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Introduction

Mathematics at the elementary school level is not only focused on mastering concepts, facts, and procedural
skills, but also on developing positive dispositions, one of which is mathematical self-confidence. Mathematical
self-confidence refers to students’ belief in their own ability to understand concepts, solve problems, provide
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answers, propose strategies, and cope with difficulties while learning mathematics (Siregar, 2021). This affective
aspect is important because learning success is determined not only by cognitive abilities but also by how students
perceive their own abilities and respond to mathematical demands. Students with high mathematical self-efficacy
tend to be more willing to try, express ideas, stick to strategies, and evaluate their mistakes. Conversely, low self-
efficacy can lead to doubt, avoidance of challenges, dependence on teachers or peers, and low engagement in
mathematical activities. A longitudinal study of 2,789 elementary school students revealed a reciprocal
relationship between mathematical self-efficacy, math anxiety, interest, and math achievement, while
experiences of success were associated with improvements in learning outcomes (Caviola et al., 2022; Putra et
al., 2025). A study of 219,826 responses from students aged 616 also found a positive correlation between self-
confidence and success in answering math questions, with variations based on age, gender, and socioeconomic
status (Foster et al., 2022; Rafiki et al., 2025). Therefore, mathematical self-confidence needs to be systematically
developed starting in elementary school.

This issue becomes even more complex when mathematics instruction is still dominated by the presentation
of procedures, routine exercises, direct examples, and the transfer of knowledge from teacher to student. This
approach can lead to mathematics being perceived as abstract, difficult, and prone to errors especially when
instruction emphasizes correct answers over the thinking process, the exploration of strategies, and the courage
to try. Conversely, learning experiences that provide opportunities for gradual success, discussion, receiving
feedback, and solving problems relevant to students’ lives can support the development of self-efficacy. (Du et
al., 2021) demonstrated a correlation between mathematics self-efficacy, math anxiety, and math achievement,
whereas Rozgonjuk et al. (2020) found a strong negative relationship between math anxiety and mathematics
self-efficacy. In the Indonesian context, Ningrum (2023) demonstrated that Realistic Mathematics Education
(RME) is associated with improved mathematical understanding and increased self-confidence among
elementary school students. These findings suggest that meaningful context-based learning has the potential to
provide positive academic experiences while supporting affective development.

One relevant approach is Realistic Mathematics Education (RME), which in the Indonesian context is known
as the Realistic Mathematics Approach (PMR). RME uses meaningful situations closely tied to students’
experiences as the starting point for learning through mathematization, exploration, representation, discussion,
argumentation, and reflection. Thus, mathematics is understood as knowledge that can be used to solve real-life
problems, not merely a collection of formulas and procedures. An analysis of RME publications in elementary
schools from 2013 to 2022 identified 265 articles in accredited journals and Scopus-indexed journals, indicating
a high level of academic interest in this approach (Karimah et al., 2024; Kurnaedi et al., 2024) A bibliometric
study covering the period 1990-2024 also shows an increase in RME research since 2015 and identifies Indonesia
as one of the centers of RME research productivity in elementary schools (Fajri et al., 2025) Empirically, RME
is associated with student learning outcomes, motivation, understanding, problem-solving, and self-confidence
(Sancu, 2023; Sucahyo et al., 2021).

Nevertheless, much of the research on RME still focuses on learning outcomes, conceptual understanding,
reasoning, problem-solving, numeracy, or self-efficacy. Siregar & Prabawanto, (2021) demonstrated that RME
can enhance self-efficacy through a quasi-experimental design, though the study participants were middle school
students. Basuki & Wijaya (2018) also found RME to be effective in enhancing self-efficacy in a high school
context. At the elementary school level, (Sucahyo et al., 2021) tested RME on mathematical understanding and
self-confidence but did not integrate it with the GASING Method. On the other hand, GASING (Easy, Fun,
and Enjoyable) has begun to emerge as an alternative approach to mathematics learning that is concrete,
systematic, step-by-step, and enjoyable. Adam et al., (2026) tested a dice-game-based GASING approach to
improve elementary school students’ multiplication skills, while Kambu et al., 2026) examined the effectiveness
of GASING on elementary school students’ numeracy skills. A systematic review by (Wenno et al., 2026).
Shows that GASING emphasizes concrete, structured, visual, and enjoyable learning. However, research on
GASING still primarily focuses on measuring arithmetic skills, numeracy, conceptual understanding, and
learning outcomes, while mathematical self-confidence has not yet become a primary affective outcome.

The state-of-the-art of this research lies in the integration of GASING and PMR as two complementary
learning approaches. GASING provides concrete, step-by-step, accessible, engaging, and enjoyable learning
experiences, whereas PMR presents real-life contexts as the foundation for concept construction. The integration
of both allows students to experience success, try various strategies, engage in discussions, communicate their
thoughts, and reflect on the learning process. This approach aligns with the research by (Wisata et al., 2025),
which integrated RME with computational thinking and demonstrated improvements in problem-solving and
the role of self-efficacy, as well as the research by (Yuanita et al., 2025), which combined cultural contexts with
RME to develop problem-solving skills and self-efficacy. Thus, the novelty of this study lies in the pedagogical
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integration of GASING PMR with a specific focus on elementary school students’ mathematical self-confidence
through a quasi-experimental design.

Based on these empirical and research gaps, this study aims to analyze the effectiveness of the GASING
Method based on the Realistic Mathematics Education (RME) approach on elementary school students’
mathematical self-confidence. The study compares changes in mathematical self-confidence between a group
that received GASING based on the Realistic Mathematics Approach and a control group that received
GASING based on the contextual approach. This study is expected to expand the study of mathematics learning
through empirical evidence regarding the integration of concrete experiences, realistic contexts, mathematical
activities, and experiences of success in the development of students’ affective aspects. Academically, the
research findings can enrich the study of mathematics instruction that integrates cognitive and affective
dimensions, while practically, they can serve as a guide for teachers in designing instruction that is concrete,
contextual, systematic, enjoyable, and supportive of students’ mathematical self-confidence.

Method

This study employed a quantitative approach using a quasi-experimental method to analyze the effectiveness of
the GASING Method, based on the Realistic Mathematics Education (RME) approach, on the mathematical
self-confidence of elementary school students. The design used was a Nonequivalent Control Group Design
with a pretest—posttest pattern. This design was chosen because the research participants came from pre-existing
classes, making full individual randomization impossible. Through this design, changes in mathematical self-
confidence can be compared between the experimental and control groups while still accounting for students’
initial conditions via the pretest. The nonequivalent control group design is appropriate for educational research
when student placement follows existing class structures and individual randomization is difficult to achieve
(Garcia, 2021)

The study involved two groups. The experimental group received instruction using the PMR-based GASING
Method, while the control group received instruction using the Contextual Teaching and Learning (CTL)-based
GASING Method. Both groups were assessed for mathematical self-confidence before and after the
intervention. The research design is presented as follows:

Table 1. Research Design Presented

Group Pretest Treatment Posttest
Experimental Q, X1 (PMR-based GASING) Q2
Control Qs X, (CTL-based GASING) Q.

The use of a control group that also received GASING was intended to ensure that differences in outcomes
could be attributed more to the characteristics of the learning approach rather than solely to the implementation
of the GASING Method. Thus, both groups received the same basic learning method, while the learning
approaches used differed. This strategy provided a more controlled comparison of changes in mathematical self-
confidence. Previous research on RME among elementary school students also employed a quasi-experimental
design with experimental and control groups to identify changes in learning outcomes following the intervention.

The study was conducted with fourth-grade elementary school students in Buton Regency. The population
comprised all fourth-grade students at the schools designated as research sites, while the sample consisted of 96
students, divided into 48 students in the experimental group and 48 students in the control group. The sample
was selected through purposive sampling, taking into account the equivalence of class characteristics, the
number of students, learning conditions, and relatively comparable prior knowledge. This technique was chosen
because the study utilized existing classes, making it impossible to randomly assign students individually without
altering the learning structure.

Equivalence of baseline conditions was assessed using pretest results before the effectiveness analysis was
conducted. Demographic characteristics, including gender, were also described to provide information on the
composition of the participants. This step is crucial in quasi-experimental research because the absence of
randomization may lead to differences in baseline conditions across groups. Therefore, pretest scores were used
as covariates in an Analysis of Covariance (ANCOVA) to obtain estimates of posttest differences adjusted for
students’ baseline conditions.

The independent variable in this study is PMR-based GASING instruction, while the dependent variable is
students’ mathematical self-confidence. Operationally, mathematical self-confidence is defined as students’
belief in their ability to understand and solve mathematical problems, their courage to provide answers, their

Journal homepage: http://jurnal.globaleconedu.org/index.php/jels



Samaudin, L., et al Journal of Educational and Learning Studies
Vol.9, No.2, 2026, pp. 115-126
118

ability to express opinions or strategies, their readiness to face difficulties, and their ability to persevere in
completing mathematical tasks.

Data were collected using a Likert-scale questionnaire developed based on indicators of mathematical self-
confidence. Each statement had graded response options, ranging from “strongly disagree” to “strongly agree.”
The scores for each item were summed to obtain an overall mathematical self-confidence score. Before being
used in the main data collection, the instrument underwent content validation through expert judgment and
empirical testing to ensure that each item represented the construct being measured. The use of self-confidence
instruments in elementary school mathematics education has also been applied in RME research, including a
study by (Sucahyo et al., 2021), which examined the relationship between realistic mathematics education and
students’ self-confidence development.

The study was conducted in three phases: preparation, treatment, and evaluation. During the preparation
phase, the researchers selected the sample, prepared the learning materials, developed and validated the
instrument, and administered a pretest to both groups. The pretest aimed to obtain a baseline picture of students’
mathematical self-confidence while also providing covariate data for ANCOVA analysis.

The treatment phase was implemented according to the characteristics of each group’s intervention. The
experimental group received PMR-based GASING instruction through concrete experiences, real-life contexts,
exploration of various strategies, the process of mathematization, discussions, and gradual practice. The control
group received CTL-based GASING instruction that emphasized the connection between the material and the
students’ real-life contexts. The treatment was delivered over several sessions in accordance with the allocated
mathematics instruction time. After the entire treatment was completed, both groups took a posttest using the
same instrument or an equivalent form to assess changes in mathematical self-confidence. Previous applications
of PMR in elementary school education have shown its potential to improve learning outcomes and affective
aspects of mathematics, including students’ self-confidence.

Data analysis was conducted sequentially through descriptive analysis, assumption tests, ANCOVA, and
effect size calculations. Descriptive analysis was used to describe the distribution of mathematical self-
confidence scores in the experimental and control groups. The reported statistics included the mean, standard
deviation, minimum, maximum, and changes in pretest—posttest scores. This stage provided an overview of the
central tendency and variability of the data prior to inferential testing.

The testing of ANCOVA assumptions included normality, homogeneity of variances, linearity, and
homogeneity of regression slopes. The normality test used the Shapiro—Wilk test, with data considered normal
if p > .05. Homogeneity of variances was tested using Levene’s test, with p > .05 indicating no significant
differences in variances across groups. Linearity was examined through the relationship between pretest and
posttest scores, while the homogeneity of regression slopes was tested through the interaction between group
and pretest. A non-significant interaction indicates that the regression slopes across groups can be considered
homogeneous.

Hypothesis testing was conducted using ANCOVA, with posttest scores as the dependent variable, learning
group as the independent variable, and pretest scores as the covariate. The ANCOVA model is formulated as
follows:

Ypost = B, + B.(Ypre) + B2(Group) + €

Ypost represents the post-treatment mathematical self-confidence score, Ypre represents the pre-treatment
score, Group indicates the experimental or control group, and € represents the error term. Group effects were
determined based on the F-value, p-value, and adjusted mean. The null hypothesis was rejected if p < .05. The
use of the pretest as a covariate allowed for a comparison of posttest scores across groups after controlling for
variations in initial conditions.

In addition to statistical significance, the study calculates partial eta-squared (np?) as a measure of effect size
to determine the magnitude of the treatment effect after controlling for the influence of covariates. Reporting
effect size is necessary because p-values indicate the presence of a statistical difference, whereas effect size
provides information regarding the magnitude of the effect. The interpretation of np? follows general guidelines:
0.01 = small, 0.06 = moderate, and 0.14 = large, while taking into account the study design, sample
characteristics, and field of research. All analyses were conducted at a significance level of a = .05 using relevant
statistical software. A combination of descriptive analysis, assumption tests, ANCOVA, and effect size was used
to assess both the differences and the magnitude of the effect of PMR-based GASING on students’
mathematical self-confidence.
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Results and Discussions

Descriptive Statistics
Descriptive statistical analysis was conducted to present an overview of the pretest and posttest scores, as well
as changes in students’ mathematical self-confidence scores in the experimental and control groups.

Table 2. Descriptive Statistics for the Pretest and Posttest

Group N  Pretest Pretest Pretest SD Posttest Posttest Posttest SD
Min Max Mean Min Max Mean

Experimental 48 29,69 71,88 52,80 8,47 60,94 92,77 75,06 6,19

Control 48 12,50 59,38 39,62 9,47 50,00 76,56 61,13 6,48

Total 96 12,50 71,88 46,21 10,99 50,00 92,77 68,10 9,13

Source: SPSS 2026 Data

Based on Table 2, the control group’s score increased by 21.52 points. The difference in increase of 0.74
points indicates that the raw gains of the two groups were relatively similar. Therefore, the magnitude of the
increase, as described, cannot yet be used as the sole basis for determining the effectiveness of the treatment.
Further analysis using ANCOVA with pretest scores as a covariate is necessary to control for differences in initial
scores and produce a more controlled comparison of final scores between groups.

The increase in mathematical self-efficacy found in this study is generally consistent with research findings
showing a relationship between students’ belief in their mathematical abilities and their engagement and
learning outcomes. Street et al., (2024) explain that mathematical self-efficacy can change during the learning
process and is related to students’ engagement and perseverance. Furthermore, Du et al., (2021), through a
longitudinal study involving 2,789 elementary school students, found a reciprocal relationship between
mathematical self-efficacy, math anxiety, and math achievement. Therefore, the changes in self-efficacy scores
in this study can be viewed as part of the development of students’ affective aspects that occur while they gain
mathematical learning experiences.

Normality Test
Normality tests were conducted on the pretest and posttest scores, as well as the residuals of the ANCOVA
model, using the Shapiro-Wilk test at a significance level of o = 0.05.

Table 3. Results of the Shapiro-Wilk Normality Test

Group Variabel ‘W-Statistic Sig. Conclusion
Experimental Pretest 0,955 0,066 Normal
Experimental Posttest 0,965 0,158 Normal
Control Pretest 0,961 0,106 Normal
Control Posttest 0,966 0,182 Normal
Residual ANCOVA Residual 0,977 0,097 Normal

Source: SPSS 2026 Data

The test results show that all significance values are above 0.05. Thus, the pretest and posttest scores for the
experimental and control groups, including the ANCOVA model residuals, can be said to satisfy the assumption
of normality. The fulfillment of this assumption provides the basis for applying parametric analysis via
ANCOVA.

Homogeneity Test
The Levene test was used to assess the equality of variances across groups prior to conducting the subsequent
statistical analysis. This test was performed to determine whether the variability of scores was statistically
comparable between the groups. A nonsignificant Levene test indicates that the assumption of homogeneity of
variance is satisfied, whereas a significant result suggests that the variances differ significantly across groups. The
results of the Levene test are presented in Table 4.

Table 4. Results of the Homogeneity of Variance Test

Variable Levene’s Statistic Sig. Conclusion
Pretest 1,050 0,308 Homogeneous
Posttest 0,140 0,709 Homogeneous

Source: SPSS 2026 data

The homogeneity test yielded significance values of 0.308 for the pretest and 0.709 for the posttest. Both
values were greater than the predetermined significance level of 0.05, indicating that there was no statistically
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significant difference in the variances of scores between the experimental and control groups at either
measurement point. Therefore, the variability of students’ scores can be considered sufficiently comparable
across the two groups for both the initial and final measurements.

The result suggests that the distribution of scores within each group exhibited a similar degree of variability,
meaning that one group did not demonstrate substantially greater score dispersion than the other. This condition
is important because substantial differences in group variances may affect the reliability of between-group
comparisons and complicate the interpretation of adjusted group effects. Since the obtained significance values
exceeded 0.05 for both the pretest and posttest, the data did not provide evidence of a violation of the
homogeneity of variance assumption.

The fulfillment of this assumption supports the subsequent use of ANCOVA to examine differences in
posttest mathematical self-confidence between the experimental and control groups while accounting for the
pretest score as a covariate. In this context, the comparable variance structure across groups provides a sound
basis for estimating adjusted group differences and interpreting the ANCOVA results. Together with the other
assumptions examined previously, the homogeneity test indicates that the data were sufficiently appropriate for
the planned analysis.

Testing ANCOVA Assumptions

Another important assumption in ANCOVA is the homogeneity of regression slopes, which refers to the
similarity of the relationship between the pretest covariate and the posttest dependent variable across all groups.
This assumption is tested by including the interaction between group and pretest in the model.

Table 5. Test of Homogeneity of Regression Slopes

Source F df Sig.
Group 66,648 1 <0,001
Pretest 0,901 1 0,345
Pretest X Group 2,771 1 0,099

Source: SPSS 2026 Data

The significant positive correlation between pretest and posttest scores (» = 0.495, p < 0.001)
indicates a moderate positive association between students’ initial mathematical performance and
their subsequent achievement. In other words, students who entered the intervention with relatively
stronger mathematical knowledge tended, on average, to obtain higher posttest scores. This pattern
suggests that students’ initial knowledge constituted an important component of their subsequent
learning trajectory. The finding is theoretically meaningful because mathematics learning is
cumulative and hierarchical: newly acquired concepts are often constructed upon previously
established knowledge, procedures, and representations. Consequently, differences in students’ initial
understanding may continue to influence how effectively they process and integrate new mathematical
information during instruction.

This interpretation is consistent with Alreshidi (2023), who demonstrated that enhancing topic-
specific prior mathematical knowledge before introducing new content could improve students’
subsequent mathematics achievement. His quasi-experimental study showed that prior mathematical
knowledge was particularly relevant to students’ conceptual and procedural learning, reinforcing the
view that what students already know can influence how effectively they engage with subsequent
mathematical content. Similarly, Stelzer et al. (2023) found that prior mathematics knowledge,
including knowledge of fractions and division, significantly contributed to later mathematics
achievement among primary school students. Their longitudinal analysis showed that specific
mathematical knowledge explained a substantial proportion of the variance in subsequent
achievement, although general cognitive abilities also contributed to students’ performance. These
findings provide additional support for interpreting the observed pretest—posttest correlation as an
indication that students did not begin the intervention from an identical cognitive position.

The relationship between initial knowledge and later achievement is also supported by broader
evidence. Breit et al. (2025), in a systematic review of meta-analyses involving mathematics
achievement, identified prior knowledge as one of the variables most strongly associated with
mathematics performance, alongside cognitive and skill-related factors. This evidence suggests that
differences observed at the beginning of an instructional intervention should not be ignored when
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comparing subsequent learning outcomes because baseline competence may contribute to the
variation observed in students’ posttest performance. In the context of the present study, the moderate
correlation between pretest and posttest scores therefore indicates that the post-intervention scores
reflect not only the instructional experience but also, to some extent, the students’ initial level of
mathematical understanding.

The finding also has implications for the interpretation of the GASING-based Realistic
Mathematics Education approach examined in the present study. Because students entered the
learning process with different levels of mathematical readiness, the effectiveness of an instructional
intervention should ideally be evaluated while taking those initial differences into account. A student
with a relatively high pretest score has a different starting point from a student whose foundational
mathematical knowledge is limited. If these differences are not considered, a comparison based solely
on posttest means may partially reflect pre-existing differences rather than differences associated with
the instructional treatment. The use of baseline information therefore strengthens the analytical
framework by distinguishing students’ initial condition from their subsequent performance.

This principle is consistent with empirical studies that use pretest scores to statistically adjust
posttest comparisons. Bostrdm and Palm (2023), for example, employed ANCOVA to examine
mathematics achievement after an instructional intervention, with pretest scores entered as a covariate.
Their approach illustrates how ANCOVA can be used to estimate differences in posttest achievement
after accounting for variation attributable to students’ initial performance. Likewise, Alreshidi (2023)
used pretest information to establish comparability between groups before examining differences in
subsequent mathematics outcomes. Thus, incorporating baseline performance into the analysis is
consistent with established practices in quasi-experimental mathematics education research.

Nevertheless, the significant correlation observed in the present study should not be interpreted as
evidence that pretest performance caused posttest performance. Correlation describes the degree to
which two variables vary together, but it does not by itself establish a causal relationship. The observed
association may reflect several underlying mechanisms, including differences in prior knowledge,
mathematical reasoning, learning readiness, or other learner characteristics. Recent research on prior
mathematical knowledge similarly indicates that its predictive contribution may overlap with broader
cognitive characteristics. Stelzer et al. (2023), for example, found that the predictive contribution of
specific prior mathematical knowledge changed when working memory and fluid intelligence were
included in the analytical model. This finding reinforces the importance of interpreting the present
correlation as evidence of association rather than as an isolated causal mechanism.

From a methodological perspective, the significant pretest—posttest relationship provides a
reasonable basis for considering the pretest as a potential covariate in an ANCOVA framework,
provided that the relevant statistical assumptions are satisfied. In particular, ANCOVA is appropriate
when the covariate is measured before the intervention, is theoretically related to the outcome, and
has an approximately linear relationship with the dependent variable. The assumption of
homogeneous regression slopes should also be examined to determine whether the relationship
between pretest and posttest scores is comparable across instructional groups. Therefore, the present
correlation result should be viewed as one component of the statistical justification rather than as the
sole criterion for selecting ANCOVA.

The methodological relevance of controlling baseline performance is further illustrated by research
using pretest and posttest designs in mathematics education. Bostrom and Palm (2023) explicitly
described ANCOVA as a procedure for comparing posttest achievement between intervention and
control groups while statistically controlling for differences in pretest performance. Similarly, Siller
and Ahmad (2024) used a quasi-experimental framework to investigate mathematics achievement
among elementary students receiving different forms of instructional support, highlighting the
importance of considering students’ existing mathematical conditions when evaluating instructional
effectiveness. These studies reinforce the broader methodological principle that post-intervention
differences are more meaningfully interpreted when students’ initial levels of achievement are
appropriately considered.
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The present finding therefore strengthens the interpretation of the intervention results in two
complementary ways. First, the significant positive correlation demonstrates that students’ initial
mathematical performance remained relevant to their subsequent achievement. Second, the result
indicates the importance of considering baseline performance when estimating instructional effects,
particularly in a quasi-experimental study in which students are drawn from existing classes rather
than randomly assigned individually. Rather than treating pretest scores merely as descriptive
information, the baseline measure can provide an analytical basis for understanding how students’
initial readiness relates to subsequent learning.

Overall, the » = 0.495 correlation indicates that approximately 24.5% of the variance in posttest
scores is linearly associated with pretest scores (7 = 0.245). This does not mean that 24.5% of students’
learning was “caused” by their initial performance; rather, it indicates that students’ baseline scores
accounted for a meaningful proportion of the observed variation in posttest performance at the
bivariate level. The remaining variation may be related to instructional exposure, students’
engagement, classroom interaction, individual learning characteristics, measurement error, and other
factors. Consequently, controlling for baseline achievement can provide a more refined estimate of the
relationship between the instructional condition and posttest outcomes.

Taken together, the evidence suggests that students’ initial mathematical competence should be
treated as an important analytical consideration when evaluating the effectiveness of the GASING-
Realistic Mathematics Education approach. The present correlation is consistent with contemporary
mathematics education research showing that prior knowledge is associated with subsequent
mathematical achievement (Alreshidi, 2023; Stelzer et al., 2023; Breit et al., 2025). At the same time,
evidence from intervention studies demonstrates that pretest-adjusted analyses such as ANCOVA can
be useful for estimating posttest differences while accounting for baseline variation (Bostrom & Palm,
2023). Therefore, the incorporation of pretest performance as a covariate is both theoretically
defensible and methodologically appropriate provided that the required ANCOVA assumptions are
demonstrated in the data. This approach allows the estimated instructional effect to be interpreted
more carefully by separating, as far as statistically possible, differences attributable to students’ starting
levels from differences emerging after the learning intervention.

ANCOVA Results

An ANCOVA analysis was conducted with posttest self-confidence scores as the dependent variable, the
experimental and control groups as fixed factors, and pretest self-confidence scores as a covariate. The analysis
included 96 students.

Table 6. ANCOVA Results

Source Sum of Squares df Mean Square F Sig. Partial Eta Squared
Group 2.627,511 1 2.627,511 65,403 <0,001 0,413
Pretest 35,522 1 35,522 0,884 0,349 0,009
Error 3.736,199 93 40,174 - - -

Total — 96 — — — —

Source: SPSS 2026 Data

The results of the ANCOVA analysis revealed a statistically significant difference in posttest scores between
the experimental and control groups after controlling for pretest scores, with F(1, 93) = 65.403 and p < 0.001.
This finding indicates that the difference in students’ mathematical self-confidence at the end of the intervention
was significantly associated with the instructional treatment received by the two groups. After statistically
adjusting for students’ initial scores, the experimental group demonstrated a significantly different level of
mathematical self-confidence compared with the control group. The magnitude of the F-value and the highly
significant p-value provide strong statistical evidence that the observed difference in posttest scores was unlikely
to have occurred by chance. Thus, the findings suggest that the instructional approach implemented in the
experimental group contributed meaningfully to differences in students’ mathematical self-confidence after the
intervention.

In contrast, the pretest score, which was entered into the model as a covariate, did not have a statistically
significant effect on posttest scores, with F(1, 93) = 0.884 and p = 0.349. This result indicates that, after
accounting for the instructional group, differences in students’ initial mathematical self-confidence did not
independently explain a significant proportion of the variation in their post-intervention scores. The
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nonsignificant effect of the covariate also suggests that the differences observed between the groups in the
posttest were not substantially attributable to baseline scores. Therefore, the significant group effect provides
stronger evidence that the instructional treatment, rather than students’ initial levels of mathematical self-
confidence, was associated with the differences in posttest outcomes.

The overall ANCOVA model yielded an R? of 0.557 and an Adjusted R? of 0.547. These values indicate that
the model explained approximately 55.7% of the variance in students’ posttest mathematical self-confidence,
while the adjusted estimate indicated that approximately 54.7% of the variance remained explained after
accounting for the number of predictors included in the model. This represents a substantial proportion of
explained variance and indicates that the combination of instructional group and pretest scores provided
considerable explanatory power for students’ post-intervention mathematical self-confidence. The relatively
small difference between R? and Adjusted R? further indicates that the explanatory capacity of the model
remained stable after adjustment for model complexity.

Taken together, these findings demonstrate that group membership was the primary statistically significant
predictor of posttest mathematical self-confidence in the ANCOVA model, whereas the pretest score did not
make a significant independent contribution. The significant adjusted group effect, combined with the
substantial proportion of explained variance, provides empirical support for the effectiveness of the instructional
intervention in improving students’ mathematical self-confidence. These results are particularly important
because mathematical self-confidence represents an affective dimension of mathematics learning that may
influence students’ willingness to participate, engage with mathematical tasks, and persist when encountering
difficulties. Accordingly, the findings suggest that the instructional treatment implemented in the experimental
group was not only associated with differences in students’ final scores but also accounted for a substantial
proportion of the variability in mathematical self-confidence after the intervention.

Table 7. Adjusted Mean Posttest

Group Adjusted Mean SE 95% CI
Control 61,58 1,03 59,53-63,64
Experimental 74,61 1,03 72,56-76,66

Source: SPSS 2026 Data

The adjusted mean values were obtained after the posttest scores were adjusted for the pretest scores based
on the overall covariate mean of 46.21. The adjustment results show that the adjusted mean for the experimental
group was 74.61, while that for the control group was 61.58. Thus, there was a difference in adjusted means of
13.03 points. This difference indicates that the disparity in mathematical self-confidence between the groups
remains evident even after controlling for variations in initial scores statistically.

The research results show that the application of the GASING Method based on the Realistic Mathematics
Education (RME) approach is associated with differences in mathematical self-confidence scores between the
experimental and control groups after controlling for initial scores. The primary evidence is not based solely on
the increase in raw gains since the difference in gains between the two groups is relatively small but primarily on
the ANCOVA results, which yielded F(1,93) = 65.403 with p < 0.001. These results indicate that differences in
final scores between the groups remain significant even after accounting for variations in initial scores in the
analytical model.

This difference in achievement is further evident in the adjusted mean scores. The experimental group
achieved an adjusted mean of 74.61, while the control group achieved 61.58, resulting in a difference of 13.03
points. This means that when the groups are compared under the same covariate conditions, their levels of
mathematical self-confidence show a fairly clear difference. The partial eta-squared value of 0.413 also indicates
a substantial group effect size in the ANCOVA model. However, this value should be understood as a measure
of the group factor’s effect within the model, not as a direct percentage increase in students’ confidence.

The results of this study are consistent with the findings of (Sucahyo et al., 2021), which demonstrated the
influence of the Realistic Mathematics Education (RME) model on the self-confidence of elementary school
students. That study involved fourth-grade students and showed that RME is related not only to mathematical
understanding but also to self-confidence. These findings are relevant to the present study because PMR uses
contextual situations as a crucial component in helping students build an understanding of mathematical
concepts. Learning that stems from contexts students can understand provides them with opportunities to
connect concrete experiences with the mathematical concepts being studied.

Support for these findings is also evident in the study by Ariffah & Rusnilawati, (2023). Using a quasi-
experimental design, the study examined the implementation of RME supported by interactive multimedia and
reported an effect on reasoning skills and self-confidence. Research by Wisata et al, (2025) also indicates that the
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integration of RME with computational thinking is associated with elementary school students’ mathematical
problem-solving skills and self-efficacy. Thus, the findings of this study reinforce the view that the characteristics
of realistic mathematics education not only have the potential to support cognitive development but also provide
a learning environment relevant to the development of students’ affective aspects.

From a psychological perspective, changes in mathematical self-confidence can be linked to the experiences
of success students gain when facing and completing mathematical tasks. Street et al., (2024)explain that
mathematical self-efficacy can develop and change during the learning process and is related to students’
engagement, persistence, and performance. Du et al., (2021) also found a reciprocal relationship between self-
efficacy, math anxiety, and math achievement among elementary school students. Therefore, learning that
provides students with opportunities to understand problems through contexts closely related to their own
experiences, to try out problem-solving strategies, and to gradually gain experiences of success has the potential
to foster a more positive perception of their own mathematical abilities.

In the context of GASING implementation, the findings of this study are supported by a number of recent
studies. Sariningsih et al., (2025) reported that the implementation of GASING combined with traditional
games through a quasi-experimental design resulted in differences in mathematics learning outcomes compared
to conventional instruction. Yusuf et al., (2026) also reported the effectiveness of a dice-based GASING
approach in improving multiplication skills among elementary school students. Furthermore, Kambu et al.,
(2026) found an improvement in numeracy skills through the implementation of GASING, while Gesiradja et
al., (2026) reported an improvement in basic arithmetic skills through the GASING program. A study by
Samaudin et al., (2026)involving 96 fourth-grade students using the same design showed that PMR-based
GASING yielded better results in critical thinking skills compared to the control group. Although these studies
focused on cognitive achievement rather than mathematical self-confidence, their findings provide empirical
evidence that GASING can create a structured, active, and student-engagement-oriented mathematics learning
experience.

More specific findings are demonstrated by the study by Samaudin et al., (2026), which involved 96 fourth-
grade students using a pretest—posttest nonequivalent control group design. The study employed PMR-based
GASING in the experimental group and CTL-based GASING in the control group and found that PMR-based
GASING was effective in enhancing students’ critical thinking skills. The similarities in sample characteristics
and treatments provide a relevant empirical context for this study, even though the dependent variables examined
differ. This study expands on that research by focusing on mathematical self-confidence as the affective aspect
being measured.

Overall, the results of the ANCOVA analysis support the research hypothesis regarding the existence of a
difference in mathematical self-confidence scores between the experimental and control groups after controlling
for pretest scores. The experimental group’s performance is reflected in an adjusted mean of 74.61, while the
control group’s was 61.58, with a difference of 13.03 points. The partial eta-squared value of 0.413 indicates a
substantial group effect size in the model. However, because this study used a quasi-experimental design with
pre-existing classes, the results must be interpreted within the context of the study and should not be equated
with causal evidence obtained through experiments involving individual randomization. Future research could
expand the scope to include different schools, regions, and student characteristics, as well as consider the
duration of the intervention and learning mechanisms that may play a role in the development of students’
mathematical self-confidence.

Conclusions

Based on the research findings, the implementation of the GASING Method based on the Realistic Mathematics
Education (RME) approach proved effective in improving the mathematical self-confidence of elementary
school students. The experimental group showed an increase in average scores from 52.80 on the pretest to 75.06
on the posttest, while the control group showed an increase from 39.62 to 61.13. After controlling for pretest
scores through ANCOVA analysis, a significant difference in posttest scores was found between the two groups,
F(1,93) = 65.403, p < 0.001. The adjusted mean posttest score in the experimental group was 74.61, higher than
that of the control group (61.58), with a difference of 13.03 points. The partial eta-squared value of 0.413
indicates that the group effect is substantial. Thus, the alternative hypothesis (Ha) is accepted and the null
hypothesis (Hp) is rejected, indicating that PMR-based GASING has a significant effect on students’
mathematical self-confidence compared to Contextual Teaching and Learning (CTL)-based GASING. The main
contribution of this study lies in providing empirical evidence that the integration of GASING and PMR not
only supports the implementation of mathematics instruction but also significantly enhances students’
mathematical self-confidence. The findings of this study expand the application of GASING which was
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previously more focused on developing mathematical skills by demonstrating its potential to simultaneously
foster students’ affective aspects. The implementation of PMR-based GASING also contributes to the
development of learning that connects mathematical concepts to real-world contexts, encourages active student
engagement, and provides students with opportunities to build confidence in their mathematical abilities. In
practical terms, the results of this study provide an empirical basis for teachers to use PMR-based GASING as
an alternative teaching method that can develop both students’ mathematical abilities and their self-confidence.
Thus, this study reinforces the finding that the integration of GASING and PMR is a relevant instructional
strategy for supporting the development of cognitive and affective dimensions in mathematics learning in
elementary school.

Acknowledgments

The authors would like to express their sincere gratitude to the elementary school, teachers, and students who
participated in this study. Their willingness to participate in the learning activities and data collection process
greatly contributed to the successful completion of the research. The authors also extend their appreciation to
the teachers and school staff for their cooperation and support during the implementation of the GASING
method integrated with the Realistic Mathematics Education approach. Finally, the authors are grateful to
colleagues and other individuals who provided valuable assistance, feedback, and encouragement throughout
the research process and the preparation of this manuscript.

References

Adam, D., Muslihin, H. Y., & Apriani, 1. F. (2026). Effectiveness of the GASING method based on dice games
in improving multiplication skills of primary school students. Indonesian Journal of Primary Education,
10(1), 167-186.

Alreshidi, N. A. K. (2023). Enhancing topic-specific prior knowledge of students impacts their outcomes in
mathematics. Frontiers in Education, 8, 1050468. https://doi.org/10.3389/feduc.2023.1050468

Ariffah, E. Y. N., & Rusnilawati. (2023). The Effect of Realistic Mathematics Education Approach Assisted by
Interactive Multimedia Articulate Storyline on Reasoning Ability and Self Confidence. Jurnal Ilmiah
Pendidikan Dan Pembelajaran, 7(1), 1-9. https://doi.org/10.23887/jipp.v7i1.58200

Bostrom, E., & Palm, T. (2023). The effect of a formative assessment practice on student achievement in
mathematics. Frontiers in Education, 8. https://doi.org/10.3389/feduc.2023.1101192

Breit, M., Schneider, M., & Preckel, F. (2025). Mathematics achievement and learner characteristics: A
systematic review of meta-analyses. Learning and Individual Differences, 118, 102621.
https://doi.org/10.1016/;.lindif.2024.102621

Caviola, S., Toffalini, E., Giofre, D., & Sziics, D. (2022). Math performance and academic anxiety forms, from
sociodemographic to cognitive aspects: A meta-analysis on 906,311 participants. Educational Psychology
Review, 34, 363-399. https://doi.org/10.1007/s10648-021-09618-5

Du, C., Qin, K., Wang, Y., & Xin, T. (2021). Mathematics interest, anxiety, self-efficacy and achievement:
Examining  reciprocal  relations.  Learning  and  Individual  Differences, 91,  102060.
https://doi.org/10.1016/5.1indif.2021.102060

Fajri, H. M., Marini, A., & Suyono. (2025). Trends and patterns in realistic mathematics education research in
elementary schools: A bibliometric approach. Social Sciences & Humanities Open, 12, 101730.
https://doi.org/10.1016/j.ssah0.2025.101730

Foster, C., Woodhead, S., Barton, C., & Clark-Wilson, A. (2022). School students’ confidence when answering
diagnostic  questions  online.  Educational  Studies in  Mathematics,  109(3), 491-521.
https://doi.org/10.1007/s10649-021-10084-7

Garcia, M. B. (2021). Cooperative learning in computer programming: A quasi-experimental evaluation of
Jigsaw teaching strategy with novice programmers. Education and Information Technologies, 26(4), 4839—
4856. https://doi.org/10.1007/s10639-021-10502-6

Gesiradja, M. C., Sudiapermana, E., Mamonto, F., Lutfiansyah, D. Y., Shantini, Y., & Sebastian, E. J. V. (2026).
Effectiveness Of Gasing Method In Improving Elementary Students’ Basic Arithmetic Ability: West Java,
Indonesia and Philippines. Jurnal Math-UMB.EDU, 13(3), 382-395. https://doi.org/10.36085/math-
umb.edu.v13i3.10360

Kambu, A. M., Abidin, Y., Kurniawan, D. T., Kambu, A. M., Abidin, Y., & Kurniawan, D. T. (2026). Improving
Elementary School Students’ Numeracy Skills Through the GASING Method in Maybrat. Jurnal
Pembelajaran, Bimbingan, Dan Pengelolaan Pendidikan, 6(11), 13-13.
https://doi.org/10.17977/um065.v6.111.2026.13

Journal homepage: http://jurnal.globaleconedu.org/index.php/jels



Samaudin, L., et al Journal of Educational and Learning Studies
Vol.9, No.2, 2026, pp. 115-126
126

Karimah, I. S., Hendriani, A., Ningtyas, P. M., Kusnadi, U., Hendrawan, B., Putra, Y. P.,, Mulyana, A., &
Herlambang, Y. T. (2024). Kecerdasan buatan (Artificial Intelegence) dalam pendidikan. Naturalistic:
Jurnal Kajian dan Penelitian Pendidikan dan Pembelajaran, 8(2), 193-204.
https://doi.org/10.35568/naturalistic.v8i2.4702

Kurnaedi, E. P, Murti, R. C., & Afifah, N. (2024). Trend of Realistic Mathematics Education Research on
Indonesian Elementary Schools between 2013 and 2022. Indonesian Journal of Educational Research and
Review, /(1), 49-60. https://doi.org/10.23887/1jerr.v7i1.68391

Ningrum, S. A. U., & Rejeki, S. (2023). Improving students’ self-confidence and problem-solving ability through
RME approach with TTW type cooperative learning model setting. Numerical: Jurnal Matematika dan
Pendidikan Matematika, 7(1), 145-156. https://doi.org/10.25217/numerical.v7i1.3093

Putra, Y. P, Ocsis, B., Saputra, W., & Fauzi, R. A. (2025). Kajian studi literatur: Perspektif budaya dan
pendidikan di Indonesia. Jurnal Pedagogik Indonesia: Yayasan Lembaga Pendidikan dan Pelatihan Ksatria
Siliwangi, 3(2), 233-239. https://doi.org/10.67025/jpi.v3i2.60

Rafiki, R., Herlambang, Y. T., Hendrawan, B., Sutini, A., Putra, Y. P., & Wahid, R. (2025). Acceptability of the
“Dasunse” website-based learning media with the Merdeka Learning Pathway in elementary schools
across West Java. Journal of Future Education, 3(), 1-8.
https://doi.org/10.67025/journaloffutureeducation.v3il.51

Rozgonjuk, D., Kraav, T., Mikkor, K., Orav-Puurand, K., & Tdht, K. (2020). Mathematics anxiety among STEM
and social sciences students: The roles of mathematics self-efficacy, and deep and surface approach to
learning. International Journal of STEM Education, 7(1), 46. https://doi.org/10.1186/540594-020-00246-z

Samaudin, L., Irianto, D. M., Jenuri, J., Samaudin, L., Irianto, D. M., & Jenuri, J. (2026). The Effectiveness of
the PMR-Based GASING Method in Enhancing Elementary School Students’ Critical Thinking Skills.
Jurnal Pembelajaran, Bimbingan, Dan Pengelolaan Pendidikan, 6(10), 13-13.
https://doi.org/10.17977/um065.v6.110.2026.13

Sancu, A., & Sahinkaya, N. (2023). Ger¢ek¢i Matematik Egitimi'nin ilkokulda Problem Cézme Kurma
Basarisima ve Oz Yeterlilige Etkisi. Gazi Egitim  Fakiiltesi Dergisi, 43(3), 1587-162.
https://doi.org/10.17152/gefad. 1282608

Sariningsih, K. R., Parmiti, D. P., & Yudiana, I. K. E. (2025). The Gasing Method with the Traditional Game-
Based Mong-Mongan Approach on the Mathematics Learning Outcomes of Third Grade Elementary
School Students. Jurnal Ilmiah Sekolah Dasar, 92), 400-407. https://doi.org/10.23887/jisd.v9i2.96608

Siller, H.-S., & Ahmad, S. (2024). The effect of concrete and virtual manipulative blended instruction on
mathematical achievement for elementary school students. Canadian Journal of Science, Mathematics and
Technology Education, 24(2), 229-266. https://doi.org/10.1007/s42330-024-00336-y

Siregar, R. N., & Prabawanto, S. (2021). Increasing Students’ Self-Efficacy Through A Realistic Mathematical
Education. (JIML)  Journal  Of  Innovative  Mathematics  Learning, 4(2), 63-74.
https://doi.org/10.22460/jiml.v4i2.p63-74

Street, K. E. S., Malmberg, L.-E., & Schukajlow, S. (2024). Students’ mathematics self-efficacy: A scoping
review. ZDM — Mathematics Education, 56(2), 265-280. https://doi.org/10.1007/s11858-024-01548-0

Stelzer, F., Vernucci, S., Aydmune, Y., Del Valle, M., Andres, M. L., & Introzzi, I. (2023). Mathematics
achievement in the last year of primary school: Longitudinal relationship with general cognitive skills and
prior mathematics knowledge. European ~ Journal — of  Psychology  of  Education.
https://doi.org/10.1007/s10212-023-00700-w

Sucahyo, E., Kartono, K., & Mulyono, M. (2021). Mathematical Understanding and Self Confidence of
Elementary School with Realistic Mathematics Education Model. Journal of Primary Education, 10(3),
308-322. https://doi.org/10.15294/jpe.v10i3.49059

Wenno, 1., Herlambang, Y. T., Mulyati, T., & Bakar, A. (2026). Analisis Sistematis Penerapan Metode GASING
dalam Konteks Pembelajaran Matematika Sekolah Dasar | Naturalistic: Jurnal Kajian dan Penelitian Pendidikan
dan Pembelajaran. https://journal.umtas.ac.id/naturalistic/article/view/7006?utm_source=chatgpt.com

Wisata, W., Ramdhani, S., & Nurcahyono, N. A. (2025). Integration of Realistic Mathematics Education and
Computational Thinking: Its Impact on Elementary School Students’ Mathematical Problem Solving and
Self-Efficacy. Daya  Matematis:  Jurnal Inovasi  Pendidikan  Matematika, 13(3), 223-232.
https://doi.org/10.26858/jdm.v1313.81000

Yuanita, P., Aisyah, P., & Suanto, E. (2025). Dampak Pendekatan Rme Dengan Konteks Budaya Terhadap
Kemampuan Pemecahan Masalah Matematis Dan Self Efficacy Siswa. AKSIOMA: Jurnal Program Studi
Pendidikan Matematika, 14(4), 1541-1556. https://doi.org/10.24127/ajpm.v14i4.13577

Yusuf, D. A., Muslihin, H. Y., & Apriani, I. F. (2026). Effectiveness of the GASING method based on dice
games in improving multiplication skills of primary school students. Indonesian Journal of Primary
Education, 10(1), 167-186. https://doi.org/10.17509/1ijpe.v10i1.98405

Journal homepage: http://jurnal.globaleconedu.org/index.php/jels



