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ARTICLE INFO ABSTRACT

Keywords: Purpose -To examine the effectiveness and the effect of Games-
Game-Based Learning Based Learning Integrated Entry Point Strategy Assisted by
Entry Point Strategy Augmented Reality on elementary school students' mathematical
Augmented Reality problem-solving abilities.

Problem Solving

Methodology - The type of research used is a Quasi-experimental
design with a pretest-posttest-only control group design. Data
collection uses test instruments, with data analysis techniques
including normality tests, homogeneity tests, paired-sample t-tests,
gain t-tests, and independent t-tests. The population in this study
was fifth-grade students of SDN 1 Purwogondo and SDN 01 Ngagel.
The sample in this study consisted of 30 students, 15 in the
experimental group and 15 in the control group.

Findings - Game-based learning integrated with an entry point
strategy assisted by Augmented Reality is effective on elementary
school students' mathematical problem-solving abilities, as
indicated by the results of the independent t-test obtained sig 0.000
< 0.05 and the results of the paired sample t-test obtained sig 0.000 <
0.05 with a high gain value of 0.75. meaning there is an increase in
students' mathematical problem-solving abilities after Game-based
learning integrated with an entry point strategy assisted by
Augmented Reality

Contribution - This study contributes to elementary school teacher
education by integrating an Augmented Reality-assisted entry point
strategy into a Games-Based Learning model that effectively
improves elementary school students' mathematical problem-
solving skills.
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INTRODUCTION

Problem-solving skills are important for students to master in learning mathematics because they will
always encounter mathematical problems. Indirectly, students learn how to face challenges both in learning
mathematics and in real-life contexts (Aisyah et al., 2025). In addition, problem-solving skills are one of the
competencies in 21st-century skills (Siswanto et al., 2025) and is one of the main skills emphasized in NCTM
(Owens et al., 2019) as an essential skill for facing the challenges and problems of everyday life .< |join | >as an
essential skill for facing the challenges and problems of everyday life. The low mathematical problem-solving
ability of students is caused by the use of inappropriate learning models and the lack of learning media that
can stand out to students and make it easier for them to solve mathematical problems (Guntur et al., 2025).
Problem-solving is essential in learning mathematics. Mathematical problem-solving skills can be applied in
everyday activities to solve everyday problems. Students' ability to solve mathematical problems is often a
challenge for them, so teachers must strive to address it. Many teachers still use the lecture method in their
learning process, meaning students are passive, and the teaching and learning activities are dominated by the
teacher (teacher-centered) (Widyastuti et al., 2025). Mathematics learning at all levels of education should be
designed to not only reinforce abstract concepts but also integrate the ability to solve problems related to real
situations (Muntheawati et al., 2025). To improve problem-solving skills, teachers can stimulate students'
problem-solving processes through problems prepared by the teacher that are deeper or more complex, which
are presented in a supportive learning environment, such as media or demonstrations, in which the entire
problem-solving process can be captured. (Hakkinen et al., 2016).

In the modern era of education, technology plays a crucial role in enriching the teaching and learning
process. One technological innovation that is becoming increasingly popular among educators is Game-Based
Learning (GBL) (Prananda et al., 2025). Teachers must be able to find new and effective methods and
approaches to learning that are tailored to classroom conditions. Game-based learning can be applied to these
situations. Game-based learning has become a popular choice in learning environments with the development
of computer and smartphone technology. (Pranata, 2023).

Some of the advantages of game-based learning are a) game-based learning allows active learning,
increases student interest and involvement, and provides quick feedback, b) high student involvement in
solving problems in the game will train students' critical thinking skills, c) can have a positive impact on
students' academic achievement, problem-solving skills and student learning motivation, d) learning is more
interactive and fun, e) in some cases, games can build dialogue and break down socio-cultural barriers, f)
eliminate boredom in learning, because learning is done by playing, g) improve various skills. Apart from
having advantages, game-based learning also has several disadvantages, including a) it is complex and time-
consuming in the process of making it, b) not all teachers have the skills to make games, so they need to take
certain courses, c) the classroom atmosphere is too active and sometimes causes noise so it is not conducive,
and e) it requires more tools and instruments. (Wahyuning, 2022).

Entry points are a flexible and applicable learning strategy. They can be combined with various learning
models. They serve as entry points to facilitate student interest and readiness to learn. They can also
accommodate diverse student abilities. (Sri Cahyani & Nurlaeli, 2024)Providing multiple entry points into the
same material can make learning more engaging and challenging. In practice, teachers identify and activate
students' prior knowledge, which serves as an entry point in the learning design. (Hasanuddin, 2020).

Current learning media have also evolved along with technological advancements. Today's technology
allows for the integration of the digital and real worlds, a technology called Augmented Reality. (AR)2021;
Mikkael. AR is a technology that combines the real and virtual (digital) worlds by displaying three-
dimensional (3D) objects in the real world through the camera, so that the camera appears to show the 3D
object as if it exists in the real world. AR also makes it possible to display illustrations that are difficult to
realize concretely (Setiawan et al., 2022). This is an opportunity to use AR in learning activities. Augmented
Reality (AR) is increasingly developing, making this technology much sought after (Suharso, 2012). The
advantages of AR (Mustaqim & Kurniawan, 2018) are 1) more interactive, 2) effective in use, 3) can be
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implemented widely in various media, 4) simple object modeling, because it only displays a few objects, 5)
creation that does not cost too much, and 6) easy to operate. While the disadvantages of AR are: 1) Sensitive
to changes in viewpoint, 2) There are not too many makers, and 3) Requires a lot of memory on the installed
equipment. Research on the development of learning media using Augmented Reality (AR) has been
conducted extensively, including research by Afthori et al. (2019), which uses the Unity3D and Vuforia
software applications to display created 3D objects.

Based on interviews and observations at SDN 1 Purwogondo and SDN 01 Ngagel, students' problem-
solving abilities remained low; some were below the KKTP (National Minimum Competency Level).
Therefore, an effective learning model is needed to develop students' mathematical problem-solving abilities.
Therefore, an effective learning model is needed for students' mathematical problem-solving abilities. Game-
based learning, integrated with an entry-point strategy and augmented reality, is expected to have a positive
and effective effect on students' problem-solving abilities.

Based on the background, the problem formulation is as follows: Does games-based learning, integrated
with an entry-point strategy assisted by augmented reality, influence the mathematical problem-solving
abilities of elementary school students? Moreover, are games-based learning integrated with an entry point
strategy assisted by augmented reality effective on the mathematical problem-solving abilities of elementary
school students? The purpose of this study is to test the influence of game-based learning integrated with an
entry point strategy assisted by augmented reality on the mathematical problem-solving abilities of
elementary school students and to test the effectiveness of game-based learning integrated with an entry point
strategy assisted by augmented reality on the mathematical problem-solving abilities of elementary school
students.

From the identified problems, it was found that the ongoing learning has not used a learning model that
students like, has not used interactive strategies, and has not used current digital learning media, resulting in
students' learning being less enthusiastic. Finally, the learning outcomes, as reflected in students'
mathematical problem-solving abilities, remain low, so there needs to be a solution to address this problem.
Based on this problem identification, researchers propose a problem-solving approach using game-based
learning integrated with an entry-point strategy assisted by augmented reality, in the hope that it will be
effective in improving students' mathematical problem-solving abilities.

This research presents state-of-the-art and novel approaches to game-based learning integrated with an
entry-point strategy aided by augmented reality. Many previous studies have examined game-based learning
in isolation, without linking it to specific strategies or augmented reality media. Extensive research on game-
based learning has been conducted. (Anggraini et al., 2021; Banani et al., 2024; Diana, 2022; Pratiwi et al., 2024;
Putra et al., 2024; Sanjoyo et al., 2024) However, a combination of entry-point strategies and augmented reality
media has never been used to improve problem-solving ability. This study differs from previous research in
that the treatment provided was game-based learning integrated with entry-point strategies and augmented
reality. This study is novel in that it integrates game-based learning with entry-point strategies and augmented
reality to improve students' mathematical problem-solving abilities.

METHODOLOGY
Research Design

The type of research used is quasi-experimental or pseudo-experimental to test the effects and differences
between two groups, namely the experimental and control groups. Two sample classes are required for the
research design. In this study, the researcher used a quantitative approach, a research method based on post-
positivist philosophy, to examine a specific population or sample. Quantitative research uses data in the form
of numbers and statistical analysis. The experimental class will receive treatment, while the control class will
not. The design used is a pretest-posttest-only control design, in which the pretest is administered to the
experimental group, and the posttest is administered after treatment. The experimental group receives
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treatment in the form of game-based learning integrated with an entry-point strategy assisted by augmented
reality, while the control group uses conventional learning (Gerst et al., 2020). The purpose of conducting
experiments is to identify and analyze symptoms or effects that result from administering certain treatments.
The experimental research method is a research approach carried out through experimental activities and is
classified as a quantitative method. This method is used to test the effect of independent variables, in the form
of treatments, on dependent variables as outcomes by setting research conditions under controlled conditions.

Participant

The population of this study consisted of fifth-grade elementary school students in Kendal and Pati
Regencies. The research locations were SDN 1 Purwogondo, Boja, Kendal, and SDN 01 Ngagel, Dukuhseti,
Pati. The sample consisted of fifth-grade students from SDN 1 Purwogondo and SDN 01 Ngagel, with one
group serving as the experimental group and the other as the control group. The population of this study
comprised 40 fifth-grade students from SDN 1 Purwogondo and SDN 01 Ngagel. The sampling technique
used is simple random sampling, in which the sample is drawn at random. The sample in this study consisted
of 30 students, 15 in the experimental group and 15 in the control group.

Data Collection

To obtain accurate data in research, tests can be used. According to Musfirah et a.,1 (2025) A test is a tool
for measuring and collecting information about an object's characteristics. There are two types of test
instruments used in this study: a pretest, which is an activity used to assess students' knowledge of the
material to be presented. The pretest is administered before the learning activity, and a posttest is administered
at the end of the learning process for the material to determine students' understanding of the material and
the key points learned. (Magdalena et al., 2021). Based on this explanation, this study used an essay-based test
on problem-solving skills, consisting of a pretest and a posttest. Before using the test instrument, a pilot test
was conducted to determine its validity, reliability, discriminatory power, and difficulty level.

Instrument

In this study, the instrument was a test sheet designed to measure students' mathematical literacy. The
instrument used in this study was a test, which served as a tool for researchers to determine the presence or
absence of, and the level of, the ability of the object being studied. Essay questions are a form of test that
requires students to submit their answers in writing by explaining the process, steps, or reasoning used to
solve a problem. (Rohim, 2019). This question aims to determine students' mathematical problem-solving
abilities.

Data Analysis

This study used data analysis techniques, including normality tests, homogeneity tests, independent t-
tests, paired-samples t-tests, and gain tests. Each test is explained as follows:

Normality Test

This test aims to determine whether the initial sample data is normally distributed. If the data is normally
distributed, the statistical test is parametric. If the data is not normally distributed, the statistical test is non-
parametric. The hypotheses are as follows:

HO: The sample comes from a normally distributed population

H1: The sample comes from a non-normally distributed population
The normality test was conducted using SPSS using the Shapiro-Wilk test. With a significance level of 5%, if
the sig. value in the Shapiro-Wilk test is >5%, HO is accepted, and if the sig. value is <56%, HO is rejected.

Homogeneity Test

The homogeneity test is conducted to determine whether two or more groups have the same level of
variation. SPSS is used to measure the homogeneity of variance between two data groups. The hypotheses are
as follows:
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HO: Both samples have homogeneous variances

H1: Both samples have non-homogeneous variances

The significance level applied is a = 0.05. The homogeneity test is performed in SPSS, with the following
qualification: if the calculated F-value exceeds the table F-value, the variances are homogeneous. However, if the
calculated F-value is greater than the table F-value, then the variances are non-homogeneous. The homogeneity
test in SPSS can also be seen in the results of Levene's Test of Equality of Variances. The decision-making
criteria are very simple and based on the significance value (Sig.) or p-value displayed in the Test of
Homogeneity of Variances table. If Sig. > 0.05, the data are considered homogeneous (equal variances between
groups).

Independent T-test

An independent t-test is used to measure differences between two groups. This study measured the
differences between the group using games-based learning integrated with an entry-point strategy and
augmented reality and the group using a conventional learning model. The hypotheses used are as follows:

Ho: pu < p2 (The average problem-solving ability of students in the games-based learning integrated with

an entry-point strategy and augmented reality is less than or equal to the average problem-solving ability

of students in the conventional class).

Hi: p1 > p2 (The average problem-solving ability of students in the games-based learning integrated with

an entry-point strategy and augmented reality is better than the average problem-solving ability of

students in the conventional class).
To test for differences in means, a homogeneity test, or test for equality of variances, is first performed. HO is
accepted if the formula used is highly dependent on the results of the equality of variance test between the
two groups.

In the SPSS output table, the results of the independent sample t-test can be seen in the Levene's Test for
Equality of Variances column. If Sig. If Levene > 0.05, the data are homogeneous; then look at "Equal variances
assumed" in the t-test for Equality of Means section. If Sig. value < 0.05 indicates a significant difference between
the experimental and control groups.

Paired Simple t-test

The paired-pairs t-test for mean differences in problem-solving ability was intended to determine
differences in problem-solving ability in classes using game-based learning integrated with the entry point
strategy and augmented reality before and after treatment. The hypotheses are as follows.

Hy : 1y < p, (mean problem-solving ability after treatment < before treatment)

H; : py; > p, (mean problem-solving ability after treatment > before treatment)

The formula used is the same as the one-sample t-test, namely:

d-0
=

Where d = the average difference between the two measurements and s = the standard deviation of the

t

difference between the two measurements, while n is the number of data pairs. With ¢, = 5% and dk = dk =
(ny + n, — 2) if t_count>t_table then H, is rejected and H, is accepted. In the SPSS output, the paired-samples
t test results are shown in the Paired Samples Test table, in the Sig column (if sig.). If < 0.05, there is a significant
difference between the values before (Pre-test) and after (Post-test). This means that the treatment/method
you provide has an influence or effect.

Gain Test

To determine the improvement in students' problem-solving skills based on pretest and posttest scores,
the following formula for Normality Gain (g) can be used:

(g) =

postes value — pretes value
x 100 %

maksimum value — pretes value
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The Normality Gain (g) value obtained is then interpreted according to the Normality Gain (g) criteria, as
presented in Table 1 below.
Table 1. Criteria for Normality Gain (g)

Normality Gain (g) Criteria
(g <03 Low
03 <(g=<07 Medium
(g) =07 High

FINDINGS

The test instrument used to measure students' problem-solving abilities has passed the validity,
reliability, difficulty level, and discrimination tests, meeting the requirements for data collection. The study
results were obtained from test data, both pretest and posttest, administered to the experimental and control
groups. The experimental group received game-based learning integrated with an entry-point strategy
assisted by augmented reality, while the control group received conventional learning. The test is given to
measure students' problem-solving abilities. In accordance with the data analysis used, namely the normality
test, homogeneity test, paired sample t-test, independent t-test, and gain test. The normality test is used to
determine whether the data are normally distributed. The results of the data processing are as follows.

Descriptive Statistical Analysis Results

Descriptive statistical analysis, including measures of central tendency and dispersion, was conducted as
a preliminary step to summarize the characteristics of the research data before proceeding to inferential
statistical analysis. The descriptive statistics provide a basis for understanding participants' overall
performance in each group and provide initial evidence of differences in learning outcomes before hypothesis
testing. Furthermore, these findings help determine whether the data exhibit reasonable variation and whether
the observed scores adequately represent participant performance. The complete results of the descriptive
statistical analysis are presented in Table 1 below.

Table 1. Output of Descriptive Statistics

Experimental class Control class
Mean 88.6111 82.5455
Median 90.0000 83.0000
Mode 90.002 90.002
Std. Deviation 8.71199 12.83124
Variance 75.899 164.641
Range 30.00 40.00
Minimum 70.00 60.00
Maximum 100.00 100.00
Sum 1595.00 1816.00

Based on Table 1 (Descriptive Statistics), the results show differences in learning outcomes between the
experimental and control classes. The experimental class achieved a mean score of 88.61, higher than the
control class's 82.55. This indicates that, in general, students in the experimental class achieved better learning
outcomes. The median score for the experimental class was 90.00, while the control class had 83.00. The higher
median in the experimental class indicates that half of the students scored above 90. Meanwhile, the mode for
both classes was 90, meaning 90 was the most frequently occurring score in both groups. Differences were also
seen in the level of data dispersion. The experimental class had a standard deviation of 8.71 with a variance of
75.90, while the control class had a standard deviation of 12.83 with a variance of 164.64. The smaller standard
deviation and variance in the experimental class indicate that students' scores were more homogeneous, or
evenly distributed, than in the control class, which had greater variation. Overall, descriptive statistics indicate
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that the experimental class performed better and more consistently than the control class. Higher mean and
median scores, along with lower standard deviations, variances, and ranges, indicate this. Thus, preliminary
data indicate that the treatment administered to the experimental class may improve learning outcomes.

Normality Test Results

A normality test is performed to determine whether the data are normally distributed, a fundamental
assumption for applying parametric statistical tests. In this study, the normality of post-test scores for the
experimental and control groups was examined using the Kolmogorov-Smirnov and Shapiro-Wilk tests. The
decision criterion for the normality test is based on the significance value (Sig.). The results of the normality
test provide a basis for determining whether further analysis can be conducted using parametric statistical
methods. The complete results of the normality test are presented in Table 2 below. The post-test data, after
normality testing in SPSS, are shown in Table 2 below.

Table 2. Output of Normality Test

Kolmogorov-Smirnova Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Postes control group 0.213 15 0.065 0.945 15 0.454
Postes experiment group 0.229 15 0.034 0.920 15 0.196

Based on Table 2 above, the Shapiro-Wilk column shows a sig value of 0.454 > 0.05, indicating that the
post-test data in the control class are normally distributed. Meanwhile, the Shapiro-Wilk column below shows
a sig value of 0.196 > 0.05, indicating that the post-test data in the experimental class are normally distributed.
Given the normality assumption as assessed by the Shapiro-Wilk test, the research data meet one of the
prerequisites for parametric statistical analysis. Therefore, further analyses, such as the homogeneity of
variance test and the independent-samples t-test, can be conducted to determine whether there are significant
differences in learning outcomes between the experimental and control classes.

Homogeneity Test Results

After assessing normality, a homogeneity test of variance was conducted to determine whether the
variances of the experimental and control groups were statistically equal. In this study, the homogeneity test
was conducted using Levene's Test for Equality of Variances. The decision criterion was based on the
significance value (Sig.), where a significance value greater than 0.05 indicates that the group variances are
homogeneous. In contrast, a significance value less than 0.05 indicates that the variances are significantly
different. The results of the homogeneity test provide a basis for selecting the appropriate statistical procedure
at the hypothesis testing stage. The complete results of the homogeneity test are presented in Table 3 below.

Table 3. Output of the Homogeneity test

Levene's Test for Equality of Variances
F Sig.
VAR00001 Equal variances assumed 2.073 0.518

The results of the homogeneity test using Levene's Test for Equality of Variance are presented in Table 3
above. The analysis yielded an F value of 2.073 and a significance (Sig.) of 0.518. Because the significance value
(0.518) is greater than the predetermined significance level of 0.05, the null hypothesis of equality of variance
cannot be rejected. This indicates that there is no statistically significant difference in variance between the
experimental and control groups. This finding indicates that the data meet the assumption of homogeneity of
variance, meaning that the variability of scores in both comparative groups is the same. As a result, equality
of variance is satisfied, allowing the researcher to proceed with the parametric statistical analysis using the
Independent Samples t-test under the Equality of Variance Assumption.
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Independent T-Test Results

After ensuring that the assumptions of normality and homogeneity of variance were met, an independent
sample t-test was conducted to determine whether there was a statistically significant difference in post-test
scores between the experimental and control groups. This analysis aimed to test the research hypothesis by
comparing the learning outcomes of students who received the experimental treatment with those who
received conventional instruction. The results of the independent-samples t-test provide empirical evidence
of the instructional treatment's effectiveness in improving student learning outcomes. The complete results of
the hypothesis testing are presented in the following table —the result of the Independent Sample t Test in
Table 4 below.

Table 4. Output of Independent Sample t Test

Sig. 95% Confidence Interval
t df ) Mean  Std. Error
(2-tailed) Lower Upper
Equal variances assumed 9.59 38 0.000 34.247  3.56879  27.022 41.472
Equal variances not assumed 9.972 36.798  0.000 34.247  3.43434  27.288 41.207

Table 4 presents the results of an independent-samples t-test, conducted to examine whether there was a
statistically significant difference in post-test scores between the experimental and control groups. Since the
homogeneity test indicated that the assumption of equality of variances was met (Levene's Test, Sig. = 0.518 >
0.05), interpretation is based on the Assumption of Equality of Variances row. The analysis yielded a t-value
of 9.596 with 38 degrees of freedom (df = 38) and a two-tailed significance level (Sig. = 0.000). Since the
significance value was less than the predetermined alpha level of 0.05, the null hypothesis (H,) was rejected,
while the alternative hypothesis (H;) was accepted. These findings indicate a statistically significant difference
in post-test scores between the experimental and control groups. Furthermore, the mean difference between
the two groups was 34.247, indicating that the mean post-test score of one group differed by approximately
34.25 points from the other group. A positive mean difference indicates that the experimental group achieved
higher post-test scores than the control group. Overall, the Independent Samples t-test indicates that the
instructional treatment applied to the experimental group had a significant positive effect on student learning
outcomes —students who received the experimental treatment achieved significantly higher post-test scores
than students in the control group.

Paired Simple T-Test Results

After comparing post-test scores between the experimental and control groups using an independent-
samples t-test, a paired-samples t-test was conducted to examine the effectiveness of the instructional
treatment in each group. This statistical test is appropriate for comparing two related sets of scores, namely
pre-test and post-test results obtained from the same participants. By analyzing the mean differences between
these paired measurements, the test determines whether the observed improvement in student learning
outcomes is statistically significant. The results of the paired-samples t-test provide important evidence
regarding the magnitude of student learning improvement in each group. These findings complement the
results of the independent-samples t-test by showing not only differences between groups but also the extent
to which student performance improved after receiving the instructional treatment. The full-sample results of

the paired-samples t-test are presented in the following table 5 below.

Table 5. Output of Paired Samples t Test

95% Confidence

Mean S"cd.. Std. Error Interval ¢ d Slg. (2-
Deviation = Mean tailed)
Lower Upper
Pair1  Lretest- 3333 816 210 28.81 3785 15811 14 0.000
Postes
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Table 5 presents the results of a paired-samples t-test conducted to determine whether there was a
statistically significant difference between students' pre-test and post-test scores after the implementation of
the learning treatment. This analysis evaluates the effectiveness of the intervention by comparing the learning
outcomes of the same participants before and after the treatment. The results show a mean difference of 33.33
points between pre-test and post-test scores, indicating that student performance improved substantially after
the learning intervention. The standard deviation of the paired differences was 8.16, indicating moderate
variation in the magnitude of improvement across participants. Furthermore, the standard error of the mean
was 2.10, indicating that the estimated mean difference was relatively precise and reliable. The statistical
analysis yielded a t-value of 15.811 with 14 degrees of freedom (df = 14) and a two-tailed significance value
(Sig. = 0.000). Because the significance value was far below the established alpha level of 0.05, the null
hypothesis (H,) was rejected, and the alternative hypothesis (H,) was accepted. These findings confirm a
statistically significant difference between pre-test and post-test scores. Overall, the results of the paired-
sample t-test indicate that the instructional treatment had a highly significant positive effect on student
learning outcomes. The substantial increase in post-test scores compared to pre-test scores indicates that the
implemented instructional approach effectively improved student academic achievement. These findings
provide strong empirical support for the intervention's effectiveness and reinforce the results of the
independent-samples t-test, which also demonstrated the superiority of the experimental treatment over the
conventional learning approach.

Gain Test Results

The results of the paired-samples t-test showed a statistically significant difference between students' pre-
test and post-test scores after the implementation of the Entry Point Strategy integrated with Game-Based
Learning (GBL) and Augmented Reality (AR). The significance value obtained from the analysis was below
the 0.05 threshold (p < 0.05), indicating that the observed improvement in students' problem-solving skills
was not due to chance. The effectiveness of the learning intervention was further supported by a normalized
gain (N-gain) score of 0.75, which falls into the great improvement category. According to commonly used
classifications, an N-gain value greater than 0.70 indicates that the learning intervention is highly effective in
improving student achievement. An N-gain of 0.75 means that students achieved approximately 75% of the
maximum possible improvement from their initial level of understanding. These findings indicate that the
observed improvement in problem-solving skills is not only statistically significant but also educationally
meaningful.

DISCUSSION

This study aims to examine the influence and effectiveness of implementing Games-Based Learning
(GBL), integrated with entry point strategies and augmented with Augmented Reality (AR), on the
mathematical problem-solving abilities of elementary school students. This study explores the synergy among
modern pedagogy (Games-Based Learning), differentiation strategies (Entry Point Strategy), and immersive
technology (Augmented Reality) in improving the mathematical problem-solving abilities of elementary
school students. This study investigates the effectiveness and significance of integrating the Games-Based
Learning (GBL) approach with entry-point strategies using Augmented Reality (AR) technology to enhance
mathematical problem-solving abilities among elementary school students. Based on the hypothesis testing
and comparative statistical analyses conducted, the empirical findings in this study confirm that the tripartite
learning ecosystem (GBL, Entry Point, and AR) serves as a strong catalyst for students' cognitive development
in mathematics. The results of the paired-samples t-test in the experimental group showed a p-value (sig.) of
0.000 < 0.05. Statistically, these results strongly reject the null hypothesis, indicating a highly significant change
in abilities between before and after the intervention. Descriptively, the jump in average ability from the pre-
test (55.33) to the post-test (88.67) represents a shift in the classroom learning paradigm. Based on empirical
findings, the integration of these three elements has been shown to have a significant positive impact that
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exceeds conventional learning models. Based on the results of the prerequisite test and an inferential analysis
using a paired-samples t-test in the experimental class, a significance value of 0.000 < 0.05 was obtained. These
results reject the null hypothesis (HO) and accept the alternative hypothesis (Ha), indicating a significant
difference between the scores before (pre-test) and after (post-test) the treatment. Descriptively, this is
evidenced by the jump in average student scores from a pre-test average of 55.33 to 88.67 on the post-test, as
shown in Figure 1 below.

Average Problem Solving Ability of Experimental Class Students

100

88,67

90
80
70
60 55,33
50
40
30
20
10

Pretes Postes

Figure 1. Graph of the average pretest-posttest of the experimental class

The results of the paired-samples t-test showed a significance value of 0.000, indicating a significant
change in students' abilities after the treatment. The average increase from 55.33 to 88.67 is not just a number
but a representation of a shift in how students process mathematical information. This finding indicates that
implementing Games-Based Learning, integrated with the entry-point strategy and augmented with
Augmented Reality, has a positive and tangible impact on students' mathematical problem-solving abilities.
This improvement is also reflected in each achievement indicator for students' mathematical problem-solving
abilities, which shows a positive trend. This significant influence can arise from the characteristics of
elementary school students who are still in the concrete operational stage. The use of Augmented Reality helps
make abstract mathematical concepts more real and interactive. At the same time, the Games-Based Learning
approach creates a fun learning environment, so that students are more motivated to try and are not afraid of
making mistakes when solving problems.

Theoretically, elementary school students are at the concrete operational stage. At this stage, students
need physical representations to understand abstract concepts. Augmented Reality (AR) technology serves as
a cognitive bridge, visualizing three-dimensional mathematical objects in the students' real world. The
literature shows that AR can reduce cognitive load because students no longer need to imagine abstractly;
instead, they can interact directly with digital objects. Supported by the Games-Based Learning (GBL)
framework, the learning environment shifts from passive to active. Games provide a "scope of action" where
failure is considered part of the learning process. This is crucial in mathematical problem-solving, where
students often give up when faced with difficulties. In this study, the game element encouraged students'
persistence in finding solutions. This is demonstrated by the achievement of students' problem-solving ability
indicators, as shown in Figure 2 below.
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Figure 2. Graph of achievement indicators for problem-solving ability in the experimental class

Based on Figure 2 above, there is an increase and achievement in students' problem-solving ability
indicators between the pretest and posttest. This can be explained through the lens of cognitive load theory.
At elementary school age, students often experience cognitive dissonance when faced with abstract and
multidimensional mathematical problems. At elementary school age, students often experience cognitive
dissonance when faced with abstract and multidimensional mathematical problems. The presence of
Augmented Reality (AR) serves as an epistemological bridge, directly translating these abstractions into
manipulable three-dimensional visual entities. This finding aligns with research (Elsayed & Al-najrani, 2021),
which confirms that AR technology significantly reduces students' working memory load and improves visual
thinking skills in solving complex mathematical problems (Akbar et al., 2025) also demonstrated that AR
integration in elementary school mathematics classes can boost inferential and evaluative skills, which are the
main foundation of problem-solving. Improved achievement in each indicator of mathematical problem-
solving (such as understanding the problem, formulating a solution plan, carrying out calculations, and
evaluating the results) in the experimental class demonstrates that students do not lose their way.

The entry-point strategy ensures that a failure to understand a concept from one perspective is
immediately addressed by providing another perspective that better suits their learning style. To measure the
extent of improvement after the treatment, a Normalized Gain (N-Gain) test was conducted. The analysis
results showed that the N-Gain test score in the experimental class was 0.75. Based on the N-Gain index
interpretation criteria, a value of 0.75 falls within the high category. This confirms that the applied learning
model not only has an impact but also maximizes students' capacity for mathematical problem-solving. The
entry-point strategy plays a crucial role here, as it accommodates diverse student learning styles — providing
different entry points so each student can understand the same mathematical problem before ultimately
finding the right solution. This significant improvement was attributed to the implementation of the Entry
Point strategy. Adapted from Howard Gardner's concept of Multiple Intelligences, this strategy provides
students with multiple "entry points" for understanding the same mathematical topic. In this study, entry-
point strategies (such as narrative, numerical, aesthetic, or hands-on) facilitated by AR and games enabled
students with different learning styles to achieve the same competency targets. Supporting literature suggests
that when students are provided with learning access that aligns with their cognitive preferences, engagement
increases, which in turn strengthens memory retention and analytical skills.

The analysis of problem-solving indicators showed that students were not only able to answer questions
but also demonstrated improvements in procedural steps such as understanding the problem, planning a
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solution, implementing the plan, and reviewing the results (Polya's stages). Rooted in the theory of Multiple
Intelligences, the entry point strategy is a manifestation of differentiated learning. Mathematics, often viewed
as monolithic, can be approached through various entry points: linguistic, numerical, aesthetic, narrative, and
even hands-on/kinesthetic (Chan et al., 2022). When this strategy is integrated with interactive technology, it
becomes a catalyst for students with diverse learning profiles. In a recent review of the adaptation of
computational thinking and problem-solving, Aminah et al. (2022) highlight that accommodating diverse
thinking routes is essential for all students to participate in knowledge construction, rather than simply
passively receiving information. This integration is further strengthened by the Games-Based Learning (GBL)
approach. GBL transforms a previously tense classroom atmosphere into a safe, exploratory environment
where students can engage in trial and error. GBL can bring students into a flow experience —a psychological
state in which they fully immerse themselves in challenges due to a balance between the problem's difficulty
and their existing skills. Through this mechanism, students' persistence in finding mathematical solutions
increases drastically. The difference is also evident in the comparison of the average post-test scores of the two
groups in the experimental class (88.67) and in the control class (77.67). This significant difference in averages
demonstrates that learning with Games-Based Learning, integrated with an entry-point strategy and
augmented by Augmented Reality, is far more effective than conventional approaches, as shown in the
following graph.
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Figure 3. Graph of average problem-solving ability

In conventional learning, students tend to be passive and only receive one-way information, so their
problem-solving abilities (which require higher-order thinking skills/HOTS) are less developed. Conversely,
in the experimental class, the integration of the three elements (GBL, Entry Point, and AR) created a student-
centered learning ecosystem. Students became more active in exploring problems, manipulating 3D objects
through AR, and solving challenges through structured game mechanics. The final analysis, using an
independent-samples t-test to compare performance between the experimental and control classes, yielded a
p-value of 0.000 < 0.05. This proves the superiority of the integrative learning ecosystem over the conventional
model. In the conventional learning paradigm, information transfer is still transactional and teacher-centered.
Students may be able to solve simple algorithmic problems, but when faced with non-routine mathematical
problems, their reasoning capacity stagnates. In contrast, game-based learning combined with AR demands a
high level of interactive engagement. (Angraini et al., 2023). The significant difference in ability between the
two classes demonstrates that problem-solving cannot be transformed simply through verbal instruction or
repeated practice problems, but rather requires facilitating an immersive learning environment that
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simultaneously stimulates students' inductive and deductive reasoning abilities. The achievement indicators
for problem-solving ability in the experimental and control classes are shown in Figure 4 below.
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Figure 4. Problem-solving ability indicator achievement graph

The results of the independent sample t-test showed a significance value of 0.000 < 0.05. This probability
value is less than the 0.05 significance level, indicating a statistically significant difference in the mathematical
problem-solving abilities of students in the experimental class compared with those in the control class. The
results of the independent-samples t-test confirmed a significant difference between the experimental class
(average 88.67) and the control class (average 77.67). Although the control class experienced an increase, its
magnitude was smaller than that of the experimental class. Conventional one-way learning often fails to
facilitate higher-order thinking skills (HOTS). In contrast, the integration of GBL-AR and entry points forces
students to be active subjects. This learning creates a flow state, in which students are highly focused and enjoy
the problem-solving process because the game's challenges are balanced with their abilities. Mathematical
problem-solving abilities are not just about calculating, but also about the ability to reason. Digital Natives
explain that today's generation of students has a different cognitive structure, where they absorb visual and
interactive information more quickly. This explains why the experimental group using AR and gaming aids
demonstrated significantly superior performance compared to the control group, still using conventional
models. Thus, the results of this study provide a theoretical contribution: combining cutting-edge technology
with differentiated pedagogical strategies is key to optimizing students' mathematical potential, particularly
their problem-solving skills, in the digital age.

CONCLUSION

Game-based learning, integrated with an augmented reality-assisted entry-point strategy, affects
students' problem-solving abilities, as shown by statistical analyses using paired-samples t-tests, which
indicate a significant increase in student performance before and after learning. A significance value (2-tailed)
of 0.000 is obtained, indicating that the use of game-based learning integrated with an augmented reality-
assisted entry point strategy affects students' problem-solving abilities by increasing student involvement in
the learning process. Games-based learning, integrated with an augmented reality-assisted entry-point
strategy, provides an interactive and enjoyable learning experience, thereby motivating students to learn. This
learning model supports a fun learning process through games and contemporary media based on augmented
reality by facilitating various student profiles through the entry point strategy. The results of the independent
sample test show Sig. = 0.000, where the significance value of Sig is less than 0.05, indicating that there is a real
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difference between the control group and the experimental group. This difference indicates that students who
learn through game-based learning integrated with an augmented-reality-assisted entry-point strategy have
better problem-solving abilities than students who learn conventionally. Games-based learning, integrated
with an entry-point strategy aided by augmented reality and integrating games, student profiles, and
technology into learning, has proven effective in improving students' mathematical problem-solving abilities.
Therefore, it can be suggested that game-based learning, integrated with an entry-point strategy aided by
augmented reality, can serve as an alternative learning method in the classroom, with improved effectiveness
through thorough preparation by teachers before teaching.
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