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ABSTRACT

This study aims to validate the Student Worksheet titled "ES D-Climate Change," developed using the Understanding
by Design approach and complemented by Micro:bit devices. The validation was conducted by three experts, including
1o academic experts in education and one distinguished educator. Main findings from this study is the validation
results reveal that this worksheet adberes to high standards. The ""Content'" dimension achieved a score of 84.33%,
labeled ""V'ery Suitable," signifying its strong relevance to climate change-related learning objectives. The "Construct”
dimension garnered a score of 79.17%, categorized as "Suitable,” indicating potential for improvement in some
construction aspects. The "Language" dimension received an impressive score of 85.90%, also labeled "'V ery
Suitable," highlighting its excellent langnage quality and communication proficiency. Finally, the ""Design"" dimension
received the highest score of 95.18%, categorized as "V ery Suitable," affirming the worksheet's strong design,
encompassing its cover and content presentation. Overall, these findings underscore the worksheet's high quality in
terms of content, language, and design, with minimal room for improvement in the construction aspect. This study
contributes to the development of technology and environment-centered educational materials, which are increasingly
pertinent in addressing future challenges associated with climate change.
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INTRODUCTION

Education for Sustainable Development (ESD) is an essential foundation in equipping
young people with an understanding of global issues, such as climate change, to create a more
sustainable society (Hobusch & Froehlich, 2021; Peedikayil et al., 2023; Rozhdestvenskaya &
Korotenko, 2020; Sund & Gericke, 2020). ESD aims to develop the knowledge, skills, attitudes,
and values necessary for students to participate in sustainable development actively (Ershad et al.,
2022; Weber et al., 2022; Zwolifiska et al., 2022). Its application in schools has excellent benefits in
shaping students' sustainable thinking and acting anxiety (Badea et al., 2020; Gonzalez-Sanchez et
al., 2022; Perkiss et al.,, 2020). However, some obstacles arise in the implementation of ESD in
schools. One of the main obstacles is the lack of a proper approach to integrating ESD into the
curriculum (Fukui et al., 2021; Kemal & Altan, 2021a; Lemarchand et al., 2023a; Menton et al.,
2020; Mohd Zaki & Mohammad Zohir, 2021; Rasaili et al., 2021). One emerging solution is
applying the Understanding by Design (UbD) approach. This approach emphasizes learning
planning that focuses on deep understanding and application of knowledge in authentic contexts
(Harpaz, 2022; Kimsesiz, F. Dolgunsoz, E., & Konca, 2017; Tshering, 2022; Uluginar, 2021). By
implementing UbD, educators can address the challenges of integrating ESD into the curriculum
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in contextualized and relevant ways (Chunpungsuk et al., 2021; Gombu et al., 2022; Harpaz, 2022;
Llerena, 2020; Pramesti & Dewi, 2023; Rubio, 2022; Tung, 2020).

A vital advantage of the Understanding by Design approach is its ability to create
meaningful and contextual learning, which aligns with ESD principles (Kuntari et al., 2019;
OZYURT et al, 2021; Young & Young, 2020). In addition, this approach also allows the
development of a variety of essential skills, including the ability to solve problems, computational
thinking, and creative problem-solving. Previous research has shown the success of UbD in
improving students' under-standing and developing higher thinking skills (Florian & Zimmerman,
2015; Gloria et al., 2018; Neill & Neill, 2019; OZYURT et al., 2021; S. Pertiwi et al., 2019; Rosanti
et al., 2019; Setyanto et al., 2018; Young & Young, 2020).

Computational thinking and creative problem-solving skills are essential to stu-dents' lives
and futures (Bilbao et al., 2021a; Esteve-Mon et al., 2020; Kelly & Gero, 2021a; Palts & Pedaste,
2020). In this digital age, computational thinking is indispensable for dealing with the ever-evolving
work and technology demands (Bilbao et al., 2021a; Esteve-Mon et al., 2020; Kelly & Gero, 2021a;
Lietal., 2020c, 2020a; Ortiz & Pereira, 2020a; Palts & Pedaste, 2020). Meanwhile, creative problem-
solving allows students to face complex everyday and work challenges (Demir & Agikgiil, 2021a;
Kartikasari et al., 2022a; Khalid et al.,, 2020a; Kovari & Rajcsanyi-Molnar, 2020a; Maliakkal &
Reiter-Palmon, 2023a; Utari et al., 2023a). Therefore, developing these skills in school is a
significant step.

While the importance of ESD and the UbD approach is recognized, their implementation
in practice remains suboptimal. Many schools have yet to fully integrate ESD into their curricula
(Peedikayil et al., 2023; Weber et al., 2022; Zwolifska et al., 2022) and UbD-based learning is not
yet commonplace (Gloria et al., 2018; S. Pertiwi et al., 2019; Rosanti et al., 2019; Setyanto et al.,
2018). A preliminary study of 90 teachers across different regions highlights a significant need for
improvement in implementing these two approaches. Furthermore, a new curriculum in Indonesia
emphasizes equipping students with skills to solve community problems by applying classroom
learning (Hamdi et al., 2022; Herwanti et al., 2022; Novita et al., 2022; P. D. Pertiwi et al., 2023;
Prihatini & Sugiarti, 2022; Setiawan & Suwandi, 2022).

This study aims to address these gaps by developing UbD-based learning for computational
thinking and creative problem-solving skills within the Climate Change learning unit. The primary
focus is on validating the "ESD-Climate Change" Student Worksheets, intended for
implementation in secondary schools as a step towards enhancing students' understanding and
skills related to climate change and ESD. By combining ESD, UbD, and Micro:bit technology, this
research offers an innovative approach to preparing the younger generation to face the challenges
of climate change and become sustainable agents of change.

METHODOLOGY

The primary objective of this research is to develop innovative and effective student
worksheet for teaching climate change in secondary schools. This worksheet is designed to enhance
students' computational thinking and creative problem-solving skills, utilizing the Understanding
by Design (UbD) approach and Micro:bit technology. The development of this worksheet followed
the 4-D model (Define, Design, Develop, Disseminate) proposed by Thiagarajan (1974).

In the Define stage, the researchers conducted preliminary research in the form of a needs
analysis by distributing questionnaires to 90 respondents, consisting of 45 male teachers and 45
female teachers. These teachers were selected as respondents because they teach physics at the
secondary school level in several districts in Lampung. Thus, they can provide valuable insights
into the implementation of climate change education in their classrooms, including the challenges
faced and the need for more effective learning resources.
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Table 1. General Procedure of 4D

g Define Design Develop Disseminate
§ Defining needs in  Designing Developing Application to real
S| the development  products product targets
according to
needs
1. Curriculum 1. Specify  the Developing 1. Product
Analysis product product application to the
(Learning format. Expert  Test actual target
concepts and 2. Specify media (validity and 2. Product
objectives) or content. practicality) effectiveness test
g1 2. Analysis of 3. Make a 3. Teacher's 3. Publication of
'?:j teacher needs preliminary response to application results
2| 3. Learner needs storyboard. developed and effectiveness
& analysis 4. Designing worksheet tests
Tj data collection 4. Limited Trials
% instruments (Readability
Q test, practicality
test)
Initial Design
Analysis and Data Ready-to- Publish-ready
Summary Collection apply product product
Instruments

After the needs analysis, the researchers proceeded to the worksheet development stage.
In this stage, the researchers involved 3 validators consisting of 2 physics education lecturers and
1 physics teacher who has completed a master's degree and holds a teaching certificate. These
validators were chosen based on their expertise in physics learning design and experience in
teaching physics in schools. The input from these experts is crucial to ensure the quality and
relevance of the developed worksheets.

Therefore, this study not only develop innovative worksheets but also ensures that these
worksheets are aligned with the needs of students and teachers in the field and meet the quality
standards set by experts in the field of physics education. The product development stage is shown
in Figure 1.
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Figure. 1. Flowchart of ESD-Climate Change student worksheet development

The wvalidity test scale is used to determine the validity of the worksheet from the
dimensions of content, construct, language, and design. The validity test is carried out by three
experts, who check the validity of the product developed by filling out the validity test scale that
has been prepared. In the scale, experts are also allowed to provide feedback on the product that
has been developed and advise on whether the product is feasible or not to use. Table 2 shows the

aspects assessed in the validity test.
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Table 2. Aspects assessed in the validity test.

Validity Aspects Number
of

Statement

Content Worksheet step presentation 13 Items

Social System 3 Items

Reaction principle 4 Ttems

Support System 2 Items

Instructional and Nurturant effect 3 Items

Construct Desctiption /step / Presentation of Wotksheet 4 Ttems

Social system 9 Items

Reaction principle 4 Ttems

Support System 5 Items

Instructional and Nurturant effect 4 Ttems

Language Straightforward 3 Ttems

Communicative 3 Items

Dialogical and Interactive 1 Item
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Validity Aspects Number
of
Statement
Suitability to the level of development of 2 Items
learners
Demand ability and cohesiveness of mindsets 2 Items
Use of terms, symbols, or icons 2 Items
Design Cover 9 Items
Content 10 Items

Each statement item on the scale is given a choice of scores of 1-4 with criteria that are not
suitable, less suitable, suitable, and very suitable. The data analysis is done by summing the scores
of each statement item and calculating the presentation of each dimension of validity. The
presentation results are then converted to the criteria available in Table 3. A product is considered
valid if each dimension of validity meets a percentage of at least 60%.

Table 3. Validity Assessment Criteria

Range Criteria
25% <score < 4375 % Not suitable
4375% < score < 62,50 % Less suitable
62,50% < score < 81,25 % Suitable
81,25% <score = 100 % Very suitable

RESULT AND DISCUSSION

The define stage summarized the analysis derived from curriculum analysis and teacher and
student needs analysis. Based on the results of this analysis, researchers designed a worksheet that
will be developed to determine the format, determine the media or learning content, make an initial
design, and develop Data Collection Instruments. Researchers also created storyboards that
become designs of worksheet. Furthermore, at the development stage, researchers began to
develop worksheets to produce products that matched the storyboard's design. Figure 2 shows the
cover section and some pages contained in the worksheet.
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Figure 2. (a) Cover; (b) Preface (c) Table of Content; (d) UbD Framework; (e) Symbol
Explanation; (f) Mind Map; (g) Instructions for use; and (h) Activity Sheet

After the product is successfully developed, the product is then tested by three experts
using the validity scale. The validity test result for Worksheet content can be seen in Table 4.

Table 4. The validity test result for Worksheet content.

Average Percent
Validity = Aspects Score From (05 )ce 8¢ Criteria
3 Validators ’
Content Worksheet step
ORteRt o resentation 45.0 86.54 Very suitable
Social System 11.7 97.22 Very suitable
Reaction principle 11.0 68.75 Suitable
Support System 7.3 91.67 Very suitable
Instructional and Nurturant
effect 9.3 77.78 Suitable
Average percentage 84.3 Very suitable

Table 4 shows that the ESD-Climate Change Worksheet is very suitable for content. Meanwhile,

the construct validity test result can b
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e seen in Table 5.
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Table 5. The validity test result for Worksheet construction.

Average

Validity ~ Aspects Scote From I:jrcentage Criteria
3 Validators ")
Description /step /
Construct Presentation of Worksheet 13.0 81.25 Suitable
Social system 31.0 86.11 Very suitable
Reaction principle 12.3 77.08 Suitable
Support System 13.0 65.00 Suitable
Instructional and Nurturant
effect 13.0 81.25 Suitable
Average percentage 79.17 Suitable

Table 5 shows that the ESD-Climate Change Worksheet is suitable for construction. Next, the
language validity test result can be seen in Table 6.

Table 6. The validity test result for Worksheet language.

Average

Validity  Aspects Score From ?;rcentage Criteria
3 Validators )
Language  Straightforward 10.7 88.89 Very suitable
Communicative 10.3 86.11 Very suitable
Dialogical and Interactive 3.0 75.00 Suitable
Suitability to the level of
development of learners 7.0 87.50 Very suitable
Demand ability and
cohesiveness of mindsets 6.3 79.17 Suitable
Use of terms, symbols, or
icons 7.3 91.67 Very suitable
Average percentage 85.90 Very suitable

Table 6 shows that the ESD-Climate Change Worksheet is very suitable for language. Lastly, the
design validity test result can be seen in Table 7.

Table 7. The validity test result for Worksheet design.

Average Percentage
Validity =~ Aspects Scote From %) g Description
3 Validators °
Design Cover 35.7 99.07 Very suitable
Content 36.7 91.67 Very suitable
Average percentage 95.18 Very suitable

Table 7 shows that the ESD-Climate Change Worksheet is very suitable for design.
Furthermore, based on the validity tests of the dimensions of content, construct, language, and
design, researchers determined that the ESD-Climate Change Worksheet was feasible or valid for
learning about climate change in grade X phase E of high school.
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Figure. 3. Recapitulation percentage of validity test result

The development of the ESD-Climate Change worksheet begins with the process of
curriculum analysis and analysis of the needs of students and teachers. For curriculum analysis,
researchers found that the topic of climate change is part of the learning outcomes in phase E of
class X. From the learning outcomes provided by the government, researchers then describe the
learning objectives following these achievements. Meanwhile, researchers also conducted a
preliminary study by distributing questionnaires to several teachers and students. This preliminary
study gave researchers insight into the need to develop worksheets that help teachers develop
computational thinking skills and creative problem-solving. Because so far, these two skills have
not been optimally developed in learning. Next, the researcher designs the worksheet to be created.
This design includes determining the format of the worksheet, the media and activities that appear
in the worksheet, and the storyboard of the worksheet as a preparation guide. In addition,
researchers also compile instruments that will be used to test the validation, practicality, and
effectiveness of worksheets.

At the development stage, researchers begin to compile worksheets based on designs that
have been made. The worksheets were created using the Canva application and compiled using the
UbD teaching approach and the Cycle 5E learning model. The UbD learning approach and the
Cycle 5E learning model have been tested to improve higher-order thinking skills, including
computational thinking skills and creative problem-solving. In addition, researchers also included
activities to make natural disaster sensors with the help of Micro: bit.

The activity is part of introducing the Internet of Things to students and is expected to
provide a comprehensive experience for students to formulate solutions to overcome the problems
they find related to climate change. The worksheets developed have been carefully designed to
facilitate effective learning in the context of Climate Change, focusing on developing students'
computational thinking and creative problem-solving skills. Table 8 reflects different stages of
learning, designed to introduce students to climate change issues, help them understand the
relationship between climate change and natural disasters, and teach them how to find creative
solutions to address climate change.

In the engage stage, learning activities begin by examining videos related to natural disasters
caused by climate change. This activity aims to get students to "engage" in the issue of climate
change in an exciting way. In addition, students are also asked to explain the relationship between
natural disasters and climate change. This activity introduces computational thinking skills such as
problem-solving and abstraction, which are necessary to understand and detail more significant
problems (Bilbao et al., 2021b; Li et al., 2020d, 2020b). In explaining such relationships, students
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use algorithmic skills and generalizations, which are the foundation of computational thinking (Li
et al., 2020b; Ortiz & Pereira, 2020b). At the same time, this activity also encourages students to
look up facts and interpret them, which is an essential part of computational thinking and creative
problem-solving skills (Demir & Agikgtil, 2021b; Khalid et al., 2020b; Utari et al., 2023b).

In the explore stage, students are invited to explain the definition of climate change and
the causes of climate change. This activity requires problem-solving skills and abstraction because
students must break down complex concepts into simpler components. It involves computational
thinking skills such as problem-solving and abstraction (Bilbao et al., 2021b; Li et al., 2020d). In
addition, students are invited to find alternative solutions to address climate change, involving
algorithm and automation skills. At this stage, they are also given the task of determining the most
effective solution, which requires generalization ability (Bilbao et al., 2021b; Kelly & Gero, 2021b;
Li et al., 2020d, 2020b; Ortiz & Pereira, 2020b).

In the explain stage, students are asked to present their findings from the exploration stage.
It is an essential step in developing speaking and communication skills, which are also important
aspects of computational thinking and creative problem-solving. This activity encourages students
to develop ideas and articulate their ideas effectively(Bilbao et al., 2021b; Demir & Acikgtl, 2021b;
Kartikasari et al., 2022b; Khalid et al., 2020b; Li et al., 2020d; Utari et al., 2023b). It contributes to
idea-finding and idea-developing skills that become important to creative problem-solving.

At the elaboration stage, students will be experts in efforts to deal with natural disasters
caused by climate change. These role-play activities involve problem-solving, abstraction,
algorithmic, automation, and generalization skills, all of which are computational thinking skills
(Bilbao et al., 2021b; Kelly & Gero, 2021b; Li et al., 2020d, 2020b; Ortiz & Pereira, 2020b). They
were also asked to create sensors to address natural disasters caused by climate change using Micro:
bit, which involves algorithmic, automation, and generalization skills (Bilbao et al., 2021b; Li et al.,
2020d, 2020b). At this stage, students are invited to develop creative solution ideas and the ability
to generate solutions (Demir & Acikgil, 2021b; Khalid et al., 2020b; Maliakkal & Reiter-Palmon,
2023b). This activity also involves interpreting facts and information needed to solve problems
(Khalid et al., 2020b; Kovari & Rajcsanyi-Molnar, 2020b; Utari et al., 2023b).

Lastly, the evaluation phase involves testing the sensors that the student has created. It
requires algorithmic, automation, and generalization skills in testing and evaluating the
effectiveness of sensors that have been created (Kemal & Altan, 2021b; Lemarchand et al., 2023b).
Thus, this activity contributes to students' ability to evaluate the solutions they develop (Demir &
Actkgtl, 2021b; Maliakkal & Reiter-Palmon, 2023b).

After the worksheet is developed according to the purpose, which is to improve
computational thinking skills and creative problem solving, the worksheet is then tested for validity
by three experts using a validity test scale. The validity test results in Table 4 show that the
worksheet developed has aspects of content that are very appropriate and relevant, support social
solid interaction and provide good support for the learning process. Although aspects of reaction
principles require further attention to encourage active student participation and instructional and
pedagogical effects can be improved, average percentages of all aspects still indicate that this
worksheet is appropriate and relevant to climate change-related learning objectives (Jusmawati et
al., 2021; Mulyani, 2021; Suryanto et al., 2022).

Furthermore, the results of the construct validity test in Table 5 show that the worksheet
developed has several aspects that require further attention to improve its quality. The social system
and instructional and nurturant effect aspects received very appropriate and relevant assessments,
but the support system and reaction principal aspects scored lower, indicating the need to increase
support for students and encourage positive reactions from them. The average percentage of all
aspects is 79.17%, categorized as "Suitable." With this understanding, there must be efforts to
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improve aspects to ensure that worksheets are more effective in the learning process (Fatmawati
et al., 2021; Maharani et al., 2023; Muliyati et al., 2020a, 2020b).

In addition, the results of the validity test in Table 6 showed that aspects of language quality
in the worksheet developed received a firm assessment. The language in this worksheet is
considered very appropriate, with aspects such as "Straightforward," "Communicative," and
"Suitability to the level of development of learners" rated "Very suitable." Although there are some
slightly lower ratings on "Dialogical and Interactive" and "Demand ability and cohesiveness of
mindsets," the average percentage of all aspects is 85.90%, indicating that this worksheet is very
suitable for language quality and communication skills. It supports ease of understanding and
effective communication in the learning process (Haerani et al., 2023; Muliyati et al., 2022; Susanti
& Wulandari, 2022).

Finally, the results of the validity test in Table 7 show that the design and content aspects
of the worksheet developed received a very high rating. The "Design" aspect, including the
assessment of the worksheet cover, obtained a very high score of 99.07%, while the "Content"
aspect obtained a score of 91.67%. These results show that this worksheet is very suitable in terms
of design, including physical appearance and presentation of its content. In addition, the
worksheet's content is also very appropriate, showing that the material presented is following
learning needs and relevant to the topic of climate change. The average percentage of all aspects is
95.18%, which indicates that this worksheet is very suitable in design and content and meets high-
quality standards. It will support the effectiveness and attractiveness of the worksheet in the
learning process (Haerani et al., 2023; Marwan Pulungan et al., 2022; Susanti & Wulandari, 2022;
Usman Rery & Anwar, 2024).

The percentage of validity tests in Figure 3 shows that the worksheet developed received
very positive assessments in various categories. The "Content" dimension obtained a score of
84.33%, with the category "Very Suitable," indicating that the worksheet content is very appropriate
and relevant to climate change-related learning objectives. The "Construct” dimension obtained a
score of 79.17% with the category "Suitable," indicating that there is potential for improvement in
several aspects of worksheet construction. The "Language" dimension achieved a score of 85.90%
in the category "Very Suitable," indicating excellent language quality and communication skills.
Finally, the "Design" dimension obtained the highest score of 95.18% in the category "Very
Suitable," indicating that the worksheet design, including the cover and content presentation, is
very adequate. Overall, these results illustrate that this worksheet has high quality standards in terms
of content, language, and design, with little room for improvement in the construction aspect. It
ensures that this worksheet is ready to be used in the learning process related to climate change.

The findings of this study align with previous research that highlights the potential of UbD
and technology integration in enhancing student learning outcomes. Several studies have
demonstrated the effectiveness of UbD in fostering deep understanding, critical thinking, and
problem-solving skills (Florian & Zimmerman, 2015; Gloria et al., 2018; Neill & Neill, 2019;
OZYURT et al,, 2021; S. Pertiwi et al., 2019; Rosanti et al., 2019; Setyanto et al., 2018; Young &
Young, 2020). Additionally, the integration of technology, particularly in the form of interactive
tools like Micro:bit, has been shown to promote student engagement and facilitate the development
of computational thinking skills (Bilbao et al., 2021a; Esteve-Mon et al., 2020; Kelly & Gero, 2021a;
Li et al., 2020c, 2020a; Ortiz & Pereira, 2020a; Palts & Pedaste, 2020).

The high validation scores obtained in this study for the "ESD-Climate Change" worksheet,
particularly in the areas of content, language, and design, further support the efficacy of combining
UbD, technology, and a focus on real-world problem-solving to create engaging and effective
learning experiences. The identified areas for improvement in the "Construct” dimension provide
valuable insights for refining the worksheet and maximizing its impact on student learning.
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This study contributes to the growing body of evidence demonstrating the potential of
innovative pedagogical approaches and technology integration in promoting ESD and empowering
students to address the complex challenges of climate change. It also underscores the importance
of continuous evaluation and refinement of educational materials to ensure their alignment with
evolving curriculum standards and student needs.

CONCLUSION

This study details the development process of the ESD-Climate Change Worksheet, aimed
at enhancing students' computational thinking and creative problem-solving skills. The process
began with a curriculum analysis and an assessment of student and teacher needs, providing a solid
foundation for the worksheet's design and implementation. The validity test results indicate that
the worksheet has highly suitable content, excellent language quality, a very adequate design, and
fosters social interaction in learning. While certain aspects like construction and student reactions
require further refinement, the overall results demonstrate that this worksheet meets high-quality
standards. This conclusion is substantiated by comprehensive research and analysis data,
encompassing curriculum analysis, needs surveys, and expert validation assessments. These
findings confirm the effectiveness of the approach used in developing this worksheet, resulting in
relevant, engaging, and high-quality learning materials. The ESD-Climate Change Worksheet is
ready for implementation in climate change-related learning and will contribute to the development
of students' computational thinking and creative problem-solving skills.

REFERENCE

Badea, L., Serban-Oprescu, G. L., Dedu, S., & Pirossca, G. 1. (2020). The Impact of Education for
Sustainable Development on Romanian Economics And Business Students’ Behavior.
Sustainability (Switzerland), 12(19), 1-17. https:/ /doi.org/10.3390/sul12198169

Bilbao, J., Garcia, O., Rebollar, C., Bravo, E., & Varela, C. (2021a). Skills, Attitudes and Concepts
of the Computational Thinking. Earth Sciences and Human Constructions, 1, T1-76.
https://doi.org/10.37394/232024.2021.1.12

Bilbao, J., Garcia, O., Rebollar, C., Bravo, E., & Varela, C. (2021b). Skills, Attitudes and Concepts
of the Computational Thinking. Earth Sciences and Human Constructions, 1, T1-76.
https://doi.org/10.37394/232024.2021.1.12

Chunpungsuk, C., Chatwattana, P., & Piriyasurawong, P. (2021). Effect of Backward Design With
Virtual Learning Ecosystem to Enhance Design Thinking and Innovation Skills. Research in
World Economy, 12(4), 70. https://doi.org/10.5430/rwe.v12n4p70

Demir, M., & Acikgul, K. (2021a). Investigation of Mathematics Teachers * 1 iews on Mathematical Creativity
and Creative Problem-Solving Skills *. §May), 175—-194.

Demir, M., & Actkgil, K. (2021b). Investigation of Mathematics Teachers * Views on Mathematical Creativity
and Creative Problem-Solving Skills *. §(May), 175-194.

Ershad, Q., Kamran, U., & Umar, L. (2022). An Analysis of the Perception of Teachers on the
Inclusion of Education for Sustainable Development (ESD) In the Curriculum of Teacher
Education. International Journal of Linguistics and Culture, 03(01), 111-127.

Esteve-Mon, F. M., Llopis, M. A., & Adell-Segura, J. (2020). Digital competence and computational
thinking of student teachers. International Journal of Emerging Technologies in 1earning, 15(2), 29—
41. https://doi.org/10.3991 /ijet.v15i02.11588

Journal of Natural Science and Integration, Vol. 7, No. 2, October 2024, pp 235-251 | 245



Abmad Naufal Umam, Kartini Herlina, Abdurrabman, Chandra Ertikanto

Fatmawati, B., Wazni, M. K., & Husnawati, N. (2021). The Study of Worksheets Based on Creative
Problem Solving for Biology Subjects. Jurnal Penelitian Pendidikan 1IPA, 7(4), 701-706.
https://doi.org/10.29303 /jppipa.v7i4.831

Florian, T. P., & Zimmerman, J. P. (2015). Understanding by Design , Moodle , and Blended

Learning : A Secondary School Case Study. MERLOT Journal of Online Learning and Teaching,
11(1), 120-128.

Fukui, H., Man, D. C., & Phan, A. (2021). Digital Earth: A platform for the SDGs and green
transformation at the global and local level, employing essential SDGs variables. Big Earth
Data, 5(4), 476-496. https://doi.org/10.1080/20964471.2021.1948677

Gloria, R. Y., Sudarmin, S., Wiyanto, & Indriyanti, D. R. (2018). The effectiveness of formative
assessment with understanding by design (UbD) stages in forming habits of mind in
prospective  teachers.  Journal  of  Physics:  Conference  Series,  983(1),  0-5.
https://doi.org/10.1088/1742-6596/983/1/012158

Gombu, P., Utha, K., & Seden, K. (2022). Effectiveness of Backward Design Lesson Planning in
Teaching and Learning Physics: A Case Study. International Journal of English Literature and Social
Sciences, 7(5), 020—-028. https://doi.org/10.22161/ijels.75.3

Gonzalez-Sanchez, R., Medina-Salgado, S., Torrejon-Ramos, M., Gonzalez-Mendes, S., & Alonso-
Munoz, S. (2022). The service-learning methodology as a facilitating tool for education for
sustainable development (ESD). REIRE Revista d’Innovacio i Recerca En Educacio, 15(2), 1-9.
https://doi.org/10.1344 /reire. 38357

Haerani, H., Arsyad, M., & Khaeruddin, K. (2023). Development of Experiment-Based Physics
Worksheets in Science in Developing Students’ Science Process Skills. Jurnal Penelitian
Pendidikan IPA, 9(1), 292-298. https://doi.org/10.29303 /jppipa.v9il.2609

Hamdi, S., Triatna, C., & Nurdin, N. (2022). Kurikulum Merdeka dalam Perspektif Pedagogik. S-4P
(Susunan Artikel Pendidian), 7(1), 10-17. https://doi.org/10.30998 /sap.v7i1.13015

Harpaz, Y. (2022). Designing an Educational Environment in Six Steps: Teaching for
Understanding and the Motivation for Understanding. International Journal for Talent Development
and Creativity, 9(1-2), 33-53. https://doi.org/10.7202/1091470ar

Herwanti, K., Nugrohadi, S., . M., Baatarkhuu, K., Christo Petra Nugraha, S., & Novita, M. (2022).
Importance of Data-based Planning in Kurikulum Merdeka Implementation. KnE Social
Sciences, 2022, 279-288. https:/ /doi.org/10.18502/kss.v7i19.12448

Hobusch, U., & Froehlich, D. E. (2021). Education for sustainable development: Impact and blind
spots within different routes in Austrian teacher education. Sustainability (Switzerland), 13(21),
1-14. https://doi.org/10.3390/su132111585

Jusmawati, J., Satriawati, S., Akhiruddin, A., Rahman, A., Arsyad, N., & Irman, R. (2021).
Developing mathematics learning devices based on creative problem solving model in
elementary school. Linguistics and Culture Review, 5(D), 406-421.
https://doi.org/10.21744 /lingcure.v5n1.1807

Kartikasari, I. A., Usodo, B., & Riyadi. (2022a). The Effectiveness Open-Ended learning and
Creative Problem Solving Models to Teach Creative Thinking Skills. Peges Egitim ve Ogretim
Dergisi, 12(4), 29-38. https://doi.org/10.47750/ pegegog.12.04.04

Kartikasari, I. A., Usodo, B., & Riyadi. (2022b). The Effectiveness Open-Ended learning and
Creative Problem Solving Models to Teach Creative Thinking Skills. Peges Egitim ve Ogretim
Dergisi, 12(4), 29-38. https://doi.org/10.47750/ pegegog.12.04.04

246 | Journal of Natural Science and Integration, Vol. 7, No. 2, October 2024, pp 235-251



Improving Computational Thinking & Creative Problem Solving: ESD & Micro:bit for Climate

Kelly, N., & Gero, J. S. (2021a). Design thinking and computational thinking: A dual process model
for  addressing  design  problems. Design - Science, — Ennis 1993, 1-15.
https://doi.org/10.1017/dsj.2021.7

Kelly, N., & Gero, J. S. (2021b). Design thinking and computational thinking: A dual process model
for  addressing  design  problems.  Design  Science,  Ennis 1993,  1-15.
https://doi.org/10.1017/dsj.2021.7

Kemal, Y., & Altan, K. (2021a). Pre-service teachers’ caring about sustainable development goals
for Turkey and for the world and their competence in associating the goals with the learning
outcomes  in  the  curriculum.  Research  in  Pedagogy, 11(2),  451-4067.
https://doi.org/10.5937 /istrped2102451y

Kemal, Y., & Altan, K. (2021b). Pre-service teachers’ caring about sustainable development goals
for Turkey and for the world and their competence in associating the goals with the learning
outcomes  in  the  curriculum.  Research  in  Pedagogy, 11(2),  451-4067.
https://doi.org/10.5937 /istrped2102451y

Khalid, M., Saad, S., Abdul Hamid, S. R., Ridhuan Abdullah, M., Ibrahim, H., & Shahrill, M.
(2020a). Enhancing creativity and problem solving skills through creative problem solving in
teaching mathematics. Creativity Studies, 13(2), 270-291.
https://doi.org/10.3846/¢s.2020.11027

Khalid, M., Saad, S., Abdul Hamid, S. R., Ridhuan Abdullah, M., Ibrahim, H., & Shahrill, M.
(2020b). Enhancing creativity and problem solving skills through creative problem solving in
teaching mathematics. Creativity Studies, 13(2), 270-291.
https://doi.org/10.3846/¢s.2020.11027

Kimsesiz, F. Dolgunsoz, E., & Konca, M. Y. (2017). International Journal of Languages ’
Education and Teaching. International Journal of Langnages’ Edncation and Teaching, 5(4), 426—439.

Kovari, A., & Rajcsanyi-Molnar, M. (2020a). Mathability and creative problem solving in the
MaTech  math  competition.  Acta  Polytechnica ~ Hungarica,  17(2),  147-161.
https://doi.org/10.12700/APH.17.2.2020.2.9

Kovari, A., & Rajcsanyi-Molnar, M. (2020b). Mathability and creative problem solving in the
MaTech  math  competition.  Acta  Polytechnica  Hungarica, — 17(2),  147-161.
https://doi.org/10.12700/APH.17.2.2020.2.9

Kuntari, F. R., Rondonuwu, F. S.,; & Sudjito, D. N. (2019). Understanding by Design (UbD) for
the Physics Learning about Parabolic Motion. Jurnal Penelitian Fisika Dan Aplikasinya (JPFA),
9(1), 32. https://doi.org/10.26740/jpfa.vonl.p32-43

Lemarchand, P., MacMahon, C., McKeever, M., & Owende, P. (2023a). An evaluation of a
computational technique for measuring the embeddedness of sustainability in the curriculum
aligned to AASHE-STARS and the United Nations Sustainable Development Goals. Frontiers
in Sustainability, 4. https://doi.org/10.3389/ frsus.2023.997509

Lemarchand, P., MacMahon, C., McKeever, M., & Owende, P. (2023b). An evaluation of a
computational technique for measuring the embeddedness of sustainability in the curriculum
aligned to AASHE-STARS and the United Nations Sustainable Development Goals. Frontiers
in Sustainability, 4. https://doi.org/10.3389/ frsus.2023.997509

Li, Y., Schoenfeld, A. H., diSessa, A. A., Graesser, A. C., Benson, L. C., English, L. D., & Duschl,
R. A. (2020a). Computational Thinking Is More about Thinking than Computing. Journal for
STEM Education Research, 3(1), 1-18. https://doi.org/10.1007 /s41979-020-00030-2

Journal of Natural Science and Integration, Vol. 7, No. 2, October 2024, pp 235-251 | 247



Abmad Naufal Umam, Kartini Herlina, Abdurrabman, Chandra Ertikanto

Li, Y., Schoenfeld, A. H., diSessa, A. A., Graesser, A. C., Benson, L. C., English, L.. D., & Duschl,
R. A. (2020b). Computational Thinking Is More about Thinking than Computing. Journal for
STEM Education Research, 3(1), 1-18. https://doi.org/10.1007 /s41979-020-00030-2

Li, Y., Schoenfeld, A. H., diSessa, A. A., Graesser, A. C., Benson, L. C., English, .. D., & Duschl,
R. A. (2020c). On Computational Thinking and STEM Education. Journal for STEM Education
Research, 3(2), 147-166. https://doi.org/10.1007 /s41979-020-00044-w

Li, Y., Schoenfeld, A. H., diSessa, A. A., Graesser, A. C., Benson, L. C., English, L. D., & Duschl,
R. A. (2020d). On Computational Thinking and STEM Education. Journal for STEM Education
Research, 3(2), 147-166. https://doi.org/10.1007 /s41979-020-00044-w

Llerena, C. L. A. (2020). THE BENEFITS OF BACKWARD DESIGN IN THE ENGLISH AS
A FOREIGN Received : 16 th Oct 2020 ; Revised : 10 th Dec 2020 ; Accepted : 25 th Dec
2020. Indonesian Journal of English Education, 7(2), 145-158.
https://doi.org/10.17785/ijee.v7i2.17785

Mabharani, S., Susanti, V. D., Andari, T., Krisdiana, 1., & Astuti, I. P. (2023). Computational Thinking
(CT ) -based Student Worksheet to Improve the Mathematical Literacy of Mathematics Prospective Teacher.
15(September), 2690-2702. https://doi.org/10.35445/alishlah.v15i3.4412

Maliakkal, N. T., & Reiter-Palmon, R. (2023a). The Effects of Leader Support for Creativity and
Leader Gender on Subordinate Creative Problem-Solving Performance. Journal of Creative
Bebavior, 57(1), 109-126. https://doi.org/10.1002/jocb.566

Maliakkal, N. T., & Reiter-Palmon, R. (2023b). The Effects of Leader Support for Creativity and
Leader Gender on Subordinate Creative Problem-Solving Performance. Journal of Creative
Bebavior, 57(1), 109-126. https://doi.org/10.1002/jocb.566

Marwan Pulungan, Siti Dewi Maharani, Evy Ratna Kartika Waty, Mazda Leva Okta Safitri, Vina
Amalia Suganda, & Fadhilah Tu Husni. (2022). Development of E-Student Worksheets in the
form of Picture Stories Using Live Worksheets in Primary Schools. Jurnal Igra’: Kajian Iimn
Pendidikan, 7(2), 157-167. https://doi.otg/10.25217 /ji.v7i2.1759

Menton, M., Larrea, C., Latorre, S., Martinez-Alier, J., Peck, M., Temper, L., & Walter, M. (2020).
Environmental justice and the SDGs: from synergies to gaps and contradictions. Sustainability
Science, 15(6), 1621-1636. https://doi.org/10.1007/s11625-020-00789-8

Mohd Zaki, S., & Mohammad Zohir, S. (2021). Pedagogy for Sustainable Development among
Geography Teachers Towards Implementing Sustainable Development Goals (SDGs). Jurnal
Pendidikan Geosfer, 171(2), 134—142. https:/ /doi.org/10.23701 /jpg.v6i2.23651

Muliyati, D., Sumardani, D., Siswoyo, S., Bakri, F., Permana, H., Handoko, E., & Sari, N. L. K.
(2022). Development and evaluation of granular simulation for integrating computational
thinking into computational physics courses. Education and Information Technologies, 27(2), 2585—
2612. https://doi.org/10.1007/s10639-021-10724-8

Muliyati, D., Tanmalaka, A. S., Ambarwulan, D., Kirana, D., & Permana, H. (2020a). Train the
computational thinking skill using problem-based learning worksheet for undergraduate
physics student in computational physics courses. Journal of Physics: Conference Series, 1521(2).
https://doi.org/10.1088/1742-6596/1521/2/022024

Muliyati, D., Tanmalaka, A. S., Ambarwulan, D., Kirana, D., & Permana, H. (2020b). Train the
computational thinking skill using problem-based learning worksheet for undergraduate
physics student in computational physics courses. Journal of Physics: Conference Series, 1521(2).
https://doi.org/10.1088/1742-6596/1521/2/022024

248 | Journal of Natural Science and Integration, Vol. 7, No. 2, October 2024, pp 235-251



Improving Computational Thinking & Creative Problem Solving: ESD & Micro:bit for Climate

Mulyani, V. (2021). Development of Student Worksheets Based on Problem Based Learning to
Improve Creative Thinking Skills of Class XI High School Students. Infernational Journal of
Social Science and Human Research, 04(10), 2920-2923. https://doi.org/10.47191 /ijsshr/v4-i10-
35

Neill, I. O., & Neill, I. O. (2019). Increasing The Participation And Success Of Struggling Students In High
School Physics Courses By.

Novita, M., Dwi Saputro, N., Singh Chauhan, A., & Waliyansyah, R. R. (2022). Digitalization of
Education in the Implementation of Kurikulum Merdeka. KnE Soczal Sciences, 2022, 153—164.
https://doi.org/10.18502/kss.v7i19.12438

Ortiz, J. S. B., & Pereira, R. (2020a). Ten Years of Initiatives to Promote Computational. Journal on
Computational Thinking (JCThink), 1(2019), 95-110.

Ortiz, J. S. B., & Pereira, R. (2020b). Ten Years of Initiatives to Promote Computational. Journal on
Computational Thinking (JCThink), 1(2019), 95-110.

OZYURT, M., KAN, H., & KIYIKCI, A. (2021). The Effectiveness of Understanding by Design
Model in Science Teaching: A Quasi-experimental Study. Ewrasian Journal of Educational
Research, 21(94), 1-24. https://doi.org/10.14689/ejer.2021.94.1

Palts, T., & Pedaste, M. (2020). A model for developing computational thinking skills. Informatics in
Education, 19(1), 113-128. https://doi.org/10.15388/INFEDU.2020.06

Peedikayil, J. V., Vijayan, V., & Kaliappan, T. (2023). Teachers’ attitude towards education for
sustainable development: A descriptive research. International Journal of Evaluation and Research
in Edncation, 12(1), 86-95. https://doi.org/10.11591 /ijere.v12i1.23019

Perkiss, S., Anastasiadis, S., Bayerlein, L., Dean, B., Jun, H., Acosta, P., Gonzalez-Perez, M. A.,
Wersun, A., & Gibbons, B. (2020). Advancing Sustainability Education in Business Studies
through Digital Service Learning. _American — Business  Review, 23(2), 283-299.
https://doi.org/10.37625/abr.23.2.283-299

Pertiwi, P. D., Novaliyosi, N., Nindiasari, H., & Sukirwan, S. (2023). Analisis Kesiapan Guru
Matematika dalam Implementasi Kurikulum Merdeka. JIIP - Jurnal llmiah llmn Pendidikan, 6(3),
1717-1726. https://doi.org/10.54371 /jiip.v6i3.1435

Pertiwi, S., Sudjito, D. N., & Rondonuwu, F. S. (2019). Perancangan Pembelajaran Fisika tentang
Rangkaian Seri dan Paralel untuk Resistor Menggunakan Understanding by Design (UbD).
Jurnal Sains Dan Ednkasi Sains, 2(1), 1-7. https://doi.org/10.24246 /juses.v2ilp1-7

Pramesti, N., & Dewi, L. (2023). The Implementation of Understanding by Design Approach in
Mathematics Learning on Elementary School. (Jinzl) Journal of Innovative Mathematics 1earning,
6(2), 124-131. https://doi.org/10.22460/jiml.v6i2.16304

Prihatini, A., & Sugiarti. (2022). Citra Kurikulum Baru: Kesiapan Guru dalam Menerapkan
Kurikulum Merdeka. GHANCARAN: Jurnal Pendidikan Bahasa Dan Sastra Indonesia, 58-70.
https://doi.org/10.19105/ghancaran.vi.7447

Rasaili, W., Dafik, D., Hidayat, R., & Prayitno, H. (2021). Analysis of the Influence of Local Politics
on Implementation SDGs 4 Policy for Quality Education. SAR Journal - Science and Research,
4(4), 196-204. https://doi.org/10.18421/sar44-07

Rosanti, Y. P., Sudjito, D. N., & Rondonuwu, F. S. (2019). The Elaboration of Understanding by
Design in A Physics Learning about Capacitor Circuits. Indonesian Journal of Science and
Education, 3(2), 66. https://doi.org/10.31002/ijose.v3i2.874

Journal of Natural Science and Integration, Vol. 7, No. 2, October 2024, pp 235-251 | 249



Abmad Naufal Umam, Kartini Herlina, Abdurrabman, Chandra Ertikanto

Rozhdestvenskaya, L., & Korotenko, V. (2020). Holistic school safety education from education
for sustainable development (ESD) perspective. E3S Web of Conferences, 208, 1-7.
https://doi.org/10.1051/e3sconf/202020809024

Rubio, A. D. J. (2022). Backward Design on Online Teaching for Spanish Technical Engineering
Students. International Journal of Current Science Research and Review, 05(05), 1372—1382.
https://doi.org/10.47191 /ijcstr/v5-i5-01

Setiawan, B., & Suwandi, E. (2022). The Development of Indonesia National Curriculum and Its
Changes: The Integrated Science Curriculum Development in Indonesia. Journal of Innovation
in Educational and Cultural Research, 3(4), 528-535. https://doi.org/10.46843 /jiect.v3i4.211

Setyanto, J. R., Sudjito, D. N., & Rondonuwu, F. S. (2018). The Use of Understanding by Design in
Designing the Physics Lesson Plan about Newton ’ s Second Law. 2(2), 69—80.

Sund, P., & Gericke, N. (2020). Teaching contributions from secondary school subject areas to
education for sustainable development—a comparative study of science, social science and
language teachers. Environmental Edncation Research, 26(6), 772-794.
https://doi.org/10.1080/13504622.2020.1754341

Suryanto, R. A., Dewi, P. S., & Rosana, D. (2022). Development of augmented reality integrated
physics e-worksheet to improve students’ problem-solving skills. Momentum: Physics Education
Journal, 6(2), 150-161. https://doi.org/10.21067 /mpej.v6i2.6624

Susanti, V. D., & Wulandari, R. (2022). Development of Geogebra Assisted Electronic Student
Worksheets (E-Worksheets) to Improve Student Independent Learning. Formatif: [urnal llmiah
Pendidikan MIPA, 12(2), 199-212. https:/ /doi.org/10.30998/formatif.v12i2.11811

Thiagarajan, S. (1974). Instructional development for training teachers of exceptional children. 4
Sourcebook, Mc, 195.

Tshering, S. (2022). The Impact of Using Understanding by Design (UbD) Model on Class 10
Student’s Achievement in Chemistry. International Journal of Chemistry Education Research,
6(April), 29-33. https://doi.org/10.20885/ijcer.vol6.iss1.art4

Tung, N. T. (2020). A case study of cutriculum development: Backwatd or forward/central design?
Ho Chi Minh City Open University Journal of Science - Social ~Sciences, 10(1), 18-28.
https://doi.org/10.46223 /hemeoujs.soci.en.10.1.546.2020

Uluginar, U. (2021). Findings of qualitative studies on Understanding by Design: A meta-synthesis.
Ulnslararas: — Egitim  Programlars  ve  Ogretim  Cabgmalare - Dergisi,  11(2),  167-194.
https://doi.org/10.31704/ijocis.2021.009

Usman Rery, R., & Anwar, L. (2024). Development of Socio-Scientific Issues-Based Worksheets
to Increase Learning Interest and Critical Thinking Skills of Students on Buffer Solution
Material.  Journal — of  Natural — Science — and  Integration — P-ISSN,  7(1),  39-55.
https://doi.org/10.24014/jnsi.v7i1.24402

Utari, S. W. H., Dwijanto, D., & Dewi, N. R. (2023a). Improving Mathematical Creative Thinking
Ability In Creative Problem Solving Model With Scaffolding Strategy. Mathline : Jurnal
Matematika Dan Pendidikan Matematika, 8(1), 137-152.
https://doi.org/10.31943 /mathline.v8i1.363

Utari, S. W. H., Dwijanto, D., & Dewi, N. R. (2023b). Improving Mathematical Creative Thinking
Ability In Creative Problem Solving Model With Scaffolding Strategy. Mathline : Jurnal
Matematika Dan Pendidikan Matematika, 8(1), 137-152.
https://doi.org/10.31943 /mathline.v8i1.363

250 | Journal of Natural Science and Integration, Vol. 7, No. 2, October 2024, pp 235-251



Improving Computational Thinking & Creative Problem Solving: ESD & Micro:bit for Climate

Weber, E., Krehl, E. H., & Biittgen, M. (2022). The Digital Transformation Leadership Framework:
Conceptual and Empirical Insights into Leadership Roles in Technology-Driven Business
Environments. Journal of Leadership Studies, 16(1), 6-22. https://doi.org/10.1002/ils.21810

Young, T. A., & Young, T. (2020). Engaging Students in Energy Related Topics Using Contextualized
Lessons in Physics Engaging Students in Energy Related Topics Using Contextualized Lessons in Physics
By : April.

Zwoliniska, K., Lorenc, S., & Pomykala, R. (2022). Sustainable Development in Education from

Students’ Perspective—Implementation of Sustainable Development in Curricula.
Sustainability (Switzerland), 14(6). https://doi.org/10.3390/su14063398

Journal of Natural Science and Integration, Vol. 7, No. 2, October 2024, pp 235-251 | 251



