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Abstract
The aim of this study was to develop a learning model that integrated ESD-oriented STEAM
with fluid ideas to produce ESD-oriented STEAM-based learning. This study employs the Borg
and Gall model which is simplified into three steps. The effectiveness and documentation were
evaluated using questionnaires for experts and educational practitioners, observation sheets for
student creativity and pre- and post-test sheets. The data analysis involves both quantitative and
qualitative methods. The findings demonstrated the characteristics of STEAM-based physics
learning tools including increased creativity and student learning outcomes. Analyzing how ESD-
focused STEAM-based learning resources are used in the developed fluid material yields beneficial
results. Student learning outcomes increased in the moderate category. The average score for
student creativity was 86.12% in the very good category showing that the usage of learning
resources including worksheets based on STEAM subjects and ESD was successful in enhancing
creativity and student learning outcomes. This study has implications for improving student
interest in physics education. The findings of this study can also be used to advise curriculum
designers to incorporate this model for physics teachers to use while instructing physics in their

courses.
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Contribution of this paper to the literature

This work advances STEAM education by combining STEAM and ESD to foster creativity
and comprehension. The evolving learning model incorporates ESD-oriented STEAM concepts
and provides fluid ESD-oriented STEEAM-based learning that is reliable, useful and efficient. It
advises the curriculum designer to include this model for physics teachers while teaching
physics in their classrooms.

1. Introduction

Education plays a crucial role in enabling students to develop the views and strive towards a sustainable future
necessary to address the world's complex challenges. Segera (2015) states that complex issues must be solved
with a multidisciplinary and multidimensional approach. According to Rahmawati, Roshayanti, Nugroho and
Hayat (2021), problem-solving with a multidisciplinary and multidimensional approach can be integrated with
Education for Sustainable Development (ESD). Education for Sustainable Development (ESD) also known as
lifelong learning aims to educate and involve people in activities that will promote physical activity, creativity,
problem-solving abilities, scientific and social literacy and a commitment to individual and collective responsibility
(Agusti, Wijaya, & Tarigan, 2019). Education for Sustainable Development (ESD) instills thoughts about the needs
of the present generation without neglecting future generations (Wijayanti, Roshayanti, Farikhah, Khoiri, &
Siswanto, 2021).

ESD provides students with the knowledge, skills, values and attitudes to process information, make decisions
and take actions that promote economic sustainability, social justice and the environment for both the present and
the future. ESD is the key to achieve the Sustainable Development Goals (SDGs) by providing broad and
innovative insights about the global environment such as SO, concentration in the environment (Ruhiat et al.,
2016), pollution (Ruhiat, Wibowo, & Oktarisa, 2017) and forming understandings, attitudes and values relevant to
social, economic and environmental life (Novidsa, Purwianingsih, & Riandi, 2020). Physics is a field where ESD-
tfocused learning debriefing may be used. Physics is both a process and a product. Process means the procedure for
discovering physical products (facts, concepts, principles, theories or laws) that is carried out through scientific
steps (Hanna, Sutarto, & Harijanto, 2017; Khoiri, Riyadi, Kaltsum, Hindarto, & Rusilawati, 2017). Physics
instruction is primarily theoretical and informative which results in a lack of support for and instruction in
developing students' skills, values and attitudes that reflect concern for and responsibility for the
environment making it difficult to meet learning objectives. STEAM is a learning content that uses five sciences,
namely science, technology, engineering, art and mathematics related to one another as a problem-solving pattern
(Septiani & Kasih, 2021). STEAM is used to focus on understanding the integrated nature of the disciplines of
science, technology, engineering, the arts and mathematics and their importance in children's long-term academic
success, economic well-being (Quigley & Herro, 2016) and societal development (Wahyuningsih et al., 2019).

The increasing implementation of science and technology has both positive and negative impacts on various
fields. Various disasters or ecological damage occurred as a result of the improper application of science, causing
financial loss and human casualties. Education for Sustainable Development (ESD) is a shared responsibility to pay
attention to environmental sustainability. Therefore, researchers aim to prepare students not only for STEAM-
based learning but also for efficiently overcoming obstacles in a society that values cooperation. The
implementation of ESD-focused instruction in schools is crucial. Therefore, education is an essential component of
sustainable development. According to Hidayah and Ami (2021), sustainable development is a development that
can meet current needs without reducing the capacity or ability of the next generation to meet their own needs.

The goal of learning about fluid physics cannot be completely achieved since students still require help
comprehending the idea. Students are not involved in the learning process. They only become part of the object
of learning. Increased student participation in fluid learning and comprehensive learning is achieved through the
STEAM procedure. Nurfadilah and Siswanto (2020) stated that STEAM is contextual learning.

STEAM learning trains students to think about finding solutions to existing problems by creating their ideas
with the latest technology. STEAM learning can bridge concepts that are still abstract mathematically into science,
technology, engineering and art. STEAM learning fosters students' creativity in creating a fun learning tool
(Lestari, 2021). According to Suryaningsih, Nisa, Muslim, and Aldiansyah (2022), students responded positively or
cooperated with the use of STEAM-PJBL in chemistry learning. Sustainable development is a development that
meets the needs of the current generation without compromising the needs of future generations to maintain
environmental quality and pay attention to aspects of environmental benefits and environmental sustainability.
This paradigm has been implemented through ESD in education. The concept of ESD has three main areas of
sustainable development: economic, environmental and societal with culture as its main dimension. ESD's
philosophy is primarily interdisciplinary. This is in line with the recommendation of the National Science Teachers
Association that science educators must be equipped to develop thematic, integrated and interdisciplinary sciences.
Science learning is no longer limited to one discipline but must be linked to other disciplines. Using learning
models makes the learning atmosphere monotonous and sometimes even boring. This limits the ability of students
to discover and try new things. In response to these problems, a project-based learning model is offered which can
improve student learning outcomes (Datu, Qadar, & Junus, 2020). The PjBL model is a learning model that
provides opportunities for teachers to manage learning in class by involving project work. Project work contains
complex assignments based on problems given to students as a first step in gathering and integrating new
knowledge based on their experiences in real activities. It requires students to carry out design and investigative
activities, solve problems, make decisions and provide opportunities for students to work independently or in
groups (Khoiri, Marinia, & Kurniawan, 2016). The result of the project work includes written reports,
presentations or recommendations. Assessment of project tasks is carried out from the planning process, working
on project assignments to the final project results (Mulyadi, 2015).

The STEAM approach encourages students to explore all their abilities. The potential for implementing ESD-
oriented STEAM can be done through fluid learning by providing projects. Project-based learning has the
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potential to make learning experiences more exciting and meaningful and improve scientific performance
(Novianto, Masykuri, & Sukarmin, 2018). In addition, it also requires students to understand fluid learning by
observing phenomena that occur in the surrounding environment using developing technology so that students
can find concepts and the results of the project are presented by paying attention to ethical and aesthetic values as
art and displaying other forms (material form with mathematical manifestations). It is necessary to conduct a
study on Science, Technology and Engineering Art Mathematics (STEAM) with an Education for Sustainable
Development (ESD) orientation to increase creativity and student learning outcomes.

2. Method

The research used the development method as an ESD-oriented STEAM learning model to increase creativity
and the learning outcomes of fluid concepts. According to Borg and Gall (2003), there are ten development steps:
introduction, design, initial product development, initial trial, revision, main trial, product revision, operational
trial, final revision, dissemination and distribution. The preliminary study is the initial or preparatory stage in
research and development. This stage consists of three steps: The first is a literature study to study the concept.
Concepts or theories relating to the product or model to be developed. In addition, at this stage, a study of research
results that are relevant to the research to be carried out. The second is a field survey which collects data directly
in the field to measure the need for the product to be developed. The third is the preparation of the initial product
or draft model. Model development is carried out based on field findings, literature studies, problem analysis and
the implementation of learning as a basis for the formulation of learning programs. The learning program is in the
form of an ESD-oriented STEAM-based learning program in PjBL. Furthermore, program validation was carried
out by discussing the program draft with teachers and people who were assessed as having the ability to ESD-
oriented STEAM-based learning in PjBL. Program validation is carried out to determine the feasibility of the
program that has been formulated. The program revision is used as a basis for revising or improving the program
that has been made so that the learning program is considered feasible to be implemented in the following research
stage. The model test is the stage of testing the efficacy of the model or product being developed. Efficacy testing is
usually done by comparing the products developed with those commonly used in schools. In this stage, tests are
carried out on the products or models prepared in the preliminary study stage. The test was carried out in two
steps: a limited field test and a wider field test. The trial implementation and the number of data sources sampled
are the things that differentiate between the two tests. According to Borg and Gall (2003), not all R&D steps are
carried out in the research and development of ESD-oriented STEAM-based learning on this fluid material; only
the restricted product testing stage at step six is completed.

2.1. Data Collection Process

Data collection is done in several ways such as through unstructured interviews. Interview techniques were
used to gather data about practitioners' opinions of the developed learning tools. A questionnaire is a data
collection technique that gives respondents a set of questions or written statements to answer (Sugiyono, 2013).
The questionnaire method was used to gather data about the practicality of the developed learning tools. Next, a
description evaluation is performed to evaluate student learning results.

2.2. Data Analysis Techniques

Validity is reviewed from the content and construct. Content validity includes the model developed based on
the curriculum and the theory underlying the learning model described. Meanwhile, construct validity consists of a
model component that does not conflict with other models. The model syntax leads to achieving goals, social
systems, reaction principles and support systems that support the developed learning syntax. Analysis of data
validity by finding the average of each validator. Each statement in the validation sheet uses the invalid (In), quite
valid (QV), valid (V) and very valid (VV) options. Each choice is scored 1, 2, 3 and 4. There are 16 statement items
that the validator must fill in. We obtained a minimum score of 16 and a maximum score of 64. From the minimum
and maximum scores, the validity criteria of ESD-oriented STEAM-based learning were determined using invalid,
quite valid, valid and very valid intervals. The criteria for the validity of STEAM-based learning are obtained in
Table 1.

Table 1. Criteria for the validity of ESD-oriented STEAM-
based learning.

Score Criteria of validity
53-64 Very valid

41-52 Valid

29-40 Quite valid

16-28 Invalid

Meanwhile, the final score from the validator is obtained and the percentage is then calculated as shown in
Table 2 to determine the validity of the curriculum, lesson plans, STEM modules and worksheet instructional
materials.

Table 2. Learning device validation criteria.
Achievements Criteria of validity
85.01% - 100.00% Very valid
70.01% - 85.00% Valid
50.01% - 70.00% Quite valid
01.00% - 50.00% Invalid
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The practicality of learning data was obtained from the practical validation of learning tools carried out by
experts and teacher responses. The final result from the validation is used to calculate the percentage to determine
the validity of the curriculum, lesson plans, STEM modules and worksheet learning resources.

Table 3. Criteria for the level of practicality.

Achievements Criteria of practicality
85.01% - 100.00% Very practical

70.01% - 85.00% Practical

50.01% - 70.00% Less practical

01.00% - 50.00% Not practical

2.3. Effectiveness

Data analysis is used to determine the effectiveness of ESD-oriented STEAM-based learning tools for
creativity and student learning outcomes. The data were obtained from the students' pre-and post-test results. A
student must score at least 75 on an achievement test in order to be considered successful in terms of learning
outcomes. The criteria for assessing scientific literacy abilities and learning outcomes are shown in Table 4.

Table 4. Criteria for evaluating the eftectiveness.
N-Gain Category

G>07 High

03<g<0.7 Moderate

G <0.3 Low

3. Results and Discussion
3.1. ESD-Integrated STEAM- Based Device Validity
Practitioner validation results are obtained from the total score in Table 5.

Table 5. Summary of practitioner validation results
Product Achievement | Category
Syllabus 92 % Very valid
Lesson plans 94 % Very valid
Modules 91 % Very valid
‘Worksheet 91 % Very valid

The average score in the validation tests conducted by practitioners of lesson plans for the ten aspects of
content standards, core competencies, basic competencies, materials, PJBL activities, Grade Point Average (GPA),
assessment of learning outcomes, time allocation, learning resources and language is 92% which is considered to be
very worthwhile. The average validation of learning tools from 10 respondents among educational practitioners
with the acquisition of presentation results from each learning device is as follows: The syllabus has a validation
value of 92% and the category is very valid and feasible to use without revision. The lesson plan has a validation
percentage of 94% and the category is very valid and suitable for use without revision. The e-module has 91% and
the category is very valid and suitable for use. The worksheet has a percentage of 91%, the category is very valid
and feasible to use.

The learning tools developed include a syllabus, lesson plans, worksheets and modules. The learning model
used is Project Based Learning (PjBL). The material in the teaching module is ESD-oriented STEAM-based fluid
dynamics. The average expert validation results on the ESD-oriented STEAM-based syllabus reached 93% in the
very feasible category. The aspects assessed include core and basic competencies, learning activities, indicators,
assessments, time allocation and learning resources, materials or tools. This is in accordance with Nirwana (2018)
which states that a syllabus is a learning plan for a particular subject or group of subjects or themes that includes
competency standards, basic competencies, subject matter or learning, learning activities, indicators, assessments,
allocations of time and learning resources, materials and tools. The syllabus is an elaboration of competency
standards and basic competencies into subject matter or learning, learning activities and competency achievement
indicators for assessment (Zulhanif, 2018).

The results of the validation of the lesson plan in this study were carried out to assess aspects of the
formulation of learning objectives, content consisting of lesson plan systematics, learning model syntax, material
suitability, learning scenarios, evaluation instruments, language and time. This is in accordance with the
Government Regulation of the Republic of Indonesia Number 19 of 2005 concerning National Education Standards
Article 20: "Planning the learning process includes syllabus and learning implementation plans that contain at least
learning objectives, teaching materials, teaching methods, learning resources and assessment of learning
outcomes” (IFaridah, 2019).

The average of the lesson plan validation results reached 81% and educational practitioners got 94% in the
teasible or valid category. In addition to assessing feasibility, experts also provide suggestions and comments to
improve and revise the products that have been developed. More suggestions and comments on aspects of STEAM
and ESD should be raised in learning. It should be noted that learning physics is not limited to the knowledge that
must be understood by students. This is in accordance with the opinion of Hanna et al. (2017) that physics is both a
process and a product. Process means the procedure for discovering physical products (facts, concepts, principles,
theories, or laws) carried out through scientific steps.

The ESD-oriented STEAM-based worksheet that has been developed gets a validation value of 78% from
experts in the feasible category and 91% from practitioners in the very feasible category. The worksheet's
questions are accompanied by illustrations that serve as prompts for students to find solutions. This is consistent
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with Kurniawaty (2022) description of 21st-century learning in a variety of contexts which states that solving
various unusual problems in both traditional and creative ways, identifying and asking important questions that
clarify various points of perspective and producing better solutions. The worksheets were created with growing
concern for the environment, sustainable learning and the next generation in mind. The STEAM model in the
worksheet demands creativity. This is in accordance with the opinion (Septiani & Kasih, 2021) which states that the
STEAM model is a combination that can support children to be more creative and independent.

The learning tools developed will be beneficial for physics teachers to make physics more interesting for
students in their classroom. So, this study is very important to implement.

3.2. Practicality of ESD-Integrated STEAM-based Devices

Assessment of the practicality of ESD-integrated STEAM-based learning devices on fluid material by
observing the implementation of learning using ESD-oriented STEAM modules and worksheets in the
experimental class. Data on the results of the implementation of the learning process were obtained from one
observer using the learning implementation sheet. Data from observations of the implementation of the learning
process using ESD-oriented STEAM-based learning tools with the PjBL learning model is given in Table 6.

Table 6. Observation data on the implementation of learning

No | Observed aspect N;eetl:g 5 Score | Score max Percentage (%)
Introduction 4| 4 | 8 | 4 4 23 24 96%
2. Core activities
Phase 1 4|1 38|38 |4]|4]| s 21 24 88%
Phase 2 3| 4 | 4| 4| 4| 3 22 24 92%
Phase 8 4 4 | 8| 4|38 4 22 24 92%
Phase 4 40 4 | 8|4 | 4| 4 23 24 96%
Phase 5 3| 4 | 8|38 | 4] 4 21 24 88%
Phase 6 4|1 8|88 |4]| 4 21 24 88%
3. Closing 4| 4 | 3| 4| 4| 4 23 24 96%
% Average 92%
Criteria | Very good

According to Table 6, the findings of observations on the learning process using PjBL-based teaching materials
with ESD-oriented STEAM content obtained a percentage of 92% in each observed aspect, including preliminary
aspects, core activities (Phase 1, 2, 3, 4, 5 and 6) and closing. The average practicality score is 92%. So, it is in the
very good category.

Observation was conducted on the implementation of learning using ESD-oriented STEAM-based modules
and worksheets in the experimental class. The implementation of the plans that the teacher has made in the form of
lesson plans has been carried out according to the procedures and objectives. This is in accordance with the opinion
of Mulyasa (2007) that the lesson plan describes the procedure and arrangement of learning to achieve a set of basic
competencies in the content standards that have been described in the syllabus. The scope of the lesson plan
includes basic competencies consisting of one or several indicators for meeting.

Researchers also found the worksheet practical in observing the implementation of the learning process. The
developed worksheet is different from the worksheet previously used by students. The ESD-oriented STEAM-
based worksheet is practical because it contains learning evaluations related to ESD aspects and the way of
working on student activities associated with STEAM aspects. This is in accordance with the opinion of Pawestri
and Zulfiati (2020) which states that worksheets are learning resources in the form of assignment sheets,
instructions for carrying out tasks and learning evaluations that must be done by students and are made according
to the basic competencies that must be achieved.

The practicality of the learning tools developed by physics teachers is good.

3.3. Effectiveness of ESD-Integrated STEAM- Based Devices

The eftectiveness of the developed ESD-oriented STEAM-based learning tools increases students' creativity
and their cognitive learning outcomes. Improved learning outcomes were obtained from the N-Gain calculation of
pre-and post-test scores.

The recapitulation results of the N-Gain score show an increase in the ability of the average control class
learning outcomes to be in a low category with an average N-Gain of 0.13. Two students got moderate N-Gain
scores while 34 got low N-Gain scores. In addition to the control class, pre- and post-tests were also carried out for
the experimental class. The results of the recapitulation of the N-Gain scores of one of the schools in Demak,
Indonesia and the students in the experimental class showed an increase in the average learning outcomes in the
medium category and an average N-Gain of 0.57. A total of eight students got a high N-Gain score and 28 got a
moderate N-Gain score.

Observation sheets for measuring student creativity are also included in assessing the effectiveness of ESD-
oriented STEAM-based fluid learning devices. The observation sheet consists of three aspects. The first is the
project design for fluid concept materials to show tools and materials for product manufacture and to make
products. The second is the implementation of the project which consists of difficulties faced by students regarding
product tools and materials and product manufacture. The third is quality (project results) including the suitability
of the product with the material whether the function of the product is clear and correct and the ability to show
product aesthetics.
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Based on the recapitulation results, the average student creativity reached 86.12% which was very good. These
results are given in Figure 1.
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Figure 1. Student creativity percentage diagram.

Based on Figure 1, the lowest percentage of student creativity is 75% and the highest is 97%. The average
reached 86.12%. Assessment of the effectiveness of ESD-oriented STEAM-based learning tools is measured based
on the increase in creativity and students' cognitive learning outcomes. Improved learning outcomes were obtained
from the N-Gain calculation of pre- and posttest scores.

The increase in learning outcomes in the experimental class is moderate with an average N-Gain of 0.57. A
total of eight students got a high N-Gain score and 28 got a moderate N-Gain score. When compared with the
control class, the average N-Gain is 0.13. A total of 2 students got moderate N-Gain scores while 34 got low N-
Gain scores. This shows that ESD-oriented STEAM-based learning tools improve physics learning outcomes in a
fluid material. This result proves that students have achieved their learning objectives through the learning
process. According to Abdullah (2017), understanding learning outcomes is an ability children acquire after going
through learning activities. Learning is the process of someone trying to obtain a relatively permanent form of
behavior change. In learning activities, teachers usually set learning goals. Students who are successful in learning
are those who succeed in achieving learning objectives.

Student creativity is also included in assessing the eftectiveness of ESD-oriented STEAM-based fluid learning
devices. Student creativity is assessed on the observation sheet which consists of three aspects: project design,
implementation and project results (quality). The average creative output of the 34 students was 86.12% reaching
a very good level. Creativity is built through the PjBL learning model where students carry out activities to
complete projects by facing everyday problems. According to Santrock's opinion, creativity is the ability to think
about something in a new and unusual way and produce a unique solution to a problem (Purwadi, Sarwanto, &
Sunarno, 2016).

The results of a study by Perignat and Katz-Buonincontro (2018) about STEAM show that STEAM learning
aims to develop student creativity or as a means to improve real-world problem-solving skills. Additionally,
STEAM has been shown to raise interest in STEM subjects, improve the number of minority and female students
pursuing STEM jobs and involve more children in these fields. In addition, STEAM also emphasizes the
integration of general skill domains such as perspective-taking skills, creative skills, problem-solving skills, cross-
disciplinary knowledge transfer and encouraging students to explore and provide experiences in new ways
(Zubaidah, 2019).

4. Conclusion

The STEAM model integrated with ESD is very valid, has good practicality and effectively improves
understanding of fluid concepts. The implications of this study are to make physics learning more interesting for
students. Additionally, these results can make suggestions to curriculum developers to include this model in
teaching physics in their classroom. The limitations of this study are that the model was only tried to be
implemented in the physics course. Therefore, it needs to be tried in other science disciplines such as chemistry,
biology and science courses.
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