that are not only 
beneficial for students in academic contexts, but also in 
real life (Utami et al., 2024).  In this approach, students 
are invited to be actively involved in various projects 
that integrate scientific knowledge with global issues 
relevant to the SDGs. For example, students can be 
invited to design creative solutions to environmental 
problems, such as water pollution or declining air 
quality, by utilizing the science and technology concepts 
they have learned (Vioreza & Wilda Hilyati, 2023).  In 
addition, students can also be invited to explore the 
relationship between art and science in an effort to raise 
awareness of sustainability issues, such as 
environmentally friendly product designs or 
environmental awareness campaigns through art media. 

The novelty of this study lies in the integration of 
the STEAM (Science, Technology, Engineering, Arts, and 
Mathematics) learning approach with the Sustainable 
Development Goals (SDGs) in science learning, especially 
in the concept of energy.  Although the STEAM 
approach has been applied before, this study focuses on 
the application of STEAM based on SDGs to improve 
students' creative thinking skills. By linking energy 
concept learning to global sustainability goals, such as 
clean energy and climate change, this study not only 
develops creative thinking skills but also forms students' 
awareness of the importance of sustainable awareness. 
This learning design emphasizes the combination of 
mastery of scientific concepts and critical and creative 
thinking skills that are relevant to global challenges. 
Thus, the results of this study can provide a significant 

contribution to the development of STEAM-SDGs-
oriented science learning strategies to form a generation 
that is innovative, adaptive, and has awareness of global 
sustainability issues. 

Based on the background description that has been 
presented, the formulation of the problem in this study 
is as follows: First, how can the science learning design 
oriented to STEAM-SDGs in the concept of Energy 
improve students' creative thinking skills. Second, how 
is the effectiveness of the science learning design 
oriented to STEAM-SDGs in the concept of Energy in 
improving students' creative thinking skills. These two 
problem formulations will be the main focus of the study 
to explore and measure the impact of the application of 
the STEAM-SDGs approach on students' creative 
thinking skills in the context of science learning, 
especially in the concept of Energy. 

 
Method 

 
The flow diagram related to the stages carried out 

in this research is depicted in figure 1. 

 

 
Figure 1 Research Flow Diagram 

 
This research is designed in the form of a research 

and development design or Research and Development (R 
& D) which refers to the ADDIE model which consists of 
five stages, namely Analysis, Design, Development, 
Implementation and Evaluating. This article focuses on 
the implementation stage using the quasi-experimental 
method with one-group pretest-posttest design. Data 
collection was carried out using a creative thinking skills 
test instrument and the research data were analyzed 
using the Rasch model. 

Data collection was carried out by testing twice, 
namely before the developed product was implemented, 
students were given treatment in the form of pre-test 
questions and after the developed product was 
implemented, students were given treatment in the form 
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of post-test questions to see the comparison of the results 
of students' creative thinking skills, before being given 
treatment and after being given treatment to find out the 
comparison of creative thinking skills. The subjects in 
this study were 32 students of class VIII A of SMP Negeri 
1 Jumo. The sampling technique used in this study used 
the purposive sampling technique . Purposive sampling is a 
sampling determination technique with certain 
considerations. The reason for using this purposive sampling 
technique is because this is a quantitative study that does 
not require generalization. The data obtained from the 
pretest and posttest results are calculated as the N-Gain 
score with Equation 1. 

 

Gain (g) =
post test score−pre test score

maximum score−pre test score
     (1) 

 
The assessment criteria for the creative thinking 

skills instrument are as in table 1 below: 
 

Table 1. N -gain Effectiveness Criteria (Hake, 1999) 
Percentage (%) N-gain Category 

>76 Effective 
56 – 76 Quite Effective 
40 – 55 Less Effective 
< 40 Ineffective 

 

Result and Discussion 
 

The research data represents evidence and findings 
related to the improvement of creative thinking skills of 
class VIII A students at SMPN 1 Jumo after participating 
in the STEAM-SDGs-oriented learning program. The 
data are presented in the form of average pretest and 
posttest results, Wright Map Pretest and Posttest Values, 
t-test and calculation of N-gain values using Rasch model 
analysis to see the effectiveness of implementing the 
STEAM-SDGs-oriented learning program on students' 
creative thinking skills. In detail, the research data are 
presented as follows (Figure 1). 

 

 
Figure 2. Results of Pretest and Posttest of Students' Creative 

Thinking Abilities 
 

Based on Figure 1, it shows that there is an increase 
in students' creative thinking skills from a score of 35.84 
to 82.32. Then from the data, further analysis was carried 

out on improving students' creative thinking skills using 
the Rasch Model which can be seen in the following 
Wright Map results (Figure 2). 

 

 
Figure 2. Rasch Model 

 

The data in Figure 3 shows that during the post-test 
there was a change in the responses given by 
respondents, person 218 (3.98 logit) is the student who 
has the highest creative thinking ability, followed by 
person 232 (3.95 logit) and 204 (3.34 logit). Conversely, 
person 219 (-0.54 logit) is the student who has the lowest 
creative thinking ability, followed by person 226 (-0.52 
logit). Person 218, 232, 204, 216, 225, 231, 209, 203, 211, 
221, 222, 229, 202, 207, 212, and 223 (1.86 logit) have the 
opportunity to answer all items maximally, because the 
maximum item measurement is 1.61 logit (i7). In 
contrast, no person at post-test had a logit value below -
1.26 logit (i1). 

 

 
Figure 3. Extreme and Non-Extrem Persson Scores 
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Based on the wright map and the table above, it can 
be seen that the average of students' creative thinking 
ability in the pre-test is -0.26 logit with a standard 
deviation of 0.93 logit, while the average of students' 
creative thinking ability in the post-test is 1.52 logit with 
a standard deviation of 1.31 logit. The average of person 
measurements in the pre-test is below the average of 
item measurements (0.00 logit), meaning that in general, 
students' creative thinking ability in the pre-test is 
lacking. Conversely, in the post-test the average of 
person measurements is greater than the average of item 
measurements (0.00 logit), meaning that in general 
students have good creative thinking ability in the post-
test. This indicates that it is happening in a better 
direction, namely an increase in students' creative 
thinking ability. However, in-depth information is 
known based on the average comparison test between 
pre-test and post-test data through the Welch t-test. It is 
known that the value of t = -6.31, df = 55, and prob = 
0.000 <α = 0.05, meaning that H0 is rejected and it is 
concluded that there is a significant difference in the pre-
test and post-test scores of students. Furthermore, based 
on the value of the difference in the average 
measurement = -1.79 (negative value), meaning that the 
average pre-test score (-0.26 logit) is less than the 
average post-test score (1.52 logit). Based on this, it can 
be concluded that the treatment given causes students' 
creative thinking abilities to increase significantly. This 
is reinforced by the visual presentation through the right 
map, it is clearly seen that there has been a shift in 
students' creative thinking abilities from the pre-test to 
the post-test. 

 
Figure 4. N Gain of Students' Creative Thinking with Rasch 

Model 
 

In the Gain graph, the changes in responses given 
by respondents are seen in detail, which generally 
indicate that there is an increase in students' creative 
thinking abilities. There are 32 respondents (90.63%) 
who experienced an increase, with details of 12 
respondents increasing significantly and 17 respondents 
increasing but not significantly. No respondents have 
stable creative thinking abilities. While the remaining 3 
respondents (9.37%) experienced a decrease in creative 
thinking abilities, but not significantly. Based on the 
level of each indication of the achievement of creative 
thinking abilities, it can be seen in Table 3.

 

Table 4. Categories if Students’ Creative Thinking Abilities 
Interval Score Category KBK Pretest Posttest 

Number of Studnts Percentage (%) Number of Studnts Percentage (%) 

81-100 Very Creative 0 0 20 62.50 
61-80 Creative 0 0 12 37.50 
41-60 Quite Creative 9 28.12 0 0 
21-40 Lack of Creativity 21 65.63 0 0 
0-20 Not Creative 2 6.25 0 0 
Total  32 100 32 100 

 
Based on Table 4, it can be seen that there is an 

increase in students' creative thinking skills between the 
pre-test and post-test which has a significant effect on 
students' creative thinking. The ability with the Very 
Creative indicator is 62.50%, Creative 37.5%. The results 
of the pretest and posttest for each creative thinking 
indicator when analyzed using SPSS produce data as 
presented in Table 5. 

 
 
 

Table 5. Analysis of Students' Creative Thinking Ability 
Achievement Indicators 
Indicator 
KBK 

Pretest 
Score 

Posttest 
Score 

Score 
N-gain 

Category 

Fluency 39.45 85.94 0.76 Quite Effective 
Flexibility 53.91 90.24 0.78 Effective 
Originality 18.75 69.93 0.62 Quite Effective 
Elaboration 31.25 83.20 0.77 Effective 

 
The STEAM approach offers an effective 

framework for integrating the Sustainable Development 
Goals (SDGs) into the learning process. Through energy-
based projects, students not only gain in-depth 
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knowledge of science and technology concepts, but also 
actively contribute to efforts to achieve SDGs 7 
(Affordable and Clean Energy) and SDGs 13 (Action on 
Climate Change). With the task of finding innovative 
solutions and designing simple power plant prototypes, 
students are encouraged to think critically and creatively 
in addressing the increasingly pressing energy crisis. 
These projects are not only relevant to environmental 
issues, but also encourage the development of clean 
technologies that have great potential in reducing 
greenhouse gas emissions and providing equitable 
energy access for all levels of society.  

Based on table 5, the pretest and posttest data show 
an average pretest of 35.83 and a posttest value of 82.32. 
For the average pretest value of each indicator, namely 
the fluency indicator 39.45; flexibility 53.91; originality 
18.75 and elaboration 31.25. While the average posttest 
value of each indicator is the fluency indicator 85.94; 
flexibility 90.24; originality 69.93 and elaboration 83.20. 
The gain value is included in the effective category for 
the flexibility indicator 0.78; and elaboration 0.77. While 
for the fluency indicator 0.76; originality 0.62 is included 
in the fairly effective category. This shows that there is 
an increase in students' creative thinking skills. 

The creative thinking indicator in the flexibility 
aspect has the highest post-test value of 90.24, including 
the very creative category. Followed by the fluency 
indicator of 85.94, including the very creative category. 
The elaboration indicator is ranked third, namely 83.20, 
including the very creative category, while the 
originality indicator has the lowest value, namely 69.93, 
including the creative category. Creative thinking skills 
with the flexibility indicator develop when students 
work on LKPD with group discussions where students 
are asked to find problems and provide solutions to 
existing problems. Students discuss and put forward 
various ideas in solving problems in LKPD. The results 
of this study are in line with the results of research from 
Budiyono et al., (2020) that the STEAM integrated PBL 
model can improve flexible thinking skills by 93%. 

Fluency and elaboration indicators develop when 
students are asked to design and create a prototype of a 
simple power plant, either a water wheel, windmill and 
utilizing solar panels as an environmentally friendly 
alternative energy source. The materials, design and 
method of making a simple power plant prototype are 
determined by students through discussion and 
independent learning and seeking information from 
sources who can explain to students about how to make 
the prototype. This will stimulate students to create 
ideas or concepts in designing and creating a simple 
power plant prototype. In the process of making the tool, 
students encounter many difficulties and obstacles such 
as the tool not working with the lights not turning on 
which are used as indicators of the functioning of the 

simple power plant prototype. Here students are trained 
to find problems as the cause of the tool not working and 
find solutions to repair the tool so that it can function as 
a simple power plant. 

Fluency thinking is also facilitated when students 
present their work through presentations where 
students must be able to understand the material, ask 
questions to other groups and answer questions from 
other groups. The elaboration indicator is facilitated at 
the stage of developing and presenting the work where 
students try to produce good, neat, functional work to 
produce electrical energy and beautiful (arts). The 
originality indicator has the lowest value among the 
other three indicators. Originality thinking skills require 
students to be able to generate new, unique ideas and 
think of unusual ways or make unusual combinations. 
In this indicator, students still have difficulty generating 
new, unique ideas that are the result of their own 
thinking. This happens because students are used to 
answering questions according to the references they get 
from books or the internet. Students are not used to 
answering questions with their own ideas. 

 

 
Figure 4. Students make a water wheel prototype. 

 

 
Figure 5. Students make a water wheel prototype. 
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Figure 6.  Students present a simple water wheel prototype. 
 

 
Figure 7. Students present a simple water wheel prototype 

 

 
Figure 8. Student product in the form of a simple power 

generator prototype 
 

Based on the research data, it can be seen that 
STEAM-SDGs-oriented learning has a significant effect 
on students' creative thinking skills. This is in line with 
research conducted by (Hsiao & Su, 2021) on the impact 
of STEAM-SDGs integration on student learning 
outcomes showing significant potential benefits. 

STEAM-SDGs integration not only enriches students' 
conceptual understanding, but also encourages students 
to develop a proactive attitude towards global issues 
and improves students' ability to contribute 
constructively to problems in the environment and 
society. Materials or project assignments related to 
environmental problems will educate students about the 
importance of protecting the environment and 
developing creative and innovative solutions to 
overcome environmental problems. By integrating the 
STEAM and SDGs approaches in learning such as 
energy concepts, it will empower students to contribute 
to realizing the 2030 SDGs (Utami et al., 2024) . The same 
thing was explained by Jauhariyah et al., (2019) that the 
introduction of SDGs in physics learning not only 
provides a deeper understanding of physics concepts 
but also encourages students to become responsible 
citizens. By integrating SDGs into science learning, 
students are encouraged to think creatively and 
innovatively in finding solutions to environmental 
problems. They are invited to apply the principles of 
physics in real life, so that they can actively contribute to 
efforts to achieve sustainable development goals. 

According to Suganda et al., (2021) STEAM can 
provide positive results on critical thinking skills, 
creative thinking skills, concept mastery, learning 
outcomes and problem solving. The same thing was 
stated by (Hadinugrahaningsih et al., 2017) that the 
application of the STEAM approach to learning can give 
rise to creativity and innovation. Research by (Annisa et 
al., 2019; Witdiya et al., 2023) reported that STEAM 
learning has an effect on improving the same four 
aspects, namely fluency, flexibility, originality and 
elaboration. 

The implementation of STEAM learning integrated 
with SDGs has proven effective in improving students' 
creative thinking skills. A significant increase can be 
seen from the comparison of the average pretest and 
posttest scores which showed a spike from 35.83 to 82.32. 
Welch's t-test strengthens this finding with results 
showing a significant difference (t = -6.31, p-value = 0.00 
0). In addition, the indicators of flexibility, elaboration, 
and fluency experienced a greater increase than the 
originality indicator. This proves that the STEAM-SDGs 
approach not only improves creative thinking skills but 
also strengthens the relevance of education to global 
issues and sustainability, which are very important in 
equipping students to face the challenges of the 21st 
century. 
 

Conclusion  

 
Based on the results and discussion of this study, it 

can be concluded that the application of STEAM-SDGs-
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oriented learning in the context of science learning, 
especially on the concept of energy, has a significant 
impact on improving students' creative thinking skills. 
The results of the analysis showed a significant increase 
in students' creative thinking skills, with an average pre-
test score increasing from 35.83 to 82.32 in the post-test. 
Analysis using the Rasch model showed an increase in 
the average creative thinking ability score from 35.83 in 
the pre-test to 82.32 in the post-test, with a significant 
difference (t = -6.31, p-value 0.000). The greatest increase 
occurred in the flexibility, elaboration and fluency 
indicators, although the originality indicator still 
requires further development. Overall, this approach is 
effective in improving creative thinking skills and 
emphasizes the importance of integrating education 
with sustainability issues to prepare students for global 
challenges. 
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