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Mathematics education in the 21st century compels educators to not only
instruct on procedures and formulas but also to create learning experiences
that foster contextual problem modelling, critical reasoning, collaboration,
and the effective use of digital technology to cultivate adaptive and advanced
cognitive skills in students, particularly in elementary schools. This study
aims to examine the effectiveness of the Auditory, Intellectuality, Repetition
(AIR) learning model in improving the mathematics learning outcomes of
fifth-grade elementary students. Using a quantitative approach with an
Interrupted Time Series design, this study involved 28 students who
completed a pre-test prior to the AIR-based learning intervention and a post-
test afterward. The Number-Test was used to measure students’ mathematics
achievement. Data obtained from both tests were analyzed quantitatively. A
paired sample t-test was conducted to compare students’ pre-test and post-test
scores. The normalized gain (N-gain) score was also calculated to determine
the degree of improvement. The average pre-test score was 64.46, while the
post-test average increased to 85. The results of paired sample t-test analysis
showed a significant improvement in students’ achievement (p < 0.001). The
normalized gain (N-gain) score was 0.57, indicating a moderate level of
improvement. Further analysis using an independent sample t-test revealed no
significant difference in learning outcomes between male and female students
(p = 0.685), suggesting that the AIR model was equally effective across
gender. Overall, the AIR learning model positively contributed to enhancing
students’ mathematical understanding, particularly in least common multiple
(LCM) and greatest common factor (GCF) topics.
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Introduction

Mathematics learning outcomes represent the achievements attained by students after
undergoing a learning process, reflecting the extent of their understanding of the material
taught, and are generally demonstrated through test scores
Teachers’ understanding of these learning outcomes enables effective evaluation of students
mastery of concepts, facilitating targeted instructional decisions. Learning outcomes signify
students’ accomplishments in accordance with predetermined criteria, which can be seen
through knowledge absorption and observable behavior

. Moreover, learning outcomes encompass cognitive, affective, and
psychomotor domains, which form a comprehensive framework for assessing students'
academic performance

Despite the structured delivery of mathematics lessons, learning often fails to meet
instructional goals. Students frequently struggle to master specific indicators of competence,
particularly in the cognitive domain. In mathematics learning, especially on the topics of
Least Common Multiple (LCM) and Greatest Common Factor (GCF), many students face
difficulties in identifying the prime factors of a number and determining LCM and GCF
using prime factorization . In
contrast, students tend to demonstrate better understanding when identifying prime numbers
below 100. These gaps in indicator mastery are reflected in students' learning outcomes,
underscoring the importance of selecting appropriate learning models that support the
development of conceptual understanding.

Numerous studies have attempted to identify effective instructional approaches for
improving mathematics achievement. Recent evidence shows that mathematics education in
Indonesia continues to require substantial instructional innovation, reinforcing the relevance
of models such as AIR. According to the 2022 Programme for International Student
Assessment (PISA), Indonesian students achieved an average mathematics score of 366,
significantly below the OECD average of 472, indicating persistent weaknesses in reasoning
and problem-solving skills . Furthermore, only 18% of Indonesian students
reached Level 2 proficiency or higher in mathematics, a threshold associated with basic
conceptual understanding. These data collectively suggest that traditional instructional
practices in mathematics have not yet succeeded in developing students’ higher-order
thinking and conceptual mastery. Several approaches emphasize multisensory engagement,
allowing students to process information through physical, auditory, visual, and intellectual
channels, which has been shown to enhance understanding in geometric concepts

Other approaches focus on collaborative learning, encouraging students to work
together through structured group discussions to solve mathematical problems such as those

involving LCM and GCF . Additionally,
some studies highlight individualized learning strategies that support students’ mastery at
their own pace while still maintaining academic rigor . While these approaches

promote active participation and meaningful learning experiences, their implementation
often relies on group dynamics or classroom structures that may not be feasible or effective
in every instructional context. Consequently, implementing structured and student-centered
learning innovations such as the AIR model is essential to enhance students’ engagement,
cognitive processing, and sustained reinforcement in mathematics learning.

Recent research highlights the promise of more structured models like Auditory,
Intellectualy, Repetition (AIR), which focus on individual engagement through listening,
critical thinking, and repetition. For instance, AIR improved student performance in
integrated thematic learning . Furthermore,
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AIR encourages student participation and supports retention through repeated exposure and
intellectual engagement . However, most existing studies focus
on general or thematic subjects rather than on specific mathematical topics like LCM and
GCEF, and the targeted indicators used in prior studies often differ. Hence, there remains a
gap in applying the AIR model to support students’ mastery of these more abstract arithmetic
concepts.

The Auditory, Intellectuality, Repetition (AIR) learning model is designed to enhance
student engagement and conceptual understanding through three interrelated components:
auditory processes that involve listening, articulating, and exchanging ideas; intellectual
engagement that emphasizes higher-order thinking and problem-solving; and systematic
repetition that strengthens retention through structured reinforcement. While prior studies
have demonstrated the model’s effectiveness in promoting active participation and
improving factual mastery , 1ts
application has predominantly been situated in language learning or general instructional
contexts. The novelty of this study lies in extending the AIR framework into elementary
mathematics instruction, particularly in teaching abstract number theory concepts such as
LCM and GCF, where students frequently encounter difficulties in conceptualization and
procedural accuracy. By positioning AIR within the domain of mathematics, this research
addresses a clear empirical gap and offers a pedagogical innovation tailored to strengthening
conceptual depth and cognitive processing in numeracy learning.

Based on this rationale, the study aims to examine the effectiveness of the AIR learning
model in improving fifth-grade students’ mathematics learning outcomes on LCM and GCF
topics. Beyond measuring achievement gains, the research seeks to analyze how the
integration of auditory interaction, structured intellectual engagement, and deliberate
repetition contributes to improved conceptual retention and procedural fluency. The
contribution of this study is twofold: theoretically, it enriches the discourse on active
learning models in mathematics education by validating AIR within a quantitative reasoning
context; practically, it provides evidence-based guidance for elementary teachers in
designing mathematics instruction that is cognitively engaging and systematically
reinforcing. Consequently, this research not only tests the effectiveness of AIR but also
advances an alternative instructional framework capable of addressing persistent challenges
in elementary mathematics learning.

Method

Participant

The participants in this study were fifth-grade students from a public elementary
school, comprising a total of 28 individuals. Of these, 11 were male and 17 were female.
The entire class participated in the learning intervention designed to examine the impact of
a specific instructional approach on mathematics achievement. These students were actively
involved in classroom activities and assessments focused on the mathematical concepts of
LCM and GCF. The demographic composition of the group reflects a typical classroom
setting at the elementary level, providing a balanced perspective on the effectiveness of the
learning model across both genders. All participants engaged in the same sequence of pre-
instructional assessments, learning activities, and post-instructional evaluations, allowing
for a comprehensive analysis of changes in learning outcomes.

Instruments

The primary instrument used in this study was a mathematics achievement test titled
Number-Test, developed to measure students’ learning outcomes on the topic of LCM and
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GCF. The Number-Test consisted of 20 multiple-choice items aligned with key indicators
such as identifying the prime factors of a number and determining LCM and GCF using
prime factorization. Students were given 60 minutes to complete the test (Table 1).

The Number-Test was administered in two phases: a pre-test before the instructional
intervention to determine students’ prior knowledge, and a post-test after the intervention to
assess the learning outcomes. The results from both tests were compared to evaluate the
effectiveness of the instructional approach implemented in the study. To ensure its validity,
the instrument was reviewed and validated by two experts in mathematics education.
Revisions were made based on their feedback to enhance content relevance and clarity. After
validation, a reliability test was conducted through a pilot study involving students outside
the study group. The result showed that the Number-Test achieved a Cronbach’s Alpha
coefficient of 0.896, indicating a high level of internal consistency and reliability.

Table 1. Indicators of the Number-Test Instrument for Subtopics: Prime Factorization, GCF, and LCM

Sub-topic Indicators (Expanded — English)
Determining Prime Factors Identify the prime factors of a given whole number.
Perform prime factorization for two or more whole numbers.
Determining Greatest Common Factor Determine the GCF of two or more numbers using their prime
(GCF) factors.
Solve contextual problems involving GCF in everyday
situations.
Determining Least Common Multiple Determine the LCM of two or more numbers using their prime
(LCM) factors.
Solve contextual problems involving LCM in everyday
situations.

Procedure

This study employed a quantitative approach because the data collected were in the
form of interval-scale numerical scores representing students’ mathematics learning
outcomes. The design used was time series with an interrupted time series design, focusing
on a single group observed at two time points: before and after the intervention. This design
does not involve random sampling or control groups. The class studied served as both the
control (during the pre-test) and the experimental group (during the post-test), with
comparisons made between their performances across these two phases (Figure 1).

At the beginning of the study, students were administered a pre-test using the Number-
Test instrument to assess their prior knowledge of LCM and GCF. Following the pre-test,
students received mathematics instruction through the AIR learning model. The instructional
sessions were integrated into regular classroom teaching and emphasized active listening,
mental engagement, and reinforcement of concepts through repetition. The learning content
focused specifically on problem-solving related to prime factorization and determining LCM
and GCF. After the instructional period, students completed a post-test using the same
Number-Test to evaluate the knowledge gained through the intervention.

The collected data from both the pre-test and post-test were analyzed to determine the
effectiveness of the AIR learning model. The comparison of scores provided quantitative
evidence of learning progress and the impact of the instructional strategy implemented
within the same group over time.
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AIR
Grup Participant implementation Data Analysis
o o o o o o
Number-Test Number-Test Determining
(Pre-test) (Pre-test) Impact of AIR

Figure 1. Research Procedure for Evaluating the Impact of AIR Learning Model Using the Number-Test
Data Analysis

Data obtained from the pre-test and post-test using the Number-Test instrument were
analyzed quantitatively to assess the effectiveness of the AIR learning model in improving
fifth-grade students’ mathematics learning outcomes on the topics of Least Common
Multiple (LCM) and Greatest Common Factor (GCF). The analysis process began with
calculating descriptive statistics, including the mean, standard deviation, minimum, and
maximum scores of students' performance on both tests. To test the effectiveness of the
intervention, a paired sample t-test was conducted using SPSS version 26. This statistical
test was chosen because it allows for comparison of two related means. In this case, the same
group of students measured before and after the implementation of the instructional model.
The significance level was set at a = 0.001. If the p-value obtained was less than 0.05, the
result was considered statistically significant, indicating that the AIR learning model had a
meaningful effect on students’ learning outcomes. Additionally, the normalized gain (N-
gain) score was calculated to examine the degree of improvement in students’ learning. The
N-gain score helps categorize learning gains into low, medium, or high, providing a more
nuanced interpretation of the instructional impact. Through this combination of statistical
methods, the data analysis aimed to provide robust evidence regarding the AIR model’s
contribution to enhancing mathematics achievement in the specific content areas addressed.

Results and Discussion
Learning Profile Before and After AIR Implementation

This study aimed to measure the effectiveness of the AIR learning model on the
mathematics learning outcomes of fifth-grade students. Data were collected through two
tests—pre-test and post-test—administered before and after the implementation of the AIR
model. The pre-test aimed to assess the students’ initial understanding of the material before
the learning intervention. The results showed that the average mathematics achievement
score was 64.46. After the implementation of the AIR learning model, students were given
a post-test to assess their understanding after the learning process. The average post-test
score was 85. A comparison of pre-test and post-test results is illustrated in Table 2. The
descriptive statistics reveal a substantial increase in student performance following the
implementation of the AIR learning model, indicating its potential effectiveness in
improving mathematics achievement.

In addition to the increase in mean scores, the statistical analysis further confirms the
significance of this improvement. The mean difference between the pre-test and post-test
scores was 20.54, with a standard deviation of 10.63, indicating a consistent gain among
students. The paired-samples t-test result showed a t-value of 10.55 with 27 degrees of
freedom and a significance value of 0.000 (p < 0.05), demonstrating that the difference
between pre-test and post-test scores was statistically significant. Furthermore, the minimum
score increased from 30 in the pre-test to 65 in the post-test, while the maximum score rose
from 85 to 100. This shift suggests not only an overall improvement in average performance
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but also a meaningful enhancement across different levels of student ability, strengthening
the evidence that the AIR learning model contributed positively to students’ mathematics
learning outcomes.

Table 2. Descriptive Statistics of Pre-Test and Post-Test Scores
Data N Mean Median Min Max Mean Std. t df  Sig. (2-
Difference Deviation tailed)

Pre-
test
Post-
test

The Effectiveness of AIR Learning Model

To examine the effectiveness of the AIR (Auditory, Intellectually, Repetition) learning
model on students’ mathematics learning outcomes, a paired-sample t-test was conducted.
This statistical test compared the mean scores of the students' pre-test and post-test results
to determine whether the difference was statistically significant. The analysis results in Table
2 show a significant increase in the students' scores after implementing the AIR learning
model. The mean difference between the pre-test and post-test scores was 20.54, with a
significance value of 0.000, which is less than the threshold of 0.05. This indicates that the
improvement in scores is statistically significant. The findings demonstrate that the AIR
learning model had a substantial and positive effect on student learning outcomes in
mathematics. The model’s focus on auditory engagement, intellectual stimulation, and
repeated reinforcement appears to have contributed effectively to students’ understanding of
the material, particularly in the topic of LCM and GCF. This result aligns with the theory
that multimodal strategies, especially those that integrate repetition and cognitive
involvement, enhance long-term retention and conceptual understanding.

Additionally, the normalized gain (N-gain) score was calculated to measure the degree
of improvement in students’ mathematics learning outcomes. The average N-gain for the
class was found to be 0.58, which falls into the moderate category (low: <0.3; medium: 0.3—
0.7; high: >0.7). This result indicates a substantial improvement in student understanding
after the implementation of the AIR learning model. The moderate gain suggests that the
AIR model significantly enhanced students’ conceptual grasp and procedural fluency,
particularly in solving LCM and GCF problems. These findings strengthen the conclusion
that the AIR model is not only statistically effective—as shown by the t-test—but also
pedagogically impactful in improving learning retention and conceptual comprehension.
Through this combination of statistical analysis and normalized gain assessment, the study
provides strong and multidimensional evidence for the effectiveness of the AIR instructional
model in improving mathematics achievement among elementary school students.

28  64.46 65 30 85
20.54 10.63 10.55 27 0.000
28 85.00 &5 65 100

Gender Differences

The participants in this study were fifth-grade students from a public elementary
school, comprising a total of 28 individuals—11 male and 17 female students. To investigate
whether there were statistically significant differences in post-test mathematics achievement
between male and female students following the implementation of the AIR learning model,
an independent sample t-test was conducted. The results indicated that the mean post-test
score for male students was 84.18 (SD = 9.91), while the mean score for female students
was 85.59 (SD = 9.58). The independent sample t-test yielded p = 0.685, which is greater
than the significance level of 0.001 (Table 3). This suggests that there was no statistically
significant difference in mathematics learning outcomes between male and female students.
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Thus, the AIR learning model appeared to be equally effective across genders in improving
student achievement in the given mathematical content.

Further analysis of the statistical output strengthens this conclusion. The independent
samples t-test produced a t-value of 0.412 with 26 degrees of freedom, indicating that the
observed mean difference of 1.41 points between male and female students was minimal.
The relatively comparable standard deviations (SD = 9.91 for males and SD = 9.58 for
females) also suggest a similar distribution and variability of scores within both groups. This
homogeneity of variance reflects that both male and female students responded similarly to
the AIR learning model. Therefore, the findings imply that the AIR model promotes
equitable learning opportunities and supports mathematics achievement consistently,
regardless of gender differences in the classroom context.

Table 3. Independent Sample t-Test on Post-Test Scores by Gender

Gender N Mean Std. Deviation t df
Male 11 84.18 991
e 17 85.59 9.58 0.412 26
Discussion

This study highlights the role of the AIR learning model in supporting students’
comprehension during mathematics learning on the topics of LCM and GCF. The results
showed a noticeable development in student understanding, which was reflected in the
improvement of students’ cognitive learning outcomes. This improvement was attributed to
the systematic and structured learning process implemented through the AIR model.

In line with previous research, it is stated that changes in student behavior during
learning can be observed through the implementation of appropriate learning models, which
encourage active participation and optimal contribution from students, potentially enhancing
learning outcomes . This is supported that the AIR learning model
integrates three main aspects—Auditory, Intellectual, and Repetition—which promote
active student participation during the learning process .
Through this model, students are trained to develop listening skills, express opinions
confidently, solve problems creatively, recall previously learned material, and express their
ideas. The “Repetition” component of the AIR model can be supported by the theory of
spaced repetition, which posits that structured and interval-based review strengthens
students’ understanding and retention of mathematical concepts

. The “Intellectuality” component
of the AIR model—which encompasses critical thinking, discussion, and problem-solving—
aligns with findings that active pedagogies foster intellectual engagement, thereby exerting
a positive influence on students’ cognitive outcomes . In
contrast, SAVI learning model emphasizes four main stages—preparation, delivery,
practice, and performance—designed to engage students' sensory and physical activities

. However, this model does not focus on material repetition at the
end of the learning process, as it emphasizes exploration and direct application through
somatic, auditory, visual, and intellectual interactions.

The present study demonstrated that the AIR model was effective in improving
students’ learning outcomes, as indicated by their test scores. During the implementation,
students showed great enthusiasm and active engagement in each phase of the learning
process. This was evident in the well-managed discussions, where students exchanged ideas,
and during material repetition sessions, where they eagerly volunteered to answer quizzes.
These findings align with the AIR model cultivates habits of active participation and builds
students’ confidence in expressing opinions, while the repetition phase helps reinforce
learning and memory . This is further supported that the repetition
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stage enhances students’ understanding and deepens knowledge through exercises and skills-
based tasks that support effective learning
. Unlike discovery learning, as

studied by , where students are encouraged to perform observations,
experiments, and scientific actions to draw conclusions, or the direct instruction model
explored by , which relies heavily on teacher-centered

communication and leads to passive student involvement, the AIR model requires active
student engagement throughout all stages. In direct instruction, students simply receive
information from the teacher, with limited opportunities for discussion.

The implementation of the AIR learning model in this study significantly improved
students’ learning outcomes and collaborative skills, as students actively engaged in

classroom discussions. This is consistent with findings from , who
emphasized that the AIR model enhances cognitive outcomes and student activeness by
creating dynamic, student-centered learning. further supports this,

highlighting that the AIR model promotes the use of all sensory organs in learning, making
it more effective and improving student achievement. The model encourages students to
participate by listening, thinking, and repeating material, resulting in new and enriching
learning experiences. This differs from the Problem-Based Learning (PBL) model discussed
by , which focuses more on exploring and solving real-world problems
collaboratively while developing students' skills.

This study integrated the AIR learning model effectively to improve the mathematics
achievement of fifth-grade students in the cognitive domain. The AIR model’s focus on
auditory, intellectual, and repetition aspects encouraged student participation and better
material comprehension, enhancing engagement throughout the learning process. This
integration created a meaningful and structured learning process that led to increased
learning achievement in the topics of LCM and GCF. The findings are in line with research
by , who combined the AIR model with other digital tools and found
that integrating learning models with interactive platforms enhanced learning outcomes,
encouraged student participation, built confidence in expressing opinions, and supported
creative problem-solving. In contrast, , who implemented a guided
inquiry model with concrete media, emphasized direct problem-solving without structured
content reinforcement. Their model required students to independently discover information
and solve problems, which resulted in different dynamics compared to the systematic
approach of the AIR model.

The analysis of gender-based differences in mathematics achievement revealed no
statistically significant disparity between male and female students following the
implementation of the AIR learning model. Although descriptive data indicated that female
students achieved slightly higher average post-test scores than their male counterparts, the
results demonstrated that this difference was not significant. This suggests that the AIR
model contributed positively to the learning outcomes of both male and female students in a
relatively equitable manner. These findings are consistent with prior research indicating that,
while gender gaps in mathematics performance may exist in certain contexts, well-designed
instructional interventions can help bridge these differences
The structured nature of the AIR learning model, which emphasizes active 11sten1ng,
cognitive engagement, and material repetition, appears to create a learning environment that
supports diverse learners regardless of gender. This reinforces the importance of
instructional strategies that are inclusive and responsive to the needs of all students.
Moreover, the equitable impact of the AIR model may be attributed to its balanced focus on
auditory processing, intellectual stimulation, and reinforcement, which are essential for deep
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learning and benefit all students regardless of gender. The claim that the AIR model is
“equally effective for male and female students” can be supported by international literature
indicating that well-designed instructional interventions—particularly those emphasizing
repetition and cognitive engagement—can reduce gender disparities or, at the very least,
avoid exacerbating them.

. The result underscores that gender should not be viewed as a limiting factor in student
achievement when effective and inclusive pedagogical approaches are employed.

The findings of this study have important pedagogical and practical impacts,
particularly for elementary mathematics instruction. By demonstrating that the AIR learning
model significantly improves students’ cognitive achievement, engagement, collaborative
skills, and conceptual retention in LCM and GCF topics, this research provides empirical
evidence for a structured yet active instructional alternative to both teacher-centered and
purely exploratory models. The integration of auditory interaction, intellectual engagement,
and systematic repetition not only strengthens mathematical understanding but also
promotes equitable learning outcomes across gender, reinforcing the model’s inclusivity.
Practically, the study offers a replicable instructional framework that teachers can adopt to
address persistent challenges in mathematics learning, such as low retention and passive
participation. At a broader level, the research contributes to the development of evidence-
based, student-centered mathematics pedagogy by highlighting the importance of structured
reinforcement alongside active learning processes in achieving sustainable academic
improvement.

Conclusion

This study examined the effectiveness of the AIR learning model in enhancing
mathematics learning outcomes among fifth-grade elementary students and demonstrated a
significant increase from pre-test to post-test scores, supported by a moderate N-gain and
robust statistical evidence. The absence of gender-based differences further indicates that
the AIR model offers equitable benefits across student groups. These findings imply that
integrating auditory engagement, intellectual processing, and structured repetition can
strengthen students’ conceptual understanding and performance in key mathematics topics
such as LCM and GCF. The study contributes to the growing body of literature emphasizing
innovative instructional models in mathematics education by providing empirical evidence
of AIR’s effectiveness in elementary settings, reinforcing its potential as a pedagogically
sound approach to improving learning outcomes. Several limitations should be
acknowledged in this study. First, the sample size was limited to 28 students from a single
school, which may affect the generalizability of the results. Second, the study focused on a
specific mathematics topic, limiting its applicability across broader subject areas. Third, the
intervention period was relatively short, which may not capture long-term retention or
transfer of learning. Additionally, external variables such as teacher differences, classroom
environment, and student motivation were not controlled in this study. Future research could
consider expanding the sample size and including students from diverse school settings to
enhance the generalizability of the findings. Longitudinal studies are also recommended to
assess the long-term effects of the AIR model on students' learning and retention. Moreover,
investigating the model’s impact on different mathematical concepts or other subject areas
could provide a more comprehensive understanding of its instructional potential. Teachers
and curriculum developers are encouraged to adapt and integrate structured and interactive
elements of the AIR model into classroom practices to support inclusive and effective
learning for all students.
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