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This study was based on the low learning outcomes of students at SMP Negeri 4
Gadingrejo, where only 32 out of 126 students achieved the Learning Objective
Achievement Criteria (KKTP). The research method used was quantitative with an
experimental design, involving two groups: the experimental class (AI-based CTL) and
the control class (Project Based Learning). The instrument used was a learning outcome
test consisting of 5 essay questions that had been tested for validity and reliability. Data
were analyzed to measure the differences in learning outcomes between the two groups.
The results showed a significant difference between the average learning outcomes of
students in the experimental class and those in the control class. The average learning
outcomes of students who used the AI-based CTL model were higher than those who
used the PjBL model. Based on the t-test, the calculated t value was 5.13, which was
greater than the t-table value of 2.00, thus the research hypothesis was accepted. The
conclusion of this study is that the application of the AI-based CTL learning model is
effective in improving students’ learning outcomes on SPLDV material, and it is therefore
recommended to consider using this model in mathematics learning.

1. Introduction

is ranked 67th out of 78 countries in Mathematics
literacy, indicating the need for improvement in
Mathematics learning [4]. This is clearly seen in

Mathematics is a universal science and plays an
important role in various fields and helps develop
students' thinking skills. Furthermore, mathematics
also serves as a means to train students to think
critically, systematically, logically, and creatively [1,
2]. According to [3], mathematics is a discipline that
studies the relationships between numbers and the
methods used to solve various problems involving
numbers. Based on data from PISA 2022, Indonesia
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SMP Negeri 4 Gadingrejo, where only 32 of 126
students in grade VIII achieved the Learning
Objective Achievement Criteria (KKTP) on the Two-
Variable Linear Equation System (SPLDV) material.
SPLDV material has an important role in classroom
learning because it is closely related to algebraic
concepts and problem-solving skills [5].
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These low learning outcomes are often caused by
students' lack of understanding of the mathematical
concepts taught by teachers. Previous research
shows that students tend to find mathematics
difficult and irrelevant to everyday life [6]. Learning
models play a role in facilitating teachers in
organizing classroom learning processes, from
preparing teaching materials, media, and aids, to
utilizing evaluation instruments to ensure learning
objectives are achieved [7]. Contextual Teaching
and Learning (CTL) is one approach that can
increase student motivation and understanding by
connecting material with real-life situations [8].

Research [9] also shows that the implementation
of the CTL model is effective in improving student
learning outcomes in the New Normal era.
However, the integration of CTL with Artificial
Intelligence (AI) technologies, such as GeoGebra, in
the context of mathematics learning is still rarely
studied [10]. GeoGebra is dynamic geometry
software  suitable for visualizing various
mathematical objects because it facilitates the
formation of points, lines, and various types of
curves [11].

The Two-Variable Linear Equation System, commonly
referred to as SPLDV in the Indonesian mathematics
curriculum, is an important algebraic topic at the junior
high school level [12]. This topic introduces students to
mathematical situations involving two unknown
quantities and two related equations. Students are
expected not only to perform elimination and
substitution procedures but also to identify variables,
formulate mathematical models, select an appropriate
solution strategy, and interpret the obtained solution.
Therefore, successful learning of SPLDV requires the
integration of conceptual understanding, procedural
fluency, mathematical representation, and problem-
solving skills [5,13,14].

In practice, many students experience difficulty when
translating contextual problems into mathematical
equations. They may understand the general story
presented in a problem but remain unable to determine
the unknown quantities, define appropriate variables, or
express the relationships among those quantities
symbolically. Students may also memorize elimination
and substitution procedures without understanding why
these procedures produce the solution of the system. This
procedural orientation makes students vulnerable to
errors when the form of the problem changes or when
they are required to explain the meaning of the result.

SPLDV is highly relevant to contextual learning
because it can represent various situations encountered
in everyday life, such as determining the prices of two
products, comparing the number of different objects,
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calculating transportation costs, or analyzing
combinations of quantities. When these situations are
presented meaningfully, students can recognize that
mathematical equations are not merely abstract symbols
but representations of relationships found in real
conditions. Contextual problems can therefore serve as a
bridge between students’ informal understanding and
formal algebraic reasoning [6,8].

The Contextual Teaching and Learning model
emphasizes the relationship between academic content
and students’ real-life experiences. Through contextual
learning, students are encouraged to construct
knowledge, investigate problems, ask questions,
collaborate, observe mathematical models, reflect on
their learning, and complete meaningful assessments. In
mathematics instruction, these activities can help
students understand why a mathematical procedure is
needed and how the resulting answer relates to the
original problem. Previous studies have shown that CTL
can support mathematical problem solving and improve
students’ learning outcomes [6,9].

However, the effectiveness of CTL depends on how
contextual situations are connected to formal
mathematical concepts. Merely including a story problem
does not automatically make learning contextual.
Students need guidance to identify important
information, define variables, formulate equations, solve
the system, and return the solution to its original context.
Without this connection, students may understand the
situation but fail to develop the intended algebraic
knowledge. The teacher therefore plays an important role
in providing scaffolding and directing students from
concrete situations toward symbolic and graphical
representations.

The use of multiple mathematical representations is
especially important in learning SPLDV. A system of
equations may be expressed through verbal descriptions,
algebraic symbols, tables, and graphs. Each
representation provides different information about the
same mathematical relationship. Symbolic forms allow
students to perform algebraic operations, whereas
graphical forms show the intersection of two linear
equations visually. Students who can connect these
representations are more likely to understand that the
solution of an SPLDV is not only an ordered pair obtained
through calculation but also the point satisfying both
equations [13,14].

Nevertheless, drawing graphs manually can create
additional difficulties. Students must determine
coordinate points, select an appropriate scale, plot the
points accurately, and construct straight lines. Errors in
one of these stages may lead to incorrect conclusions
about the solution. The manual process may also require
considerable instructional time, limiting opportunities



Y. A. Afandi

for students to compare equations and explore changes
in their graphical forms. Digital mathematical tools can
reduce these technical barriers and allow students to
focus more on interpretation and conceptual
relationships.

GeoGebra provides dynamic connections among
algebraic, numerical, and graphical representations. In
SPLDV learning, students can enter two equations and
immediately observe the corresponding straight lines
and their intersection point. They can also modify
coefficients or constants and examine how these changes
affect the position and intersection of the lines. These
functions make it possible for students to explore
systems with one solution, no solution, or infinitely many
solutions in a more visual and interactive manner [11,15].

GeoGebra can also function as a verification tool. After
students solve an SPLDV problem using elimination or
substitution, they can compare the calculated ordered
pair with the intersection displayed by the application.
When the two results are inconsistent, students can
review their calculations, reconsider the equations they
formulated, or identify errors in entering the
expressions. This immediate visual response can support
formative learning because students receive information
that helps them evaluate and revise their reasoning.

The integration of GeoGebra into CTL creates
complementary instructional functions. CTL provides
meaningful problems and a learning sequence that
connects mathematics with everyday situations, while
GeoGebra supports visualization, exploration, and
verification. Students may begin by analyzing a
contextual problem, defining variables, and constructing
two equations. They can then use GeoGebra to examine
the graphical relationship between the equations before
interpreting the intersection point according to the
original problem. Through this sequence, technology
supports mathematical reasoning rather than replacing
it.

Technology integration should nevertheless be
accompanied by appropriate teacher guidance. Students’
familiarity with smartphones or computers does not
necessarily mean that they can use mathematical
software effectively. They need clear instructions for
entering equations, reading coordinate values,
interpreting graphs, and relating digital outputs to
algebraic procedures. Teachers must also ask questions
that direct students toward mathematical meaning, such
as why two lines intersect, what the intersection
represents, and how graphical and algebraic solutions
are related.

In this study, the expression “Al-based CTL” is
operationally used to describe a technology-assisted
contextual learning process supported by dynamic digital
computation and visualization through GeoGebra.
GeoGebra itself is primarily dynamic mathematics
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software rather than a conventional generative artificial
intelligence system. Therefore, the technological
contribution examined in this research is specifically
associated with its ability to generate representations,
provide immediate visual responses, and support
students’ exploration of mathematical relationships. This
clarification is necessary to avoid interpreting the role of
AT beyond the actual technological features used during
the intervention.

Project Based Learning, which serves as the
comparison model in this study, is also a student-
centered approach that can promote collaboration,
creativity, responsibility, and active participation.
However, PjBL generally organizes learning around the
completion of a project or product, whereas CTL
emphasizes continuous connections between academic
content and meaningful situations. For a focused
algebraic topic such as SPLDV, CTL supported by
dynamic visualization may provide more direct
opportunities for students to analyze several contextual
problems, formulate equations, compare solution
strategies, and verify their answers within the available
instructional time.

This comparison does not imply that PjBL is generally
less effective than CTL. The effectiveness of a learning
model depends on the objectives, characteristics of the
material, duration of instruction, teacher competence,
student readiness, and form of assessment. PjBL may be
highly appropriate for learning objectives that emphasize
extended investigation and product development. By
contrast, technology-assisted CTL may be particularly
relevant when the objective is to strengthen students’
understanding of relationships between contextual
situations, algebraic equations, and graphical
representations.

Previous studies have separately reported the benefits
of CTL, GeoGebra, digital learning media, and innovative
mathematics learning models [8—11]. However, research
directly comparing a CTL model supported by GeoGebra
with PjBL in junior high school SPLDV learning remains
limited. In addition, several studies discuss educational
technology without clearly explaining how the tool is
integrated into the pedagogical stages. In the present
study, GeoGebra is positioned not merely as a
presentation medium but as a tool for exploring,
visualizing, and verifying the mathematical models
constructed from contextual problems.

The novelty of this study lies in the integration of
contextual SPLDV problems, CTL learning stages, and
dynamic visualization through GeoGebra, followed by a
direct comparison with the PjBL model. The study focuses
on whether this integrated learning process produces
different mathematics learning outcomes among Grade
VIII students. It also provides classroom-based evidence
from SMP Negeri 4 Gadingrejo, where the low proportion
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of students meeting the established learning criteria
indicates a practical need for instructional improvement.

Based on these considerations, an investigation is
required to determine whether students taught using AI-
based CTL supported by GeoGebra obtain significantly
different learning outcomes from students taught using
PjBL. The comparison is expected to provide empirical
information regarding the suitability of technology-
supported contextual learning for SPLDV instruction. It
may also serve as a reference for mathematics teachers
seeking to combine contextual problems, multiple
representations, and digital visualization in order to
improve students’ engagement and mathematical
understanding.

This study aims to provide an alternative to
improve junior high school students' Mathematics
learning outcomes, especially in SPLDV material.
The proposed hypothesis is: "There is a significant
difference between the average learning outcomes
of students who use the Al-based CTL Model and
students who use the Project Based Learning (PjBL)
Model."

The purpose of this study was to analyze the effect of
implementing the Al-based CTL learning model on
junior high school students' learning outcomes in SPLDV
material. Thus, it is hoped that this research can
contribute to the development of more effective and
relevant learning methods.

2. Method

2.1. Research design

This study employed a quantitative method with
a comparative experimental design. The objective
was to analyze the differences in the influence of the
Al-based CTL Learning Model on student learning
outcomes in the SPLDV material compared to the
Project Based Learning (PjBL) model. The design
involved two groups: an experimental class using
the Al-based CTL model (GeoGebra) and a control
class using the PjBL model.

2.2.Research Setting and Participants

The research was conducted at SMP Negeri 4
Gadingrejo, Lampung, during the 2024/2025
academic year. The population consisted of 126
students divided into four classes (VIII A, B, C, and
D).

The participants were selected using -cluster
random sampling. According to [12], this technique
is used when the population consists of groups of
individuals or clusters rather than single individuals.
Based on this, Class VIII C was designated as the
experimental class applying the AlI-based CTL
model, and Class VIII D as the control class using the
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PjBL Model [10, 13, 14].
2.3.Development Procedure

The procedure for executing this research followed
systematic stages:

1. Preparation Stage
The researcher prepared the learning outcome
test instrument in the form of essay questions
designed to measure in-depth understanding
of SPLDV concepts. The instrument was then
tested for validity and reliability before use.

2. Implementation Stage
The experimental class underwent learning
using the Al-based CTL model with the
GeoGebra application, while the control class
used the PjBL model.

3. Evaluation Stage
After the learning process, both classes were
given a post-test to measure student learning
outcomes and analyze the differences.

2.4.Instruments and Data Collection

The instrument used was a learning outcome test
consisting of 5 essay questions. Before the research,
the instrument underwent a trial (try out) to
determine:

1. Validity
The content validity test is conducted using a
validation sheet and test equipment validated
by mathematics teachers and lecturers [15].
Item validity was calculated using the Product
Moment correlation formula.

2. Difficulty Level
Questions that are too easy or too difficult
have poor discriminatory power because they
fail to differentiate student abilities [16—18].
Therefore, a question is considered good if it
has a moderate difficulty index that meets the
criteria [19—21].

3. Reliability
Tested using Cronbach's Alpha formula to
measure the consistency of the test items.

2.5.Data Analysis

The data analysis techniques included:

1. Prerequisite Tests: Normality tests (using Chi-
Square) to check data distribution and
homogeneity tests (using F-test). If F, .. <
Fiabie, it means the data is homogeneous [22].

2. Hypothesis Testing: Using the t-test (both
two-tailed and one-tailed) with a significance
level of 5% to determine the significant
difference in average learning outcomes
between the experimental and control classes.

3. Results and discussion

3.1. Analysis Stage
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The analysis stage involved evaluating the quality
of the research instrument through validity and
reliability testing on 126 students.

a) Validity Test

The content validity was first assessed by
experts. Then, item validity was calculated.
The results showed that all 6 question items
were valid because the calculated t value was
greater than the t,4;,,(0.374).

Table 1
Results of the Validity Test of the Test Instrument
No. Item Price Price Decision
Question T count T table
1 4,915 0,374 Valid
2 4,622 0,374 Valid
3 7,246 0,374 Valid
4 4,245 0,374 Valid
5 10,989 0,374 Valid
6 7,907 0,374 Valid

(Source: Excel 2007 Calculation Results).

b) Reliability Test
The reliability of the instrument was tested
using Cronbach's Alpha. The result showed a
value of 0.83, which is greater than 0.60,
indicating that the instrument is reliable.

Table 2
Results of the Reliability Test of the Test
Instrument

Reference Cronbach Conclusion
Value Alpha
0,60 0,83 RELIABLE

Since a > 0.60, the instrument was declared
reliable.

The validity and reliability results indicate that
the instrument was sufficiently appropriate for
measuring students’ learning outcomes in
SPLDV. The validity test was intended to
determine whether each item measured the
mathematical competencies targeted in the
study. Because the reported test statistics for all
items exceeded the criterion value, the items were
retained for use in the experimental stage. This
finding suggests that the questions were capable
of representing the intended content and
distinguishing students according to their
performance on the measured competencies.

Instrument validity is particularly important
in SPLDV assessment because the topic involves
several interconnected abilities. Students must
understand the problem context, define
variables, formulate equations, apply an
appropriate solution procedure, and interpret the
solution. Therefore, the assessment should not
measure numerical calculation alone. The use of
essay questions allowed students to demonstrate
their reasoning process and provided
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information about how they constructed and
solved the system of equations.

The use of expert judgment before empirical
testing also strengthened the quality of the
instrument. Mathematics teachers and lecturers
could evaluate the correspondence between the
questions, learning indicators, curriculum
content, and cognitive level expected from Grade
VIII students. This process reduced the possibility
that an item would be statistically acceptable but
conceptually inappropriate. Content validation
and empirical validation therefore served
complementary purposes in establishing the
quality of the assessment.

The reliability coefficient of 0.83 indicates a
high level of internal consistency among the
items. This result means that the items generally
measured related aspects of students’ SPLDV
competence. A reliable instrument is essential in
comparative research because inconsistent
measurement can obscure the actual differences
between instructional groups. The obtained
coefficient supports the use of the test for
comparing the learning outcomes of students
taught using Al-based CTL and those taught using
PjBL.

Nevertheless, a high reliability coefficient does
not mean that all items measured exactly the
same skill. SPLDV learning outcomes may include
conceptual understanding, procedural fluency,
mathematical modeling, graphical interpretation,
and problem solving. Variation among the items
is therefore still necessary to represent these
different dimensions. An instrument consisting of
identical or overly similar questions may produce
high consistency but provide a narrow description
of students’ competence.

Because the instrument used essay questions,
scoring consistency should also be considered.
Essay responses may contain different solution
strategies even when students reach the same
answer. A clear scoring rubric is therefore
required to determine how points are awarded for
defining variables, constructing equations,
selecting a method, performing calculations, and
interpreting the result. The use of a detailed
rubric can reduce subjectivity and improve the
consistency of scoring across students.

Future studies may strengthen the assessment
procedure by involving more than one scorer and
examining inter-rater agreement. Independent
scoring by two assessors would provide evidence
that the students’ scores were not strongly
influenced by individual judgment.
Disagreements between scorers could be
discussed using predetermined criteria before the
final scores are established.

It is also important to ensure consistency in
reporting the number of test items. The Method
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section states that the learning-outcome test
consisted of five essay questions, whereas the
validity and difficulty analyses present six items.
This discrepancy should be corrected because it
affects the transparency and reproducibility of
the research. The manuscript should clarify
whether six items were initially tested and five
were selected for the post-test, or whether all six
items were ultimately administered.

Overall, the instrument analysis provided an
adequate basis for proceeding to the comparative
test. The combined evidence from expert
validation, empirical validity, and reliability
testing suggests that the learning-outcome scores
were obtained wusing an instrument with
acceptable measurement quality. However,
clearer reporting of the item-selection process
and scoring procedure would further strengthen
the credibility of the findings.

3.2.Design Stage

In this stage, the design of the test items was
analyzed for their difficulty level. The analysis
showed that question number 1 was categorized as
"Easy," while questions 2, 3, 4, 5, and 6 were
categorized as "Medium". This confirms the
instrument meets the design criteria for moderate
difficulty.

Table 3
Results of Test the Level of Difficulty of Question
NO' Pcount .
Question (Difficulty Ilr)l.tfeffpretatlon of
Item Level) ifficulty Index
1 0,76 Easy
2 0,64 Currently
3 0,58 Currently
4 0,52 Currently
o) 0,59 Currently
6 0,61 Currently

The difficulty-index results show that the test was
dominated by items in the medium category.
Question 1 had a difficulty index of 0.76 and was
categorized as easy, whereas the remaining items
had indices ranging from 0.52 to 0.64 and were
categorized as medium. This distribution indicates
that most questions were neither too easy nor too
difficult for the participating students.

Items with moderate difficulty are generally
useful in comparative studies because they provide
sufficient opportunities for students with different
levels of ability to demonstrate their competence.
Extremely easy items may be answered correctly by
almost all students and therefore provide limited
information for distinguishing between groups.
Conversely, extremely difficult items may produce
uniformly low scores and fail to reveal meaningful
differences in students’ understanding.
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The inclusion of one easy item may also have a
useful instructional and measurement function. An
easier introductory question can help students
become familiar with the format of the assessment
and reduce excessive anxiety at the beginning of the
test. It may also measure whether students possess
the basic prerequisite knowledge needed before
completing more demanding SPLDV problems.

However, the absence of difficult items should be
considered when interpreting the test results. A test
containing only easy and medium questions may
adequately measure basic and intermediate
achievement but may be less effective in identifying
students with advanced reasoning ability. Difficult
questions can provide information about whether
students are able to solve unfamiliar problems,
integrate several representations, or justify complex
mathematical decisions.

Future instruments may therefore include a more
balanced combination of easy, medium, and difficult
items. The difficult items should not be difficult
because of complicated language or excessive
calculations. Instead, their difficulty should arise
from higher cognitive demands, such as constructing
equations from an unfamiliar context, comparing
alternative solution strategies, interpreting graphical
conditions, or explaining why a system has no
solution or infinitely many solutions.

The difficulty index should also be interpreted
together with item validity and discriminatory
power. An item may have moderate difficulty but still
be ineffective when it cannot distinguish between
students with high and low competence. Conversely,
an item may appear difficult because its instructions
are unclear rather than because it measures
advanced mathematical reasoning. Examining these
indicators together provides a more comprehensive
evaluation of item quality.

For essay questions, the difficulty index may also
be influenced by partial-credit scoring. Students who
construct the equations correctly but make an
arithmetic error may still receive part of the
maximum score. This characteristic is beneficial
because it distinguishes conceptual errors from
procedural errors. The manuscript should therefore
explain whether the difficulty indices were calculated
using total item scores or dichotomous correct—
incorrect classifications.

The predominance of medium-difficulty items
suggests that the instrument was generally
appropriate for the Grade VIII participants. It
reduced the likelihood of severe floor or ceiling
effects and provided a reasonable basis for
comparing the two instructional groups.
Nevertheless, adding one or two higher-order items
in future research would enable a more detailed
evaluation of students’ advanced SPLDV reasoning.

3.3.Development Stage
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The development stage in this context refers to
establishing the statistical model's validity through
prerequisite testing.

a) Normality Test

Experimental Class: X2,unt(6.93) <
XZ2,,..(7.815), meaning the data is normally
distributed.
Table 4
Experimental Class Normality Test
X2 count X2table
6,93 7,815
Control  Class: X2 ,,:(6.80) < X2,,,.(7.815),

meaning the data is normally distributed.

Table 5
Control Class Normality Test
X2count X2table
6,80 7,815

¢) Homogeneity Test
The homogeneity was tested by comparing
variances. The result showed F_,,,,; (0.567) <
Fiapie(1.840), indicating that the data from
both samples were homogeneous [22].

The normality-test results show that the
calculated Chi-Square values for the experimental
and control classes were below the critical value of
7.815. The experimental class obtained a value of
6.93, while the control class obtained a value of 6.80.
Based on the criteria used in the study, the learning-
outcome data from both groups were therefore
considered normally distributed.

The fulfillment of the normality assumption
supports the use of a parametric t-test. Parametric
testing assumes that the distributions of the
analyzed scores do not deviate substantially from
normality. When this assumption is reasonably
satisfied, the comparison of group means can be
conducted using procedures that provide efficient
statistical estimates.

The relatively similar Chi-Square values obtained
by the two classes also indicate that neither group
showed a markedly different distributional pattern
according to the selected test. This result is relevant
because severe skewness or extreme concentration
of scores in one group could affect the interpretation
of the difference between the means.

Nevertheless, normality should not be
interpreted as evidence that the two classes had
equivalent ability before the intervention. A normal
distribution only describes the shape of the score
distribution. It does not demonstrate that the groups
had equal initial achievement, similar prior
knowledge, or identical learning characteristics.

A graphical examination, such as a histogram or
normal probability plot, could complement the Chi-
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Square test. Statistical tests of normality may be
affected by sample size, whereas graphical inspection
can reveal skewness, outliers, and unusual score
patterns. Reporting both statistical and graphical
evidence would provide a more complete description
of the data distribution.

The presence of outliers should also be examined
because a small number of extremely high or low
scores may influence the group mean and t-test
result. The manuscript does not currently report
whether outliers were detected or how they were
handled. Future studies should describe the criteria
used to identify unusual observations and explain
whether all scores were retained in the analysis.

Table 6
Homogeneity Test Results
Fcount Ftable
0,567 1,840
The homogeneity test was conducted to

determine whether the variability of learning-
outcome scores was comparable between the
experimental and control classes. The result was
interpreted as indicating homogeneous variance
because the calculated F value was below the critical
F value. This finding fulfilled another prerequisite
for the independent-samples t-test used in the study.

Homogeneity of variance means that the spread
of scores in the two groups was sufficiently similar
for the selected statistical comparison. This
assumption is relevant because a substantial
difference in variance may affect the standard error
used to evaluate the difference between group
means. The homogeneous result therefore supports
the technical appropriateness of the hypothesis-
testing procedure.

However, the exact calculated F value and critical
F value must be presented in Table 6. Without these
values, readers cannot independently verify the
conclusion that the variances were homogeneous.
The table should also report the degrees of freedom
and the significance level used in determining the
critical value.

Homogeneous variance should not be interpreted
as proof that the groups were equivalent before
instruction. Two groups can have similar score
variability while having different initial means.
Because the study appears to rely primarily on post-
test scores, the absence of reported pretest data
limits the ability to determine whether the classes
had comparable SPLDV competence before the
intervention.

Cluster random sampling reduces selection
subjectivity by selecting intact classes rather than
individual students. Nevertheless, assigning intact
classes does not always guarantee complete
equivalence between groups. The classes may differ
in prior achievement, classroom interaction,
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motivation, or familiarity with digital applications.
These possible differences should be acknowledged
when interpreting the post-test comparison.

Future research can address this issue by
administering a pretest and analyzing either gain
scores or post-test scores adjusted for initial
achievement. A pretest—post-test control-group
design would provide stronger evidence that
differences observed after instruction were
associated with the learning intervention rather
than with pre-existing differences between the
classes.

3.4.Implementation Stage

This stage presents the results of the actual
implementation of the learning models, measured
through hypothesis testing.

a) Two-tailed t-test

The test determined if there was a difference
between the two models. The result was
Teount (5:13) < Trup1e(2.00), meaning H, was
rejected. This confirms a significant
difference in learning outcomes between the
Al-based CTL model and the PjBL model.
b) One-tailed t-test

This test determined which model was better.
The result T,y n: (5.13) < Tigpie (2.00) showed
that the average learning outcomes of the AI-
based CTL class were significantly higher
than the PjBL class.

The reported value of T,y (5.13), which exceeded
Tiapie(2.00), indicates that the difference between the
average learning outcomes of the two classes was
statistically significant at the criterion used in the study.
Accordingly, the null hypothesis stating that there was no
difference between the two group means was rejected.

The two-tailed test establishes that the two
instructional conditions produced different average
outcomes, but it does not by itself identify which group
obtained the higher mean. The direction of the difference
must be determined by examining the descriptive
statistics and the subsequent directional test. Therefore,
the means, standard deviations, and number of
participants in both classes should be displayed in a
separate table.

Reporting descriptive statistics is important because
statistical significance depends partly on sample size and
score variability. Readers need to know how large the
observed difference was in the original scoring units. For
example, a statistically significant result may represent
either a substantial improvement or a relatively small
difference detected with sufficiently stable data.

The manuscript should also report the degrees of
freedom and exact probability value associated with the t
statistic. Reporting only the comparison between tcoun: and
tiaple provides a basic decision but does not fully meet
contemporary statistical-reporting practices. An exact p
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value allows readers to evaluate the strength of the
evidence against the null hypothesis.

A confidence interval for the difference between means
would further improve the interpretation. The interval
would indicate the range of plausible values for the average
advantage associated with the Al-based CTL condition. A
narrow confidence interval would suggest a more precise
estimate, whereas a wide interval would indicate greater
uncertainty.

In addition to statistical significance, an effect-size
measure should be calculated. Cohen’s d, Hedges’ g, or
another appropriate standardized measure would show
the magnitude of the difference relative to score variability.
Effect size is essential for determining whether the
difference is educationally meaningful rather than merely
statistically detectable.

These additional statistics would make the conclusion
more informative. Instead of stating only that one model
was more effective, the study could explain how large the
difference was, how precise the estimate was, and whether
the magnitude was small, moderate, or large. Such
reporting would facilitate comparison with other studies
examining CTL, GeoGebra, PjBL, or mathematics learning
outcomes.

The one-tailed test provided evidence that the direction
of the observed difference favored the Al-based CTL class.
Students taught through contextual learning supported by
GeoGebra obtained a higher average learning outcome
than those taught through PjBL under the conditions of
this study. This result supports the directional research
hypothesis.

A one-tailed test is appropriate when the directional
hypothesis has been established before the data are
analyzed and when a result in the opposite direction would
not support the theoretical expectation. The manuscript
should clarify that the hypothesis predicting higher
achievement in the Al-based CTL class was formulated
before the statistical analysis. This clarification is needed
because selecting a one-tailed test after observing the
group means can increase the risk of a biased conclusion.

The higher learning outcomes in the experimental class
may be associated with the alignment between CTL
activities and the characteristics of SPLDV. The topic
requires students to connect verbal situations with
algebraic equations and interpret the resulting solution.
Contextual problems provide a meaningful starting point
for this process by presenting unknown quantities and
mathematical relationships through situations familiar to
students [6,8].

Within the CTL process, students may have been
encouraged to identify relevant information, determine
variables, formulate equations, and discuss possible
solution strategies. These activities require active
processing of mathematical information rather than
passive reception of a completed procedure. Active
engagement may strengthen students’ understanding of
how SPLDV models are constructed and why particular
solution methods are used.

GeoGebra may have strengthened this process by
presenting algebraic and graphical representations
dynamically [11,23]. Students could observe that each
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linear equation corresponds to a straight line and that the
solution of the system is represented by the intersection
point. This visualization provides conceptual meaning for
the ordered pair obtained through elimination or
substitution.

The opportunity to compare algebraic calculations
with graphical results may also have functioned as
formative feedback. When the calculated answer did not
correspond to the displayed intersection, students could
review the equations, examine their arithmetic
operations, or reconsider their interpretation. This
immediate response may have reduced the persistence of
errors during the learning process.

However, the difference cannot be attributed to
GeoGebra alone. The intervention combined the CTL
model, contextual problems, teacher guidance, classroom
interaction, and digital visualization. The observed
learning outcomes should therefore be interpreted as the
result of an integrated instructional process rather than
the isolated effect of one application.

Similarly, the result should not be interpreted as
evidence that PjBL is generally ineffective. PjBL is
designed to support investigation, collaboration,
responsibility, creativity, and the production of
meaningful projects. Its effectiveness may be more
apparent when learning outcomes include project quality,
teamwork, communication, or long-term problem solving
rather than achievement on a focused SPLDV test.

The comparative advantage of Al-based CTL in this
study may reflect the close alignment between the
intervention and the assessed competencies. The post-test
measured students’ ability to solve SPLDV essay
questions. CTL supported by GeoGebra provided direct
and repeated engagement with contextual SPLDV
problems, equation construction, and solution
verification. PjBL. may have allocated more classroom
time to project organization and product completion.

This interpretation emphasizes the importance of
alignment among learning objectives, instructional
activities, and assessment. A learning model is more likely
to produce high test performance when the activities
provide sustained practice in the competencies evaluated
by the test. Therefore, the results should be discussed
within the specific context of SPLDV learning outcomes
rather than used to establish a universal ranking of the
two models.

3.5.Evaluation Stage

The results showed that the Al-based CTL Learning
Model is more effective than the PjBL Model. CTL
encourages the brain to create patterns that embody
meaning and connects academic content to the context of
students' daily lives. This is supported by the use of
GeoGebra, a mathematics application capable of
presenting mathematical content such as geometry,
algebra, statistics, and calculus applications [23].

Research conducted by [24] also shows that using the
CTL model can help students improve their learning
outcomes. The novelty of this research is that the AI-
based CTL model can improve student learning
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outcomes, make students enthusiastic, actively answer
questions, be responsible for completing assignments,
and be able to understand SPLDV material through
examples, contextual illustrations, and various learning
resources [10, 18—21, 25—27].

The findings are consistent with previous studies
indicating that CTL can support mathematics learning
outcomes and problem-solving ability [6,9,24].
Contextual learning provides students with opportunities
to connect formal mathematical content with situations
that possess recognizable meaning. This connection may
reduce the perception that mathematics consists only of
abstract rules and encourage students to understand the
purpose of the procedures they perform.

In SPLDV learning, contextualization has a
particularly important function because students must
formulate equations from relationships between
quantities. A problem involving product prices, ticket
combinations, age relationships, or the number of two
types of objects can be represented as two linear
equations. When students understand the situation, the
equations are more likely to be perceived as meaningful
representations rather than arbitrary collections of
symbols.

The experimental learning process may also have
supported mathematical modeling. Modeling begins
when students identify the important quantities in a
problem, define the unknown values, and formulate
relationships in mathematical language. After solving the
equations, students must interpret the ordered pair
within the original situation. These stages require
students to move repeatedly between contextual and
mathematical representations.

The ability to move between representations is a
fundamental component of mathematical understanding
[13,14]. Students who rely exclusively on symbolic
manipulation may obtain an answer but remain unable to
explain its graphical or contextual meaning. Conversely,
students who understand the situation informally may
still experience difficulty expressing it through equations.
The integration of CTL and GeoGebra may help connect
verbal, symbolic, numerical, and graphical forms.

GeoGebra makes the relationship between the two
equations visible. Each equation is represented as a line,
and the common solution is displayed as the intersection
of the two lines. This representation can help students
understand why an ordered pair must satisfy both
equations simultaneously. It also illustrates that the
solution is a relationship shared by the two mathematical
conditions rather than an isolated result produced by a
formula.

Dynamic visualization may be especially useful when
discussing different types of systems. Students can
modify the coefficients and observe whether the lines
intersect, remain parallel, or coincide. These visual
patterns correspond to systems with one solution, no
solution, or infinitely many solutions. Exploring these
cases can deepen conceptual understanding beyond the
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routine application of elimination and substitution.

The use of GeoGebra may also reduce the technical
burden associated with manual graph construction.
Drawing graphs manually requires students to calculate
coordinate points, select a scale, plot the points, and draw
lines accurately. Errors in these steps can obscure the
mathematical relationship being studied. Digital
graphing allows students to focus more directly on
interpreting how changes in equations affect the
resulting lines.

Nevertheless, manual and digital methods should not
be treated as mutually exclusive. Manual graphing can
help students understand how coordinate pairs are
generated and how a linear equation is represented
geometrically. GeoGebra can then extend this
understanding by allowing faster comparison and
exploration. A balanced learning sequence may begin
with manual construction and continue with dynamic
digital investigation.

The reported improvement may also be related to
increased opportunities for feedback. In conventional
exercises, students may complete several calculations
before learning that the original equations were
formulated incorrectly. GeoGebra provides an
immediate graphical response to the equations entered.
Unexpected graphs or intersection points can signal that
a mistake has occurred and prompt students to
reconsider their work.

However, immediate feedback is educationally
valuable only when students are encouraged to analyze it.
Students may otherwise respond by repeatedly changing
values until the expected graph appears without
understanding the reason. Teacher questioning remains
necessary to direct students toward interpretation.
Questions such as “What does this intersection
represent?”, “Why are these lines parallel?”, and “Which
part of the equation caused the graph to change?” can
transform visual output into mathematical reasoning.

The teacher’s role is therefore central to the
effectiveness of the intervention. Technology does not
independently generate meaningful learning. Teachers
must select appropriate contextual problems, organize
the learning sequence, facilitate discussion, monitor the
use of the software, and help students connect the digital
output with formal mathematical concepts.

CTL also encourages students to become active
participants in constructing knowledge. Instead of
receiving every equation and procedure directly, students
may investigate the given situation, propose
mathematical relationships, compare strategies, and
explain their reasoning. These activities can reveal
misconceptions that might remain hidden in a lecture-
centered classroom.

Questioning is an important CTL component because
it stimulates explanation and provides diagnostic
information. Students who are asked why they selected a
particular variable or why they used elimination rather
than substitution must articulate their understanding.
Their responses help teachers determine whether the
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solution reflects genuine reasoning or memorized steps.

Learning communities may also contribute to
improved outcomes. Discussion with classmates exposes
students to alternative representations and solution
methods. One student may solve a system using
substitution, while another may use elimination or a
graph. Comparing these strategies can help students
recognize that different methods represent the same
underlying mathematical relationship.

Collaborative discussion should nevertheless be
structured carefully. In group activities, students with
stronger prior knowledge may dominate the process
while other members copy the solution. Teachers should
assign clear responsibilities and require each student to
explain part of the reasoning. Individual assessment
remains important for determining whether every
student has developed the intended competence.

Reflection is another mechanism that may distinguish
meaningful CTL from routine contextual exercises. At the
end of the activity, students can summarize the
relationship among the problem context, equations,
solution procedure, graph, and interpreted answer.
Reflection encourages them to organize the knowledge
gained during exploration and connect it with previously
learned concepts.

The observed results can also be interpreted through
the distinction between conceptual understanding and
procedural fluency. Procedural fluency enables students
to perform elimination and substitution accurately.
Conceptual understanding enables them to explain why
the procedures preserve the solution and how the
resulting ordered pair relates to both equations. Effective
SPLDV learning requires both dimensions.

GeoGebra-assisted CTL may support procedural
learning by allowing students to check their calculations
and conceptual learning by visualizing the graphical
meaning of the solution. When these functions are
integrated effectively, students are less likely to regard
algebraic procedures as disconnected rules. This
integration may explain why the experimental class
achieved higher post-test outcomes.

The findings may also be related to student motivation.
Mathematics is often perceived as difficult when students
cannot identify its relevance or visualize its abstract
relationships. Contextual examples can demonstrate the
usefulness of SPLDV, while digital visualization may
make the learning process more interactive. Together,
these features may increase students’ willingness to
participate and persist in completing problems.

However, motivation was not measured using a
validated instrument in this study. Statements that
students became more enthusiastic, active, or responsible
should therefore be presented as classroom observations
rather than as statistically established outcomes. Future
research should use a motivation questionnaire,
observation rubric, or interview protocol when drawing
conclusions about affective changes.

Similarly, increased conceptual understanding should
be supported by appropriate evidence. The post-test
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scores demonstrate differences in mathematics learning
outcomes, but they may not reveal which specific
concepts improved. An item-by-item analysis could
identify whether the experimental class performed
particularly well in mathematical modeling, elimination,
substitution, graphical interpretation, or contextual
interpretation.

Analyzing students’ written solutions would provide
additional insight. Researchers could categorize common
errors, such as defining variables incorrectly,
constructing only one equation, applying an invalid
operation, making arithmetic errors, or failing to
interpret the final answer. A comparison of error patterns
between the classes would help explain how the
instructional models influenced learning.

Qualitative data could also strengthen the discussion.
Interviews with selected students could explore how they
experienced contextual problems, which GeoGebra
features were helpful, and what difficulties remained.
Classroom observations could document how students
interacted with the software, discussed solutions, and
responded to teacher questions. These data would
explain the learning process behind the numerical
difference.

The study’s comparison with PjBL should also
consider implementation fidelity. The effectiveness of
each learning model depends on whether its defining
stages were applied consistently. CTL should include
meaningful contextual connections, inquiry,
questioning, modeling, reflection, and authentic
assessment. PjBL should involve a driving problem,
planning, investigation, product development,
monitoring, and evaluation.

The manuscript currently provides limited
information about the duration and detailed activities of
each condition. Readers need to know how many
meetings were conducted, how much instructional time
each group received, which teacher delivered the lessons,
and how the implementation of the models was
monitored. Without this information, it is difficult to
determine whether the differences arose from the models
themselves or from variations in teaching intensity.

Teacher effects should also be considered. When
different teachers teach the two classes, differences in
experience, explanation, classroom management, and
familiarity with technology may influence student
outcomes. When the same teacher teaches both classes,
there remains a possibility of differential enthusiasm or
greater preparation for the experimental condition.
Future studies should describe and control these factors.

The post-test-only comparison represents another
limitation. Although cluster random sampling was used,
intact classes may differ before instruction. A pretest
would provide empirical evidence of their initial
equivalence. It would also allow the researchers to
calculate learning gains and determine whether students
with different initial abilities benefited similarly from the
intervention.

A delayed post-test would be useful for examining

27

Hipotenusa Journal of Research Mathematics Education (2026) 17-31

retention. Digital and contextual activities may produce
strong immediate performance because the learning
experience is recent and engaging. However, the long-
term value of the model depends on whether students
retain their understanding and can apply it to new
problems after several weeks.

Transfer should also be investigated. Students may
learn to solve problems similar to those presented during
instruction without being able to apply SPLDV to
unfamiliar contexts. Future assessments should include
near-transfer and far-transfer problems. Near-transfer
items may change numerical values or surface features,
while far-transfer items may present the same algebraic
structure through substantially different situations.

The terminology “Al-based CTL” requires careful
interpretation. GeoGebra is primarily dynamic
mathematics software that generates algebraic and
graphical representations based on user input. Unless
additional adaptive, predictive, or machine-learning
features were used, the intervention may be more
accurately described as technology-assisted or GeoGebra-
assisted CTL. The manuscript should clearly explain
which specific characteristics justify the AI designation.

This clarification does not reduce the instructional
value of the intervention. Dynamic computation and
visualization can provide powerful support for
mathematical exploration even when they do not
constitute artificial intelligence in a strict technical sense.
Precise terminology strengthens the scientific
contribution by ensuring that readers understand exactly
what technology was implemented.

The study also has practical implications for
mathematics teachers. GeoGebra-assisted contextual
learning can be used when introducing SPLDV,
comparing solution methods, discussing graphical
interpretations, or verifying students’ calculations. The
application may be projected by the teacher, used in a
computer laboratory, or operated by students through
available devices.

Implementation should consider technological access
and digital competence. Students may have different
levels of familiarity with GeoGebra, and not all schools
have equal access to computers, smartphones, or stable
internet connections. Teachers should provide an
introductory tutorial and prepare alternative activities
when technical problems occur.

Lesson design should prevent technology from
replacing essential mathematical reasoning. Students
should formulate equations before entering them into
GeoGebra, predict the form of the graph before viewing it,
and explain the meaning of the intersection after it is
displayed. These requirements ensure that the software
supports rather than bypasses reasoning.

Teachers can also integrate written work with digital
exploration. Students may first solve the system
manually, verify it graphically, and then write a reflection
comparing the methods. This combination provides
evidence  of  procedural fluency, conceptual
understanding, and representational competence.
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From a curriculum perspective, the findings support
the use of contextual and technology-supported tasks in
algebra instruction. Mathematical literacy requires
students to formulate, employ, and interpret
mathematics in different situations. SPLDV provides an
appropriate context for developing these processes
because students must move from real problems to
equations and return from mathematical solutions to
contextual conclusions.

The findings are consistent with research showing
positive effects of CTL on mathematics learning [6,9,24]
and with studies emphasizing the role of digital and
visual representations [11,13,14,23]. The present study
extends this literature by directly comparing GeoGebra-
supported CTL with PjBL in SPLDV instruction at the
junior high school level.

The contribution of the study lies not merely in
demonstrating a statistical difference but in illustrating a
possible instructional alignment. Contextual problems
provide meaning, CTL organizes student-centered
activities, and GeoGebra connects symbolic and
graphical representations. The post-test then evaluates
students’ ability to apply the resulting SPLDV knowledge.

Nevertheless, the findings should be generalized
cautiously. The study was conducted at one school and
focused on one Grade VIII topic. Student characteristics,
teacher competence, technological facilities, and school
culture may differ in other settings. Replication is
necessary before concluding that similar results will
occur across schools or mathematical topics.

The sample also consisted of intact classes rather than
individually randomized students. This design is
practical in school research but may allow pre-existing
class differences to influence the results. The absence of
reported pretest scores further limits causal
interpretation.

The study measured learning outcomes primarily
through an essay test administered after instruction. It
did not measure motivation, anxiety, digital competence,
collaboration, or long-term retention. Therefore, claims
about these variables should be treated as preliminary
observations unless supported by additional evidence.

Despite these limitations, the statistical results
provide initial evidence that Al-based CTL supported by
GeoGebra was associated with higher SPLDV learning
outcomes than PjBL in the participating classes. The
normality and homogeneity results supported the use of
the t-test, while the reported teoun: Of 5.13 exceeded the
critical value of 2.00.

Future research should employ a pretest—post-test
design, report complete descriptive statistics, calculate
effect sizes and confidence intervals, and include larger
samples from multiple schools. Researchers should also
examine implementation fidelity, student error patterns,
learning motivation, and retention. Mixed-method
approaches combining test scores, observation,
interviews, and digital interaction records would provide
a more comprehensive explanation of the intervention’s
effects.
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Further studies may also compare GeoGebra-assisted
CTL with conventional instruction, problem-based
learning, discovery learning, or CTL without digital
support. Such comparisons would help distinguish the
contribution of contextual pedagogy from the
contribution of dynamic visualization. A factorial design
could examine whether CTL and GeoGebra produce
independent or interactive effects.

In summary, the higher learning outcomes observed in
the experimental class can plausibly be explained by the
integration of meaningful contexts, active mathematical
modeling, multiple representations, dynamic
visualization, feedback, and teacher-guided reflection.
These mechanisms provide a coherent pedagogical
explanation for the statistical difference. However,
stronger experimental controls and more complete
statistical reporting are needed before broad causal
conclusions can be established.

4. Conclusion

This study concluded that the first hypothesis was
accepted, there was a significant difference in
mathematics learning outcomes between students using
Al-based CTL and PjBL (tcount 5.13 > twble 2.00). The
second hypothesis was also proven, the average learning
outcomes of students with Al-based CTL were higher so it
was stated to be more effective. Through GeoGebra,
students more easily understand concepts, are skilled at
solving problems, and are more motivated and active.
However, the study was limited to one school, one class,
and one material (SPLDV) so it cannot be generalized. For
future research, it is recommended to expand the
subjects, materials, and add other variables for more
comprehensive results.

The findings provide empirical evidence that the
integration of Contextual Teaching and Learning
with GeoGebra-assisted mathematical visualization
offers a promising instructional approach for
teaching the Two-Variable Linear Equation System.
Under the conditions of this study, students who
participated in the AI-based CTL class obtained
better mathematics learning outcomes than
students who participated in the PjBL class. The
statistical decision was supported by the calculated
t-value of 5.13, which exceeded the critical value of
2.00. This result indicates that the difference
between the two groups was unlikely to have
occurred solely by chance according to the
significance criterion applied in the study.

The higher learning outcomes obtained by the
experimental class may be associated with the
correspondence between the CTL model and the
characteristics of SPLDV material. SPLDV requires
students to identify unknown quantities, formulate
relationships  between  variables, construct
mathematical equations, perform  algebraic
procedures, and interpret the resulting solution.
Contextual learning can support this process by
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presenting mathematical relationships through
situations that students can recognize and
understand. As a result, equations are not
introduced merely as abstract symbolic expressions
but as mathematical representations of meaningful
relationships.

The use of GeoGebra further strengthened this
contextual learning process by providing dynamic
connections among algebraic, numerical, and
graphical representations. Students could observe
that each linear equation was represented by a
straight line and that the solution of the system
corresponded to the intersection of the two lines.
This visualization may have helped students
connect the ordered pair obtained through
elimination or substitution with its graphical
meaning. It also provided an opportunity to verify
calculations and identify inconsistencies between
symbolic and graphical solutions.

The contribution of GeoGebra should
nevertheless be understood as part of an integrated
learning process. The improvement observed in the
experimental class cannot be attributed exclusively
to the application because the intervention also
included contextual problems, teacher guidance,
student discussion, mathematical modeling,
questioning, and reflection. The instructional value
of the technology emerged from how it was
incorporated into the CTL stages. Therefore, the
results support the combination of contextual
pedagogy and dynamic mathematical visualization
rather than the use of digital technology without an
appropriate instructional framework.

The findings also emphasize the importance of
multiple mathematical representations in algebra
learning. Students need to understand SPLDV
through  contextual descriptions, symbolic
equations, numerical values, and graphs. The ability
to move among these representations can help
students develop more flexible mathematical
understanding. Students who understand only an
algebraic procedure may be able to obtain a
numerical answer but may not fully understand why
the procedure works or what the answer means. The
integrated learning model used in this study
provided opportunities for students to connect
these different forms of representation.

From a practical perspective, the Al-based CTL
model can be considered an alternative for teachers
who aim to improve the quality of SPLDV
instruction. Teachers can begin the lesson with
situations involving prices, quantities,
transportation costs, or other relationships between
two unknown values. Students can then identify the
relevant information, define variables, formulate
equations, and solve the system. GeoGebra can
subsequently be used to visualize and verify the
solution before students interpret it according to the
original context. This sequence maintains the
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central role of mathematical reasoning while
benefiting from digital visualization.

The findings do not imply that PjBL is generally
ineffective or inferior in all mathematics-learning
contexts. PjBL has important strengths in
developing collaboration, creativity, project
management, responsibility, communication, and
the production of meaningful learning products.
However, its effectiveness may depend on the
instructional objectives, characteristics of the
material, duration of learning, design of the project,
and type of assessment. In the present study, the
assessed outcome focused specifically on students’
achievement in solving SPLDV essay questions. The
advantage of AI-based CTL may therefore reflect its
closer alignment with the contextual modeling,
algebraic procedures, and graphical interpretation
required by the assessment.

The study also demonstrates the importance of
using an appropriate measurement instrument
when comparing learning models. The instrument
analysis indicated that the test items met the
reported validity criteria and obtained a reliability
coefficient of 0.83. The predominance of questions
with moderate difficulty provided students with
reasonable opportunities to demonstrate differences
in their SPLDV competence. These characteristics
support the use of the instrument for assessing
learning outcomes, although future studies should
clarify the inconsistency between the reported five
essay questions and the six items presented in the
validity and difficulty analyses.

The fulfillment of the normality and homogeneity
assumptions also supported the use of the
parametric statistical procedure. Nevertheless, the
statistical evidence presented in this study should be
strengthened by more complete reporting. Future
studies should include the mean, standard
deviation, sample size, degree of freedom, exact
probability value, confidence interval, and effect
size. These statistics would enable readers to
evaluate not only whether the difference was
statistically significant but also whether it was
educationally substantial.

The conclusion regarding effectiveness should
also be interpreted within the boundaries of the
research design. The study compared intact classes
selected through cluster random sampling, but it did
not report pretest results demonstrating that the
experimental and control groups had equivalent
SPLDV abilities before instruction. Consequently,
the Thigher post-test performance of the
experimental class may be associated with the
intervention, but pre-existing differences between
classes cannot be ruled out completely. A pretest—
post-test control-group design would provide
stronger evidence regarding changes attributable to
the learning model.

Another limitation concerns the scope of the
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participants and research setting. The study was
conducted at SMP Negeri 4 Gadingrejo with Grade
VIII students and focused only on SPLDV material.
The participating students shared a particular
school environment, curriculum implementation,
level of technological access, and learning culture.
Therefore, the results should not be generalized
automatically to students from different schools,
regions, grade levels, or mathematical topics.
Replication in more diverse educational settings is
needed to evaluate the consistency of the findings.
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