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Abstract: The mathematical problem-solving abilities of elementary school students are still relatively
low; this is caused by the high cognitive load they have to face when learning new complex materials
and the lack of mental readiness to learn. This study aims to evaluate the effectiveness of the synergy
between the GASING (Easy, Fun, Enjoyable) method and the Quantum Learning approach in improving
elementary school students’ mathematical problem-solving abilities. This study used a quantitative,
quasi-experimental design (non-equivalent control group design) involving 140 3rd-grade elementary
school participants in Singkawang City, with six schools selected through purposive sampling. The
research instrument was a validated test item on mathematical problem-solving abilities. Data were
obtained through pretest and posttest assessments, then analyzed quantitatively using Paired Sample
T-Test and Quade’s Rank Analysis of Covariance (ANCOVA) to address non-normally distributed
residual data. The results of the study indicate that the experimental group experienced a significant
increase in average scores, from 29.14 to 77.21 (p < 0.001). The results of the Quade’s Rank ANCOVA
test showed a significant difference between the two groups (F = 73.067, p < 0.001), with an effect
size of 38.3% (R2 = 0.383) in the large category. Analysis of the learning trajectory using a scatter
plot showed that all students experienced a steady increase in their skills, with no extreme outliers.
This study concludes that the synergy of the GASING method and the Quantum Learning approach
can reduce students’ cognitive load through systematic deconstruction of material while creating a
learning environment that supports their mental readiness. This framework provides an effective
teaching method for educational practitioners to address mastery of classical mathematics
competencies.

Keywords: GASING method, quantum learning, problem-solving abilities, mathematical competence,
elementary school.
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 INTRODUCTION
Problem-solving ability is a fundamental skill

needed within the educational framework of the
21st century (Rahman, 2019; Sardar, 2024).
Students use this ability to break down complex
mathematical problems into simpler, logical steps
that they can understand at their current ability
level (Habib et al., 2024; Kathayat, 2024; William
& Maat, 2020). However, field conditions
indicate a significant difference between the two,

as students still fail to develop problem-solving
skills, hindering their ability to learn mathematics
at the elementary school level. International
indicators, as reported by the OECD (2023),
show that Indonesia achieved a low PISA 2022
mathematics score of 366, below the global
average. The 2023 National Assessment data
(ANBK) show that Indonesian students scored
below the OECD average in both literacy and
numeracy, indicating significant deficiencies in
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critical thinking and problem-solving skills
(Kementerian Pendidikan, Kebudayaan, Riset,
dan Teknologi, 2024). Students at this stage of
education struggle with non-routine problems
because they rely on memorizing mechanical
procedures without developing a deep
understanding of concepts. The education system
will be adversely affected if this skills gap remains
unaddressed, as it will limit students’ ability to
acquire the numeracy and critical-thinking skills
needed for their future academic studies.

In line with the results of PISA and ANBK,
a report from the Singkawang City Education
Office shows that elementary school students in
Singkawang City achieved a numeracy score of
59.28, which is still below the national average
score of 67.94 according to data from the report
(Kementerian Pendidikan, Kebudayaan, Riset,
dan Teknologi, 2025). The current state of
schools shows that most students can only
perform basic calculations without a deep
understanding of mathematical concepts. Students
who lack these skills face obstacles when solving
real-life problems that require logical reasoning
and mathematical skills (Adu-Gyamfi et al., 2025;
Domu & Mangelep, 2024). This learning gap
indicates an urgent need to transform existing
educational methods that rely on theoretical
frameworks and lack practical applications.

Based on this, the main problem in this study
is the low level of mathematical problem-solving
abilities among elementary school students. This
condition is intrinsically linked to the procedural
mathematics learning paradigm, which largely
focuses on the final result, rather than on students’
cognitive processes. Teachers often prioritize the
distribution of formulas and the implementation
of routine exercises, thereby failing to provide
students with a path to develop deep conceptual
understanding (Hussein, 2022; Kim, 2020). As
a result, the educational experience becomes
monotonous, passive, and meaningless for
students. International research shows that

procedural learning improves mechanistic skills,
but does not significantly improve non-routine
problem-solving abilities (Faulkner et al., 2021).
Furthermore, evidence suggests that an exclusive
focus on procedural teaching can hinder the
acquisition of conceptual knowledge essential for
higher-order problem solving (Hurrel, 2021).

Contemporary mathematics education has
fostered initiatives to diversify pedagogical
frameworks and enhance students’ abilities in
higher-order cognitive processes. However,
empirical data suggest that fundamental
challenges persist, with many elementary school
students failing to achieve adequate proficiency
in mathematical problem-solving skills. A large
number of empirical investigations at the national
level reveal that students face significant
challenges when solving contextual problems and
applying appropriate strategies in mathematics,
a phenomenon that aligns with the results of
international assessments used as benchmarks for
educational quality (Csernicsko et al., 2025;
Cruz, 2025). Furthermore, recent empirical
research in Indonesia illustrates the differential
effectiveness of two related methodologies aimed
at addressing this issue: the GASING (Easy, Fun,
and Enjoyable) method, which provides concrete,
engaging, and systematic learning strategies to
enhance understanding of mathematical concepts
(Surya & Surya, 2026), and the Quantum
Learning approach developed by Bobbi
DePorter and Mike Hernacki based on Dr.
Lozanov’s accelerated learning theory and
Gardner’s multiple intelligences framework, both
of which suggest that learning effectiveness is
enhanced when combining positive emotional
engagement, a learning environment, and
multisensory experiences (Julita et al., 2019;
Raisinghani & Kesur, 2024). The combination
of these two methods is believed to be an effective
pedagogical approach for addressing low levels
of mathematical problem-solving among
elementary school students.
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Research shows that the Quantum Learning
approach enhances student engagement in higher-
order cognitive processes through its role as a
framework for educational development
(Chiofalo et al., 2022; Yigiter, 2023), while the
GASING method has demonstrated efficacy in
improving numerical operational accuracy
(Dalughu & Kurniawati, 2025; Surya & Surya,
2026). However, a literature review reveals two
crucial research gaps: although effective in
isolation, their implementation is dichotomous: the
GASING method often focuses on structured
conceptual mastery, whereas Quantum Learning
places greater emphasis on managing the learning
environment without specific mathematical content
structures. The logic behind this synergy rests on
the understanding that students need both
structured conceptual fluency and emotional
stability to succeed in mathematical problem-
solving (Callaman & Palompon, 2026; Martin-
Requejo et al., 2023; Martinez-Pedron, 2021).
The current research addresses this gap by
applying GASING cognitive deconstruction to
create simplified problem solutions while utilizing
Quantum Learning acceleration strategies to
address emotional barriers. Therefore, quasi-
experimental research needs to continue because
it will evaluate both methods through new
effectiveness assessments and study how their
combined effects will yield extraordinary
problem-solving developments that cannot be
achieved if the methods are implemented in part.

The synergy between the GASING method
and the Quantum Learning approach is based on
their ability to function together through cognitive
abilities and the educational environment. The
GASING theoretical framework employs
cognitive deconstruction to break down complex
mathematical concepts into basic elements,
thereby reducing students’ cognitive load
(Sweller, 2023). Research shows that students
must be mentally prepared, as this reduction in
cognitive load is effective only when they are in

that state (Hawthorne et al., 2019; Jordan et al.,
2020). Quantum Learning creates an educational
environment that helps students prepare to learn
by supporting their emotional well-being and brain
development. This system establishes a
conceptual framework that uses Quantum
Learning to create pathways that reduce
emotional inhibitions, while GASING functions
as a content processor, ensuring efficient
information processing in working memory. The
learning process becomes harmonious through this
synergy, which combines technical procedures
with psychological comfort, thereby enhancing
students’ ability to solve mathematical problems
(Devi et al., 2024; Shimizu, 2022).

The conceptual framework of this study
explicitly demonstrates how it connects the two
approaches through the principle of “conditioning
and processing.” Quantum Learning serves as an
environmental conditioning phase that builds a
classroom for inclusive learning, along with positive
affirmation techniques that reduce barriers to
emotional processing (Yildiz & Bayram, 2025).
The GASING deconstruction mechanism serves
as a cognitive processing phase when the learning
space achieves psychological safety. This synergy
ensures that the simplified GASING material
reaches students with high operational readiness
due to the Quantum Learning intervention. Thus,
this integration process is not simply a
combination of two methods, but rather an
instructional design that facilitates the transfer of
information from the external environment into
students’ cognitive schemas, achieved through a
balance between emotional comfort and
procedural ease.

While the integration of the GASING
method and Quantum Learning approach offers
potential benefits for mathematics learning, it is
not without some conceptual and practical
challenges. The overlap between the structured
stages of GASING and the flexible principles of
Quantum Learning can lead to pedagogical



838 Jurnal Pendidikan Progresif, Vol. 16, No. 02, pp. 835-859, June 2026

inefficiencies if not carefully designed.
Furthermore, combining multiple activities within
a single learning sequence can increase cognitive
load for elementary school students, especially
those with lower ability levels, thereby hindering
conceptual understanding and problem-solving
(Huang, 2018; Ngu & Phan, 2024). From an
implementation perspective, effective integration
requires significant pedagogical competence from
teachers, who must authentically apply the
principles of GASING and Quantum Learning.
Inadequate training can lead to shallow
implementation (Axmedova, 2025). Therefore,
empirical testing of the integration is crucial,
focusing not only on learning outcomes but also
on the pedagogical feasibility and sustainability
of its classroom implementation.

This study introduces a major innovation
by combining the GASING method and the
Quantum Learning approach into a cohesive,
transformative educational framework. The dual
approach in this study maintains a commonality
through a humanistic educational method that
defines happiness and meaningful learning as
essential components of knowledge acquisition.
The GASING method breaks down
mathematical complexity into simple steps to
reduce intrinsic cognitive load. At the same time,
Quantum Learning creates an educational space
that supports optimal brain development through
emotional management and multisensory learning
experiences. This unique integration creates a
functional interdependence: GASING provides
structured, systematic cognitive material, while
Quantum Learning provides an emotional context
that helps learners grasp it more quickly. Quantum
Learning in mathematics tends to lack a strong
technical framework without GASING, while
GASING without Quantum Learning risks
becoming a dry, structured concept lacking
emotional engagement. This study addresses the
limitations of previous studies (Hendriana et al.,
2019; Nahar et al., 2022), which examined these

methods in isolation. This new pedagogical
framework uses GASING and Quantum
Learning methods to develop advanced problem-
solving skills that prior research has not thoroughly
explored.

Given the theoretical and empirical
shortcomings described above, this study aims
to examine the synergistic effectiveness of the
GASING method and the Quantum Learning
approach in improving elementary school
students’ mathematical problem-solving abilities.
The specific objectives of this study include: (1)
measuring the improvement in mathematical
problem-solving competencies of students
engaged in learning through the GASING method
based on the Quantum Learning approach
compared to those who participated in group
discussions based on the Contextual Teaching and
Learning (CTL) approach, and (2) explaining the
differences in problem-solving ability
improvement between the two learning groups.
Pragmatically, the purpose of this study is to create
an alternative, humanistic, active, and enjoyable
framework for mathematics learning that
elementary school teachers can use to help
students develop higher-order thinking skills.
Theoretically, this study is expected to contribute
to existing research on integration-oriented
pedagogical innovations within the framework of
cognitive learning and conducive learning
environments (Engin et al., 2024; Wang et al.,
2020), and improve the direction of autonomous
curriculum policies aimed at improving critical
thinking and problem-solving abilities (Badan
Standar, Kurikulum, dan Asesmen Pendidikan
[BSKAP], 2024).

From a theoretical perspective, this study
strengthens the humanistic-constructivist
paradigm in elementary mathematics learning by
integrating the GASING method and the
Quantum Learning approach, which emphasize
a balance between cognitive dimensions and the
learning environment. Consistent with findings
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(Mukherjee, 2025), pedagogical strategies that
combine cognitive scaffolding with psychological
reinforcement, such as constructivist, dialogic, and
experiential modalities, increase cognitive
flexibility and reduce anxiety, thereby
strengthening the humanistic-constructivist
paradigm in elementary mathematics learning by
simultaneously addressing cognitive and emotional
aspects. In the context of Indonesian education,
this study serves to provide a learning model that
aligns with the characteristics of Indonesian
elementary school students while facilitating the
implementation of the Independent Curriculum,
which prioritizes the development of critical
thinking skills and contextual problem-solving
(Badan Standar, Kurikulum, dan Asesmen
Pendidikan [BSKAP], 2024). The combination
of these two approaches is expected to produce
a transformative model that teachers, educational
institutions, and curriculum developers can use
as a reference to advance mathematics learning
at the elementary school level. Furthermore, the
findings of this study are expected to provide an
important evidence-based approach to the
literature on innovative mathematics teaching in
Indonesia and abroad. Therefore, this study not
only contributes to improving the quality of
national mathematics learning but also expands
the global scientific discourse on integrative
learning strategies rooted in humanistic and
cognitive frameworks. The research questions are
as follows:

1. Is the synergy of the GASING method and
the Quantum Learning approach able to
significantly improve the mathematical problem-
solving abilities of elementary school students?

2. Is there a difference in improving mathematical
problem-solving abilities in students who
receive the synergy of the GASING method
and the Quantum Learning approach
compared to students who receive the group
discussion method and the Contextual
Teaching and Learning (CTL) approach?

Based on theoretical studies and prior
research, this study formulates a hypothesis to
test the synergistic effect of the GASING method
and the Quantum Learning approach on
elementary school students’ mathematical
problem-solving abilities. As a first step in
answering the research questions that have been
proposed, these hypotheses are formulated as
follows:

1. The effectiveness of the synergy of the
GASING method and the Quantum Learning
approach to improving the mathematical
problem-solving abilities of elementary school
students.

Null hypothesis (H
0
): There is no significant

increase in the synergy of the GASING method
and the Quantum Learning approach on the
mathematical problem-solving abilities of
elementary school students.

Alternative hypothesis (H
á
): There is a

significant increase from the synergy of the
GASING method and the Quantum Learning
approach on the mathematical problem-solving
abilities of elementary school students.
2. The difference in the improvement of

mathematical problem-solving abilities between
students who received the synergy of the
GASING method and the Quantum Learning
approach, and students who received the
group discussion method based on the CTL
approach.

Null hypothesis (H
0
): There is no significant

difference in the improvement of mathematical
problem-solving abilities between students who
received the synergy of the GASING method and
the Quantum Learning approach and students
who received group discussion methods and the
CTL approach.

Alternative hypothesis (H
á
): There is a

significant difference in the improvement of
mathematical problem-solving abilities between
students who received the synergy of the
GASING method and the Quantum Learning
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approach, and students who received the group
discussion method and the CTL approach.

 METHOD
Participant

The study population comprised third-grade
students enrolled in public elementary schools in
Singkawang City, West Kalimantan Province,
during the odd semester of the 2025/2026
academic year. The sample for this study was
selected using purposive sampling, taking into
account input from educational practitioners and
the results of the institutions’ initial evaluations.
The primary rationale for using this technique,
rather than simple random sampling, was to
minimize disruption to established classroom
dynamics and the continuity of instructional
schedules at the collaborating educational
institutions. Randomization of individuals in the
elementary education domain is often challenging
due to administrative constraints and the need to
maintain a stable pedagogical environment during
the intervention phase (Brown et al., 2022;

Spybrook et al., 2020). However, to mitigate
potential selection bias, the researchers
administered a pretest to verify that the
experimental and control groups had comparable
baseline abilities before the intervention. The
authors acknowledge that the use of this non-
probabilistic technique limits the broader
generalizability of the study’s findings; however,
it was chosen to increase ecological validity in an
authentic classroom context (Andrade, 2021;
Memon et al., 2025). From this population, six
public elementary schools were systematically
selected as research samples: three designated
as the experimental group and three as the control
group. The total number of participants was 140
students, with an average of 23-24 per school.
This sample selection is expected to effectively
represent the overall characteristics of third-grade
students in the Singkawang city area by selecting
six schools with dominant and similar
accreditation backgrounds across groups and
spread across each sub-district. The following is
a table of the distribution of the research sample:

Table 1. Distribution of research samples at SDN singkawang city

Group School name Number of Students Treatment 

Experimental 
SDN 64 23 

GASING + Quantum Learning SDN 92 24 
SDN 93 23 

Control 
SDN 17 24 

Group Discussion + CTL SDN 85 23 
SDN 91 23 

Total 6 Schools 140  
 

Research Design and Procedures
This study employed a quantitative method

featuring a quasi-experimental design with a non-
equivalent control group setup. It involved two
groups of students: the experimental group and
the control group. This method was chosen due
to the constraints researchers face in controlling
the classroom environment, particularly when they
lack authority over student assignments. A quasi-
experimental design allows researchers to study

educational phenomena in a natural setting,
making it suitable for contexts where random
assignment is impractical or unethical (Gopalan
et al., 2020; Kim & Clasing-Manquian, 2023).
The experimental group engaged in mathematics
learning using the GASING method based on the
Quantum Learning approach. In contrast, the
control group learned through group discussions
based on the Contextual Teaching and Learning
(CTL) approach. This design facilitated a
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comprehensive analysis of changes in
mathematical problem-solving abilities by allowing
for a comparative examination of pretest and

posttest results between the two groups. The
following is a quasi-experimental research
design.

 
 

Figure 1. Quasi-experimental research design

In this study, selection bias was controlled
through matching techniques and covariate
controls to enhance the validity of the results.
Matching techniques were initially used to align
interclass characteristics and similar school
accreditation backgrounds between the two
groups. Given the limited sample size, the
researchers used Quade’s Rank ANCOVA to
control for covariates in the presence of non-
normally distributed data, including pretest scores
as a control variable. This approach aims to
statistically adjust for differences in baseline ability,
ensuring that the research results accurately reflect
the effectiveness of the intervention rather than
pre-existing differences in quality.

This study adhered to the ethical framework
governing educational research, including
obtaining approval from the education office, the
schools, and the teachers involved, as well as
obtaining informed consent from the students’

parents. All data were collected while maintaining
student anonymity and were used exclusively for
scientific purposes. Learning activities in the
experimental group were carefully designed to
align with the established school curriculum and
not burden either students or teachers. This study
also adhered to the ethical principles of non-
maleficence and beneficence, which require
avoiding any action that could harm students while
ensuring that research efforts yield tangible
benefits for improving mathematics learning in
primary education institutions. The expected
outcomes of this research effort aim not only to
add to the academic discourse but also to provide
pragmatic insights for teachers in formulating
effective, engaging, and meaningful learning
experiences for students.

The research implementation was divided
into three main phases: (1) preparation, (2)
implementation, and (3) evaluation. The
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preparation phase included activities related to
needs analysis; development of learning materials
(including teaching modules, teaching materials,
LKPD, and assessment instruments); validation
of these instruments by competent experts in their
fields; and empirical testing of the research
instruments to strengthen their validity and
reliability. The implementation phase began with
the administration of a validated pretest assessing
mathematical problem-solving abilities, followed

by 5 group meetings, with a total time allocation
of 3 x 30-minute sessions. The main material
taught was the addition of whole numbers up to
999. In the experimental group, the structure of
each session was designed to balance emotional
readiness and cognitive strengthening with the
following details:

Teachers received training in applying the
GASING method, which aligns with the
principles of the Quantum Learning approach,

Table 2. Flow of synergy intervention of the GASING method and quantum learning

Session Specific Material 
GASING-Quantum 

Learning Time 
Allocation 

Form of Activity 

1 
 

 
 
2 

 
 

3 
 

 
 
4 
 

 
 
5 

Introduction and Addition 
of Whole Numbers Up to 
19 
 
Introduction and Addition 
of Whole Numbers 20-99 
 
Introduction and Addition 
of Whole Numbers 100-
999 
 
Solving Problems Adding 
Whole Numbers Up to 
999 
 
Contextual Problem 
Solving for Adding 
Whole Numbers Up to 
999 

1. Grow & AMBAK 
(Quantum 
Learning): 10 
minutes per session 
 

2. Concrete and 
abstract stages 
(GASING); 
Experience, Name, 
and Demonstrate 
(Quantum 
Learning): 50 
minutes per session 

3. Mencongak Stage 
(GASING); Repeat 
and Celebrate 
(Quantum 
Learning): 20 
minutes per session 

Ice breaking, 
apperception, starting 
questions, conveying 
learning objectives, and 
benefits. 
 
Explaining material with 
concrete objects, 
demonstrating, and 
students giving 
examples. 
 
 
Drill (repeating 
questions), playing 
games, and showing 
appreciation. 

 
before and after the intervention to strengthen their
understanding.

Meanwhile, the control group underwent
the learning process typically conducted in

schools, namely, a group discussion method based
on the CTL approach. The learning sessions were
systematically designed during their
implementation, as shown in Table 3.

Table 3. Flow of control class implementation

Stages Learning Session Student Specific Activities 
Constructivism Introduction Students connect their prior knowledge to real-

world problems presented by the teacher as 
discussion topics. 

Inquiry Beginning of group 
discussion 

Students make observations, collect data, and 
investigate problems in small groups and work 
independently to find initial solutions. 

Learning Core process of Students engage in dynamic interactions within 
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Learning 
Community 

Core process of 
discussion 

Students engage in dynamic interactions within 
diverse groups, exchange insights with one another, 
and collaboratively solve problems. 

Questioning Question and answer 
between groups 

Students ask questions to peers and other groups to 
deepen their understanding of concepts. 

Modeling Demonstration/ 
Presentation 

Students see a model (either a peer presentation or a 
teacher example) that illustrates how to integrate an 
idea into everyday practice. 

Reflection Closing discussion Students write down their impressions, summaries, 
or new things they have learned during the 
discussion process. 

Authentic 
Assessment 

Final evaluation Student assessment is based not only on final 
results but also on their active participation, how 
they discuss, and their presentation skills. 

 
This framework requires the discussion

method to serve as an educational platform for
community members to develop their inquiry
skills. The teacher uses their role as a facilitator
to help students develop high-quality questions
about the learning material. The model’s primary
focus examines how students in a constructivist
learning environment develop their understanding
through the practical experiences they share with
their classmates. The teacher in this classroom
environment does not employ any specific
number deconstruction techniques or any specific
learning atmosphere conditioning that
characterizes the synergy between the GASING
method and the Quantum Learning approach.
This description establishes a fair method for
measuring both classes because the different
outcomes result from the unique operational
characteristics of the GASING method and the
Quantum Learning system. After completing the
learning process for both groups, a posttest was

administered. The final phase, the most important
in this discussion, is the evaluation phase. In this
phase, researchers review the findings, interpret
the data, and determine whether the research
objectives have been achieved. A detailed
evaluation not only summarizes the research’s
success but also offers insights for future research
and advances knowledge (Nnachi et al.,
2024).

Instrument
The primary research instrument for this

study was a mathematical problem-solving ability
test, which included essay questions. This
instrument was adapted from problem-solving
indicators developed by Prabawanto
(Prabawanto, 2013), which assess students’
cognitive processes through their learning
outcomes. Table 3 below presents the details of
the indicators, along with operational definitions
and sample test items.

Table 4. Specifications of the mathematical problem-solving abilities instrument

Indicators (Prabawanto, 
2013) 

Operational Definition Sample Question Items 

1. Solving closed 
mathematical problems 
in a mathematical 
context. 

Students' ability to 
understand and solve closed-
ended mathematical 
problems means there is one 
correct answer, and the 
context is purely 
mathematical, without real-

If a number is added to the 
number 231, the result is 457. 
Then, if it is added to the 
number 342, the result is 568. 
What is that number? 
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mathematical, without real-
life situations. 

2. Solving closed 
mathematical problems 
outside the context of 
mathematics. 

Students' ability to 
understand, plan, and solve 
simple story problems or 
contextual situations with 
one correct answer, drawn 
from everyday life, and 
solved using mathematical 
operations. 

A warehouse issued rice for sale 
to a grocery store over four 
days. The resulting output is 
shown in the following table: 

 
 
 
 
 
 
 
 
 

On which day does the most rice 
come out in 1 day? 

3. Open mathematical 
problem solving in a 
mathematical context. 

Students' ability to solve 
open-ended problems, where 
there is more than one 
possible correct answer in a 
pure mathematical context 
(e.g., finding pairs of 
numbers with a certain sum). 

Write three different ways to get 
the result 670, from the sum of 
two numbers! Each number 
consists of three digits. 

4. Open mathematical 
problem solving outside 
the context of 
mathematics. 

Students' ability to solve real 
(contextual) problems that 
are open, that is, they can be 
solved in various ways or 
with reasonable answers. 

There are 475 books in the 
library. There are more math 
books than science books, and 
science books than Indonesian 
books. The number of math and 
science books is even, while the 
number of Indonesian books is 
odd. Write down two possible 
ways to find each number. 

 

The validation protocol was conducted
through two distinct phases: content validity and
construct validity (empirical testing). Content
validity was assessed through expert judgment
by two mathematics education experts using
Aiken’s V coefficient, where V > 0.80 indicates
high validity (Aiken, 1985). The content validity
results showed an Aiken’s V coefficient (overall
mean value) of 0.97 (high validity category).
Empirical testing (validity and reliability) was
conducted with 45 students outside the research
sample to evaluate the internal consistency of the

test items using Pearson’s product-moment
correlation coefficient. The correlation coefficient
results for 10 test items were > 0.301, indicating
construct validity, while 2 items were < 0.301
and were eliminated. Furthermore, the assessment
instrument’s reliability was assessed using
Cronbach’s alpha (á = 0.77), indicating high
reliability (George & Mallery, 2019). Therefore,
the instruments used to assess mathematical
problem-solving abilities in this study are
considered valid and reliable, thus confirming their
efficacy in measuring the variables studied.
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Data analysis
Data were obtained using a mathematical

problem-solving abilities assessment instrument
developed by the researchers, based on
indicators of mathematical problem-solving
abilities. The assessment was conducted in a two-
phase format, consisting of a pretest before the
intervention and a posttest after, using a series of
descriptive questions requiring mathematical
reasoning and argumentation. The evaluation
matrix was based on an analytical rubric that
included four main indicators of problem-solving
skills, with a rating scale ranging from 0 to 3 for
each question. The data collection process was
carried out systematically as follows:

1. Pretest: Pretest was given to both groups
(experimental and control) to ensure students’
basic abilities in mathematical problem-solving
competencies.

2. Treatment: The experimental group was
involved in learning using the GASING method
based on Quantum Learning, while the control
group received instructions through a group
discussion method based on the CTL
approach.

3. Posttest: After all learning sessions were
completed, both groups were given a test that
had the same characteristics as the pretest to
evaluate progress in problem-solving

    abilities.
4. Data collection and analysis: Assessment

results are collected systematically, evaluated
according to established assessment criteria,
and analyzed using parametric or non-
parametric tests to determine whether there is
an improvement in results and significant
differences between groups.

To answer the research question about the
effectiveness of the GASING method, based on
the Quantum Learning approach, in improving
elementary school students’ mathematical
problem-solving abilities, the data analysis used
a paired-sample t-test when the data were

normally distributed and a paired-sample sign test
when they were not. Before the paired-sample
t-test is conducted, the prerequisite test
(normality) must be met. Meanwhile, to determine
the extent to which the intervention increased, the
N-Gain (Normalized Gain) test was used.
Furthermore, to determine whether there was a
difference in the improvement in mathematical
problem-solving abilities between the
experimental and control classes, data were
analyzed quantitatively while controlling for
students’ initial abilities. The researchers used
Quade’s Rank ANCOVA to analyze the data in
this study and anticipate potential clustering bias
and redundancy in the results. The researchers
chose this testing method to address violations
of the normality assumption that often occur in
educational research data with small to medium
sample sizes (Fan & Zhang, 2017; Quade,
1967). The Quade procedure is a non-parametric
approach that allows researchers to compare
groups while controlling for pretest effects through
rank transformation, because the standard
ANCOVA method is heavily influenced by data
distributional anomalies. The analysis procedure
requires three steps that include testing the
classical assumptions through a normality test,
Levene’s test for homogeneity of variance, and
an assessment of linearity, followed by testing the
homogeneity of regression between the covariates
and the dependent variable. Standard ANCOVA
will be used for comparison when the data meet
all parametric assumptions. However, Quade’s
Rank ANCOVA will serve as the primary analysis
tool to ensure valid statistical results and reduce
Type I errors when estimating the effectiveness
of the GASING method and the Quantum
Learning approach. Researchers will also assess
the practical significance of the intervention in the
field using effect size calculations based on Partial
Eta Squared, following Cohen’s guidelines for
effect sizes.

Further analysis was conducted for all four
specific indicators, which include: (1) solving
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closed mathematical problems in a mathematical
context, (2) solving closed mathematical
problems outside a mathematical context, (3)
solving open-ended problems in a mathematical
context, and (4) solving open-ended mathematical
problems outside a mathematical context. The
researchers conducted the Mann-Whitney U test
to assess differences between the experimental
and control groups for each specific indicator.
The researchers applied the Bonferroni correction
to reduce the risk of Type I error in multiple

comparisons by setting the significance threshold
at á = 0.0125 (0.05/4). The researchers
calculated the effect size to assess the
intervention’s impact across all dimensions.

This analysis provides quantitative evidence
of improved learning outcomes resulting from the
instructional intervention. All analyses were
conducted using IBM SPSS Statistics version 22,
and the results were manually verified for
accuracy. The following are metrics for the study’s
data collection and analysis techniques:

Table 5. Metrics of research data collection and analysis techniques

Research Questions Instrument Data source 
Instrument's 

Shape 
Data Analysis 

Techniques 
1. Is the synergy of 

the GASING 
method and the 
Quantum Learning 
approach able to 
significantly 
improve the 
mathematical 
problem-solving 
abilities of 
elementary school 
students? 

Mathematical 
problem-
solving abilities 
test (pretest and 
posttest). 

Experimental 
class students 

Essay/descriptive 
test questions: 
Short descriptions, 
open descriptions, 
and story 
problems. 

1. Prerequisites: 
Normality test 
(Kolmogorov-
Smirnov/Shapiro-
Wilk) 

2. Parametric: Paired 
sample t-test (if 
the data is 
normal). 

3. Non-parametric: 
Paired sample 
sign test (if the 
data is not 
normal). 

4. N-Gain Test. 
2. Is there a 

difference in 
improving 
mathematical 
problem-solving 
abilities in 
students who 
receive the 
synergy of the 
GASING method 
and the Quantum 
Learning 
approach 
compared to 
students who 
receive the group 
discussion 
method and the 
Contextual 
Teaching and 
Learning (CTL) 
approach? 

Mathematical 
problem-
solving ability 
test (pretest and 
posttest). 

Students in 
the 
experimental 
class and the 
control class 

Essay/descriptive 
test questions: 
Short descriptions, 
open descriptions, 
and story 
problems. 
 

1. Prerequisites: 
Normality 
(Kolmogorov-
Smirnov/Shapiro-
Wilk), 
homogeneity of 
variance (Levene's 
test), linearity, and 
homogeneity of 
regression. 

2. Parametric: 
ANCOVA 
(Analysis of 
Covariance) with 
pretest scores as a 
covariate (if the 
data is normally 
distributed) 

3. Non-parametric: 
Quade's Rank 
Analysis of 
Covariance (if the 
data is not 
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data is not 
normally 
distributed), 
Mann-Whitney U 
Test (performed to 
compare the two 
groups at the 
indicator level). 

4. Effect Size: 
Partial Eta 
Squared estimate, 
following Cohen's 
standard effect 
size. 

 RESULT AND DISCUSSION
The data analysis process was carried out

in two main phases: Formal prerequisite testing
and hypothesis testing to answer two research
questions regarding the effectiveness of the
synergy of the GASING method and the
Quantum Learning approach.

Synergy of the GASING and Quantum
Learning Methods to Improve the
Mathematical Problem-Solving Abilities of
Elementary School Students.

The researchers began their analysis by
testing whether the experimental classes

implementing the GASING and Quantum
Learning methods showed improvements in their
test scores. The researchers first conducted a
normality test to determine which statistical
method to use for hypothesis testing. This
prerequisite test aims to ensure that the research
data meet the basic requirements for parametric
testing, so that the hypothesis-testing results can
be interpreted and justified scientifically (Kim &
Park, 2019; Sharma & Jha, 2023). The normality
test was conducted by examining the significance
of the difference between the posttest and pretest
results. students’ mathematical problem-solving
abilities.

Table 6. Results of the shapiro-wilk normality test

 
Shapiro-Wilk 

Statistics df Sig. 
Differences in Problem-
Solving Abilities 

0.973 70 0.134 

 
Based on the results of the Shapiro-Wilk

test, the data on the difference in problem-solving
ability show a statistical value of W(70) = 0.973,
p = 0.134, because the Sig. value > 0.05 indicates

that the data are normally distributed, allowing
the researchers to proceed with their parametric
statistical tests. The following is a table of paired
sample t-test results:

Table 7. Paired sample statistics

 Mean N Std. Deviation Std. Error Mean 
Pair 1 
 

Problem-Solving Abilities 
Pretest 

29.1429 70 17.04494 2.03726 

Problem-Solving Abilities 
Posttest 

77.2143 70 15.69907 1.87640 
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Table 8. Paired sample t-test

 

Paired Differences 

t df 
Sig. (2-
tailed) Mean 

Standard 
Deviation 

Std. 
Error 
Mean 

95% Confidence 
Interval of the 

Difference 
Lower Upper 

Pair 1 PrePSA- -48.07143 21.98044 2.62717 -53.31248 -42.83038 -18.298 69 .000 
PostPSA 

 
Based on descriptive statistics (Table 7),

there is a significant increase in the average score,
from a pretest score of 29.14 (SD = 17.04) to a
posttest score of 77.21 (SD = 15.70). Statistical
analysis (Table 8) yields t(69) = -18.298, p <
0.001. This indicates that H

0
 is rejected and H

á

is accepted, and that the synergistic intervention

of the GASING and Quantum Learning methods
has a real positive influence on students’
mathematical problem-solving abilities. A deeper
review of individual students’ learning trajectories
is obtained through the scatter plot in Figure 2,
which displays the distribution of pretest and
posttest scores.
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Figure 2. Scatter plot of the pretest-posttest score trajectory of experimental class students

The scatterplot visualization of the above
data (Figure 2) shows positive learning progress,
as nearly all data points move above their initial
pretest horizontal positions to a higher posttest
area. The scattered data reveals several important
points to note:

1. Individual Learning Trajectories: The majority
of students who started with low abilities in

the 10 to 40 range achieved high scores
between 70 and 95 after receiving treatment.
Research shows that combining the GASING
and Quantum Learning methods yields optimal
results for students who start with low
academic skills.

2. Outlier Identification: The data distribution
shows a pattern that follows a linear trendline
(the solid blue line). Every student who



849                         Rabudin et al., Synergizing the GASING Method and Quantum Learning...

participated in the study improved their scores,
but their rates of progress varied, and there
were no extreme outliers, indicating that the
intervention did not fail.

3. Consistency of Effect: The area on the right
side of the graph shows a high concentration
of dots, indicating that the intervention
produced a stable impact that helped students
master problem-solving skills through group
learning. Improvements that developed over
time provide strong evidence that the synergy
of GASING (which simplifies cognitive
content) and Quantum Learning (which creates
an optimal emotional learning space) enables
students to learn more effectively by removing
their learning barriers.

Researchers examined how the GASING
and Quantum Learning methods produced better
results based on student abilities. The researchers
divided both classes into three groups based on
their pre-test scores: Low (scores below 33),
Medium (scores between 33 and 55), and High
(scores above 55). The researchers evaluated the
effectiveness of the intervention using normalized
gain scores (N-Gain), which they divided into
three categories: Low (< 0.3), Medium (0.3 to
0.7), and High (> 0.7).

Based on the data (Table 9), crucial findings
regarding the pedagogical fairness of the
intervention are revealed. The main findings
showed that the experimental group of students
with lower abilities demonstrated greater

Table 9. Analysis of N-Gain effectiveness based on initial ability level

Ability Category Group N 
Pretest 

Average 
Posttest 
Average 

N-Gain 
Score 

N-Gain 
Category 

Low (< 33) 
Experimental 
Control 

40 
28 

16.88 
22.61 

76.74 
57.93 

0.72 
0.46 

High 
Medium 

Medium (33 - 55) 
Experimental 
Control 

23 
31 

39.78 
41.48 

74.57 
54.03 

0.58 
0.21 

Medium 
Low 

High (> 55) 
Experimental 
Control 

7 
11 

64.29 
63.27 

88.57 
55.73 

0.68 
-0.21 

Medium 
Low 

 

improvement than the control group of students
with similar academic levels. The low-ability
experimental group achieved an average N-Gain
of 0.72, enabling them to reach a “High” level of
performance and move from basic to advanced
understanding. Meanwhile, the control group of
students with low ability progressed from the
“Low” to the “Medium” level of performance, as
indicated by an N-Gain score of 0.46.

This study shows that the GASING method
combined with the Quantum Learning approach
yields better outcomes for students with low
academic ability, as students in this study achieved
a posttest score of 76.74, which exceeds the
posttest score of students with low academic
ability in the control group, who obtained 57.93.

The intervention showed consistent N-Gain
scores between 0.58 and 0.72, indicating that
this method works well for all students and yields
optimal improvement for each student in this study.
This study shows that the step-by-step material
deconstruction method used in GASING,
together with the Quantum Learning
environmental management, produces effective
results for students with cognitive difficulties to
achieve the required competency standards.

The research team conducted a
comprehensive investigation of the problem-
solving indicators developed by Prabawanto. The
average score for each indicator, calculated by
the researchers using N-Gain, is presented in
Figure 3.



850 Jurnal Pendidikan Progresif, Vol. 16, No. 02, pp. 835-859, June 2026

0

0.2

0.4

0.6

0.8

1

Indicator 1 Indicator 2 Indicator 3 Indicator 4

A
ve

ra
ge

 N
-G

ai
n 

Sc
or

e

Problem Solving Abilities Indicators

Experimental Control

Figure 3. Results of data analysis on score increases per indicator

The average N-Gain score (Figure 3)
shows the comparison between the experimental
and control groups on four indicators of
mathematical problem solving. The results show
that students in the experimental class made
greater progress than those in the control class
across all measured indicators. The experimental
group achieved a “High” level of improvement
on Indicators 1 (solving closed mathematical
problems in a mathematical context) and 2 (solving
closed mathematical problems outside a
mathematical context), with scores of 0.77 and
0.74, respectively. The control group achieved a
“Medium” level of performance on the same
indicators with scores of 0.40 and 0.34. The
difference was striking on indicator 4 (solving
open mathematical problems outside a
mathematical context); the experimental class
achieved a “Medium” score of 0.58. In contrast,
the control class dropped to a “Low” score of
0.18. These results emphasize that the synergy
between the GASING method and the Quantum
Learning approach yields superior outcomes in
helping students improve their mathematical
problem-solving skills compared with group
discussion methods and the CTL approach.

Comparison of Effectiveness Between
Classes

The researchers used inferential statistical
testing to evaluate the effectiveness of the synergy
of the GASING method and the Quantum
Learning approach compared to the group
discussion method and the CTL approach. The
initial testing procedure began with the Shapiro-
Wilk test to assess the normality of the residual
data. The test results showed W(140) = 0.972,
with a significance level of p = 0.005 (p < 0.05).
The results showed that the residual data were
not normally distributed, so it was not appropriate
to use parametric ANCOVA. This study used
Quade’s Rank ANCOVA because the research
design included this method as a planned solution
to manage potential data abnormalities that may
occur in educational data. The results of the
homogeneity of variance test showed compliance
with the required standards, with F(1, 138) =
3.440 and p = 0.066 (p > 0.05). The
homogeneity test for the regression line examining
the interaction between class and pretest scores
yielded F(1, 136) = 1.152, p = 0.285, indicating
that the regression slope was homogeneous
across groups.
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The researchers conducted hypothesis
testing after ensuring that all analytical
requirements were met using robust

nonparametric methods. The results of the
Quade’s Rank ANCOVA test are shown in Table
10.

Table 10. Results of the inter-class difference test (Quad Rank ANCOVA)

ANOVA 
Unstandardized Residual 

 
Sum of 
Squares 

df Mean Square F Sig. 

Between Groups 75411.351 1 75411.351 73.06
7 

.000 

Within Groups 142427.797 138 1032.085   
Total 217839.148 139    

 

Based on the results of Quade’s Rank
ANCOVA test (Table 10), the test yields F(1,
138) = 73.067, p < 0.001. Because p < 0.05,
the null hypothesis (H

0
) is rejected and the

alternative hypothesis (H
á
) is accepted. This

finding shows a significant difference between the
two groups: students who learned through the
GASING method based on the Quantum
Learning approach, compared with students who
learned through group discussions based on the
CTL approach. The researchers conducted an
effect size analysis to validate their research
results. The regression analysis showed an R-
squared value of 0.383 (Adjusted R-squared =
0.369). The researchers concluded that the

synergy of the GASING and Quantum Learning
methods resulted in a 38.3% improvement in
students’ mathematical problem-solving abilities.
The study showed that the intervention produced
a “Large Effect,” confirming that it maintains
statistical significance and strong practical effects
in improving elementary school students’ learning
outcomes.

Additional inferential statistical analyses
were performed for each problem-solving ability
indicator to provide a more detailed
understanding. The results of the analysis of
mathematical problem-solving indicators using the
Mann-Whitney U test are presented in the
following table:

Table 11. Comparison of mathematical problem-solving indicators of the two groups using the Mann-
Whitney U test

Indicator Group Mean Rank 
Mann-

Whitney U 
Z-value p-value Remaks 

Indicator 
1 

Experimental 
vs Control 

88.87 vs 
52.13 

1164.000 -5.395 0.000 * Significant 

Indicator 
2 

Experimental 
vs Control 

85.75 vs 
55.25 

1382.500 -4.467 0.000 * Significant 

Indicator 
3 

Experimental 
vs Control 

87.16 vs 
53.84 

1283.500 -4.932 0.000 * Significant 

Indicator 
4 

Experimental 
vs Control 

92.06 vs 
48.94 

941.000 -6.355 0.000 * Significant 

 *Significance level after Bonferroni correction (α = .0125)
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The results of the Mann-Whitney U test
(Table 11) indicate that the experimental and
control groups differed significantly across four
indicators of mathematical problem solving. After
Bonferroni correction at á = 0.0125, all indicators
had p-values < 0.001, indicating that the
experimental group consistently outperformed the
control group. The fourth indicator showed the
largest difference, with the experimental group
achieving the highest average rating of 92.06 and
the control group the lowest at 48.94. This finding
was confirmed by a significant Z-value of -6.355.
The synergy of the GASING method and the
Quantum Learning approach proved to be an
effective intervention, improving students’
performance on their most difficult problem-
solving tasks. Indicators 1, 2, and 3 also showed
significant improvements, with the experimental
group achieving average ratings between 85.75
and 88.87, while the control group performed at
a much lower level.

The research findings show that the synergy
between the GASING method and the Quantum
Learning approach leads to a significant increase
in students’ mathematical problem-solving
abilities. The experimental class showed a sharp
increase in the average test score, from 29.14 to
77.21, thus providing evidence of the
intervention’s success in reducing the cognitive
barriers faced by elementary school students
when solving complex mathematical problems.

Cognitive Load Reduction Mechanism
Through Synergy of the GASING Method
and the Quantum Learning Approach

This study demonstrates that integrating the
GASING method and the Quantum Learning
approach achieves optimal information-
processing capacity. The GASING method
enables students to understand complex
mathematical concepts by breaking them down
into smaller, more easily understood parts. This

process directly reduces the intrinsic cognitive load
that acts as a barrier for elementary school
students when they try to learn new mathematical
algorithms (Sweller, 2023). This cognitive load
reduction is achieved through Quantum
Learning’s environmental conditioning strategies.
Quantum Learning creates a classroom
environment that combines active learning with
organized teaching methods to reduce
unnecessary cognitive load. The results of this
study are supported by the dual-channel
hypothesis in learning, which holds that efficient
cognitive performance requires a balance
between content simplification and learning
context management (Kelly, 2022; Mayer,
2024).

Proficiency in Multiple Dimensions of
Problem Solving: From Routine to Non-
Routine Tasks

The inferential analysis results of the
experimental group showed superior
performance across all indicators, as evidenced
by their tests. This success was achieved through
a qualitative analysis of students’ essay responses.
The experimental group demonstrated their ability
to use a variety of strategies when solving non-
routine problems. The cognitive framework built
through the GASING method of deconstruction
enabled students to transfer their knowledge when
facing problems outside the context of pure
mathematics. This differed from the control group,
which followed a mechanical calculation method
without developing a deep understanding of the
concepts. The main errors in the control group
were due to students’ failure to transform real-
world problems into appropriate mathematical
models. The experimental group students
demonstrated independent problem-solving skills,
indicating that the GASING method of
deconstruction effectively helped them learn the
operational logic of mathematics before applying
it to advanced mathematical contexts. The ability
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to break down problems into logical components
is a key success factor in developing high-level
mathematical literacy skills in this collaboration
(Maslihah et al., 2020).

The Journey of Underachieving Students:
Bridging the Competency Gap

This study found that students with low initial
ability achieved their highest performance level.
Subgroup analysis by pretest scores showed that
students with low ability in the experimental group
achieved an average N-Gain increase of 0.72,
which falls within the high category. In contrast,
the control group achieved lower results, placing
them in the medium category. This study proves
that the synergistic use of the GASING method
and the Quantum Learning approach serves as
an effective inclusion instrument. The GASING
program uses structured teaching methods to
provide students with the necessary support,
while the Quantum Learning environment creates
an inclusive space that helps students overcome
their learning difficulties. This finding supports the
argument that learning methods that combine
explicit cognitive structures with measurable
environmental support lead to successful
competency advancement in classroom settings
(Olimova, 2025).

Comparative Analysis with Conventional
Contextual Approach

Although the Contextual Teaching and
Learning (CTL) approach in a controlled
classroom setting emphasizes the importance of
real-world applications, empirical data suggest
that CTL alone is insufficient to enhance problem-
solving competencies to the same extent as the
synergistic integration of the GASING method
and the Quantum Learning approach. The CTL
system lacks explicit procedural instruction that
would help students learn the essential skills
needed to solve complex essay problems through
numerical deconstruction. This study presents a

synergy that creates a direct link between the
“why” of a problem, through the contextual phase
of Quantum Learning, and the “how” to solve it
effectively, through the GASING technique. This
comparison demonstrates that successful
elementary school mathematics instruction
requires meaningful real-world contexts and
appropriate cognitive tools (Icuspit, 2025).

Operational Integration of TAMAR
Framework in Classroom Interventions

This study successfully improved
mathematical problem-solving skills through its
procedural framework, which combines the
Quantum Learning phase with the GASING
method. The researchers implemented their
intervention program using the TAMAR
framework, which comprises five stages: Grow,
Experience, Confirm, Secure, and Celebrate. This
operational framework serves as an instructional
guide for implementing experimental variables,
developed by the authors as an a priori
conceptual synthesis rather than a new finding
from the research data analysis.

The initial stage begins with the “Grow”
phase, which aims to foster students’ interest and
curiosity in the core material through the AMBAK
principle. The teacher begins the lesson by
presenting students with real-life problems from
everyday experiences and explaining how these
problems benefit them. The Quantum Learning
principle creates a positive classroom environment
by using background music and positive
affirmations that increase student motivation,
thereby preparing students for learning activities.
Next, the second stage, “Experience,” provides
students with the real-life experiences they need
to understand abstract symbols. Students learn
basic concepts through direct experience with real
objects that serve as learning materials. The
teacher uses this exploratory method to help
students discover concepts independently,
allowing them to their basic cognitive framework.
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The third stage, “Confirm,” forms the
foundation of cognitive processing, where the
GASING method of number deconstruction
transforms complex content into easily understood
logical units that address iso-cognitive aspects.
Teachers reinforce, along with exercises that help
students achieve optimal understanding. The
fourth stage, “Secure,” is designed to facilitate
students’ retention of understanding and foster a
sense of psychological security regarding their
abilities. Teachers present students with a variety
of problems, including open-ended, non-routine
questions, to assess their ability to think flexibly.
Furthermore, teachers provide direct constructive
feedback to students. If errors occur, teachers
use the GASING technique to redirect students
without diminishing their self-esteem, thus ensuring
that students’ confidence remains intact.

The final stage is “Celebrate,” recognizes
students for their academic achievements, helping
them create long-term memories while increasing
their enthusiasm for learning. Teachers provide
appreciation after each training session or
problem-solving activity. Celebrations can take
the form of special applause such as “Great
Applause,” verbal praise, and other small
celebratory activities. The principle of Quantum
Learning states that recognition strengthens neural
connections associated with newly acquired
knowledge (Chen & Zhang, 2025). When
TAMAR is positioned as an instructional design
framework, success in improving mathematical
problem-solving skills, as indicated by quantitative
data, can be understood as the result of a
structured, effective, and procedurally consistent
learning system.

Design Limitations and Integrity
This study has limitations identified by the

researchers, such as the absence of standard
affective scales for anxiety and motivation, which
prevented researchers from truly understanding
students’ internal states. Therefore, the emotional

component of this study was limited to the
researchers’ observations of students’ learning
environments and learning behaviors. The study’s
results remain valid because the researchers used
a rigorous quasi-experimental design and a Rank
Quade ANCOVA analysis, which appropriately
controlled for differences in students’ initial
abilities. It is recommended that future studies
incorporate more comprehensive affective
evaluation instruments to enhance the cognitive
analysis generated in this investigation.

 CONCLUSION
This study concluded that combining the

GASING method with the Quantum Learning
approach significantly improved elementary
school students’ mathematical problem-solving
abilities. Empirical results showed that the
experimental group achieved a significant increase
in scores, resulting in an effect size that reached
the “Large” category. This study demonstrated
that the systematic cognitive deconstruction
technique, combined with effective learning
environment management, yielded better results
than the control class, which used the group
discussion method and the CTL approach. The
success of this synergy enabled students to learn
more effectively by simplifying the content, while
the positive classroom environment helped them
develop a stable state of mental readiness.

It is recommended that teachers integrate
the synergy of the GASING method and the
Quantum Learning approach through the
TAMAR framework into their mathematics
lessons, as this practice will help build sustainable
educational empowerment. However, they must
remain aware of the actual challenges that arise
during implementation. The main challenge that
teachers must overcome is time constraints that
prevent them from properly deconstructing the
material and managing the classroom more
efficiently than traditional teaching methods. The
development of a community of practitioners and
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Lesson Study among teachers will serve as a
platform for teachers to exchange deconstructed
GASING content modules. Interactive digital
media empowers teachers to simplify the
“Experience” and “Confirm” phases while
maintaining the concrete essence of learning. For
future researchers, future studies should conduct
longitudinal investigations to assess how well this
model maintains memory retention over time, and
implement standardized affective assessment
tools to build a complete understanding of the
intervention’s psychological effects on students’
math anxiety and motivation.

 DECLARATION ON THE USE OF
GENERATIVE AI IN THE WRITING
PROCESS
During the drafting process, the authors

used the artificial intelligence (AI) tool Grammarly
to improve sentence structure, correct
grammatical inaccuracies, and ensure appropriate
vocabulary. The implementation of the AI tool is
designed to enhance the understanding and quality
of the information disseminated. The authors
confirm that all data interpretation, statistical
evaluation, conclusions, and original contributions
to the manuscript are solely the responsibility of
the authors. The authors have carefully reviewed
and refined all AI-generated content to ensure
scientific rigor and contextual relevance to
research in elementary education.
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