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This study aims to develop science literacy-based digital teaching materials that are feasible,

Aticle History: practical, and effective for improving students' critical thinking on the sub-materials of energy flow
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academic year. MIPA 7 for small-scale trials and 60 students from each of 30 students X-1 and X-
Published : November 2023 2. The data collection techniques used were interviews, questionnaires and tests. Based on data
Keywords: analysis, the feasibility test results of science literacy-based digital teaching materials by material

experts amounted to 85% and media experts amounted to 82%. The results of the practicality test
analysis by teachers in both scale trials were 90% and the results of the practicality test analysis by

Digital, Science Literacy, students in both scale trials were 84%. From all the results of the analysis, it is included in the

Critical thinking. category of very feasible and practical. To determine the effectiveness of science literacy-based
digital teaching materials, pretests and posttests in classes X-1 and X-2 were conducted and then
calculated using the N-Gain test based on aspects. The results of the N-Gain test for the science
literacy aspect in both classes were 0.64% and the N-Gain test for the critical thinking ability aspect
in both classes was 0.62%. This shows that classes X-1 and X-2 on improving science literacy and
critical thinking skills are at moderate criteria. It can be concluded that the use of science literacy-
based digital teaching materials is effective for improving students critical thinking skills in the sub-
materials of energy flow and biogeochemical cycles.
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INTRODUCTION

Educational ability regarding technology is a basic skill that must be possessed by a teacher. The
utilization that can be done by teachers from technological developments is to combine the learning process
with technological tools. According to Supriadi's research (2017), the success of the learning process using
information technology media is higher than the conventional method.

To achieve the success of the learning process, teachers in planning learning must be able to cover all
the elements needed to facilitate understanding and achievement of learning objectives, one of which is
planning learning on teaching materials. Teachers in developing good teaching materials need to adjust the
characteristics of today's students, namely the generation of students who are often referred to as "Generation
Z". One of the characteristics of genZ is digital natives (Karina, 2019). Digital natives are generation Z who
were born in the midst of the development of digital technology and have a great dependence on technology
(Adityara, 2019). Students who belong to generation Z have a natural understanding of technological devices
such as smartphones, tablets, and computers. This statement is in accordance with the results of interviews
with several students at SMA Negeri 15 Semarang, students are accustomed to learning activities through
smartphones.

In accordance with the reality in the field in the learning process, one of the steps that teachers need to
take is to develop teaching materials in digital form. Digital teaching materials are learning materials
presented in digital format including various types of content such as text, images, videos, animations, and
interactivity designed to support the learning and teaching process through electronic devices (Farhana et al.,
2021). The advantages possessed by digital teaching materials in terms of using materials are more flexible,
easily accessible, and able to provide a more diverse learning experience.

The development of digital teaching materials has the potential to provide students and teachers with
insights into learning designs that utilize technology. The core components of digital learning materials
involve objectives, content, activities, evaluation, and feedback and reflection (Kosasih, 2021). In developing
digital teaching materials, teachers need to pay attention to other components needed, namely digital teaching
materials that are aligned with the abilities needed by students to have skills in accordance with the 21st
century called 4C skills.

4C skills include critical thinking, creativity, collaboration, and communication skills. Based on an
interview with one of the teachers at SMA Negeri 15 Semarang, teachers are in a strategic position to help
students develop 4C skills. However, in reality, the 4C skills have not been developed optimally, one of which
is critical thinking skills. Critical thinking ability is a thinking process that focuses on making decisions
according to what is believed or done (Zakiah et al., 2019). The lack of students' critical thinking skills such
as student activeness in discussion and decision making, students only tend to remember the content of the
material without feeling motivated to argue or find solutions in the learning process.

Critical thinking skills play an important role in the implementation of an independent curriculum. In
the independent curriculum approach, students not only act as proactive individuals in seeking knowledge
but are encouraged to develop critical thinking skills (Kemendikbud, 2022). The independent curriculum is a
curriculum with diverse intracurricular learning, where content is provided more optimally, so that students
can explore concepts and strengthen the competence of learning objectives (Kemendikbud, 2022). In the
independent curriculum, students are also equipped with basic skills, namely literacy skills. Literacy skills are
not just reading and writing, but involve thinking skills that make students literate in learning, including in
science learning.

Science literacy according to PISA (2015), is an ability to engage with issues related to science and
scientific ideas. Students' science literacy skills are closely related to the demands of reading skills that lead to
the ability to understand information critically. This is in accordance with Septiani's research (2019) that
science literacy is one of the factors that influence critical thinking skills. Thus, in the independent curriculum,
science literacy and critical thinking skills complement each other in the process of scientific understanding
and the development of strong thinking skills.

The independent curriculum uses the concept of phases as an indicator of the level of learning ability.
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The phase that will be focused on in this study is phase E which is intended for grade X SMA. Grade X
students are presented with all science specialization materials to learn until phase E ends. One of the science
specialization materials is biology which in its achievement is directed at the goal of sustainable development.
Energy flow and biogeochemical cycles are sub-materials that have important concepts in maintaining
environmental sustainability and achieving several sustainable development goals (Widodo et al., 2021).
Energy flow and biogeochemical cycles involve the ability to analyze data, solve problems, explain complex
ecological phenomena and formulate solutions to the ecological environmental challenges faced. With science
literacy skills, students use scientific knowledge to formulate scientific problems. It requires students' critical
thinking skills to be able to solve scientific problems and identify various solutions logically before reaching
the right conclusion.

Given the importance of science literacy skills to be able to train students' critical thinking skills in
learning energy flow and biogeochemical cycle sub-materials. Of course, the availability of digital teaching
materials that have science literacy characteristics is needed to be able to improve students' critical thinking
skills through the sub-materials of energy flow and biogeochemical cycles, so this research raises the research
title, namely "Development of Science Literacy-Based Digital Teaching Materials to Improve Students'
Critical Thinking in Energy Flow and Biogeochemical Sub-Materials".

RESEARCH METHOD

This type of research is research and development (RnD). This research was conducted at SMA Negeri
15 Semarang. The product developed in this research is science literacy-based digital teaching materials on
the sub-materials of energy flow and biogeochemical cycles.

The method used in research and development refers to the ADDIE development model. According
to Sugiyono's research (2015: 200) in full the ADDIE development model consists of five steps, namely
analysis, design, development, implementation, and evaluation.

The subjects of this study were students in grades XI and X at SMA N 15 Semarang. The sample of
this study consisted of students of class XI. MIPA 7 was used as a small-scale trial to determine the practicality
of science literacy-based digital teaching materials. The number of students selected was 15, using purposive
sampling technique. Consideration is based on academic ability. Large-scale trials conducted in classes X-1
and X-2 were used to determine the effectiveness of increasing students' critical thinking skills after using
science literacy-based digital teaching materials.

Data obtained through the distribution of questionnaires that have been validated and practicality and
test questions used to determine the effectiveness of digital teaching materials. The effectiveness of digital
teaching materials can be seen from the results of student learning tests. The test questions were in the form
of descriptions consisting of pre-test and post-test questions. The research data were analyzed quantitatively.
The effectiveness test results were analyzed using the N-gain calculation.

RESULTS AND DISCUSSION

The results of research on the development of science literacy-based digital teaching materials to
improve students' critical thinking on the sub-matter of energy flow and Android-based mobile learning
media on virus material to improve student learning outcomes are as follows.

1. Feasibility of Science Literacy Based Digital Teaching Materials

The feasibility of digital teaching materials is analyzed based on the results of research by material
experts and media experts. Feasibility assessment by material experts using a Likert scale of 1 - 4. The results
of the feasibility analysis of digital teaching materials are presented in Table 1.
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Table 1. Analysis of the Feasibility Results of Digital Teaching Materials by Material Experts

Material Feasibility Aspect Percentage (%) Criteria
Feasibility of content 79 worth
Presentation feasibility Language feasibility 86 very feasible
Characteristics 81 very feasible
Science literacy 90 very feasible
Critical thinking 90 very feasible
Average 86 very feasible
85 very feasible

The feasibility assessment of science literacy-based digital teaching materials was also assessed by
media experts. The results of the feasibility assessment of digital teaching materials by media experts are
presented in Table 2.

Table 2. Analysis of the Feasibility Results of Digital Teaching Materials by Media Experts

Media Feasibility Aspects Percentage (%) Criteria

Graphics 82 very feasible
Language 81 very feasible
Average 82 very feasible

The percentage analysis of the feasibility research results of digital teaching materials from material
experts obtained an average of 85%, while the media experts obtained an average of 82%, both of which were
on very feasible criteria. From the results of the feasibility assessment by material experts and material
experts, it can be concluded that science literacy-based digital teaching materials in terms of feasibility have
improvements in order to achieve a product that is very feasible to be applied to learning. In accordance with
the research of Charlina et al. (2019) validated products require improvement until the developed product is
said to be suitable for use in the next stage. The feasibility validation results have a significant influence in
improving the products developed (Setiawan et al., 2020).

2. Practicality of Science Literacy Based Digital Teaching Materials

The practicality test aims to determine the practicality of the digital teaching materials developed as
far as the feasibility of content, presentation, language, graphics, characteristics, science literacy aspects and
critical thinking aspects for teacher use. The results of practicality by teachers on small and large scale trials
are presented in Table 3.

Table 3. Practicality Results by Teacher

Practicality Aspect Percentage (%)
Small Scale Trial Large Scale Trial
Feasibility of content 89 89
Presentation feasibility Language feasibility 89 93
Characteristics 89 92
Science literacy 85 95
Critical thinking 90 92
Feasibility of content 86 93
Graphics 90 90
Average 88 92

From the results of the teacher's practicality in the small-scale trial, it obtained an average of 88%,
but there were still suggestions to improve the shortcomings in the digital teaching materials, namely by
adding animated videos supporting the material on the discussion of differences in food webs and
biogeochemical cycles. After making improvements to the practicality of digital teaching materials, large-
scale trials can obtain practicality with an average of 92%. It can be concluded that the average results of
practicality by teachers in small and large scale trials of digital teaching materials obtained a percentage of
90% which was in very practical criteria. The practicality test aims to determine the practicality of digital
teaching materials developed in terms of interest, material, language for use by students. The results of
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practicality by students on small and large scale trials are presented in Table 4.

Table 4. Practicality Results by Students

Percentage (%)
Assessment Indicators  Small Scale Trial Large Scale Trial

Attraction 81 86
Material 80 85
Language 86 87
Average 82 86

From the results of student practicality in small-scale trials, an average of 82% was obtained, but
there were still suggestions to improve the shortcomings in digital teaching materials, namely adding games
to digital teaching materials. The game contained in digital teaching materials is an educational game that
aims to attract students' attention so that they are not easily bored to study digital teaching materials. After
making improvements to the practicality of digital teaching materials, large-scale trials can obtain practicality
with an average of 86%. It can be concluded that the average results of practicality by students in small and
large scale trials of digital teaching materials obtained a percentage of 84% which is in very practical criteria.
From the results of the practicality assessment, it shows that digital teaching material products based on
science literacy are very practical to use in learning energy flow sub-materials and biogeochemical cycles.
Good teaching materials can be used easily and practically (Setiawan et al., 2020).

3. Effectiveness of Science Literacy Based Digital Teaching Materials

The results of the assessment of the effectiveness of science literacy based digital teaching materials
on improving students' critical thinking skills on the subject of energy flow and biogeochemical cycles can be
obtained from pretest-posttest scores integrated in the domain of science literacy aspects and aspects of critical
thinking skills. Furthermore, the N-gain test was conducted to determine the improvement of students' critical
thinking skills on the subject of energy flow and biogeochemical cycles. A recapitulation of the calculation
of the N-gain test for science literacy aspects and critical thinking skills aspects in both classes is presented in
Tables 5 and 6.

Table 5. Recapitulation of N-gain test Calculation of Science Literacy Aspects

Aspects of Science Literacy N-Gain Average Criteria
X-1 X-2 N-gain

Context Aspect 0,50 0,66 0,58 Medium

Knowledge Aspect 0,67 0,53 0,60 Medium

Competency Aspect 0,77 0,76 0,76 High

Table 6. Recapitulation of N-gain test Calculation of Critical Thinking Aspects

Critical Thinking Indicators N-Gain Average Criteria
X-1 X-2 N-gain

Elementary Clarification 0,83 0,64 0,73 High

Basic Support 0,64 0,60 0,62 Medium

Inference 0,67 0,59 0,63 Medium

Advanced Clarification 0,67 0,53 0,60 Medium

Strategies and tactics 0,53 0,51 0,52 Medium

Based on the calculation of the N-gain test, the increase in science literacy shown in Table 5 has an
average of 0.64 with a medium category. The use of science literacy into digital teaching materials on energy
flow and biogeochemical cycles has a positive effect on improving students' critical thinking skills. Supported
by the opinion of Karademir et al. (2016) that individuals who have critical thinking skills have a positive
effect on science literacy skills because through this ability the attitude towards science literacy becomes
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meaningful. Meanwhile, based on the calculation of the N-gain test, the increase in critical thinking skills
shown in Table 6 has an average of 0.62 with a medium category. This means showing that science literacy-
based digital teaching materials can improve students' critical thinking skills. The use of science literacy into
science literacy-based digital teaching materials has a positive effect on improving students' critical thinking
skills. this is in accordance with the research of Yuriza et al. (2018)

The use of science literacy into digital teaching materials on energy flow and biogeochemical cycles
has a positive effect on improving students' critical thinking skills. Supported by the opinion of Karademir et
al. (2016) that individuals who have critical thinking skills have a positive effect on science literacy skills
because through this ability the attitude towards science literacy becomes meaningful. Science literacy
implemented in digital teaching materials serves as a foundation for understanding, evaluation, and scientific
information. In accordance with the opinion of Rohmi (2015), science literacy is defined as an understanding
of science content and scientific practices. In the context of energy flow and biogeochemical cycles, science
literacy can help students to understand fundamental concepts such as energy flow, cycles in biogeochemistry
and interactions between organisms. This is in accordance with the research of Diana et al. (2015) students
who have science literacy skills have the skills to solve problems using the science concepts they have
acquired.

Science literacy also includes an understanding of the scientific method and the use of evidence to
support scientific statements. It interprets scientific research related to energy flow and biogeochemical
cycles. With critical thinking skills, students can analyze scientific information in depth, identifying
underlying assumptions. In this context, critical thinking skills help in evaluating complex scientific concepts.
For example, when students understand how climate change affects the biogeochemical cycling of carbon,
science literacy helps students understand the concept of increasing carbon dioxide concentrations in the
atmosphere, while critical thinking skills help students examine current scientific data and question its
implications. In accordance with the research of Singh et al. (2017) students who have good literacy indicate
that students are able to use their knowledge to think critically in solving a problem well.

The relationship between science literacy and critical thinking indicates that to understand science
thoroughly requires good thinking skills. This shows that increasing scientific literacy skills affects students'
critical thinking skills. This is supported by the opinion of Rahayuni (2016) which states that critical thinking
skills are directly proportional to science literacy skills. Then reinforced by Davies (2013) statement that
critical thinking skills can be built through discovery-based learning using a science literacy approach. If a
student's critical thinking skills are good, then his scientific knowledge is also good. When students have a
good foundation in science, their critical thinking increases and students can confidently respond to problems
that arise in their environment. This statement is also in line with the research of Dayelma et al. (2019) which
states that there is a significant relationship between science literacy and critical thinking skills. So it can be
concluded that digital teaching materials based on science literacy are effective because they can improve
students' critical thinking skills.

CONCLUSION
The conclusions obtained from the results of the research on the development of science literacy based

digital teaching materials on the subject of energy flow and biogeochemical cycles to improve students'

critical thinking skills are as follows.

1. The feasibility of digital teaching materials based on the assessment by material experts and media
experts is very feasible.

2. The practicality of digital teaching materials based on small trials and large-scale trials of teachers and
students is very practical.

3. Science literacy based digital teaching materials on the subject of energy flow and biogeochemical
cycles are effective for improving the critical thinking skills of class X students at SMA Negeri 15
Semarang on medium criteria.
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