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Critical Thinking Skills; Deep using non-parametric statistical methods due to the non-normal distribution
Learning Pillars; Deep of the data. Results: The results revealed a significant difference in critical
Learning; Quasi-Experiment thinking skills between the two groups, with the experimental group

demonstrating substantially greater improvement than the control group,
which received inquiry-based instruction following the school's standard
practice. Novelty: This study contributes to the still-limited empirical
literature on Indonesia's newly introduced Deep Learning policy by testing,
at the classroom level, the integrated operation of its three pedagogical
pillars (mindful, meaningful, and joyful learning) within an elementary
IPAS unit on the local creative economy — offering classroom-based
evidence to complement the largely conceptual studies published on this
framework to date.

INTRODUCTION

The rapid advancement of globalization and information technology in the 21st century
has compelled the education sector to fundamentally transform its longstanding
educational paradigms?? (Rehman, 2025). Conventional classroom approaches that have
historically prioritized rote memorization and one-directional knowledge transfer are
increasingly regarded as insufficient to address the demands of contemporary society.
Consequently, educational institutions are expected to cultivate students' critical
thinking as a core competency for learning, problem solving, and responsible decision-
making in an increasingly complex world (Somantri & Handayani, 2024; Trilling, B., &
Fadel, C, 2009). As a higher-order cognitive skill, critical thinking enables learners to
evaluate information objectively, identify biases, construct logical arguments, and solve
complex problems through systematic reasoning.

Despite this recognized imperative, empirical conditions in many schools reveal a
contrasting reality. The proliferation of instant information through social media
algorithms and the uncritical use of Artificial Intelligence (Al) tools has gradually eroded
students' depth of concentration, analytical rigor, and capacity for sustained reasoning in
classroom contexts (Herabadi, 2025). This cognitive decline is reflected in Indonesia's
persistently low performance in the Programme for International Student Assessment
(PISA) (L. Pratiwi, 2019). The most recent data indicate that Indonesia's reading literacy
and mathematics scores stand at 359 and 366, respectively considerably below the OECD
averages of 476 and 472 (Rahma & Rossidy, 2026). These figures serve as empirical
evidence of the inadequacy of conventional pedagogical models in fostering logical
reasoning and critical thinking from an early age (Sherli, 2026).
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In response to this cognitive crisis, the Indonesian Ministry of Primary and Secondary
Education has (Kemendikbudristek., 2022) introduced a Deep Learning approach as a
strategic pedagogical reform within the national education system (Haq & Prasetiyo,
2025; Tsuraya et al., 2025). It is essential to clarify that, within the pedagogical context,
the term Deep Learning does not refer to artificial neural networks or computational
systems (Nadawina et al., 2025). Rather, it constitutes a pedagogical paradigm that
emphasizes conceptual mastery, interdisciplinary connections, and holistic competency
development (Widagdo, 2025). This approach rests upon three core pillars: mindful
learning (conscious and focused engagement), meaningful learning (connecting
knowledge to real-life contexts), and joyful learning (fostering intrinsically motivated,
enjoyable learning experiences) (Azzahra & Jaya, 2025). This policy shift reorients
educational priorities away from administrative compliance and grade attainment
toward a transformative process of intellectual and critical development.

The subject of Ilmu Pengetahuan Alam dan Sosial (IPAS, or Integrated Natural and
Social Sciences) at the elementary school level occupies a pivotal role in implementing
this new pedagogical paradigm. Under the Kurikulum Merdeka (Independent
Curriculum), IPAS has been deliberately designed to nurture scientific inquiry, logical
reasoning, and problem-solving skills through direct observation of natural and social
phenomena in students' immediate environments. At the Grade 6 level, the thematic
(Somantri & Handayani, 2024) unit on "Creative Economy in the Local Community"
demands that students move beyond definitional recall and instead apply critical
reasoning to map local economic potentials, analyze economic barriers, and propose
community-level solutions. However, classroom observations consistently reveal that
instructional practices remain predominantly teacher-centered, limiting opportunities for
students to engage in higher-order thinking and critical analysis of socioeconomic issues.

This persistent reliance on conventional, teacher-centered instruction aligns with
findings from prior research, which consistently demonstrates that didactic, one-
directional teaching models are ineffective in stimulating higher-order cognitive
development among elementary school students (Riska & Dwi Puspita, 2025; Sitorus &
Nazaruddin, 2021). To address this gap, elementary classrooms require innovative
instructional interventions that operationalize the pillars of Deep Learning in authentic
learning activities. Through mindful learning, students are guided to engage with full
awareness of the knowledge they are constructing. Meaningful learning then directs
students to connect the concept of creative economy with real phenomena in their
surroundings (Syafi’i, 2025). These processes are embedded within a joyful learning
climate that sustains positive affect, intellectual challenge, and intrinsic motivation
(Ratnasari & Sukmawati, 2023).

The multidimensional advantages of Deep Learning pedagogy render it a highly
promising instructional tool for sharpening students' logical-analytical thinking
(Abdillah et al., 2025; Rahman et al., n.d.; Ratnasari & Sukmawati, 2023). While previous
studies have examined isolated dimensions of meaningful learning, the present study
occupies a strategically important position by investigating the integrated operational
effectiveness of the government's newly released Deep Learning policy (2024/2025)
when enacted at the micro level of elementary school classrooms.

A significant gap remains in the existing literature, given that empirical studies on
the implementation of this newly introduced curriculum framework remain scarce due
to its recent enactment. To date, no study has comprehensively examined how the three-
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pillar ecosystem of Deep Learning mindful, meaningful, and joyful learning—can be
integrated within the IPAS subject to produce measurable improvements in elementary
students' critical thinking abilities. The present study is designed to address this gap by
empirically testing and validating the direct impact of this Deep Learning innovation on
students' critical thinking performance in the context of creative economy problem-
solving tasks.

Despite the growing recognition of the importance of critical thinking, limited
evidence is available regarding how Al-assisted learning influences students' critical
thinking skills in Indonesian higher education. Therefore, this study aims to examine the
effect of Al-assisted learning on students' critical thinking skills in Indonesian
universities. Specifically, this study addresses the following research questions: (RQ1)
Does Al-assisted learning significantly influence students' critical thinking skills? (RQ2)
Which dimensions of critical thinking are most affected by Al-assisted learning.

RESEARCH METHOD

Research Design and Participants

This study employed a quantitative approach using a quasi-experimental design,
specifically a Non-equivalent Control Group Design. This methodological choice was
appropriate given the practical constraints of the elementary school setting, where
random assignment of students to different classes was not feasible without disrupting
the existing learning environment. The study population comprised all Grade 6 students
at SDS Rabbani Purwakarta, a private Islamic elementary school in Purwakarta, West
Java, Indonesia, during the 2025/2026 academic year. Using purposive sampling based
on comparable baseline academic achievement and equivalent classroom facilities, two
intact classes were selected. Class 6 Badar (n = 22; 12 boys and 10 girls, aged 11-12 years)
was assigned as the experimental group and received the Deep Learning-based
instructional intervention. Class 6 Uhud (n =22; 11 boys and 11 girls) served as the control
group and received conventional teacher-centered IPAS instruction. Prior to the
intervention, the equivalence of the two groups was confirmed by comparing students'
academic achievement based on their previous semester grade reports.

Ethical Considerations

Prior to data collection, ethical approval for this study was obtained from SDS Rabbani
Purwakarta. Written informed consent was secured from the school principal and the
parents or guardians of all participating students. Participants were assured of voluntary
participation, the right to withdraw at any time, and the confidentiality of all data
collected.

Research Instruments
Data collection employed both test and non-test instruments to yield a comprehensive
assessment of the intervention's effects. The primary instrument initially consisted of a
10-item constructed-response (essay) test grounded in the IPAS thematic unit on
"Creative Economy in the Local Community." Test items were developed in accordance
with Facione's (1990) critical thinking indicators, encompassing five dimensions:
interpretation, analysis, evaluation, inference, and explanation. Each item was scored
using an analytic rubric with a maximum score of 10 points per item.

Prior to field implementation, the instrument's content validity was confirmed
through expert judgment, yielding a Content Validity Index (CVI) of 0.88, indicating high
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content relevance. Following a pilot study, item-total correlation analysis was conducted;
non-valid items were excluded, retaining the finalized valid items for the actual test. The
internal consistency reliability of the finalized instrument was established via Cronbach's
Alpha, yielding a reliable coefficient of alpha = 0.724.

Complementary non-test instruments included a structured observation checklist to
document the implementation fidelity of the mindful, meaningful, and joyful learning
pillars, as well as a semi-structured interview guide to elicit qualitative data regarding
challenges encountered by both teachers and students throughout the intervention.

Research Procedure

The research procedure was organized into three systematic phases. The preparation phase
involved curriculum analysis of the Grade 6 IPAS syllabus, development of Deep
Learning-aligned teaching modules (Modul Ajar), and pilot testing of the assessment
instruments. During the implementation phase, both groups completed a pre-test to
establish baseline critical thinking competencies. The experimental group then received
three sessions of Deep Learning instruction (each lasting 70 minutes), in which students
were systematically guided to engage mindfully with content, connect learning to
authentic local economic contexts (meaningful), and problem-solve within a motivating
and enjoyable learning climate (joyful). Upon completion of the intervention, both groups
completed an equivalent post-test, followed by reflective interviews with the classroom
teacher and student representatives.

Data Analysis

All quantitative data were analyzed using IBM SPSS Statistics 29. Prerequisite tests,
including the Shapiro-Wilk normality test and Levene's homogeneity of variance test,
were first conducted on score distributions. When the assumptions of normality and
homogeneity were met, hypothesis testing was performed using an Independent
Samples t-Test on post-test scores or normalized gain scores (N-Gain). The N-Gain score
was calculated using Hake's (1999) formula: g = (post-test score — pre-test score) / (maximum
score — pre-test score), with scores = 0.70 categorized as high gain, 0.30-0.69 as medium
gain, and < 0.30 as low gain. If distributional assumptions were violated, the non-
parametric Mann-Whitney U Test was employed as an alternative (Field, 2022).
Qualitative data obtained from observation checklists and semi-structured interviews
were analyzed through a process of data condensation, display, and conclusion drawing,
providing a descriptive narrative of implementation fidelity and practical challenges
encountered in the field.

RESULT AND DISCUSSION
Results

This section presents the findings on the effect of implementing the Deep Learning
pedagogy on elementary students' critical thinking skills in the IPAS subject. Data were
obtained from the pretest and posttest scores of students in the experimental and control
classes. Descriptive statistics were first used to summarize students' performance,
followed by the Mann-Whitney U test to examine differences between groups, as the
data were not normally distributed. The analyses aimed to determine changes in
students' critical thinking skills before and after the intervention and to assess whether
the Deep Learning pedagogy produced significantly greater improvement than the
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inquiry-based instruction implemented in the control class. The findings are then
interpreted and discussed in relation to the theoretical framework, relevant prior
research, and the three core pillars of the Deep Learning pedagogy mindful, meaningful,
and joyful learning to explain how these principles contributed to the observed
improvements in students' critical thinking skills.

1. Descriptive Statistics and Baseline Equivalence (Pretest Analysis)

Prior to the intervention, a pretest was administered to evaluate the students' baseline
critical thinking skills across five core dimensions: interpretation, analysis, evaluation,
inference, and explanation. Table 1 summarizes the descriptive statistics for both groups.

Table 1. Descriptive Statistics of Pretest Critical Thinking Data

Group N Minimum Maximum Mean Std. Deviation
Experimental 22 3 7 5.18 1.140
Control 22 4 8 5.77 0.973

As shown in Table 1, both groups had an equal number of participants (N = 22 each). In
the experimental group, students' critical thinking scores ranged from a minimum of 3 to
a maximum of 7, with a mean of 5.18 and a standard deviation of 1.140. In the control
group, scores ranged from 4 to 8, with a mean of 5.77 and a standard deviation of 0.973.
Descriptively, the control group's initial mean score was slightly higher than that of the
experimental group. In addition, the larger standard deviation in the experimental group
(1.140 > 0.973) indicates that students' initial critical thinking ability in this group was
more heterogeneous than in the control group, which was relatively more homogeneous.
To facilitate the interpretation of the descriptive statistics presented in Table 1, Figure 1
provides a visual comparison of the mean scores and standard deviations between the
experimental and control groups.

Figu;'ehl:‘.(foﬁ{parison of Experimental and Control Group

Figure 1 provides a visual comparison of the descriptive statistics for the
experimental and control groups. The control group demonstrated a marginally higher
mean pretest score (M = 5.77) than the experimental group (M = 5.18), with a difference
of only 0.59 points. This small difference suggests that the initial critical thinking abilities
of the two groups were relatively comparable before the intervention. Additionally, the
experimental group exhibited a higher standard deviation (SD = 1.140) than the control
group (SD = 0.973), indicating a wider distribution of students' scores and greater
heterogeneity in their initial abilities. Conversely, the lower standard deviation in the
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control group reflects more homogeneous pretest performance. Therefore, Figure 1
supports the descriptive findings presented in Table 1 and demonstrates that the two
groups had similar baseline characteristics, although the experimental group displayed
slightly greater variability in students' critical thinking scores.

Before hypothesis testing, prerequisite tests were conducted to ensure that the data
met the required statistical assumptions. One such prerequisite is the normality test,
which aims to determine whether the critical thinking data are normally distributed. In
this study, the normality test was conducted using the Shapiro-Wilk test with the aid of
IBM SPSS Statistics 29, given that the sample size in each class was fewer than 50 students
(N = 22). The results of the normality test for the pretest critical thinking data in the
experimental and control classes are presented in Table 2.

Table 2. Normality Test of Pretest Data for the Experimental and Control Classes

Class Statistic df (N) Sig. (p-value) Conclusion
Experimental 0.915 22 0.061 Normally distributed (0.061 > 0.05)
Control 0.890 22 0.029 Not normally distributed (0.029 < 0.05)

As shown in Table 2, the Shapiro-Wilk normality test indicated that the pretest critical
thinking data for the Experimental Class had a significance value of 0.061 (p > 0.05),
indicating a normal distribution. Meanwhile, the pretest data for the Control Class had
a significance value of 0.029 (p < 0.05), indicating a non-normal distribution. Because one
of the two groups' data was not normally distributed, the prerequisite assumptions for
parametric statistics were not fully met.

Given that the pretest data for the Control Class were not normally distributed,
hypothesis testing to examine the difference in baseline ability between the two classes
could not use parametric statistics (Independent Samples t-Test). As an alternative, the
non-parametric Mann-Whitney U test was used. This test aimed to determine whether
there was a significant difference in critical thinking skills between the Experimental and
Control classes prior to treatment. The results of the Mann-Whitney U test for the pretest
critical thinking data, obtained using IBM SPSS Statistics 29, are presented in Table 3.

Table 3. Mann-Whitney U Test Results for Pretest Critical Thinking Data

Variable Mann-Whitney U Y4 Asymp. Sig. (2-tailed) Conclusion
Critical Thinking 175.500 -1.639 0.101 No significant
Skills difference

As shown in Table 3, the Mann-Whitney U test yielded an Asymp. Sig. (2-tailed)
value of 0.101 for the pretest critical thinking data. Because this value is greater than the
significance threshold of 0.05 (0.101 > 0.05), HO is accepted and H1 is rejected. This
indicates that there was no significant difference in critical thinking skills between
students in the Experimental Class and students in the Control Class prior to treatment.
It can therefore be concluded that the two groups had equivalent, homogeneous baseline
abilities.

After confirming that the two groups had equivalent baseline abilities with no
significant difference, the next step was to administer the different treatments to each
class: the Experimental Class received Deep Learning-based instruction, while the
Control Class received inquiry-based instruction.

After the treatment phase was completed, both classes were given a posttest using
the same instrument as the pretest, in order to measure students' final critical thinking
achievement following treatment. Before conducting the final hypothesis test on the
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posttest data, a normality test was again performed. Given that the sample size in each
class was fewer than 50 students (N = 22), the Shapiro-Wilk test was used, with the aid
of IBM SPSS Statistics 29. The results of the normality test for the posttest critical thinking
data are presented in Table 4.

Table 4. Normality Test of Posttest Data for the Experimental and Control Classes

Class Statistic df (N) Sig. (p-value) Conclusion
Experimental 0.762 22 <0.001 Not normally distributed
Control 0.977 22 0.867 Normally distributed

As shown in Table 4, the Shapiro-Wilk normality test indicated that the posttest
critical thinking data for the Experimental Class had a significance value of < 0.001, which
is smaller than the significance threshold (0.000 < 0.05); the posttest data for the
Experimental Class were therefore not normally distributed. Meanwhile, the posttest
data for the Control Class had a significance value of 0.867, which is greater than 0.05,
indicating that the Control Class posttest data were normally distributed. Because one
group's data (Experimental Class) were not normally distributed, the prerequisite
assumption for parametric statistics was not met.

Because the prerequisite test showed that the Experimental Class posttest data were
not normally distributed, the final hypothesis test to compare the effectiveness of the two
treatments could not use parametric statistics (Independent Samples t-Test). As an
alternative, hypothesis testing was conducted using the non-parametric Mann-Whitney
U test.

This test aimed to determine whether there was a significant difference in critical
thinking skills between the Experimental and Control classes after treatment. The results
of the Mann-Whitney U test for the posttest critical thinking data, obtained using IBM
SPSS Statistics 29, are presented in Table 5.

Table 5. Mann-Whitney U Test Results for Posttest Critical Thinking Data

Variable Mann-Whitney U Y4 Asymp. Sig. (2-tailed) Conclusion
Critical Thinking 31.000 -4.979 <0.001 Significant
Skills difference

As shown in Table 5, the Mann-Whitney U test on the posttest data yielded an Asymp.
Sig. (2-tailed) value of < 0.001 (0.000) for students' critical thinking skills. This value is far
smaller than the significance threshold of 0.05 (0.000 < 0.05). In accordance with the
Mann-Whitney U decision rule, when the significance value is smaller than 0.05, HO is
rejected and H1 is accepted. This indicates that there was a significant difference in critical
thinking skills between students in the Experimental Class, who received the Deep
Learning approach, and students in the Control Class, who received inquiry-based
instruction, after treatment. It can therefore be concluded that the implementation of the
Deep Learning approach had a significant effect on students' critical thinking skills.

Discussion

The empirical findings of this study provide strong evidence supporting the pedagogical
efficacy of the Deep Learning framework in fostering critical thinking skills among
elementary school students within the IPAS curriculum. The methodological rigor
established through pretest baseline equivalence (p = 0.101) ensures that the marked
performance divergence observed at posttest (p < 0.001) was directly driven by the
instructional intervention rather than pre-existing cognitive disparities. The superior
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cognitive gains demonstrated by the experimental class can be directly attributed to the
operational synergy of the three core pillars of Deep Learning: mindful learning,
meaningful learning, and joyful learning.

First, mindful learning (focused, conscious engagement) addressed the cognitive
fragmentation commonly induced by digital distractions and shallow information habits.
In the experimental classroom, mindful learning was operationalized by guiding Grade
6 students to actively focus their attention during problem analysis without jumping to
premature conclusions. When introduced to complex local economic scenarios, students
were systematically prompted to observe underlying problem structures, map cause-
and-effect relationships, and regulate their own thinking processes (metacognition). This
conscious mental engagement directly enhanced their skills in interpretation and analysis
(Facione, 1990), allowing them to unpack socioeconomic challenges rather than relying
on surface-level definitions.

Second, meaningful learning served as the contextual bridge that transformed
abstract scientific and social concepts into relevant cognitive schema. Rather than
memorizing theoretical definitions of "creative economy," students in the experimental
group investigated authentic, real-world economic potential and barriers within their
local community. By linking curriculum content directly to observable social phenomena
in Purwakarta, students constructed deep conceptual networks rather than isolated facts.
This authentic engagement catalyzed higher-order cognitive processing, specifically
strengthening their capacities for evaluation and inference as they formulated actionable,
community-level solutions for local micro-enterprises.

Third, joyful learning cultivated an emotionally supportive and intrinsically
motivating classroom climate that sustained the intellectual effort required for critical
reasoning. Higher-order thinking inherently demands cognitive persistence and risk-
taking —processes that are easily hindered by anxiety or traditional, rigid teacher-
centered environments. By embedding collaborative discussions, scientific debates, and
interactive problem-solving tasks within a positive, low-anxiety environment, students
felt empowered to voice diverse perspectives, defend arguments, and constructively
critique peers' reasoning. This positive affective state directly supported the explanation
dimension of critical thinking, turning problem-solving into an enjoyable, rewarding
endeavor.

In contrast, while the control group's inquiry-based instruction provided structured
activities, it lacked the integrated focus on conscious mindfulness and authentic
contextual grounding inherent to the three-pillar ecosystem. Consequently, students in
the control class predominantly operated within lower cognitive tiers, struggling to apply
evaluative reasoning to novel socioeconomic dilemmas.

From a theoretical standpoint, these findings reinforce constructivist learning
paradigms, confirming that critical thinking is most effectively cultivated when learners
actively construct meaning through authentic, emotionally engaging experiences (Ennis,
2018; Jonassen, 2011). Empirically, the study validates the Indonesian Ministry's national
pedagogical strategy, demonstrating that when mindful, meaningful, and joyful learning
are systematically enacted at the micro level of elementary classrooms, they serve as a
powerful catalyst for cognitive transformation.
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CONCLUSION

Based on the results of the data analysis and discussion, it can be concluded that the Deep
Learning approach had a significant positive effect on improving elementary students'
critical thinking skills in the IPAS subject. Prior to the intervention, the experimental and
control groups demonstrated equivalent baseline academic abilities. Following the
intervention, however, students who experienced the Deep Learning approach achieved
significantly higher critical thinking scores than those who received inquiry-based
instruction. These findings indicate that integrating the three core pillars of Deep
Learning —mindful, meaningful, and joyful learning —effectively promotes higher-order
thinking and supports students in becoming active, critical, logical, and systematic
problem solvers.

The findings have important practical implications for teachers. To enhance students'
critical thinking skills, teachers should design learning experiences that encourage
reflective thinking (mindful), connect concepts with authentic real-life contexts
(meaningful), and foster an engaging, collaborative, and enjoyable learning environment
(joyful). Teachers are also encouraged to facilitate inquiry, discussion, problem-solving,
and continuous reflection as integral components of classroom instruction. Implementing
these principles in IPAS learning can help shift classroom practice from teacher-centered
instruction toward more student-centered learning that actively develops higher-order
thinking skills.

These findings provide empirical evidence supporting the effectiveness of the Deep
Learning approach as an instructional framework for improving critical thinking among
elementary school students and offer practical guidance for teachers seeking to
implement meaningful learning innovations in the IPAS classroom.
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