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Abstract: This study aims to determine the feasibility, practicality, and effectiveness of Electronic
LKPD Supporting on PjBL on in improving creative thinking skills and environmental literacy of
students at SMAN 1 Tarakan. This type of research is research and development (Research and
Development) with the ADDIE model (analyze, design, development, implement, evaluate). The
analyze stage includes initial analysis, competency analysis, constructional analysis, and content analysis.
The design stage includes compiling an electronic LKPD outline and designing learning content in the
LKPD. The development stage includes developing data collection instruments. The data collection
instruments in this study were a feasibility sheet for expert lecturers, a practicality sheet for biology
teachers, a student readability sheet, and pretest and posttest questions for creative thinking skills and
environmental literacy. This instrument was developed based on the review of the supervisor,
assessment of expert lecturers, biology teachers, and trials on students. The implement stage includes
the application of electronic LKPD that has been developed on class X students of SMAN 1 Tarakan.
The experimental design used is the pretest-posttest control group design. The evaluate stage includes
the form of evaluation carried out at each stage of ADDIE. The data analysis technique uses the
manova test. The results of the study show: (1) The electronic LKPD supporting PjBL that was
developed meets the criteria of being very valid for use in learning activities with an average value
according to media experts of 3.55, material experts of 3.89 and learning experts of 3.96. (2) Practicality
with a very practical category for use based on the results of student and teacher responses. (3)
Effectiveness based on the Multivariate Analysis of Variance test with a significance level of 5% shows
that there is an influence on students' creative thinking skills and environmental literacy after treatment
using electronic LKPD supporting PjBL.

Keywords: Creative Thinking Skills; Environmental Literacy; Electronic LKPD; Project Based
Learning; ADDIE model.

1. Introduction

The rapid development of technology in the era of the industrial revolution 4.0 demands
innovation in the world of education, including the use of digital learning media. However,
the education system in Indonesia has not been fully able to maximize the potential of
technology in learning, especially due to limited infrastructure and user adaptation (Kahar et
al., 2021). These changes also require teachers to have 21st century competencies in order to
form an innovative generation and be able to face global challenges. On the other hand, the
results of the national assessment show that students' creative thinking skills and
environmental literacy are still low, as seen in 27% of students who have not reached
completeness and the tendency to copy answers without understanding concepts. This is in
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line with research by Anggraini & Nazip (2022) and Al-Hilmiyah & Suhartini (2024) which
found that students' environmental literacy skills are still in the medium category.

The low level of creativity and environmental awareness shows the need for learning
that stimulates thinking skills and concern for ecological issues. Based on these conditions,
this research is focused on developing an Electronic Student Worksheet (LKPD) based on
Project Based Learning (PjBL) on environmental change materials for Phase E students in
the Independent Cutriculum. This research is limited to the development of interactive
learning products based on digital technology that contain the syntax of PjBL and is oriented
towards improving creative thinking skills and environmental literacy.

Several previous studies have provided a relevant basis for the development of Project-
Based Learning (PjBL)-based electronic LKPD in biology learning, especially on the topic of
environmental change. Student environmental literacy is still in the medium category, so
learning needs to be directed to direct activities in the field so that students are more
concerned and responsible for the environment. Meanwhile, research by Al-Hilmiyah and
Suhartini (2024) conducted at Adiwiyata Mandiri schools revealed that the environmental
literacy abilities of students in the MIPA and social studies programs differed significantly,
but were not influenced by grade level (Anggraini & Nazip, 2022). This research also confirms
that the implementation of the Adiwiyata program is going quite well and has a positive
impact on the environmental awareness of students. Both studies emphasize the importance
of implementing project-based and environment-based learning to improve students' literacy
and environmental awareness (Al-Hilmiyah & Suhartini, 2024).

The main goal is to produce electronic LKPD that is valid, practical, and effective in
improving students' abilities. The product developed has specifications in the form of an
interactive display with access via a smartphone or computer, containing instructions for use,
learning outcomes and objectives, project activities, and evaluation based on environmental
context (Ariyana et al., 2018).

2. Literature Review

Research Development

Development research is a scientific approach that aims to produce new products that
are suitable for use in the field of education through a process of testing, revision, and
repeated evaluation. Different from educational research that focuses on theoretical findings,
development research focuses on creating practical solutions based on field test results
(Rayanto, 2020). According to Sugiyono in Lestari et al. (2022), this research produced a
product and tested its effectiveness. One of the widely used models is the ADDIE (Analysis,
Design, Development, Implementation, Evaluation) model, because it is systematic and
adaptive to learning problems. This model is considered effective in creating an interesting
learning experience and according to the needs of 21st century education. Each stage, from
needs analysis, strategy design, instrument development, product application to evaluation,
has an important role to ensure that learning outcomes are in accordance with the set goals
(Fadhila et al., 2022).

LKPD Electronics

The Electronic Student Worksheet (Electronic LKPD) is an interactive learning medium
that utilizes digital technology to facilitate more interesting and flexible learning activities
(Sujanem et al., 2022). This LKPD functions to help students understand the material through
activity guides, practice questions, and interactions that foster independence and motivation
to learn (Audry et al, 2022). Its main advantages are high accessibility, the use of
environmentally friendly digital devices, and the ability to adapt to the needs of the 21st
century (Sujanem et al., 2022). The main goal is to increase students' understanding and
involvement by encouraging critical thinking and problem-solving (Wahyuni et al., 2021). The
Electronic LKPD generally includes important components such as activity names,
objectives, supporting theories, tools and materials, work steps, observation results, and
reflective questions that support active learning (Sari et al., 2023).

Project Based Learning (PjBL) Learning Model

The Project Based Learning (PjBL) learning model is an innovative student-centered
approach with the principle of learning through projects that emphasizes contextual and
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authentic problem-solving (Abdul Latip & Supriatna, 2017). This model enhances students'
critical thinking, communication, collaboration, and creativity skills through a real project-
based learning experience. PjBL is also proven to foster motivation to learn and maintain
long-term knowledge because students play an active role in the process. In the context of
biology learning, the application of PjBL helps students relate scientific concepts to real
environmental problems, foster scientific attitudes, and improve high-level thinking skills.
The PjBL syntax includes five to six core stages, ranging from determining fundamental
questions to evaluating learning experiences (Widoretno et al., 2023).

Environmental Change Material

The environment is a system consisting of biotic and abiotic components that interact
with each other to maintain ecological balance. Based on Law No. 32 of 2009, the
environment includes the unity of space with all elements that affect life. Environmental
changes occur when the balance of the ecosystem is disturbed due to natural factors and
human activities. Natural resource exploitation activities, such as oil drilling in Tarakan City,
can cause soil, water, and air pollution, which impacts the lives of surrounding organisms.
Understanding environmental changes is important for students to be able to identify,
analyze, and provide solutions to real environmental problems faced by the community
(Noot, 2017).

Creative Thinking Skills

Creative thinking skills are the ability to generate original and useful ideas through
divergent, flexible, and fluid thinking processes. In the context of learning biology, this skill
is important to encourage students to find alternative solutions to scientific problems.
Creative thinking includes aspects of fluency, flexibility, originality, and elaboration. Learning
involving PjBL has been proven to improve these abilities because it encourages students to
actively innovate and explore new ideas (Mulyani et al., 2023). Thus, creative thinking is not
only results-oriented, but also on cognitive processes that foster curiosity and problem-
solving abilities.

Environmental Literacy

Environmental literacy is the ability to understand, assess, and act on environmental
issues scientifically and responsibly. This literacy includes three domains, namely knowledge,
attitudes, and competencies that encourage a person to care and participate in environmental
conservation. The results of the study show that the level of environmental literacy of
students in Indonesia is still low, especially in the aspect of analysis and implementation of
environmental solutions (Al-Hilmiyah & Suhartini, 2024). Therefore, environmental
education must emphasize direct engagement with the local context so that students are able
to develop ecological awareness and environmentally friendly behaviors in a sustainable
manner (Widiyastuti et al., 2024).

Freedom of Learning

The Independent Learning Policy emphasizes the freedom of teachers and students in
designing contextual, creative, and student-centered learning (Ministry of Education and
Culture, 2019). This concept aims to create a learning environment that is adaptive to the
needs and potential of students in order to achieve a Pancasila student profile that is critical,
independent, and creative. In the context of biology, Merdeka Belajar provides space for the
application of a project-based approach that fosters high-level thinking skills and scientific
literacy. The PjBL model in the framework of Independent Learning allows learners to
integrate theory and practice through real learning experiences that are relevant to daily life
(Chong et al., 2023).

Phase E

Phase E in the Independent Curriculum includes high school students in grades X—XII
who are at the stage of developing formal and reflective thinking. In this phase, students are
expected to be able to analyze, evaluate, and create based on the knowledge they already have.
Learning in Phase E emphasizes scientific and project-based approaches to foster critical,
collaborative, and caring for environmental issues. The integration of PjBL-based Electronic
LKPD is very relevant to be applied in this phase because it can increase learning
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independence, creative thinking skills, and environmental literacy in line with the principles
of Independent Learning (Al-Hilmiyah & Suhartini, 2024).

3. Materials and Method

This research is a type of research and development (R&D) that uses the ADDIE
(Analyze, Design, Development, Implementation, Evaluation) model as developed by Dick
and Carey (1996) and refined by Branch (2009). This model was chosen because it has
systematic stages in designing, developing, and evaluating learning media. The ADDIE model
is considered more comprehensive than other development models such as 4D (Umami et
al., 2022).

The product developed is in the form of an electronic LKPD based on Project Based
Learning (PjBL) on environmental change materials to improve the creative thinking skills
and environmental literacy of phase E students in the framework of Independent Learning. This
LKPD is designed using a /iveworksheet that can be accessed through digital devices such as
smartphones or laptops.

The development stage begins with an analysis that aims to identify learning needs and
problems faced by students. The analysis was carried out through observation and interviews
with biology teachers and students at SMA Negeri 1 Tarakan. The data collected included the
curriculum, learning approaches, school facilities, and the level of readiness of students for
the use of technology in learning.

The design stage includes the preparation of an electronic LKPD design that is simple
and easy to operate. Product design includes content structure, learning activity flow, and the
preparation of validation instruments by material, media, and learning experts. At the
development stage, the LKPD is prepared based on the design results and validated by
experts. The validated product is then tested for readability by students and revised according
to input.

The implementation stage is carried out by applying electronic LKPD to biology learning
in class X of SMA Negeri 1 Tarakan. The experimental design used is a pretest-posttest
control group design, where the experimental class uses an electronic LKPD and the control
class uses a conventional LKPD. The implementation aims to assess the effectiveness of
LKPD in improving creative thinking skills and environmental literacy.

The evaluation stage is carried out continuously in each phase of development, including
evaluation from supervisors, expert validators, teachers, and students. The goal is to improve
the LKPD so that it is suitable for use in project-based biology learning.

Data is collected through several techniques, namely interviews, questionnaires, and
tests. Interviews were used to obtain preliminary information related to the conditions of
biology learning and its supporting facilities. The questionnaire serves to analyze the needs of
students, assess the feasibility of the product by experts, and measure user responses to the
LKPD. The test was used to assess the effectiveness of LKPD in improving creative thinking
skills (using description questions) and environmental literacy (using multiple-choice
questions, descriptions, and questionnaires).

The instruments used include interview guides, student needs questionnaires, expert
validation sheets, and creative thinking skills and environmental literacy test instruments that
have been validated and tested for reliability.

Data analysis was carried out with qualitative and quantitative approaches. Qualitative
data from the results of interviews and needs questionnaires were analyzed descriptively to
understand the learning context. Meanwhile, quantitative data from the results of validation
and product trials were analyzed using the N-Gain test (Hake, 1998) to determine the
improvement of students' creative thinking skills and environmental literacy. In addition, the
MANOVA test was used to assess the significance of the difference in learning outcomes
between the experimental and control classes (Huang, 2020).
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4. Results and Discussion

Initial Product Development Results

The initial product development was carried out using the ADDIE (Analyze, Design,
Development, Implement, Evaluate) model which is systematic and oriented towards
increasing learning effectiveness. At the analysis stage, the researcher identified needs through
observation and interviews with biology teachers as well as the distribution of questionnaires
to students at SMAN 1 Tarakan. The results show that biology learning is still conventional,
dominated by memorization and teacher-centered. Students tend to be passive and less
motivated because learning media such as textbooks are still monotonous and lack interesting
visualization. This analysis emphasizes the need for interactive project-based learning media
innovation in order to develop creative thinking skills and environmental literacy
(Maydiantoro, 2020).

Furthermore, at the planning stage, the researcher designed an electronic L KPD to support
project-based learning by paying attention to the learning outcomes and objectives of phase E.
LKPD is designed to be simple, easy to understand, and can be accessed via a smartphone ot
computer through a link or barcode. The structure of the LKPD includes key components such
as instructions for use, learning outcomes, project activities, assessments, and evaluations. In
addition, validation instruments are also prepared for media, material, and learning experts to
ensure clarity of content and ease of use.

At the development stage, the LKPD design was realized using @ /Zveworksheet application
so that students could interact digitally. The resulting product is then validated by experts and
biology teachers to assess the aspects of validity, practicality, and readability. Validation
includes improvements in terms of appearance, clarity of instructions, and suitability of the
material for learning objectives. A readability test was also carried out on students to assess
the ease of use of electronic LKPD.

Next, the implementation stage was carried out through the implementation of
electronic LKPD in two classes at SMAN 1 Tarakan. The experimental class used the
developed LKPD product, while the control class used conventional teaching materials. The
implementation process aims to observe the effectiveness of products in improving creative
thinking skills and environmental literacy. This implementation is systematically designed to
be in accordance with the principles of project-based learning and pay attention to the
readiness of teachers and students.

The last stage, namely evaluation, is carried out to review the effectiveness, practicality,
and validity of the LKPD after it is implemented. This evaluation involves input from experts,
teachers, and students to improve product weaknesses. The results of the evaluation show
that the ADDIE model allows for continuous improvement of learning products, as each
stage is interconnected and generates feedback that reinforces the quality of instructional
design.

Product Trial Results

The product trial was conducted to determine the effectiveness of the electronic LKPD
supportting Project Based Learning (PjBL) on environmental change materials in improving
students' creative thinking skills and environmental literacy. The trial process involves an
experimental class and a control class at SMAN 1 Tarakan with a pretest-posttest control
group design. The test results showed that the use of electronic LKPD had a significant effect
on improving students' creative thinking skills and environmental literacy. This is shown
through the results of Manova's analysis which shows that there is a significant difference
between the two classes with a significance level of 5%. Students in the experimental class
obtained a higher average posttest score than the control class. These findings reinforce the
view that project-based learning encourages students' activities in critical, collaborative, and
creative thinking in accordance with the characteristics of 21st century learning. In addition,
the results of the questionnaire of teacher and student responses showed that electronic
LKPD was considered very practical to be used in learning activities. Teachers assessed that
this device facilitates the implementation of project-based learning, while students feel that
the appearance is attractive, easy to access, and helps to understand biological concepts
contextually. Overall, PjBL-based electronic LKPD is declared valid, practical, and effective
for use in learning biology on environmental change materials (Rayanto, 2020).
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Product Revision

Product revisions are carried out to improve the electronic LKPD based on the results
of the trial, input from validators, teachers, and students. This revision is carried out through
two stages so that the products produced are really suitable for use in learning.

The first phase of revision is carried out after validation by media experts, material
experts, learning experts, and biology teachers. The improvements are focused on improving
the technical aspects and appearance of the electronic LKPD to make it more attractive and
easy to use. Revisions include adjusting the background color to better contrast with the text,
resizing fonts to improve readability, fixing non-working interactive links, and adding
instructions for teachers and students. In addition, some parts of the material were revised to
be more concise, systematic, and in accordance with the learning outcomes of the
Independent Curriculum. Revisions were also made to the project section to be more
contextual with local environmental issues in Tarakan City. This improvement effort aims to
make the electronic LKPD more user-friendly and support the active involvement of students
in the learning process (Meihami & Malmir, 2024).

The second phase of revision was carried out after the readability test was limited to six
students in class X. Based on the results of the questionnaire and observations, students gave
suggestions to make the LKPD display more attractive and easy to read on smartphone
screens. Therefore, improvements are focused on text size, spacing adjustments between
paragraphs, and color combinations so as not to cause visual fatigue. Some of the instructions
on the project activities were also simplified to make it easier for students to understand. In
addition, the interface navigation system has been improved to make interpage links accessible
faster. After the second phase of revision is completed, the product is declared ready for re-
testing and use in project-based learning activities in the classroom (Sujanem et al., 2022).

Final Product Review

The final product developed is in the form of an electronic LKPD based on Project
Based Learning (PjBL) on Ewmvironmental Change material for class X Phase E of the
Independent Curriculum. This LKPD was prepared by paying attention 7o learning ontcomes
and relevant learning objectives, as well as raising real environmental issues in Tarakan City.
Through the project approach, students are invited to find solutions to environmental
problems by following the stages of PjBL syntax, namely formulating essential questions,
preparing project plans and schedules, monitoring progress, assessing results, and reflecting
on learning experiences. In addition, assessment instruments were developed to measure two
main abilities, namely creative thinking skills and environmental literacy. The aspect of
creative thinking is measured through eight description questions, while environmental
literacy includes three domains, namely competencies with five description questions, disposition
through ten Likert scale questionnaires, and &nowledge with fifteen multiple-choice questions.

The validity of the product was tested by two expert lecturers and one biology teacher
by assessing aspects of media, materials, and learning. The validation results show that this
PjBL-based electronic LKPD is very good and suitable for use in learning activities after going
through revisions according to the suggestions of the validators. The instrument for
measuring creative thinking skills and environmental literacy is also declared valid and can be
used as a measuring tool in accordance with the research variables. Overall, the validation
results showed that this product met the criteria for content quality, media appearance, and
expected learning effectiveness

5. Conclusion

Based on the results of research and development, it was concluded that the electronic
LKPD based on pryject-based learning (PjBL) developed is suitable for use as a learning medium.
Validation from material experts, media experts, and learning experts shows that the category
is very good, so this product is declared valid in terms of content and appearance. The
electronic LKPD is also considered practical to be used in the biology learning process in
high school because it is easily accessible and in accordance with the needs of students. In
addition, the results of the effectiveness test showed that PjBL-based electronic LKPD was
able to significantly improve students' creative thinking skills and environmental literacy.

Based on the results of the implementation, it is recommended that this electronic
LKPD be used by high school/MA biology teachers, especially class X, as supporting teaching
materials in learning using the PjBL model on the topic of environmental change. This
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product can also be used as a reference for other teachers who want to develop similar
teaching materials on different topics. In its implementation, the availability of an internet
network or Wi-Fi needs to be ensured so that the learning process runs smoothly. In addition,
follow-up research is expected to involve more systematic observation to assist teachers in
analyzing students' activities and performance while using electronic LKPD.

The research products have been disseminated on a limited basis at SMAN 1 Tarakan
and received positive responses from teachers and students. For follow-up, development can
be carried out by expanding the trial to other schools that have similar characteristics in order
to obtain more comprehensive data related to the effectiveness and feasibility of PjBL-based
electronic LKPD in improving creative thinking skills and environmental literacy.
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