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Abstract: The study examined the effectiveness of a Deep Learning-based 
RADEC (Read–Answer–Discuss–Explain–Create) intervention assisted by a 
Mini Book for enhancing fifth-grade students’ critical thinking in science 
learning on sound and its properties. A quantitative quasi-experimental 
nonequivalent control-group design involved 54 students from two intact 
classes at an anonymized elementary school in Bandung City, Indonesia. The 
experimental group received three sessions organized through RADEC and 
oriented toward mindful, meaningful, and joyful learning, with the Mini Book 
used continuously as concise content, guiding questions, and experimental 
tasks. The comparison group received contextual learning supported by 
instructional videos. Critical thinking was measured using a 10-item essay test 
representing four operational indicators. The experimental mean increased 
from 64.52 to 81.04, whereas the comparison mean increased from 63.33 to 
75.19. The experimental N-gain was 0.4666, indicating a moderate 
improvement, and the posttest difference was significant, t(52)=3.099, p=.003. 
The findings provide context-specific evidence that the integrated intervention 
was associated with stronger short-term critical-thinking performance than the 
comparison condition. Because the design did not isolate the separate effects 
of Deep Learning, RADEC, and the Mini Book, the results should be interpreted 
as evidence for the intervention package rather than for any single component. 
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INTRODUCTION 

Contemporary elementary education is expected to develop not only content knowledge but also 
students’ capacity to interpret information, justify claims, evaluate alternatives, and make reasoned 
decisions. These expectations are particularly important in science because students encounter 
phenomena that require them to connect observations with concepts and to explain why an event occurs 
rather than merely recall a definition (Amrina et al., 2024; Astuti, 2024; Barus, 2024). Critical thinking 
therefore represents a practical learning outcome: it supports students in questioning information, using 
evidence, drawing defensible conclusions, and solving problems encountered in everyday life (Kusyanto 
et al., 2022; Wahono et al., 2022). Research in elementary science has consequently emphasized learning 
experiences that involve inquiry, problem solving, reflection, communication, and contextual activity rather 
than passive reception of information (Sudarma, 2024; Yamanaka et al., 2024). 

The expected profile described above contrasted with the initial condition observed in the 
participating fifth-grade classes. Students studying sound and its properties tended to wait for the 
teacher's explanations, were hesitant to ask questions or share ideas, and had difficulty responding to 
analytical questions. School learning records also showed that only 14 of 27 students in the class who 
were later assigned to the experimental condition met the school's minimum mastery criterion of 75. 
Although a mastery score is not itself a direct measure of critical thinking, this classroom evidence, 
together with the observed difficulty in explanation and analytical response, indicated a need for 
instruction that provided more systematic opportunities to obtain information independently, formulate 
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an initial position, test that position through peer interaction, communicate reasoning, and apply concepts 
in a concrete task. 

Critical thinking in this study was conceptually informed by Ennis (2011), who describes a broader 
framework containing multiple areas and subcomponents. For measurement purposes, however, the 
present study operationalized only four indicators, as represented in the available essay instrument: 
providing simple explanations, building basic skills, providing further explanations, and developing 
strategies or tactics. This distinction is important. The study does not claim to measure the full Ennis 
framework, and the results should be interpreted as performance on these four operational dimensions 
rather than as a comprehensive assessment of every dimension of critical thinking. This clarification also 
establishes a direct alignment between the construct described in the manuscript, the test used in the 
study, and the interpretation of the findings. 

RADEC—Read, Answer, Discuss, Explain, and Create—offers a structured sequence that can 
provide such opportunities. Read and Answer require students to encounter information and formulate an 
individual response before classroom interaction. Discuss and Explain shift the learning process toward 
comparison, justification, and communication of ideas. Create requires students to use what they have 
understood in a task, product, solution, or experiment. Previous studies have reported favorable critical-
thinking outcomes when RADEC was supported by animation, STEAM, augmented reality, metacognitive 
teaching materials, or question-box media (Afandi et al., 2024; Candraswari & Suniasih, 2024; Jumanto et 
al., 2024; Maisarah & Rusnilawati, 2026; Setyawan et al., 2023). These studies establish the relevance of 
RADEC and show that it is frequently implemented alongside other supports. They therefore do not answer 
whether the particular instructional configuration examined in the present study will function similarly in 
Grade 5 science learning on sound. 

The Mini Book in this study was not treated as a stand-alone treatment or as a substitute for the 
learning model. It was designed as a compact and continuous learning resource that students could revisit 
across the sequence. During Read and Answer, it provided concise conceptual information and guiding 
questions. During Discuss and Explain, it served as a common reference point against which students 
could compare and justify their responses. During Create, it provided task guidance and a place to 
organize observations. This continuity is pedagogically relevant because a shared resource can reduce 
fragmentation between individual preparation, collaborative reasoning, and application. Research on Mini 
Books, e-books, and structured learning resources suggests that concise and accessible materials can 
support understanding, retention, independent learning, and problem solving (Irawan et al., 2022; Pitri 
Situmorang et al., 2024; Susanto et al., 2022). Nevertheless, because the comparison group in this study 
used video rather than an equivalent print resource, the design cannot isolate a unique Mini Book effect. 

The intervention was additionally oriented toward the educational Deep Learning approach, which 
in the Indonesian educational discourse emphasizes mindful, meaningful, and joyful learning. Here, Deep 
Learning does not refer to artificial intelligence. Mindful learning was operationalized through focused 
independent engagement with information, deliberate answering, and attention to evidence. Meaningful 
learning was operationalized through connections between the concept of sound, prior knowledge, 
discussion, explanation, and observable phenomena. Joyful learning was pursued through collaborative 
interaction and hands-on experimentation intended to sustain participation without reducing intellectual 
demand (Nafi’ah & Faruq, 2025; Wicaksono et al., 2026). Thus, Deep Learning supplied a pedagogical 
orientation, whereas RADEC supplied the instructional sequence and the Mini Book supplied a recurring 
material support. 

The theoretical rationale for integrating the three elements is mechanism-based rather than 
additive. The intervention was expected to create a chain of cognitive opportunities. First, the Read–
Answer phase required retrieval, selection, and initial organization of information, supporting mindful 
engagement and simple explanation. Second, Discuss–Explain required students to compare responses, 
identify disagreements, use evidence, and articulate a more defensible account, supporting evaluation 
and further explanation. Third, Create required transfer of the concept into an experiment and conclusion, 
supporting strategy use and application. The Mini Book linked these phases by maintaining access to the 
same conceptual cues and questions. In this configuration, the potential value lies not in claiming that 
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each component independently causes the development of critical thinking, but in arranging repeated 
opportunities for students to move from individual preparation to social reasoning and then to application. 

This distinction also defines the research gap more precisely. Existing studies provide evidence 
that RADEC can support critical thinking, that various media can support elementary learning, and that 
mindful, meaningful, and joyful learning is conceptually relevant to deeper engagement. What remains 
less documented is how a Deep Learning orientation can be operationalized through a complete RADEC 
sequence with a continuous Mini Book resource in elementary science, and whether students experiencing 
that package show stronger short-term critical-thinking performance than students receiving the school’s 
contextual video-supported comparison instruction. The present study therefore does not claim to 
establish a new instructional model or the independent superiority of any single component. Its 
contribution is narrower: context-specific empirical evidence about one integrated instructional 
intervention and a transparent description of the mechanisms through which the components were 
coordinated. 

Accordingly, this study aimed to: (1) describe the implementation of Deep Learning-based RADEC 
assisted by a Mini Book in Grade 5 science learning; (2) examine changes in students’ critical-thinking 
scores from pretest to posttest in both the experimental and comparison groups; and (3) compare 
posttest critical thinking outcomes between the experiment and control groups, considering baseline 
scores when statistically relevant. The study also interprets the magnitude of change cautiously in relation 
to the short intervention, intact-class design, and the fact that both groups received active instruction. 

METHOD 

Research Design 
This study used a quantitative quasi-experimental nonequivalent control-group design. The 

design was selected because the school’s intact classes could not be reorganized through individual 
random assignment (Creswell, 2014). Both groups completed a pretest and posttest. Class-level 
assignment effects, or other pre-existing differences. A nonsignificant pretest difference is treated only 
as evidence that no statistically detectable baseline difference was observed on the measured outcome; 
it is not interpreted as proof that the groups were equivalent on all relevant characteristics. 

The experimental condition combined three coordinated elements: Deep Learning as the 
pedagogical orientation, RADEC as the instructional sequence, and the Mini Book as the supporting 
learning resource. The comparison condition used contextual learning supported by instructional videos. 
Both groups studied the same general science topic of sound and its properties during the study period. 
Because the instructional packages differed in more than one feature, the design estimates the difference 
between the packages as implemented; it cannot identify the independent contribution of RADEC, Deep 
Learning, or the Mini Book. 

Participants and Research Ethics 
The population comprised 54 fifth-grade students distributed across two intact classes at one 

elementary school in Bandung City, Indonesia, with 27 students in each class. Saturated sampling was 
used because the entire Grade 5 population available at the site participated. One intact class served as 
the experimental group and the other as the comparison group. To protect the privacy of minor 
participants and the institution, the school name is anonymized in the revised manuscript. No individual 
student names or personally identifying information are reported. The study was conducted within the 
school’s instructional setting. Authors should ensure that the journal submission metadata and 
supporting documents contain the applicable institutional permission, parental/guardian consent, child 
assent, and/or ethics approval information required by the journal and their institution. 

Intervention and Comparison Condition 
The intervention was implemented in three sessions as shown in Table 1. Session 1 comprised 

Read and Answer; Session 2 comprised Discuss and Explain; and Session 3 comprised Create. During 
Read, students independently used the Mini Book and other teacher-provided sources to identify 
information about sound. During Answer, they responded to pre-learning questions using the information 
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read and their prior knowledge. During Discuss, students compared responses in groups and examined 
differences in reasoning. During Explain, groups communicated conclusions and responded to questions. 
During Create, students conducted a simple sound experiment, recorded observations, and formulated a 
conclusion or solution. The comparison group received contextual learning supported by instructional 
videos. The short three-session duration was sufficient to examine immediate changes in test 
performance but was not designed to establish sustained development. 

Table 1. Alignment of RADEC Stages with dee Learning Orientations 

RADEC stage 
Deep Learning 

orientation 
Learning activity 

Critical-thinking 
process addressed 

Read Mindful Independent reading of Mini 
Book and other sources 

Identify and understand 
relevant information 

Answer Mindful–meaningful Answer guiding questions using 
information and prior knowledge 

Provide simple 
explanations 

Discuss Meaningful–joyful Compare answers, question 
ideas, and discuss evidence 

Build basic skills and 
evaluate information 

Explain Meaningful Present and defend group 
reasoning 

Provide further 
explanations 

Create Meaningful–joyful Conduct an experiment and 
formulate a conclusion/product 

Develop strategies or 
tactics and apply 
concepts 

Instruments and Validation 
Data were collected using a critical-thinking essay test and an implementation observation sheet. 

The critical-thinking test consisted of 10 essay items administered as pretest and posttest. The 
instrument operationalized four indicators: (1) providing simple explanations, (2) building basic skills, (3) 
providing further explanations, and (4) developing strategies or tactics for problem solving. Before use, 
the items were reviewed by experts and trialed with a separate sample to assess validity and reliability. 
The revised manuscript deliberately limits its construct claims to these four indicators because the 
available instrument did not operationalize the complete five-area Ennis framework. The observation 
sheet documented whether planned instructional activities were implemented and described student 
participation across the three sessions. Because the manuscript does not contain item-level validity 
coefficients, the reliability coefficient, scoring-rubric statistics, or inter-rater reliability estimates, the 
measurement evidence should be interpreted as a limitation rather than supplemented with unverified 
values. 

For the observation data, teacher implementation and student implementation were recorded as 
percentages of planned indicators completed. These percentages are used descriptively to document 
implementation, not as independent measures of confidence, collaboration, or motivation. Statements 
about students becoming more comfortable with the sequence are therefore presented as interpretations 
of observed participation rather than as measured psychological outcomes. 

Data Collection Procedures 
The procedure comprised preparation, baseline assessment, intervention, outcome assessment, 

and analysis. During preparation, preliminary classroom observations were conducted, the critical-
thinking instrument was prepared and reviewed, and the learning materials and Mini Book were organized. 
Both groups then completed the pretest. The experimental group participated in the three RADEC 
sessions, while the comparison group participated in the designated contextual video-supported 
instruction. The implementation of the experimental sequence was documented on the observation sheet. 
After the instructional period, both groups completed the posttest. The same overall testing structure for 
both groups reduced procedural differences, although repeated exposure to the assessment format may 
have contributed to improvement in both groups. The methodological flow of the study is shown in Figure 
1. 
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Data Analysis 
Data were analyzed using IBM SPSS Statistics 26. Shapiro–Wilk tests were used to examine 

normality and Levene’s test to examine homogeneity of variance. An independent-samples t-test 
compared the groups. N-gain described the magnitude of pretest-to-posttest improvement, with values of 
0.70 or higher interpreted as high, 0.30–0.69 as moderate, and below 0.30 as low. Statistical significance 
was evaluated at α=.05. The main reported inferential comparison is the posttest independent-samples t-
test. Because the design was nonequivalent and the available analysis did not directly adjust posttest 
scores for baseline through ANCOVA or a mixed model, the findings are interpreted as an association 
between the implemented condition and posttest performance rather than as definitive causal evidence. 
From the reported equal-variance t statistic and equal group sizes, Cohen’s d can be estimated as 
t√(1/n₁+1/n₂); with t=3.099 and n₁=n₂=27, d≈0.84. This effect-size estimate complements, but does not 
replace, the limitations of the design. 

Population and intact-class identification (54 Grade 5 students; two classes) 

↓ 

Instrument preparation, expert review, and trial outside the research sample 

↓ 

Pretest in experimental and comparison groups 

↓ 

Three-session experimental intervention / contextual video-supported comparison instruction 

↓ 

Posttest → assumption testing → descriptive statistics, independent-samples t-test, N-gain, effect-
size interpretation 

Figure 1. Methodological flow of the study 

RESULT 

Implementation of the Intervention 
The teacher completed the planned RADEC sequence in all three sessions. Student 

implementation increased from 87% in Read–Answer to 97% in Discuss–Explain and 100% in Create as 
shown in Table 2. The pattern indicates that a larger proportion of planned student activities was 
completed as the sequence progressed. It should not be interpreted as direct evidence of increased 
confidence or motivation because those constructs were not independently measured. 

Table 2. Results of RADEC Stages Implementation 

Session RADEC stages Teacher implementation Student implementation 

1 Read–Answer 100% 87% 

2 Discuss–Explain 100% 97% 

3 Create 100% 100% 

In Session 1, students used the Mini Book and other sources before answering pre-learning questions 
independently. In Session 2, they compared responses, discussed reasoning, and presented group 
explanations. In Session 3, they conducted a simple experiment on sound, recorded observations, and 
formulated conclusions. The increasing completion percentages suggest that the instructional routine 
became more fully enacted across sessions, although the study did not test whether the increase was 
statistically significant. 

Table 3. Critical-Thinking Outcomes 

Group n Pretest 
mean 

Posttest 
mean 

Mean 
increase 

N-gain Interpretation 

Experimental 27 64.52 81.04 16.52 0.4666 (46.66%) Moderate 

Comparison 27 63.33 75.19 11.86 0.3037 (30.37%) Moderate 
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Table 3 shows that both groups improved from pretest to posttest. The experimental group 
increased by 16.52 points and obtained an N-gain of 0.4666, while the comparison group increased by 
11.86 points and obtained an N-gain of 0.3037. Both N-gain values fall within the moderate category under 
the criteria used in this study. Accordingly, the result is not improvement versus no improvement; rather, 
the experimental group showed the larger descriptive gain. 

Table 4. Results of Normality, Homogeneity, and Independent Samples t-Test Analyses 

Analysis Statistic p-value Interpretation 

Shapiro–Wilk, experimental pretest 0.939 0.113 Normal 
Shapiro–Wilk, experimental posttest 0.942 0.140 Normal 

Levene test 0.859 0.358 Homogeneous 

Independent t-test, pretest t=0.490; df=52 0.626 

No statistically 
significant initial 

difference 

Independent t-test, posttest t=3.099; df=52 0.003 
Statistically significant 

difference 

Table 4 shows that the pretest comparison was not statistically significant (p=.626). The posttest 
comparison yielded t(52)=3.099, p=.003, with a mean difference of 4.815 points and a 95% confidence 
interval from 1.698 to 7.932. The estimated standardized mean difference was Cohen’s d≈0.84, indicating 
a sizeable between-group posttest difference under conventional descriptive benchmarks. This estimate 
should nevertheless be interpreted in conjunction with the intact-class design, the small single-school 
sample, and the absence of baseline-adjusted modeling. 

DISCUSSION 

The central empirical pattern is that students in both instructional conditions improved, while the 
experimental group obtained a higher posttest mean and a larger N-gain. The statistically significant 
posttest difference, together with an estimated Cohen’s d of approximately 0.84, indicates that the 
difference was not only detectable statistically but also substantial in standardized-score terms within 
this sample. At the same time, the experimental N-gain remained moderate rather than high. These two 
observations are compatible: the experimental group can differ meaningfully from the comparison group 
at posttest while still showing only moderate normalized improvement from its own baseline. The result 
therefore supports a cautious claim of stronger short-term performance under the integrated intervention, 
not a claim of complete or high-level transformation in critical thinking. 

The learning sequence offers one plausible explanation for the pattern. Read and Answer 
positioned students as active preparers rather than recipients of an initial teacher explanation. Students 
first had to locate relevant information and commit to an answer. Discuss then made those individual 
responses visible to peers, creating a reason to compare claims and evidence. Explain required students 
to organize and communicate reasoning publicly. Create moved the activity from verbal explanation to an 
experiment in which students observed sound-related phenomena and formulated a conclusion. This 
progression is consistent with the four measured indicators because it repeatedly asks students to 
explain, use basic evidence, elaborate reasoning, and determine a strategy for completing a task. This 
alignment provides a reasonable explanation for the greater improvement seen in the experimental group, 
even though the impact of each specific learning stage was not examined separately.  

The results generally align with earlier research examining RADEC across various teaching 
strategies. Afandi and others in 2024 examined the use of animation to support RADEC; Setyawan and 
others in 2023 studied RADEC with a STEAM approach; Candraswari and Suniasih in 2024 explored the 
use of question boxes; and Maisarah and Rusnilawati in 2026 examined RADEC with augmented reality 
assistance. These studies show how RADEC is used in different teaching settings. This study builds on 
previous research by exploring RADEC, which focuses on mindful, meaningful, and joyful learning 
experiences, supported by a Mini Book used throughout the instructional process. However, the results 
should not be taken as proof that this setup is better than the ones looked at in earlier research, since 
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differences in the people involved, the learning resources used, the length of the intervention, the tools 
used to measure progress, and the conditions used for comparison could all influence the results. A 
proper comparison of effectiveness would need studies that have similar designs and methods of 
measurement. 

The Deep Learning orientation helps explain the intended quality of these activities but should not 
be treated as an independently tested causal component. Mindful learning was represented by deliberate 
engagement with reading and guiding questions; meaningful learning by connecting information, prior 
knowledge, peer reasoning, and observable sound phenomena; and joyful learning by collaborative and 
hands-on participation. These qualities were embedded in the RADEC stages rather than delivered as a 
separate treatment. Consequently, the present evidence shows how a Deep Learning orientation can be 
operationalized within RADEC, but it cannot establish that adding the label or orientation of Deep Learning 
independently increased scores beyond what RADEC itself would have produced. This distinction directly 
addresses the conceptual overlap between the two constructs. 

The Mini Book likewise functioned as an embedded support rather than an independently 
evaluated medium. Its main instructional role was continuity. The same compact resource was available 
during individual preparation, group comparison, explanation, and experimentation. This may have 
reduced the need to shift between unrelated sources and may have helped students return to questions 
and concepts when justifying an answer. Such use is consistent with prior work describing structured print 
and digital resources as supports for understanding and problem solving (Irawan et al., 2022; Susanto et 
al., 2022). However, because the comparison condition used video-supported contextual learning, the 
study cannot determine whether a Mini Book is superior to an equivalent print resource or whether the 
observed difference reflects the broader instructional package. 

The present findings are broadly consistent with earlier RADEC research, but the contribution is 
best described as an extension in context and configuration rather than proof of a wholly new model. 
Afandi et al. (2024) reported improved critical thinking with animation-assisted RADEC; Setyawan et al. 
(2023) reported favorable outcomes for STEAM-based RADEC; Candraswari and Suniasih (2024) 
examined question-box support; and Maisarah and Rusnilawati (2026) examined augmented-reality-
assisted RADEC. Together, these studies suggest that RADEC can be paired with different supports. The 
current study adds evidence from Grade 5 elementary science on sound and its properties, using a Deep 
Learning orientation and a Mini Book that remained active throughout the sequence. What is new is 
therefore the documented instructional configuration and its context-specific outcome, not evidence that 
the three components have unique or synergistic effects. 

The moderate N-gain deserves particular attention. Three sessions are a short exposure for a 
complex outcome such as critical thinking. Students must become accustomed not only to the science 
content but also to independent preparation, peer comparison, public explanation, and application. The 
increase in student implementation from 87% to 100% is compatible with the interpretation that the routine 
became easier to enact over time, but it does not demonstrate a psychological change in confidence or 
collaboration. Longer implementation could allow repeated cycles of Read–Answer–Discuss–Explain–
Create and provide more opportunities for feedback, revision, and transfer across topics. The current 
findings therefore represent immediate performance following a brief intervention rather than evidence of 
sustained critical-thinking development. 

The improvement in the comparison group is equally important. Its N-gain of 0.3037 was also 
moderate. Contextual learning supported by video was therefore neither inactive nor ineffective. The more 
defensible interpretation is that both groups benefited during the instructional period, while the 
experimental group showed the larger gain and higher posttest performance. This framing avoids equating 
a lower N-gain with instructional failure and recognizes that conventional or comparison teaching can also 
support learning. It also reduces the risk of attributing every observed improvement to the experimental 
package. 

The findings should be interpreted in relation to the observed differences between the two 
teaching methods. Although no significant difference was observed between the two groups on the 
pretest, the experimental group showed greater improvement on the posttest. This pattern is consistent 
with the possibility that the coordinated sequence of individual preparation, collaborative discussion, 
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explanation, and experimentation provided students with repeated opportunities to practice critical-
thinking processes. These activities were aligned with the four indicators assessed in this study by 
requiring students to formulate explanations, examine information, elaborate their reasoning, and apply 
strategies. However, the observed difference should be interpreted as an association with the integrated 
intervention rather than definitive evidence that the intervention alone caused the improvement. 

The improvement in both groups also provides an important context for interpreting the findings. 
The comparison group’s moderate N-gain indicates that contextual learning supported by videos also 
accompanied an improvement in students’ critical-thinking scores. The larger gain in the experimental 
group may reflect the structured progression of RADEC activities and the continuous use of the Mini Book 
as a reference for individual preparation, discussion, and application. On the contrary, these explanations 
remain plausible interpretations because the study did not isolate the effects of the individual 
components. In addition, repeated exposure to the assessment format may have contributed to some of 
the improvement observed in both groups. Thus, the findings suggest a more favorable short-term 
performance pattern for the integrated intervention within this sample, while the relative contributions of 
instructional activities, learning resources, and assessment familiarity remain uncertain. 

The findings have practical implications for learning design. First, critical-thinking opportunities 
can be distributed across an instructional sequence rather than concentrated in a final “higher-order” 
question. Individual preparation can be followed by peer comparison, public explanation, and application. 
Second, a supporting resource can be designed to ensure continuity across phases rather than used once 
and then abandoned. Third, teachers can make the relationship between activity and reasoning explicit: 
students should know when they are expected to identify evidence, justify a claim, challenge an 
explanation, or devise a strategy. These design principles can be applied without assuming that every 
school must adopt the identical Mini Book used in this study. 

For curriculum development, the study suggests that critical thinking can be embedded in ordinary 
elementary science content such as sound rather than treated as a separate subject. A curriculum can 
sequence opportunities for preparation, dialogue, explanation, and experimentation within topic units. The 
Deep Learning principles of mindful, meaningful, and joyful learning are most useful when translated into 
observable instructional decisions rather than retained as general slogans. Mindfulness can be supported 
through purposeful questions and independent preparation; meaningfulness through connections among 
prior knowledge, scientific concepts, and observable phenomena; and joy through intellectually purposeful 
interaction and hands-on work. Curriculum documents and teacher guides can therefore specify what 
students are expected to think and do at each stage. 

At the policy level, the results should not be used to mandate a single instructional package based 
on a single-school study. Their more appropriate relevance is to implementation support. If education 
policy encourages Deep Learning, teachers need concrete examples of how its principles can be enacted 
through existing instructional models, materials, assessment tasks, and classroom routines. Professional 
development should emphasize alignment among pedagogical orientation, instructional sequence, 
learning resources, and assessment. Policy evaluation should also distinguish implementation fidelity 
from student outcomes: completing every planned stage is useful information, but it is not itself evidence 
that critical thinking has improved. 

Limitations 

Several limitations constrain the interpretation and transferability of the findings. First, the study 
involved 54 students in two intact classes from one elementary school. The sample is institutionally and 
geographically narrow, and class assignment was not randomized. Second, the intervention lasted only 
three sessions and addressed one science topic, so the study captures immediate performance rather 
than sustained development or transfer across topics. Third, the experimental and comparison conditions 
differed in multiple instructional features; therefore, the separate effects of Deep Learning, RADEC, and 
the Mini Book cannot be isolated. Fourth, the principal inferential analysis compared posttest scores 
without a baseline-adjusted ANCOVA or mixed-effects model. Fifth, the essay instrument represented four 
critical-thinking indicators, and the manuscript does not provide complete item-level validity, reliability, 
scoring rubric, or inter-rater statistics. Sixth, the implementation observation percentages were 
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descriptive and do not constitute validated measures of confidence, motivation, or collaboration. Finally, 
pretest–posttest familiarity may have contributed to improvement in both groups. 

Recommendations 

Future studies should replicate the intervention across multiple schools, teachers, and student 
populations and should extend implementation over repeated RADEC cycles. Baseline-adjusted analyses, 
multilevel models where appropriate, and delayed posttests would strengthen inference about change and 
retention. Comparative or factorial designs could include RADEC-only, Deep Learning-oriented RADEC 
without the Mini Book, and equivalent-media conditions to examine whether individual components or 
their interaction account for differences. Future instrument reporting should include item validity, 
reliability, scoring rubrics, and inter-rater agreement, and should either operationalize the complete 
critical-thinking framework or state clearly which dimensions are measured. Parallel assessment forms 
could reduce testing effects. For practice, teachers are encouraged to adapt the sequence of independent 
preparation, collaborative reasoning, explanation, and application to local science topics while monitoring 
whether students are actually engaging in the intended reasoning processes. 

CONCLUSION 

This study provides context-specific evidence that a Deep Learning-based RADEC intervention 
assisted by a Mini Book was associated with higher short-term critical-thinking performance in Grade 5 
science learning on sound and its properties than the contextual video-supported comparison condition. 
The experimental mean increased from 64.52 to 81.04, with a moderate N-gain of 0.4666, while the 
comparison mean increased from 63.33 to 75.19, with a moderate N-gain of 0.3037. The posttest 
difference was statistically significant, t(52)=3.099, p=.003, and the estimated standardized difference 
was Cohen’s d≈0.84. 

The instructional contribution lies in the coordinated design: Deep Learning provided the 
orientation toward mindful, meaningful, and joyful learning; RADEC organized preparation, discussion, 
explanation, and creation; and the Mini Book provided a continuous resource across these activities. The 
design does not establish that any one component independently caused the difference, nor does it 
demonstrate a unique synergistic effect of the three components. Given the intact classes, single-school 
sample, three-session duration, measurement limitations, and non-baseline-adjusted analysis, the 
findings should be treated as promising evidence for the intervention package that warrants more rigorous 
and extended replication. 

ACKNOWLEDGMENTS 

The authors thank the participating school, teachers, students, and all parties who supported the 
implementation of the study.  

AI USE STATEMENT 

The authors utilized a generative artificial intelligence (AI) tool to help with editing academic 
language. This assistance was focused on enhancing the clarity and structure of specific parts of the 
manuscript. The authors carefully examined and revised all AI-assisted content and are fully accountable 
for the accuracy, originality, and interpretation of the research results, as well as the final version of the 
manuscript. 

REFERENCES 

Abrami, P.C., Bernard, R. M., Borokhovski, E., Waddington, D.I., Wade, C.A., & Persson, T. (2015). Strategies 
for teaching students to think critically: A meta-analysis. Review of Educational Research, 85(2), 
275-314. https://doi.org/10.3102/0034654314551063  

Afandi, A. N. H., Pusnawati, Y., Anggraini, A. E., & Dewi, R. S. I. (2024). Efektivitas Model RADEC 
Berbantuan Video Animasi terhadap Kemampuan Berpikir Kritis Siswa Kelas 3 Sekolah Dasar. 
PTK: Jurnal Tindakan Kelas, 5(1), 40–52. https://doi.org/10.53624/ptk.v5i1.414    

https://doi.org/10.3102/0034654314551063


PAEDAGOGIA, 29(3) (2026), 478-488   Sukmana, R. W., et al. Deep Learning-Based RADEC …| 487  

Amrina, Z., Alfino, J., Sari, S. G., & Hahsa, N. (2024). Analysis of Critical Thinking, Creative Thinking and 
Problem-Solving Skills on Elementary School Students: A Descriptive Correlation Study. Jurnal 
Pendidikan MIPA, 25(2), 784–791. 

As’ary, M. Y., Sujana, A., & Sopandi, W. (2024). Analysis of Collaboration Ability in the RADEC Learning 
Model for Elementary School Students. Mimbar Sekolah Dasar, 11(4), 851–863. 
https://doi.org/10.53400/mimbar-sd.v11i4.88317 

Astuti, M. L. (2024). Peran Kecakapan 6C dalam Pembelajaran Abad ke-21 untuk Siswa Sekolah Dasar. 
DIDAKTIKA: Jurnal Pendidikan Sekolah Dasar, 7(2), 154–161. 
https://doi.org/10.21831/didaktika.v7i2.80220 

Barus, R. A. (2024). 4c Skills Of The 21st Century: Their Nature and Importance in Primary School Learning. 
Multidisciplinary Indonesian Center Journal (MICJO), 1(2), 689–696. 
https://doi.org/10.62567/micjo.v1i2.88 

Candraswari, N. K. T., & Suniasih, N. W. (2024). RADEC Learning Model with the Assistance of Media 
Question Box to Improve Primary School Students’ Critical Thinking Ability. Thinking Skills and 
Creativity Journal, 7(1), 61–70. https://doi.org/10.23887/tscj.v7i1.75312 

Chairunnisa, C. C., Prihantini, & Sukardi, R. R. (2022). Model Read, Answer, Discuss, Explain, and Create 
untuk Meningkatkan Hasil Belajar IPS Siswa Pada Pembelajaran Daring. Jurnal Educatio FKIP 
UNMA, 8(1), 151–156. https://doi.org/10.31949/educatio.v8i1.1819 

Chi, M. T. H., & Wylie, R. (2014). The ICAP framework: Linking cognitive engagement to active learning 
outcomes. Educational Psychologist, 49(4), 219–243. 
https://doi.org/10.1080/00461520.2014.965823 

Creswell, J. W. (2014). Research design: Qualitative, quantitative, and mixed methods approaches (4th ed). 
SAGE Publications. 

Ennis, R. (2011). Critical Thinking: Reflection and Perspective Part II. Inquiry: Critical Thinking Across the 
Disciplines, 26(2), 5–19. https://doi.org/10.5840/inquiryctnews201126215  

Irawan, A., Yaumi, M., Usman, & Suharti. (2022). Pengaruh Penggunaan Media Mini Book Dan Crossword 
Puzzle Pada Materi Keragaman Di Indonesia Terhadap Pemahaman Konsep. AULADUNA: Jurnal 
Pendidikan Dasar Islam, 9(1), 94–104. https://doi.org/10.24252/auladuna.v9i1a8.2022 

Jegstad, K. M., Heggernes, S. L., Jøsok, E., Ryen, E., Svanes, I. K., & Tørnby, H. (2025). Approaches to 
critical thinking in primary education classrooms: A systematic review. Educational Research 
Review, 48, Article 100711. https://doi.org/10.1016/j.edurev.2025.100711 

Jumanto, J., Sa’Ud, U. S., & Sopandi, W. (2024). Development of IPAS Teaching Materials with the RADEC 
Model Based on Metacognitive Strategies to Enhance Critical and Creative Thinking Skills of 
Elementary School Students. Jurnal Penelitian Pendidikan IPA, 10(3), 1000–1008. 
https://doi.org/10.29303/jppipa.v10i3.7010 

Kusyanto, K., Irwan, E., & Yazid, I. (2022). Implementasi Pendekatan STEM untuk Meningkatkan 
Kemampuan Berpikir Kritis, Berpikir Kreatif dan Self –Efficacy. Pasundan Journal of Mathematics 
Education: Jurnal Pendidikan Matematika, 12(2), 1–16. https://doi.org/10.23969/pjme.v12i2.5438 

Maisarah, S., & Rusnilawati, R. (2026). AR-assisted read, answer, discuss, explain, create (RADEC) learning 
model for critical thinking skills. AIP Conference Proceedings, 3412(1), 020082. 
https://doi.org/10.1063/5.0319066 

Muthmainnah, A., Kurniawan, D. T., Sukardi, R. R., & Zayadi, N. H. (2024). RADEC learning model with e-
modul: An effort to enhance student critical thinking skills. Paedagogia, 27(2), 206–213. 
https://doi.org/10.20961/paedagogia.v27i2.84207 

Nafi’ah, J., & Faruq, D. J. (2025). Conceptualizing Deep Learning Approach in Primary Education: 
Integrating Mindful, Meaningful, and Joyful. Journal of Educational Research and Practice, 3(2), 
225–237. https://doi.org/10.70376/jerp.v3i2.384 

Patriot, E. A., & Anggraini, P. (2025). Writing to Learn Strategies: Improving Students’ Critical Thinking and 
Science Communication Skills in Wave Concepts. PAEDAGOGIA, 28(2), 234–245. 
https://doi.org/10.20961/paedagogia.v28i2.99583 

Pitri Situmorang, Rina Devianty, & Muhammad Syaifullah. (2024). Pengembangan Media Mini Book untuk 
Meningkatkan Kemampuan Membaca pada Mata Pelajaran Bahasa Indonesia di Kelas V. Jurnal 

https://doi.org/10.1080/00461520.2014.965823


PAEDAGOGIA, 29(3) (2026), 478-488   Sukmana, R. W., et al. Deep Learning-Based RADEC …| 488  

Arjuna: Publikasi Ilmu Pendidikan, Bahasa dan Matematika, 2(6), 243–251. 
https://doi.org/10.61132/arjuna.v2i6.1332 

Pratama, Y. A., Sopandi, W., & Hidayah, Y. (2019). RADEC Learning Model (Read-Answer-Discuss-Explain 
and Create): The Importance of Building Critical Thinking Skills In Indonesian Context. 
International Journal for Educational and Vocational Studies, 1(2), Article 2. 
https://doi.org/10.29103/ijevs.v1i2.1379 

Riyanti, H. R., Sopandi, W., Mulyadi, D., & Muslim. (2026). Innovating higher education pedagogy: 
Integrating RADEC learning model and virtual laboratory to promote pre-service elementary 
teachers’ conceptual change. Frontiers in Education, 11. 
https://doi.org/10.3389/feduc.2026.1801268 

Setyawan, J., Roshayanti, F., & Novita, M. (2023). Model pembelajaran RADEC berbasis STEAM pada 
materi sistem koloid mampu meningkatkan kemampuan berpikir kritis siswa: The STEAM-based 
RADEC learning model on colloidal system material is able to improve students’ critical thinking 
skills. Practice of The Science of Teaching Journal: Jurnal Praktisi Pendidikan, 2(1), 18–26. 
https://doi.org/10.58362/hafecspost.v2i1.29 

Sopandi, Sukmana, R. W., Meristin, A., Wardani, D. S., Nurkamilah, S., Riyanti, H., Pratama, D. F., & Saefudin, 
A. (2023). Melatih Berpikir Kritis Dan Kreatif Siswa SD Melalui Pembelajaran RADEC. UNLA Press. 

Sudarma, I. K. (2024). Metacognitive-Based Learning Model: Improving Agile Innovation and Critical 
Thinking Skills of Students in Science Learning at Elementary Schools. Jurnal Perndidikan IPA 
Indonesia. https://hdl.handle.net/1959.11/69770 

Susanto, T. T. D., Dwiyanti, P. B., Marini, A., Sagita, J., Safitri, D., & Soraya, E. (2022). E-Book with Problem 
Based Learning to Improve Student Critical Thinking in Science Learning at Elementary School. 
International Journal of Interactive Mobile Technologies (iJIM), 16(20), 4–17. 
https://doi.org/10.3991/ijim.v16i20.32951 

Uyar, F. K., & Karamustafaoglu, S. (2025). RADEC Learning Model on the Concepts of Change of State of 
Matter: Does it Affect Students’ Critical Thinking Skills and Academic Achievement? MIER Journal 
of Educational Studies Trends and Practices, 436–463. 
https://doi.org/10.52634/mier/2025/v15/i2/2917 

Wahono, R. H. J., Supeno, S., & Sutomo, Moh. (2022). Pengembangan E-LKPD dengan Pendekatan Saintifik 
untuk Meningkatkan Keterampilan Berpikir Kritis Siswa Sekolah Dasar dalam Pembelajaran IPA. 
Jurnal Basicedu, 6(5), 8331–8340. https://doi.org/10.31004/basicedu.v6i5.3743 

Wicaksono, A. G., Jumanto, J., & Khalifah, V. N. (2026). Deep Learning Approach (Mindful, Joyful, and 
Meaningful Learning) in Elementary School Science Education: A Systematic Literature Review. 
MIMBAR PGSD Undiksha, 14(2), 330–343. https://doi.org/10.23887/jjpgsd.v14i2.107823 

Yamanaka, S., Furuishi, T., Nakayama, T., & Kinoshita, H. (2024). Fundamental Research on the 
Development of Critical Thinking Skills in Elementary School Science. Journal of Research in 
Science Education, 64(3), 375–383. https://doi.org/10.11639/sjst.23044 

 


	INTRODUCTION
	METHOD
	Research Design
	Participants and Research Ethics
	Intervention and Comparison Condition
	Instruments and Validation
	Data Collection Procedures
	Data Analysis

	RESULT
	Implementation of the Intervention
	Table 3. Critical-Thinking Outcomes

	DISCUSSION
	Limitations
	Recommendations
	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES

