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Purpose of the study: The study aimed to compare the effects of AIC learning
model and conventional method of teaching on students’ conceptual
understanding in mathematics.

Methodology: The study utilized a quasi-experimental design, with data
on students’ conceptual understanding collected by a researcher-
developed test aligned to NCTM standards. Data analysis was conducted
using SPSS with ethical review and informed consent procedures in
place.

Main Findings: The findings demonstrate that the AIC learning model
significantly enhances students' conceptual understanding in geometry, as
evidenced by higher N-gain scores and a substantial effect size of 0.83 in the
medium range. The experimental group outperformed the control group, shifting

Instructional Framework
Mathematics Teaching

learning outcomes into a more effective range for conceptual development. This
structured approach facilitates meaningful cognitive restructuring, marking a
notable scientific contribution to mathematics education research.

Novelty/Originality of this study: This study introduces the AIC learning
model as a pedagogical framework that systematically promotes conceptual
understanding and student engagement in mathematics classrooms.
Theoretically, it advances instructional design by demonstrating how structured,
interactive methods can facilitate cognitive restructuring and deeper learning
processes. These contributions provide a foundation for further research on the
sustained effect of such approaches and offer actionable guidance for educators
seeking to enhance mathematics teaching.
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1. INTRODUCTION

A weak foundation in mathematical concepts, particularly in geometry, is evident from students'
performance in solving mathematical problems. In the Philippine context, recent local and international
assessments (PISA 2022, TIMSS 2019) and national tests (NAT 2022-2023) confirm that Filipino students
consistently perform poorly in mathematics, reading, and science. Several topics in grade nine junior high school
geometry have been identified as the least learned competencies or the least mastered topics in the subject
(DepED, 2025). Poor understanding of geometric definitions and concepts has significant implications for future
mastery, often resulting in difficulty and failure [1], [2]. Research indicates that students frequently lack
background knowledge about angles, measurement, and shapes, leading to errors in reasoning and basic
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operations [3]. These findings underscore the need for students to develop a stronger understanding of geometry
concepts and related skills.

Multiple interrelated factors contribute to students' weak conceptual foundations in mathematics. These
challenges are frequently attributed to cognitive and pedagogical factors [4]. Research consistently demonstrates
that students with weak foundational skills struggle with mathematics and continue to fall behind in advanced
topics [5]. A lack of understanding of mathematical concepts and operations impedes problem-solving abilities,
often resulting in poor performance [6]. Insufficient conceptual understanding also limits students' capacity to
apply knowledge to novel mathematical problems [7]. These findings suggest a strong link between students'
mathematical performance and their conceptual understanding.

Teaching methods represent a significant factor contributing to students' poor perfoce in mathematics
[8], [9]. The choice of instructional approach is critical for fostering an engaging and supportive learning
environment that promotes student success [10]. Conventional teaching methods, which emphasize content
delivery and procedural skills, have been criticized for failing to cultivate deeper conceptual understanding [11],
[12]. These approaches often result in algorithmic performance without genuine reasoning [13] and lack
relevance to students’ everyday experiences and practical applications [14]. Given these limitations, there is an
urgent need to investigate innovative instructional methods and frameworks.

A range of strategies has been proposed to address challenges in students' learning of mathematical
concepts [15]. Structured teaching approaches have been shown to promote critical thinking and foster deep
conceptual understanding [16]. These methods provide systematic, step-by-step guidance for problem-solving,
creating a supportive environment that reduces anxiety and builds confidence [17], [18]. Implementing teaching
frameworks that methodically nurture conceptual understanding is one effective strategy [19]. Techniques such
as guided inquiry, collaborative learning, and scaffolded instruction enhance cognitive engagement and
performance [20], [21]. Instructional frameworks like problem-based learning and blended learning models,
particularly when combined with probing-prompting strategies, have demonstrated success in improving
students' conceptual understanding and mathematical reasoning [22]-[26]. Despite growing interest in structured
teaching approaches, there is limited research on the direct impact of the AIC learning model on students'
conceptual understanding in geometry.

The AIC learning model comprises three stages: Analyze, Identify, and Connect. This model centers on
student engagement and aims to improve conceptual understanding by emphasizing active participation in the
learning process rather than passive information reception [27]. Through the AIC model, students independently
explore concepts and problems, fostering understanding beyond rote memorization [28]. The framework is
informed by the Abstraction in Context (AiC) learning model developed by Dreyfus and Kidron [29], which
introduces the Analyze-Identify-Connect structure by modeling abstraction in three phases: Need, Emergence,
and Consolidation. Additionally, the RBC Model by Hershkowitz et al. [30] identifies epistemic actions—
Recognizing, Building-with, and constructing—that correspond to the micro-level behaviors observed during the
Analyze and Identify stages of the AIC model. Together, these frameworks underpin the three-step Analyze-
Identify-Connect process.

Thus, this study centers on how the implementation of the AIC learning model directly influences
students’ cognitive processes and, consequently, their conceptual understanding in geometry. By structuring
instruction into the Analyze, Identify, and Connect stages, the AIC model actively guides students through
processes of abstraction, pattern recognition, and connection-making, which are fundamental to deep conceptual
learning. This approach moves students beyond memorization to engage in critical analysis, comparison, and
synthesis of geometric concepts—cognitive actions that are often underdeveloped in conventional teaching
environments [9], [31]. As students participate in the scaffolded activities of the AIC model, they internalize
mathematical relationships and learn to interpret, represent, and apply geometric ideas more flexibly [28], [32].
Thus, the AIC framework creates a causal pathway in which its structured, interactive approach fosters key
cognitive processes that result in measurable gains in conceptual understanding.

2. RESEARCH METHOD
2.1 Research Design

This research employs a quasi-experimental method, utilizing a non-equivalent control group structure. It is
the most appropriate design for the objectives of this study because it allows for the comparison of outcomes
between the two groups. This design strikes a balance between methodological and practical feasibility, making
it well-suited for evaluating the effectiveness of teaching innovations in authentic educational environments. The
experimental group was implemented with the AIC learning model, while the control group was implemented
with the conventional teaching approach. The design can be seen in the Table 1.
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Table 1. Treatment of
Groups Pre-test Treatment Post-test
Experimental \ Y \
Control \ - \

v: With the treatment of the AIC learning model
-: Without the treatment of the AIC learning model

2.2 Population and Sample

The study’s subjects comprised grade nine junior high school students. Out of the entire population of
grade nine, 95 students were selected using a purposive sampling method, who are at a cognitive developmental
stage conducive to abstract reasoning and conceptual learning, making them ideal for evaluating the AIC
learning model’s effectiveness on mathematical understanding. Purposive sampling was utilized to select
students, as it aims to capture a representative group that meets specific criteria relevant to the research
objectives. The steps of the AIC learning model are presented in Figure 1.

Thesteps of AIC Learning Made|

Analyze
The teacher will let the
students list what they
know from the dizgram
and giwven information.
Also, the teacher will
encourage them to mark
dizgrams clearlywith egqual
marks, angle symbaols, and

Identify
The teacher will let the
students =sk themselwes
what theorems or
postulates can they apply
with the given information
and creste reference
sheets of key theorems
organized by topic.

Connect
The teacher will teach
students to make logical
connections. Teach them
to waork both forward
[form the Eiven
information and backward
[from what they want to
prove) to find connecting

parallel marks. steps.

Figure 1. Steps of the AIC Learning Model

2.3 Data Collection Instrument

The study utilized a test questionnaire to assess students' conceptual understanding, coupled with an
observation checklist to evaluate the applicability of the learning model [33]. Prior to administering the test
questionnaire, the researchers prepared 40 items for the tests, which included topics in geometry. Items were
formulated based on the National Council for Teachers in Mathematics (NCTM) principles and standards to
assess students' conceptual understanding of mathematical concepts. Table 2 below shows the conceptual
understanding indicators according to NCTM where the test items for conceptual understanding in geometry
were specifically designed to assess key cognitive indicators, including defining concepts verbally and in
writing, making examples and non-examples, using various symbols, transforming representations, identifying
concept properties, comparing concepts, and interpreting concepts.

Table 2. Conceptual understanding indicators

Indicators

. Defining concepts verbally and in writing

. Making examples and not examples

. Using various symbols to present a concept

. Change the form of representation to various forms
. Identify the nature of a concept

. Compare various concepts

. Interpret concepts

~N NN AW

The researcher had also tested the validity of the test items for the conceptual understanding test.
Experts in the field of mathematics lent their time to validate the instrument and provided valuable feedback.
After thorough validation, the test questionnaire was refined, and items were reduced. The researcher then
conducted pilot testing of the test questionnaire on a different population than the target population to assess the
appropriateness of the questions. Several questions were deleted as they needed to be rejected based on the
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results of the item analysis. The researcher then proceeded with the computation of the reliability index for
conceptual understanding test results, which resulted in Cronbach’s Alpha of .82. The final examination tool
encompasses nineteen questions targeting conceptual understanding of students in geometry lessons.

2.4 Data Analysis Techniques

In the analysis of data, the researcher utilized the t-test to analyze differences in the pre-test and post-
test results. The t-test is a statistical technique used to quantify the difference between the means of a variable
from up to two samples. It also identifies if there exists a notable statistical variance between them. The choice
of using the t-test in this study was based on the premise of data being regular and homogeneous [34]. Before
diving deep into the analysis of the data, the test for assumptions was verified as to normality and homogeneity
using statistical software SPSS, obtaining a significance threshold above 0.05.

The effect size was calculated to assess the magnitude of variance between pre-test and post-test
outcomes. The researcher included effect size calculations to quantify the magnitude of the difference between
the experimental and control groups. In educational research, effect sizes provide practical interpretation beyond
statistical significance, indicating the method's effect on students’ conceptual understanding and suggesting the
intervention produced educationally meaningful gains. This statistical and practical framework strengthens the
validity and applicability of the study's findings within the educational context [35]. The analysis of effect size
facilitated the evaluation of whether the observed progress in final test outcomes resulted from the
implementation of the AIC learning model.

2.5 Research Procedure

The researcher carefully followed the ethical procedures throughout the study. During preparation and
planning, the researcher prepared all necessary documents and secured permission from the School
Administrator to conduct the study. The researcher used random selection to determine which class would serve
as the experimental and control groups. The researcher did not inform the students that they were subject to an
experiment to avoid the Hawthorne effect.

During the pre-test administration, the researcher used a specifically designed questionnaire and
assessment tool to assess students' conceptual understanding. The experimental and control groups were given
the pre-test at different times to ensure fairness. The researcher ensured conducive testing conditions by
providing a quiet environment, sufficient time to answer the test, and clear instructions for the test.

In the intervention phase, the experiment began in the next class meeting. The experimental group was
exposed to the AIC learning model. In contrast, the control group continued with the conventional teaching
method. Each class session for both groups began with preliminary activities: a prayer, attendance checks, a
review of previous lessons, and a warm-up. The treatment is carried out only on the learning model, in terms of
assigning activities and topics taught, with each session lasting one hour. All students across both groups were
instructed by the same teacher and were provided with identical learning materials and mathematics problems.
This experiment lasted several meetings that covered all the lessons on the geometry topic, and after the
experiment, a post-test was administered to both groups.

During the post-test administration, the researcher administered the same questionnaire and assessment
tools to both groups to measure their learning gains. Testing conditions were maintained, and completed tests
were securely stored. Subsequently, the researcher tabulated the collected data and proceeded with data analysis.
The flow during the implementation stage is highlighted in Figure 2.
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Preparation and Planning

Sampling
Groups

Control Group Experimental Group

Pre-test Pre-test
Intervention Phase Intervention Phase

(Conventional Teaching Method) {AIC Learning Model)
Post-Test | Post-Test
Data Analysis

Figure 2. Research procedure chart

3. RESULTS AND DISCUSSION
3.1 Test Results on Students' Conceptual Understanding

Student conceptual understanding was evaluated using pre-test and post-test assessments, as shown in
Table 3. The primary aim was to assess whether the learning model implemented in the experimental group was
more effective than the conventional instructional method used in the control group for enhancing conceptual
understanding and overall mathematics achievement. In the pre-test, the experimental group achieved a mean
score of 4.95, while the control group averaged 4.88. In the post-test, the experimental group attained a mean
score of 14.15, compared to 11.78 for the control group. These results indicate a clear improvement in scores for
both groups from pre-test to post-test. Notably, the experimental group demonstrated a greater increase in mean
score compared to the control group.

Table 3. Pre-test and Post-test results of students' conceptual understanding

Control Experimental
Outcomes Pre-test Post-test Pre-test Post-test
Mean 4.88 11.78 495 13.15
Max Score 8 13 9 16
Min Score 3 4 4 6

The substantial gains observed in the experimental group’s post-test scores reflect not only the
effectiveness of the AIC learning model but also its impact on students’ cognitive processes. The greater increase
in mean scores suggests that the AIC framework successfully guided students through deeper stages of
understanding, such as abstraction, connection-making, and conceptual restructuring. These results indicate that
students exposed to the AIC model moved beyond memorizing procedures and began to internalize and apply
geometric concepts with greater flexibility and accuracy. The statistical improvement thus represents a shift
toward higher-order thinking, supporting the conclusion that structured, constructivist-based instruction like AIC
can meaningfully enhance students’ conceptual development in mathematics.

3.2 N-Gain Values of Both Groups
Table 4 indicates a more pronounced score enhancement in the experimental group compared to the
control group, as evidenced by the data gathered from both classes. The experimental group achieved an N-
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gain score of 0.74 for conceptual understanding, while the control group secured a score of 0.62. The results
show that the experimental group achieved a higher N-gain score, indicating they achieved 74% of the
potential learning gain, compared to the control group, which achieved 62%. This disparity between the
experimental and control groups underscores the efficacy of the AIC learning model in students’ conceptual
understanding.

Table 4. N-gain values of the conceptual understanding test results

Outcome N-gains Classification Criteria
Control .62 Moderate
Experimental 74 High Gain

This suggests that the AIC model not only accelerated knowledge acquisition but also deepened
cognitive processes such as analysis, synthesis, and knowledge transfer—key components of conceptual
understanding. Educationally, this disparity highlights the model’s capacity to foster more effective cognitive
engagement, enabling students to make meaningful connections between geometric concepts and apply them in
novel contexts. The data thus provide strong evidence that the AIC framework promotes not just higher
achievement, but also more profound and lasting changes in students’ mathematical cognition.

3.3 Effect size

From the effect size test results shown in Table 5, the AIC learning model effectively increases
students’ conceptual understanding. It displays the effect size in students’ conceptual understanding to obtain a
score of 0.83, which falls into the moderate category, indicating that conceptual understanding positively impacts
mathematics subjects [36]. This is because the steps in the AIC learning model encourage students to think at a
higher level using their analytical skills.

Table 5. Test of Effect Size

Variable Effect Size S.D Criteria

Conceptual Understanding .83 1.32 Moderate

The test results demonstrate that the AIC learning model enhances students' conceptual understanding
in geometry. This instructional framework is also effective in improving mathematics achievement, with success
attributable to the model's structured steps. Each step of the AIC learning model is critical for developing
students' understanding and reasoning. Thus, mathematics educators should closely examine the model's
implementation to achieve positive outcomes.

Table 6 provides a step-by-step guide to the AIC model, including corresponding actions and indicators.
The model comprises three distinct stages. The first stage is analysis, in which students examine the provided
diagrams, figures, statements, or information in the problem. This stage requires careful observation and a
thorough breakdown of the given information. The second stage is identification, where students determine the
applicable theorems or postulates relevant to solving the problem. Students classify and organize the theorems
that connect the given information to the desired conclusion. The third stage is connection, where students
establish a logical sequence. In this stage, the conclusion of one step serves as the premise for the next, enabling
students to progress from the initial statements to the final proof by integrating theorems and definitions.

Table 6. The flow of the AIC learning model

Steps Action Indicators Conceptual Enhancement
Analyze Teachers will let the e Students can break e Develops visualization
This step focuses on students analyze the down a theorem or and helps students
careful observation of diagram/figure/ word problem to distinguish relevant

the problem or figure
[29][[30].

Identify
This step requires

problem text

The teacher will
direct students to

identify given
information and
required outcomes
Students can use
dynamic geometry
software or physical
manipulatives to
explore and
manipulate a figure.

Students can name
the shapes,

geometric properties
from irrelevant
perceptual details [37]
Fosters abstract
reasoning by translating
complex textual
information into clear,
verifiable geometric
components [29], [30].

Promotes analysis by
requiring them to use
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students to classify and
categorize the features
they have analyzed,
linking them to formal
geometric definitions
[29][30].

Connect
This is the most critical
step for achieving
conceptual
understanding, as it
moves the student from
rote facts to conceptual
mastery [29].

identify relevant
concepts or
necessary tools

The teacher will
direct students to
connect within the
concept, prior
knowledge, or
solution/proof

theorems, or axioms
involved.

Students can
determine the
formula or prior
knowledge required.

Students can link
multiple
representations of
the exact figure.
Students can use
analogy to link a
new concept to a
familiar one.
Students can
synthesize the
identified concepts
and properties into a
logical sequence of
steps that forms a
proof or leads to a
solution.

precise geometric
vocabulary and apply
formal definitions,
moving them past visual
recognition [37].

Builds a procedural-
conceptual link, ensuring
that a procedure is
chosen because the
underlying concept
demands it, not just
because a rule was
memorized [38], [39].

Cultivates relational
understanding, allowing
students to see the same
concept from multiple
perspectives, which is
essential for
transferability [39], [29],
[40].

Reinforces the abstract
structure of geometry,
allowing students to
construct rigorous proofs
and fully grasp the why
behind a solution, rather
than just the sow [38]-
[40].

Conceptual understanding represents meaningful learning, enabling students to transfer knowledge
efficiently and solve mathematical problems. The AIC teaching framework was shown to enhance students'
conceptual understanding. Implementing the AIC model supports the development of analytical skills based on
acquired information, thereby deepening learners' understanding. In contrast, the explicit teaching method offers
more direct teacher guidance, which may reduce opportunities for independent analytical skill development.

The findings of this study are consistent with previous research that demonstrates a significant positive
relationship between guided practice and conceptual understanding. Structured instruction frequently results in
guided practice, which improves students’ ability to transfer knowledge to new problems by promoting
understanding of underlying concepts rather than focusing solely on procedural knowledge [41]. Moreover,
Mutawah and Baddar [22], Hiebert and Carpenter [39] found a significant positive correlation between guided
practice and conceptual understanding. Structured instruction often translates into guided practice, significantly
developing students’ ability to transfer knowledge to new problems because they understand the why (the
concept) rather than just the ow (the procedure). This approach involves a careful blend of direct teaching and
active student engagement. These findings are also consistent with the works of Hiebert and Carpenter [39], who
pointed out that conceptual understanding is knowledge that is connected, coherent, and part of a network,
building a more robust and interconnected cognitive structure, which is essential for proper understanding. Also,
in a meta-analysis by Freeman et al. [42] it was shown that active learning strategies consistently lead to higher
achievement than conventional lecture formats.

By guiding students through the Analyze, Identify, and Connect stages, the AIC framework creates
structured opportunities for active knowledge construction, abstraction, and the making of meaningful
connections. These processes are central to constructivist perspectives, which emphasize that learners build
understanding by engaging with content, reflecting on experiences, and connecting new concepts to existing
cognitive frameworks. The study shows that the AIC model fosters the development of conceptual networks,
moving students beyond rote memorization toward deeper comprehension and the ability to transfer knowledge
to unfamiliar contexts.

The findings also underscore the practical value of integrating the AIC model into mathematics
instruction. The structured and interactive nature of AIC not only enhances student engagement and analytical
thinking but also offers teachers a scaffolded approach to lesson design that promotes independent reasoning and
conceptual mastery. By encouraging students to analyze, represent, and connect mathematical ideas, the AIC
framework equips mathematics educators with strategies to address persistent gaps in conceptual understanding
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and cultivate lifelong mathematical literacy. These implications are particularly relevant for teachers seeking to
move beyond procedural teaching and foster a classroom environment grounded in active, student-centered
learning.

4. CONCLUSION

This study found that the AIC learning model effectively improved students’ conceptual understanding
of geometry, as evidenced by greater gains and effect size. This study also advances understanding of the effect
of structured teaching approach on cognitive development in mathematics. Mathematics educators are also
encouraged to adopt this model more broadly, given its effectiveness in improving student engagement and
analytical thinking skills, and further research is recommended to validate these results across broader
educational contexts.
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