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geometric objects. Augmented Reality through the Assembler Edu app helps students
visualize these concepts interactively. This study aims to analyze students’ process to
solve math problems in geometry with the help of Augmented Reality. The research
design used was a descriptive qualitative method focusing on 3 representative eighth-
grade students (selected from high, medium, and low performance categories for in
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Solving; Polya’s Stages students (20.69%) as medium, and 16 students (55.17%) as low. Students in the high
category were able to complete all stages of Polya’s problem-solving framework.
Students in the medium category successfully understood the problems, devised
appropriate solution plans, and carried out the required calculations but experienced
difficulties in evaluating their solutions and formulating conclusions. In contrast,
students in the low category experienced difficulties in devising appropriate solution
strategies, applying mathematical concepts, and evaluating their answers. The findings
also revealed that students perceived Assembler Edu as helpful in visualizing
geometric objects while solving geometry problems, although many students still
experienced difficulties in completing all the stages of Polya’s problem-solving
process.
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1. Introduction

Mathematical problem-solving process is one of the essential competencies that students need to develop
in the 21st century because it enables them to think critically, logically, and systematically when solving
mathematical and real-life problems (Lesi & Nuraeni, 2021). This capability is considered a fundamental
cognitive skill that should be nurtured from secondary education to equip students with the capacity to
handle modern complexities (Kurniasari & Sritresna, 2022). Fundamentally, problem-solving is not merely
a technical skill but a comprehensive learning process where students receive, respond to, and overcome
various cognitive challenges encountered during instruction (Hartinah et al., 2019; Rasmitadila et al., 2021;
Suparman et al., 2022). When students master this ability, it triggers an intrinsic motivation that fosters
greater enthusiasm and engagement toward mathematics (Nugraha & Basuki, 2021). Furthermore, it serves
as a primary determinant of a student's success in grasping advanced mathematical structures (Zakiyah et
al., 2019).

Therefore, many students have difficulty solving math problems, especially those involving geometry,
which is often considered difficult because the concepts are too abstract and require visualizing three-
dimensional objects (Busrah & Hafis, 2023; Yanty Putri Nasution, 2017). In the classroom context, these
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obstacles often manifest when students attempt to translate the teacher's explanations into concrete mental
models, leading to failures in applying geometric principles to real-world scenarios, such as calculating the
surface area or volume of complex shapes (Lestari et al., 2021; Marasabessy et al., 2021). In addition,
differences in students’ levels of geometric thinking can affect their problem-solving stages (Widiyaningsih
et al., 2020). Students’ limited ability to visualize geometric shapes makes it difficult for them to grasp
essential information, formulate solution strategies, and apply geometric principles effectively (Lestari et
al., 2021; Marasabessy et al., 2021).

Polya’s problem-solving stages are among the most widely used frameworks for analyzing student’s
mathematical problem-solving process. These stages consist of (1) understanding the problem; (2)
formulating a plan; (3) implementing the plan; and (4) evaluating the solution (Kartini et al., 2020; Malikah,
2023). These steps help students’ analyze their thought processes systematically. By operationalizing
Polya's framework, educators can clearly trace where the cognitive breakdown occurs when students face
non-routine tasks. However, based on findings in the field, students often face challenges, particularly when
understanding the questions, determining strategies, and verifying whether their answers are correct or not
(Fatmala et al., 2020; Madzkiyah & Arifin, 2024; Pebrianti et al., 2023). Empirical evidence indicates that
students frequently commit calculation errors, misinterpret the core problem requirements, and rarely
engage in the crucial final step of looking back or verifying their solutions (Fatmala et al., 2020; Pebrianti
et al., 2023). To mitigate these persistent hurdles, an innovative instructional approach that bridges abstract
text and spatial visualization is urgently required.

In the modern era, technology drives innovative learning, one such technology is Augmented Reality,
which has garnered attention, particularly in mathematics education. Augmented Reality helps users view
virtual objects directly and in real time (Miyanti et al., 2023). Through AR, virtual elements in the form of
two-dimensional or three-dimensional objects can be seamlessly simulated and integrated into a real-world
environment (Uno, 2024). In geometry lessons, augmented reality can help students visualize abstract
objects on a more concrete and interactive way, enabling them to understand mathematical concepts
accurately (Walkington et al., 2025; Widyasari & Mastura, 2020). This technology strengthens students'
spatial visualization skills, making previously complex geometric properties considerably more accessible
and detailed (Sodikin et al., 2024). For instance, students can dynamically observe shape transformations
and structural changes based on modified variables (Angraini et al., 2022). In this study, AR was
implemented using the Assembler Edu app. Through interactive 3D visualizations, students can view
geometric shapes from various angles while exploring geometry concepts in a more tangible and easily
understandable way.

Several studies have shown that Assembler Edu-based educational media is quite effective in helping
students understand mathematical concepts. In addition, this media is also said to improve students’
reasoning abilities, learning outcomes, and critical thinking skills (Khayroiyah et al., 2026; Nadjla &
Wahyuni, 2024; Ruslan et al., 2024; Ulkhoiroh, 2025). Furthermore, Augmented Reality can support
geometry learning by providing interactive and immersive learning experiences that facilitate students’
understanding of geometric concepts (Uriarte-Portillo et al., 2023). Extensive literature confirms that AR
integration effectively addresses the challenges of learning abstract math concepts (Syahida et al., 2020).
For example, utilizing AR for 3D shapes like cubes and cuboids significantly improves conceptual
understanding and student interest (Umam et al., 2024). Similarly, dedicated AR applications like
‘LearnGeoAR' have been shown to drastically boost spatial visualization abilities in school settings (Nadzeri
et al., 2024). Ultimately, learning geometry through AR fosters a more meaningful understanding while
simultaneously elevating students' learning motivation (Hadi et al., 2024; Meilindawati et al., 2023).
Furthermore, studies specifically analyzing students’ mathematical problem-solving processes in geometry
lesson supported by Assembler Edu remain limited. Therefore, this study focuses on analyzing students'
mathematical problem-solving process in geometry using Augmented Reality through the Assembler Edu
application.

2. Methods

This study used a descriptive qualitative approach design to analyze students’ mathematical problem-
solving process to geometry problems with the aid of Augmented Reality. The study was conducted at a
junior high school in Jakarta and involved 29 students in Class VIII during the 2025/2026 school year. To
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conduct a deep qualitative analysis, 3 representative subjects one from each of the high, medium, and low
categories were selected from the class using purposive sampling for further evaluation.

The research employed two data collection techniques, mathematical problem-solving test and semi-
structured interviews. The test, designed to identify students’ mathematical problem-solving process based
on Polya’s framework, assesses problem comprehension, strategy planning, plan execution, and answer
verification. To gain a deeper understanding of these skills, the researchers also supplemented the data with
semi-structured interviews conducted with the 3 selected representative subjects. The research instrument
was developed based on Polya’s problem-solving process.

The researchers applied a triangulation method by comparing the results of the math problem-solving
tests with interview data to ensure the validity of the data (Huberman, 1994). This triangulation was
conducted to verify the consistency of students’ responses and to obtain a more comprehenssive
understanding of their mathematical problem-solving processes.

The research procedure began with administering a mathematical problem-solving test in which
students used the Assembler Edu application solely as a visual aid to observe three-dimensional
representations of the geometric objects presented in the test. The application was intended only to facilitate
the visualization of geometric objects, while students recorded their answers on the provided answer sheets.

The assessment of students' written answers was conducted using a scoring rubric based on Polya's four-
stage model to ensure objective evaluation. Instead of a simple correct-or-wrong system, each stage was
scored on a scale from 0 to 4. This detailed scaling was used to capture variations in students' problem-
solving steps and mathematical accuracy. The complete scoring criteria for each stage of Polya’s problem-
solving process are presented in Table 1.

Table 1. Scoring Rubric for Students' Mathematical Problem-Solving Process Based on Polya's Framework

Polya’s Stages Description of Student Response Score
Understanding the Correctly and completely writes down both what 4
Problem is given and what is asked in the problem.

Write down what is given and what is asked, but 3
one of them is incomplete or slightly incorrect.
Correctly writes down only what is given or only 2
what is asked.
Writes down what is given and/or what is asked,
- L 1
but the information is inaccurate.
Does not write down what is given or what is
0
asked at all.
Devising a Plan Correctly and completely writes down the
mathematical model or formula leading to the 4

right solution.

Writes the correct mathematical model or
formula, but it is incomplete, leading to an 3
incorrect solution.

Writes an incorrect mathematical model or
formula, but it is fully completed, leading to a 2
wrong solution.

Writes a mathematical model or formula that is
both incorrect and incomplete, leading to a 1
wrong solution.

Does not write down any mathematical model or

formula used. 0
Carrying out the Solves the problem using the correct procedure 4
Plan and performs all calculations accurately.

Uses the correct procedure to solve the problem 3

but makes errors in the calculations.
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Does not follow a structured procedure but
manages to get the correct calculation and 2
answer.

Solves the problem using an incorrect procedure

and inaccurate calculations. 1
Provides no mathematical solution or execution 0
at all.

Looking Back Writes down the correct conclusion and 4
performs an accurate verification of the answer.
Writes the conclusion correctly but is slightly 3

inaccurate in stating the final answer asked.

Writes the conclusion correctly but fails to state
the correct final answer, or vice versa (correct 2
answer but no conclusion).

Writes a conclusion and/or answer verification
that is vague or incorrect.

Does not write down any final conclusion or
verification of the answer.

Source: Adapted from (Mawardi et al., 2022)

After completing the test, students' responses were scored and categorized into three levels of
mathematical problem-solving process based on the criteria presented in Table 2 (Davita & Pujiastuti,
2020). To calculate these levels, the raw test points obtained by each student were first converted into a
standardized scale out of 100. Following the formula adapted from Mawardi et al. (2022), the equation is
defined as follows:

Total Score Obtained

Final = x 100
mat score Maximum Score

Where the maximum score represents the highest possible points a student could achieve across all
stages of Polya’s problem-solving process. These calculated final scores were then used as the empirical
basis for interpreting and classifying the students' abilities. One representative student from each category
was then selected for semi-structured interviews to obtain more comprehensive information regarding their
mathematical problem-solving processes.

The data obtained were analyzed using a qualitative data analysis model consisting of data reduction,
data presentation, and drawing conclusions (Huberman, 1994), to describe students’ mathematical problem-
solving process according to Polya’s problem-solving stages.

Table 2. Criteria for Students’ Mathematical Problem-Solving Process Categories

Score Interval Category

80 < x < 100 High

60 < x < 80 Medium
x < 60 Low

Source: Adapted from (Davita & Pujiastuti, 2020).

3. Results & Discussions

Students’ answers were grouped into three categories: high, medium, and low. The distribution of students'
mathematical problem-solving abilities in each category is presented in Table 3.
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Table 3. Distribution of Students’ Mathematical Problem-Solving Process

Category Number of Students Percentage
High 7 24.14%
Medium 6 20.69 %
Low 16 55.17 %
Total 29 100.00 %

Based on the results of the mathematical problem-solving test administered to 29 students, 7 students
(24.14%) were classified into the high category, 6 students (20.69%) into the medium category, and 16
students (55.17%) into the low category. Findings show that most students have relatively low mathematical
problem-solving performance. Therefore, the researchers selected one representative student from each
category for further in-depth study, in order to describe their problem-solving process in accordance with
Polya’s steps.

To provide a more detailed description of students' mathematical problem-solving process, the written
response of the representative student in the high category is presented in Figure 1.

ersisd Vg CmE

Figure 1. Student Answer in the High Category

Figure 1 shows that students in the high category successfully completed all four of Polya’s steps. These
students’ written answers are presented in Figure 1. At the understanding the problem stage, the student
correctly identified the given and required information. The student used the surface area formula of an
open cube to choose a suitable strategy during the plan-making phase. Additionally, the student
methodically calculated the necessary cardboard area of 1,125 cm? throughout the plan execution stage,
leaving 75 cm? of cardboard unused.

In the final stage, the student was able to conclude that Andi had enough cardboard to make a storage
box without a lid, and the student accurately calculate the amount of cardboard Andi had left. Based on the
test results, the student was able to correctly complete all stages of Polya’s problem-solving model.

The interview results revealed that before working on the problem, the student understood the question
being asked. He said, “I read the problem and understood it, then wrote down what was given and what
was being asked.” The student also said that before writing down the formula used, he first identified the
type of three-dimensional shape, stating, “I figured out what shape it was, then I recalled the formula for
that three-dimensional shape.”

The student explained that augmented reality through the Assembler Edu app helped and facilitated the
problem-solving process, particularly in determining the correct formula. He stated, “This app helps me
clearly visualize three-dimensional shapes and helps me determine the formulas, especially for volume
problems.” Additionally, after completing all the problems, the student double-checked his answers to
ensure their accuracy: “After I finished all the problems, | checked everything again from the beginning.”
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These interview findings indicate that the student systematically applied the stages of mathematical
problem solving by understanding the problem, identifying the known and required information, selecting
the appropriate formula, carrying out the calculations, and reviewing the final answers. In addition, the
student perceived Assembler Edu as helpful in supporting geometry learning, particularly in identifying
three-dimensional shapes and determining the appropriate formulas. This finding is consistent with Malikah
(2023), who reported that students with high mathematical problem-solving process tend to apply problem-
solving stages systematically and obtain accurate solutions.

Overall, the consistency between the answers on the written exam and the interview results indicates
that the student was able to apply all of Polya’s stages systematically. Figure 2 displays the representative
student's written response for the medium category.

Figure 2. Student Answer in the Medium Category

Figure 2 shows the answer of a student in the medium category. Based on the test results, the students
successfully completed several steps. In the step of understanding the question, the student was able to
identify the information provided namely, that the area of the cardboard is 1,200 cm? and length of the
cube’s side is 15 cm, and to identify the question being asked whether Andi’s cardbard is enough to make
an open cube.

During the planning stage, the student was able to apply mathematical concepts accurately using the
appropriate formulas, namely 5s?. Furthermore, at the carrying out the plan stage, the student substituted
the edge length of 15 c¢m into the formula and correctly calculated the required cardboard area as
1,125 cm?.

However, at the looking back stage, the student did not demonstrate any verification or evaluation of
the obtained result. The student also did not compare the required cardboard area with the available
cardboard area or provide a final conclusion addressing the problem. The test results showed that students
were able to understand the questions, formulate a solution strategy, and perform calculations correctly, but
still had difficulty evaluating the results obtained and drawing a final conclusion.

The interview results revealed that the first step the student took was to identify the information
provided and what was being asked in the problem. As he said, “I gathered all the information provided in
the problem and what was being asked.” Regarding the use of Assembler Edu, the student said, “The app
is easy to access and helpful because the images are clearer and easier to understand.” He also explained
that he determined the correct formula by recalling the formula for the surface area of a cube, stating, “I
remembered the formula for the surface area of a cube, then I used that formula."

However, after receiving the answer, the student admitted that he did not always check his work, saying,
“Sometimes I do, sometimes I don’t.” He also admitted, “Sometimes I forget to write a conclusion at the
end.” This is consistent with the test results, which show that the student was able to understand the
problem, formulate an appropriate plan, and perform the calculations correctly, but failed to complete the
final step that is, checking the work. Consequently, although the student successfully completed the first
three stages of Polya's problem-solving framework, he experienced difficulties in evaluating the obtained
result and formulating a final conclusion. This finding is in line with Wahab A et al. (2024), who reported

Unnes J. Math. Educ. 2026, Vol.15, No. 2, 69-79



D. P. Ramadhani, I. Nuriadin 75

that students frequently encounter difficulties in interpreting results, evaluating solutions, and writing clear
conclusions during the looking back stage. Consequently, students may complete the calculations correctly
but fail to provide an appropriate final conclusion that answers the problem.

Overall, both the results of the written test and the interview results indicate that the main difficulty
students faced was in evaluating the solutions they had arrived at and writing the correct conclusions. The
written response of the representative student in the low category is presented in Figure 3.

Figure 3. Student Answer in the Low Category

A student in the low category's response is displayed in Figure 3. The student in the low category was
only able to complete the first step of Polya's problem-solving procedure, according to the findings of the
mathematical problem-solving test. At the understanding the problem stage, the student identified the
known information, namely the cardboard area of 1,200 cm? and the cube edge length of 15 cm. The
student also stated the question being asked, which was whether the available cardboard was sufficient to
construct an open-top cube.

However, at the devising a plan stage, the student was unable to determine an appropriate strategy for
solving the problem. The student did not write the formula for the surface area of an open-top cube,
indicating a lack of understanding of the mathematical concept required to solve the problem.

During the implementation phase (carrying out the plan), the student made a computational error by
inappropriately subtracting the values of coordinates without a sound mathematical basis. Consequently,
the chosen method became irrelevant to the context of the question, making a valid solution impossible to
achieve.

Moving to the final evaluation stage (looking back), the student prematurely concluded that the available
cardboard would be enough to build the cube. However, because this deduction did not stem from a correct
mathematical procedure, the student could not verify the validity of the result or critically assess whether
the answer truly addressed the core problem.

These collective findings suggest that the student struggled to connect the data provided in the prompt
with the necessary mathematical principles during the planning phase (devising a plan). This cognitive gap
ultimately prevented them from structuring a workable solution layout and arriving at a precise conclusion.

The qualitative data from the interview deeply aligned with these results. At first, the student mentioned
that their initial step was to look for what was known in the problem. When prompted further about what
specific data they usually targeted, the student simply remarked, "The given information." Regarding their
experience using the Assembler Edu platform, the student noted, "It helped because I could see it more
clearly," adding that one of the main perks was that "it is very advanced because it has 3D."

Nevertheless, when pressed on how they actually figured out the correct formula to use, the student was
unable to clarify their thought process and merely confessed, "I don't know." This reaction highlights a
clear struggle in mapping out mathematical concepts and designing a functional workflow. This
phenomenon mirrors the study by Latifah et al. (2021), which underscores that students frequently face
hurdles when choosing formulas, building mathematical models, and drawing accurate inferences during
problem-solving tests.
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Furthermore, although the student claimed that they attempted to fix mistakes by "doing it again,"” they
remained stuck and could not fix the flawed logic. This interview insight perfectly matches the written test
data, where the student consistently failed to map out a proper strategy and botched the execution. Such a
trend is heavily supported by Rahmawati et al. (2024), who pointed out that learners with low problem-
solving category typically struggle to choose the right strategy, integrate applicable concepts, and review
their final output. As a direct consequence of these deficiencies, students are highly prone to using faulty
procedures that yield wrong answers (Rahmawati et al., 2024).

In summary, the evidence demonstrates that while the student succeeded in isolating what was given
and what was asked, a major roadblock persisted in converting that raw data into a functional mathematical
strategy, which ultimately derailed the entire solution and its final conclusion.

o

Figure 4. Student using Assembler Edu Web-AR as a visual aid during the geometry test

To give a clearer picture of how the technology was used during the test, Figure 4 shows a student
actively using the Assembler Edu app. Here, the AR app worked strictly as a 3D visual aid without changing
how the test was run. Students just needed to scan the provided QR code to see a realistic 3D model of the
geometric shape from different angles right on their phone screen. As seen in the photo, the student looked
at the digital 3D model on their screen while writing down their mathematical steps on the paper answer
sheet.

This real-time visual really helped students in the early stages of Polya’s steps, especially in
understanding the problem and making a plan. By looking at the 3D shape, students didn't have to struggle
imagining abstract shapes in their heads. They could easily see the edges, surfaces, and hidden corners that
are usually hard to spot in flat 2D textbook drawings. Even though the app doesn't give away the formulas
or answers, this clear visualization guides the students' thinking process, helping them get a solid idea of
the shape before they start doing the math.

4. Conclusion

This study analyzed students’ mathematical problem-solving process in geometry using the Assembler Edu
application. The results showed that students’ mathematical problem-solving process varied across Polya’s
problem-solving stages. Students in the high category successfully completed all four stages of Polya’s
framework. Students in the medium category were able to understand the problems, devise appropriate
solution plans, and carry out the required calculations correctly, but still experienced difficulties in
evaluating their solutions and formulating conclusions. Meanwhile, students in the low category
experienced difficulties in devising appropriate solution strategies, applying relevant mathematical
concepts, and evaluating their solutions. These findings indicate that students’ mathematical problem-
solving process in geometry assisted by Assembler Edu differ according to their performance category,
with the most prominent difficulties occurring at the devising a plan and looking back stages. The interview
findings revealed that students perceived Assembler Edu as helpful in visualizing geometric objects, which
facilitated their understanding of the concepts learned during geometry instruction. These findings indicate
that Assembler Edu can support students in visualizing geometric objects during the mathematical problem-
solving process. However, students still require guidance in developing appropriate solution strategies and
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evaluating their solutions. Therefore, although Assembler Edu helps students understand and visualize
geometric concepts, teachers should provide more structured guidance to help students transform the given
information into appropriate problem-solving strategies, perform reflection on their solutions, and
formulate conclusions at the final stage of the problem-solving process.
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