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Introduction

Abstract: The purpose of this study is to develop IPAS teaching materials using the
RADEC model based on metacognitive strategies to enhance critical and creative
thinking skills among elementary school students. The research follows the Research
& Development approach with the ADDIE development model (Analysis, Design,
Development, Implementation, Evaluation). The study involves 84 elementary school
students in Surakarta. Data were collected through literature review, expert
validation, pretests and posttests, observations, interviews, and documentation.
Validation results confirmed that the developed book is valid and suitable for use in
terms of content, language, and presentation. A paired sample T-test was conducted
on the pretest and posttest results of critical and creative thinking skills for 84 student
respondents. The t-test results indicated a significance value of 0.00<0.05 for both
pretest and posttest scores of critical thinking skills and creative thinking skills. This
suggests a significant difference in the average scores between the pretest and
posttest, indicating the influence of the developed book on critical and creative
thinking skills. The NGain test results for pretest and posttest scores of critical
thinking skills were 70.9252, and for creative thinking skills, it was 70.9284. With these
values, it can be concluded that the developed book falls into the category of being
sufficiently effective in influencing the critical and creative thinking skills of students.

Keywords: Creative Thinking; Critical Thinking; Elementary School; Metacognitive
Strategies; RADEC.

skills. Clearly stated in the appendix of Minister of
Education and Culture Regulation number 21 of 2016,

The rapid development of technology and
information in the 21st century has impacted various
aspects of life, including education (Mardhiyah et al.,
2021). Formal education processes must adapt and
evolve to equip students with competencies or skills
relevant to the 21st century. 21st-century competencies
are the skills needed by students to support the learning
process, adapt to changes, and face the challenges,
issues, and careers of the 21st century (Ongardwanich et
al., 2015; Redhana, 2019).

The Ministry of Education and Culture of Indonesia
responds to the demands of the 21st century by placing
more emphasis on efforts to improve students' thinking

How to Cite:

there are four important aspects to be enhanced:
spiritual attitudes, social attitudes, knowledge, and
skills. In the skills aspect, it is further detailed into
several thinking skills, including -creative, critical,
productive, independent, and collaborative thinking
(Lampiran Permendikbud Nomor 21 Tahun 2016, 2016).
This regulation is reinforced by Minister of Education
and Culture Regulation number 22 of 2020, which
regulates the six characteristic dimensions that students
must possess called the Profil Pelajar Pancasila,
consisting of: Believing and being devoted to God
Almighty and having noble morals, global diversity,
cooperation, independence, critical thinking, and
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creativity (Permendikbud Nomor 22 Tahun 2020, 2020).
The dimensions of creative and critical thinking skills
within the Profil Pelajar Pancasila are expected to meet
the demands of current 21st-century education.

Creative thinking skills are essential for individuals
to solve problems from various perspectives, enabling
them to face complex situations in their surrounding
society (Treffinger & Isaksen, 2005). Creative thinking is
a thought process that leads to the emergence of new
ideas, perspectives, approaches, and methods in
understanding something (Awan et al., 2019). Armed
with creative thinking abilities, students can address
problems through various problem-solving methods
(Wanelly & Fauzan, 2020). Commonly, indicators of
creative thinking skills consist of fluency, flexibility,
originality, and elaboration (Aulia, 2023). However, the
Indonesian Ministry of Education has specifically
outlined the elements of creative thinking that
Indonesian students should possess, which vary at each
stage. Fourth-grade elementary school students belong
to Phase B, and the elements of creative thinking they
should have include: (1) Generating original ideas, (2)
Creating original works and actions, and (3) Having
flexible thinking in seeking alternative problem
solutions (Kemendikbudristek, 2022).

In addition to creative thinking skills, students are
also expected to have critical thinking skills. Critical
thinking skills involve the ability to understand,
analyze, and evaluate information, making it useful for
making reasoned and rational decisions. Numerous
studies have explored critical thinking abilities,
spanning from elementary to higher education levels
(O'Reilly et al., 2022). This is because research related to
critical thinking has pedagogical implications and offers
solutions for critical thinking development (Liang &
Fung, 2020). Critical thinking skills enable individuals to
have strong, resilient thinking that is not easily swayed
by their surroundings (Fardani & Surya, 2017). Thinking
critically allows individuals to be open to all existing
facts, enabling them to make decisions based on logical
evidence (Haryanti, 2017) and helping students sharpen
their experiences (Stephanou & Mpiontini, 2017).
Critical thinking is highly demanded in the 21st century,
as it allows individuals to understand complex
problems, connect and consider information from
various perspectives, leading to the emergence of
various solutions for problem-solving and decision-
making in daily life (Musa’ad & Suparman, 2023;
Rahmawati et al., 2023; Ulfa, 2020). Instilling critical
thinking skills in students can be a comprehensive
educational innovation to meet the demands of the 21st
century (Manassero-Mas et al., 2022).

Efforts to enhance critical and creative thinking
skills can be made through improvements in the
education system, at least on a micro level (within a
single learning system by a teacher in a classroom). To
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carry out teaching that can improve critical and creative
thinking skills, supportive teaching materials are
essential. Therefore, this study aims to develop IPAS
teaching materials using the RADEC model (Read-
Answer-Discuss-Explain and Create) based on
metacognitive strategies to enhance critical and creative
thinking skills in elementary school students.

The RADEC model was chosen because its syntax
requires learners to conduct an assessment by reading
and answering questions before face-to-face learning
activities take place. This encourages learners to prepare
before face-to-face learning is conducted (Sopandi,
2017). Moreover, numerous studies have proven that the
RADEC model has a positive impact on concept-
oriented learning outcomes (Lukmanudin, 2018;
Setiawan et al., 2019, 2020; Siregar et al., 2020). It has a
positive effect on students' pedagogical competence
(Sopandi & Handayani, 2019), positively impacts high-
level thinking skills and creative thinking skills (Agustin
et al., 2021; Handayani et al., 2019; Jumanto et al., 2018;
Ma'ruf et al.,, 2020; Pratama et al., 2020), and positively
affects critical thinking skills (Sapitri et al., 2023; Susanti
et al., 2023; Vitriasari et al., 2023). Even with the RADEC
syntax that can be performed independently or in
groups by learners, it is effectively applied in online
learning during the COVID-19 pandemic (Rahman et al.,
2020).

The metacognitive strategy is chosen because, with
this strategy, learners will be trained to understand their
own thinking processes. This is expected to cultivate
habits of planning, monitoring, and evaluating their
learning processes. Moreover, numerous studies have
demonstrated that the metacognitive strategy has a
positive impact on students' critical thinking skills
(Hasanuddin et al., 2020; Hendi et al., 2020), positive
effects on creative thinking skills (Irawan, 2020), positive
impacts on communicative abilities (Fauzan et al., 2020;
Piadi, 2017), positive effects on students' self-directed
learning and attention to learning (Sunanto & Asyiah,
2018; Yasir, 2020), and positive effects on concept
understanding (Khoiriah, 2015; Soinbala & Mulyatna,
2019; Virgia et al., 2019).

Based on the problems and needs outlined above
and considering previous research, this study aims to
develop IPAS teaching materials for fourth-grade
elementary school. The teaching materials are
developed based on the syntax of the RADEC model
using metacognitive strategies to train students' critical
and creative thinking skills. This research is important
because there is currently no IPAS teaching material in
the Merdeka curriculum specifically developed to train
students' critical and creative thinking skills.
Additionally, teachers need teaching materials that
technically facilitate the implementation of the RADEC
model because this model has been proven to enhance
students' critical and creative thinking skills.
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Method

The research method employed is Research and
Development using the ADDIE model, consisting of the
Analyze, Design, Development, Implementation, and
Evaluate stages (Branch, 2009).

Figure 1. ADDIE development model chart

The analysis phase was carried out in four ways:
conducting interviews with 10 fourth-grade elementary
school teachers, administering tests on critical and
creative thinking skills to 119 fourth-grade elementary
school students, examining the current curriculum
documents in Indonesia known as "Kurikulum
Merdeka," and analyzing the developmental aspects of
the participants as the research sample. The Design
stage, a systematic and specific instructional material
draft is created, considering the appropriateness of
content, language, appearance, as well as the model and
learning strategies used. The Development stage
includes validating instructional materials regarding
content, language, and appearance, followed by limited
trials in one classroom. The Implementation stage
involves applying the instructional materials on a
broader scale, with three classes, to gather data on
practicality and the effectiveness of the developed
student book. The final stage, Evaluate, is conducted by
revising the instructional materials based on practicality
questionnaires, student responses, and field notes.

The population in this study consists of elementary
school students in the city of Surakarta. The sample for
this research comprises fourth-grade students from 5
elementary schools in Surakarta that implement the
Kurikulum Merdeka. Below is the list of the five schools
used for the research:

Table 1. Research Sample Schools

School Role in the Research
SDN Gandekan Small-scale Test
SDN Madyotaman Small-scale Test
SDN Kestalan Large-scale Test
SDN Mojosongo Large-scale Test
SDN Joglo Large-scale Test
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This research employs three data collection
techniques. Interview technique is used to obtain data
during needs analysis and development stages.
Questionnaire technique is used to gather expert
validation data on the developed product and the
practicality level of the product. Test technique is used
to obtain initial data on students' critical thinking and
creative thinking skills and to measure the effectiveness
of the product through pretests and posttests.

This research utilizes three data collection
instruments: (1) Interview guidelines for elementary
school teacher needs; (2) Questionnaire sheets for
content validation, display validation, language
validation, and practicality questionnaire; (3) Tests of
critical thinking and creative thinking skills.

Data is analyzed both qualitatively and
quantitatively. Qualitative analysis is conducted to
process data from interview guidelines and
questionnaire sheets, summarizing the data into
descriptive information. Quantitative analysis is
conducted to process data from questionnaires and tests,
revealing the quality, practicality, and effectiveness of
the developed product.

Result and Discussion

Analysis of needs was conducted through
interviews with 10 fourth-grade teachers in elementary
schools in Surakarta and tests on critical thinking and
creative thinking skills for 119 fourth-grade students in
Surakarta. Based on the interview results, it was found
that 80% of teachers still faced difficulties teaching
critical thinking skills, and 70% of teachers encountered
challenges in teaching creative thinking skills. The test
results for critical thinking skills revealed that 59% of
students had low-level critical thinking skills, 25% had
moderate-level skills, and 16% had high-level skills.
Meanwhile, based on the test results for creative
thinking skills, it was found that 64% of students had
low-level skills, 20% had moderate-level skills, and 17%
had high-level skills.

Table 2. Critical and Creative Thinking Skills of Students

. Critical  Creative Thinkin,
Skill Level Thinking Skill (%) Sill (%)
High 16 17
Moderate 25 20
Low 59 64
Total 100 100

The interviews also revealed that teachers required
instructional materials with a systematic approach to
train both critical and creative thinking skills in students.
The analysis continued by examining the current
curriculum document in Indonesia, known as
"Kurikulum Merdeka" (Independent Curriculum).
Through a review of the document, it was identified that
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the components of critical and creative thinking skills to
be developed for fourth-grade elementary school
students had been specified in the regulation SK BSKAP
number 009/H/KR/2022. This regulation addresses
character education in the Kurikulum Merdeka, referred
to as the "Profil Pelajar Pancasila" (Pancasila Student
Profile). The regulation outlines the components of
critical and creative thinking skills to be developed for
students, mentioning elements and sub-elements within
the dimensions of critical and creative reasoning.

Based on the analysis of student development
aspects, it was found that fourth-grade students fall
within the age range of 8-10 years. Therefore, according
to the Kurikulum Merdeka, they belong to phase B. With
this information, the elements and sub-elements of
critical and creative reasoning that should be taught to
fourth-grade students can be determined.

Tahap design involved creating a draft of the
Student Book systematically and specifically,
considering the aspects of content appropriateness,
language, presentation, models, and teaching strategies.
The book's structure included a cover, preface, table of
contents, learning objectives, studied materials along
with activities, material summaries, evaluations,
bibliography, and appendices. The book was specifically
designed for fourth-grade elementary school students in
the subject of IPAS with a focus on the topic of Energy
and Its Changes. The creation of the book also
considered content appropriateness by aligning the
book's content with the learning outcomes in the
Merdeka curriculum specified in the regulation SK
BSKAP number 033/H/KR/2022. Language and
presentation aspects were also considered by adapting
to the developmental stage of fourth-grade students,
who are still in the operational concrete stage. The book
was designed with the RADEC model, incorporating
Read-Answer-Discuss-Explain and Create stages. It was
developed based on the metacognition strategy,
incorporating planning, monitoring, and evaluation in
each RADEC stage.

In the development phase, the instructional
material underwent validation for content, language,
and presentation, followed by limited trials in one class.
The results of the validation by experts on content,
language, and presentation are presented in Table 3.

The expert validation results indicated that the
developed student book received a score of 4.8 out of a
maximum scale of 5 for the content aspect. The validator
stated that the book was suitable for use with minor
revisions. The suggestion from the validator was to add
real-life examples to the material summary to make it
more comprehensive and include additional visual
images relevant to the material. Furthermore, the results
of the linguistic expert validation can be seen in the
Table 4.
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Table 3. Expert Validation on Content Aspect

Assessed Content Aspect Score
Suitability with the curriculum
Lists appropriate learning objectives 5
Material aligns with learning objectives 5
Completeness of material
Provides complete explanations of concepts/ 5
definitions
Material includes examples of real-life cases 5
Material includes summaries 4
Clarity of material
Material is presented systematically 5
Material is explained using clear terminology 5
Visual illustrations support the clarity of the
material's concepts 4
Quality of material content
Explanations of concepts/ definitions/ material are 5
correct
Real-life examples or events in the book are 5
accurate
Average Score 4,8
Table 4. Expert Validation on Language Aspect
Assessed Content Aspect Score
Communicative 5
Sentence  structure in  paragraphs is
interconnected and supports one main idea
Sentences are easy to understand 5
Dialogical - Interactive
Uses sentences that engage the reader 5
Clarity
Word choices have a single meaning 5
Coherence
Concepts are presented in a logical and 5
interconnected manner
Correctness of Language Norms
Spelling is accurate 4
Correct use of punctuation 4
Sentences are structured correctly 4
Use of Terms and Symbols
Accuracy in the use of terms and symbols 5
Consistency in the use of terms and symbols 4
Average Score 4,6

The expert validation results for the language
aspect indicated that the developed student book
received a score of 4.6 out of a maximum scale of 5. The
validator stated that the book was suitable for use with
minor revisions. The suggestions from the validator
included correcting some spellings, improving
punctuation use, refining sentence structures, and
ensuring consistency in addressing the reader as "kamu"
and "kalian." Furthermore, the results of the learning
media expert validation can be seen in Table 5.
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Table 5. Validation of learning media experts
Assessed Content Aspect
Suitability
Design aligns with students' developmental stage
Book aligns with Merdeka curriculum
Book design aligns with presented material
Book includes RADEC model steps
Book includes metacognition strategy components
Display Quality
Good cover design
Good interior design
Proper font selection
Good color design
Good image design
Average Score 4

Score

Q1 G1 U1 Q1 Q1

ARSI TSNS |

The results of the validation by the instructional
media expert indicate that the student book developed
has a score of 4.7 out of a maximum scale of 5 in terms of
appearance and suitability. The validator stated that the
book is deemed suitable for use with minor revisions.
Suggestions from the validator include the need for
markers, such as bolded fonts for important material
that students should understand. Additionally, font
selection should be changed for better readability, and
the addition of color variations to make the book more
engaging and legible.

After receiving validation and revisions, the
student book developed was subjected to limited testing
in one class. This trial aimed to assess the book's
usability as a teaching material in the classroom. The
results of the limited trial indicated that the book could
be easily and smoothly used by students. According to
interviews, teachers found it very helpful in teaching the
material while simultaneously cultivating critical and
creative thinking skills. Additionally, students enjoyed
the stories and activities presented in the developed
book.

The implementation phase involved applying the
teaching materials on a broader scale, specifically in
three classes, to gather data on practicality and the
effectiveness of the developed student book. Practicality
data were obtained from questionnaires filled out by 84
students from three different schools. The questionnaire
results revealed a total practicality score of 6950, with an
average score of 82.74. This categorizes the developed
book as "Practical." The distribution of practicality data
from the 84 respondents is as Table 6.

Tabel 6. Book Practicality Data

Criteria Number of Percentage of

Respondents Respondents (%)
Very Practical 43 51.19
Practical 30 35.71
Moderately Practical 11 13.10
Less Practical 0 0.00
Very Less Practical 0 0.00
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The results demonstrate that the developed book is
perceived as practical by the majority of respondents,
emphasizing its usability and effectiveness in a
classroom setting

To determine the effectiveness of the developed
book, pretests and posttests on critical and creative
thinking skills were administered to 84 students from
three different groups. The evaluation process involved
normality tests, paired sample t-tests, and NGain tests.
The normality test results are provided in Table 7.

Table 7. Normality Test for Critical Thinking Skills Data
Shapiro-Wilk

Group Statistic df Sig.

Critical Group 1 911 28 .021
Thinking Group 2 .935 28 .084
Group 3 915 28 .026

Table 8. Normality Test for Creative Thinking Skills Data
Shapiro-Wilk

Group Statistic df Sig.

Creative Group 1 a1 28 021
Thinking Group 2 920 28 .034
Group 3 915 28 .026

Based on the two tables above, it is evident from the
Shapiro-Wilk significance column that the values are
greater than 0.05. This indicates that both sets of data are
normally distributed. With the confirmation of normal
distribution, the analysis can proceed with the paired
sample T-test.

The paired sample T-test was conducted to assess
the impact of using the developed book on the critical
and creative thinking skills of the 84 students. The
results are outlined in the Table 9.

Table 9. Paired Samples Test for Critical Thinking Skills

Paired Differences t df Sig.
Mean  Std. Std. (2-
Deviat  Error tailed)
ion Mean
PreTest-  -38.929 5.547 605 -64.32 83 .000
PosTest

Table 10. Paired Samples Test for Creative Thinking Skills

Paired Differences t df Sig.
Mean Std. Std. (2-
Deviat  Error tailed)
ion Mean
PreTest - -3892 5.863 640 -60.84 83 .000
PosTest

In both tables, the significance values (Sig. < 0.05)
suggest a significant difference in average scores
between the pretest and posttest. This implies that the
utilization of the developed book has a considerable
impact on enhancing critical and creative thinking skills.
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The analysis continues with an examination of the book's
effectiveness.

To evaluate the effectiveness of the book on
students' critical and creative thinking skills, an NGain
test was performed. The results are presented in the
table below.

Table 11. NGain Test

Thingking N Mean Std.  Std. Error

skills Deviation Mean

NGain_ Critical 84 70.925 9.90801 1.08105
Percent Creative 84 70.928 10.47667 1.14310

Based on the output tables, the mean NGain percent

values for critical thinking (70.9252) and creative
thinking (70.9284) fall within the category of "Quite
Effective." This indicates that the developed book is
reasonably effective in influencing both critical and
creative thinking skills among students.
The term "Quite Effective" suggests a substantial
positive impact on students' thinking abilities. The
NGain results affirm that the book has contributed
significantly to the improvement of critical and creative
thinking skills in the students who participated in the
study.

The final phase, evaluation, involved revising the
teaching materials based on the feedback provided in
the practicality questionnaire and teacher interviews.
Suggestions from students included adding more
images and contextual stories to the developed book.
Teachers recommended incorporating mind maps into
the lesson materials. The final book revision addressed
these suggestions by including additional images, mind
maps, and contextual stories.

Recognizing the significance of critical and creative
thinking skills for students, and considering the research
results indicating a significant impact of the developed
book on these skills, the importance of this study
becomes evident. The developed book implemented the
RADEC model and metacognitive strategy stages in its
instructional design, aiming to minimize factors
contributing to students' low critical and creative
thinking skills.

The study acknowledges that students' limited
critical and creative thinking abilities may result from
various factors, such as teacher-centered instruction that
emphasizes information delivery rather than the
development of thinking skills. Students may tend to
memorize facts and formulas rather than understanding
concepts, and the lack of training in critical and creative
thinking skills is evident (Arif et al., 2020; Reynawati &
Purnomo, 2018; Zubaidah, 2010). The developed book
empowers teachers to facilitate more effective learning
experiences.
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Conclusion

The development of Science (IPAS) teaching
materials using the RADEC Model grounded in
Metacognitive Strategies has undergone validation by
subject matter experts in Science at the Elementary
School, language experts, and learning media specialists.
Validation results affirm that the developed book is
declared valid and suitable for implementation.
Through statistical analysis of the book's trial results in
teaching, involving 84 students as respondents, it is
evident that the developed book has a proven significant
impact and is sufficiently effective in supporting efforts
to enhance the critical and creative thinking skills of
fourth-grade elementary school students. This outcome
is promising for educators seeking innovative teaching
materials to foster higher-order thinking skills in their
students.
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