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Abstract:

Problem-solving is a crucial 21st-century skill that plays a vital role in mathematics education. One
practical approach to developing this skill is through mathematical modelling, particularly by employing
GeoGebra-assisted MEA learning. This study aims to: (1) evaluate the quality of GeoGebra-assisted MEA
learning; (2) examine the influence of mathematical resilience on Mathematical Modelling Problem-
Solving Ability (MMPSA); and (3) describe students’ MMPSA based on their levels of mathematical
resilience. A mixed-methods approach was employed using a Sequential Explanatory design, with
instruments including questionnaires, tests, observations, and interviews. The sample consisted of Class
VII A as the experimental group and Class VII B as the control group, each comprising 30 students. Eight
students were selected as qualitative subjects based on their mathematical resilience levels. The results
indicate that GeoGebra-assisted MEA learning demonstrates high instructional quality and significantly
enhances students’ MMPSA. Quantitative findings show that mathematical resilience has a significant
effect, accounting for 30% of the variance in students’ problem-solving performance. These results are
further supported by qualitative data obtained through observations and interviews. Students with high
resilience tended to be confident, persistent, and effective in solving problems. Those with moderate
resilience showed adequate capability but lacked precision, while students with low resilience were easily
discouraged and exhibited low self-confidence. In conclusion, integrating quantitative and qualitative
findings underscores the importance of fostering mathematical resilience to enhance students’ problem-
solving abilities, particularly in the context of GeoGebra-assisted MEA in mathematical modelling.
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Introduction

Problem-solving ability is a 21st-century skill that helps students face everyday
challenges (Szabo et al, 2020; Ling & Mahmud, 2023; Ulya et al, 2024), enhances
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mathematical understanding, and connects mathematical concepts to real-life situations
(Klang et al., 2021). Problem-solving ability also supports cognitive development (Xu &
Qi, 2022). This skill enables students to adapt quickly to change and solve mathematical
problems effectively (Davita & Pujiastuti, 2020).

Mastery of mathematical problem-solving is crucial for improving learning
outcomes at the junior high school level (Fitriani et al., 2022). The 2023 academic report
from SMP Manbaul Hikmah indicated that the numeracy score for geometry was only
57.86, highlighting the need to improve problem-solving ability and enhance the quality
of learning. Therefore, a practical learning approach is needed to enhance students’
problem-solving skills, and one promising method is mathematical modelling.

Mathematical modelling is a practical approach to developing problem-solving
skills, as it helps students solve contextual problems (Bliss & Libertini, 2016; Kharisudin
& Cahyati, 2020). Mathematical modelling also helps students solve contextual issues in
daily life (Temur, 2012), stimulates their creativity, and increases participation in
learning (Wang et al, 2023). Mathematical modelling not only enhances students’
problem-solving abilities but also provides opportunities to face complex challenges.
The problem-solving process encourages students to think critically, experiment with
various strategies, and maintain perseverance despite difficulties. This experience
indirectly develops important affective qualities such as persistence and the ability to
manage confusion and obstacles. Therefore, mathematical modelling is effective in
fostering positive attitudes toward mathematics, particularly mathematical resilience.

Mathematical resilience is also essential, as it encourages students not to give up
easily when facing challenges (Lutfiyana et al., 2023). Mathematical resilience helps
students learn with confidence, perseverance, and a willingness to discuss and explore
(Lee & Ward-Penny, 2022), as well as manage emotions and stress during learning
(Xenofontos & Mouroutsou, 2023; Akkan & Horzum, 2024). Given the critical role of
mathematical resilience in promoting perseverance and practical knowledge, it is
essential to implement a learning model that not only enhances students’ problem-
solving abilities but also fosters their confidence and active engagement in the learning
process.

One such model is the Means-Ends Analysis (MEA) model, which helps build
knowledge and break down mathematical problems (Elmujahidah et al, 2019). This
model requires active student participation, with the teacher acting as a facilitator and
motivator (Karolina et al,, 2021). GeoGebra supports interactive learning by enabling
students to visualize abstract concepts (Simbolon, 2020).

Previous studies have demonstrated that mathematical modelling plays a
significant role in improving students’ problem-solving abilities, especially when linked
to real-world contexts (Hamid & Rosyidi, 2025). The MEA learning model has been
shown to influence students’ mathematical problem-solving skills positively (Nadia et
al., 2025). However, most of these studies tend to focus predominantly on cognitive
aspects, with limited attention given to how such learning strategies can support
affective factors like mathematical resilience. This affective dimension is crucial,
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particularly for fostering perseverance when students face challenges in solving
mathematical problems.

Mathematical resilience itself has a significant impact on students’ problem-solving
capabilities, as students with higher levels of resilience tend to exhibit better problem-
solving performance (Rohantizani et al, 2025). Despite this, research that explicitly
explores the relationship between mathematical resilience and specific instructional
approaches, such as MEA or the integration of interactive media, remains scarce.
Furthermore, the use of GeoGebra as a learning tool has been proven to improve
mathematics learning outcomes significantly (Sekali & Boentolo, 2025). GeoGebra also
helps boost students’ confidence in solving problems and provides a more interactive
and enjoyable learning experience (Denada et al., 2025). Despite this, the application of
GeoGebra-assisted MEA learning to reinforce mathematical resilience during
mathematical modelling problem solving is still underexplored.

Based on the literature review, there remains a research gap in studies that
simultaneously integrate problem solving, mathematical modelling, mathematical
resilience, and the use of GeoGebra-assisted MEA learning. This study addresses that gap
by offering a novel approach that combines these four components to enhance students’
cognitive abilities in solving mathematical problems and to strengthen their resilience
when facing learning challenges. The uniqueness of this research lies in its focus on
GeoGebra-assisted MEA learning as a means to examine the impact on students' MMPSA
through the lens of mathematical resilience. Specifically, this study aims to (1) analyze
the quality of the implemented learning model, (2) assess the influence of mathematical
resilience on MMPSA, and (3) describe the characteristics of MMPSA based on different
levels of students’ mathematical resilience. The findings are expected to provide both
theoretical insights and practical implications for the development of innovative,
effective, and resilience-supportive mathematics learning strategies.

Research Methods

This study employed a mixed methods design with a Sequential Explanatory
approach. This study employs a mixed-methods design with a Sequential Explanatory
approach, where quantitative data collection and analysis are conducted first to assess
the quality of learning and examine the influence of mathematical resilience on students’
abilities in mathematical modelling problem-solving. Subsequently, qualitative data are
gathered to deepen and explain the quantitative findings, particularly in describing how
levels of mathematical resilience relate to problem-solving abilities more contextually.
This approach was chosen because it allows the study to capture general patterns and
relationships between variables through quantitative data, while also gaining an in-
depth understanding of students’ learning processes and experiences through
qualitative insights. Therefore, the results of this research are expected to provide a
comprehensive and valid knowledge of instructional quality, the influence of resilience,
and the characteristics of problem-solving ability across different resilience levels,
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thereby supporting the development of effective and adaptive mathematics learning
models.

The quantitative method was in the form of a quasi-experimental design using a
Pretest-Posttest Nonequivalent Control Group Design. The research was conducted at
SMP Manbaul Hikmah, Kendal Regency, during the second semester of the 2023/2024
academic year, involving seventh-grade students across four classes as the population.
The sample was selected through simple random sampling, resulting in class VII A as the
experimental group and class VII B as the control group, each consisting of 30 students.

Subjects were chosen based on their levels of mathematical resilience (high,
moderate, low), and the material taught was “Lines and Angles.” Data collection
techniques included observation, questionnaires, tests, and interviews. The instruments
used consisted of validation sheets, a mathematical resilience questionnaire, an MMPSA
test, a student response questionnaire, a lesson implementation observation sheet, and a
student activity observation sheet. These instruments were tested in class VIII B to
assess their validity, reliability, discriminating power, and item difficulty index.

The analysis of learning quality covered three aspects: (1) Planning stage, assessed
through the validity of learning tools with a minimum category of “good”; (2)
Implementation stage, evaluated based on the observation of lesson implementation and
student activity, with a minimum category of “good”; (3) Assessment stage, with
effectiveness criteria as follows: (a) the average MMPSA reaches the Minimum
Completeness Criteria (MCC); (b) the proportion of MMPSA completeness reaches 75%;
(c) the average MMPSA of students taught using GeoGebra-assisted MEA learning is
higher than that of students taught using PBL; (d) the proportion of MMPSA
completeness of students taught using GeoGebra-assisted MEA learning is higher than
that of students taught using PBL; and (e) there is an improvement in MMPSA and
students' mathematical resilience. The effectiveness of learning was analyzed using
average completeness tests, proportion tests, mean difference tests, proportion
difference tests, and improvement tests. The influence of mathematical resilience on
MMPSA was analyzed using simple linear regression tests. Qualitative analysis was
carried out through technique triangulation.

Results and Discussions
Quality of GeoGebra-Assisted MEA Learning

The quality of learning in this study was reflected in the planning, implementation,
and evaluation stages, all of which were carried out effectively. In the planning stage, the
learning tools and research instruments were developed concurrently and validated by
four expert validators, yielding a validity score of 89% (categorized as very good).
Although minor revisions were made, the results indicate that both the learning tools
and instruments met validity criteria and were feasible for classroom use. This finding
aligns with previous research, which highlights that the feasibility of instructional tools,
measured by their validity level, is a key indicator of successful classroom
implementation (Verawati et al, 2022). Valid and reliable instructional tools are
essential for achieving specific learning objectives (Prahani et al., 2021). Furthermore,
well-validated learning devices can significantly contribute to improving student
learning outcomes (Dwikoranto et al., 2020).

During the implementation stage, the teacher began the learning activities with
greetings, prayer, and motivational statements aimed at fostering students'
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mathematical resilience. Students were grouped heterogeneously and encouraged to
discuss problems using worksheets supported by GeoGebra collaboratively. These
activities engaged students in analyzing and visualizing problems, asking questions, and
selecting appropriate problem-solving strategies. Observations revealed that the
implementation level of GeoGebra-assisted MEA learning reached 92.97% (excellent
category), while student activity levels reached 72.85% (good category). These findings
indicate that the learning process proceeded as planned and effectively involved
students, creating a collaborative and meaningful learning environment. The discussion-
based nature of the MEA model encouraged active peer interaction and small group
collaboration, supporting Daud (2021) findings that MEA can stimulate students’ critical
thinking skills and foster an active learning atmosphere, thereby positively impacting
learning outcomes.

The use of GeoGebra proved effective in helping students visualize problems, select
problem-solving strategies, and explore mathematical concepts more deeply. This
finding is consistent with research by Mukarramah et al. (2022), which showed that
GeoGebra use can enhance student participation and understanding when solving
contextual problems. However, student involvement in group discussions did not reach
the excellent category, possibly due to differences in student readiness and confidence
in using technology. It is in line with Astrilia et al. (2020), who found that some students
faced technical difficulties when first introduced to GeoGebra. Nonetheless, the study
confirms that with proper teacher guidance, students can adapt and use the technology
effectively. Evaluation of students’ responses to MEA learning supported by GeoGebra
showed positive results. The average score of 78.33% (good category) indicates that
students enjoyed and actively engaged in the learning process. It supports the notion
that interactive and technology-based learning environments can enhance students’
enjoyment and motivation in learning mathematics. According to Tabriji (2025), an
enjoyable learning environment increases student engagement, which positively affects
learning quality.

The effectiveness of MEA learning supported by GeoGebra was also demonstrated
through statistical tests. A one-sample t-test showed a result of t.,;cuiateda = 4-336,

which is greater than twpsle = 1.699. Since tcalculated > tiable, the hypothesis was accepted,
indicating that the average MMPSA score met the Minimum Mastery Learning Criteria
(MMLC). Additionally, a test of proportion yielded. Zcaicuiated = 1.898, exceeding Ziable =
1.645, Zcaiculated > Ztable, the hypothesis was accepted, with 27 out of 30 students (90%)
achieving mastery. These findings confirm that the majority of students successfully met
the KKTP, reinforcing the effectiveness of GeoGebra-assisted MEA in mathematics
learning.

A comparative test between the MEA and PBL models showed that the MEA model,
supported by GeoGebra, outperformed the PBL model. The independent samples t-test
yielded tcaiculatea = 2.829, which is greater than twpie = 1.67. Since tcaiculated > tiable, the
hypothesis was accepted, indicating that the average MMPSA score in the MEA group
(78.07) was significantly higher than that in the PBL group (73.27). This result was
further supported by a proportion test, where zcalculated = 1.898 exceeded ztabie =
1.645. As Zcalculated > Ztable, the hypothesis was also accepted, indicating that the
proportion of students achieving mastery in MMPSA was higher in the MEA group
compared to the PBL group. It aligns with findings by Miranti et al. (2015), who
concluded that MEA is more effective than PBL. The integration of the MEA approach
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with GeoGebra technology enables students to be more active and structured in solving
mathematical problems.

Paired sample t-tests showed a significant improvement between pretest and
posttest scores, with N-Gain values of 54.49% for MMPSA and 31.01% for mathematical
resilience, both categorized as moderate. It suggests that MEA learning supported by
GeoGebra positively impacts both cognitive and affective aspects. These findings confirm
the effectiveness of MEA in improving mathematical problem-solving ability, in line with
research by Siregar et al. (2017). Additionally, Hermawan et al. (2020) found that
GeoGebra enhances conceptual understanding and problem-solving skills. Integrating
mathematical modelling into the learning process also fosters curiosity and interest in
learning (Ramadannia et al, 2024). The observed improvement in mathematical
resilience demonstrates the model’s effectiveness in nurturing students’ perseverance
when facing challenges. Therefore, the integration of MEA and GeoGebra not only
enhances cognitive competence but also strengthens the affective domain, which is
essential for long-term academic success.

The Influence of Mathematical Resilience on MMPSA

The results of the linear regression test indicate that mathematical resilience
significantly influences students’ MMPSA, with the regression equation Y = 19.513 +
0.775X and a significance value of 0.002 < 0.05. The coefficient of determination (R?) is
0.300, meaning that 30% of the variation in MMPSA is explained by mathematical
resilience, while the remaining 70% is influenced by other factors. This finding aligns
with the research of Athiyah et al. (2020), which confirms that mathematical resilience
positively affects students’ mathematical problem-solving abilities. Although resilience
is an essential factor, these results suggest that problem-solving skills are also shaped by
other variables such as conceptual understanding, motivation, and learning strategies.

100.004
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Picture 1. Scatter Plot Graph

Picture 1 (Scatter Plot) illustrates a positive linear relationship between
mathematical resilience and MMPSA, indicating that, in general, the higher the students’
resilience, the better their performance in solving mathematical problems. Strong
mathematical resilience plays a crucial role in learning, as it enhances students’ ability to
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handle challenges effectively (Fatimah et al., 2020). However, the data also show some
variation, as some students who exhibit high resilience do not necessarily achieve high
MMPSA scores. It supports Farhan (2020) findings, which emphasize that resilience
does not always correlate directly with students’ cognitive performance. Other factors,
such as conceptual mastery, problem-solving strategies, and psychological conditions
during assessments, also contribute to learning outcomes. While mental endurance is
essential, without a solid understanding of concepts and practical strategies, problem-
solving ability may still be hindered. Zulkarnain and Budiman (2019) assert that
conceptual understanding significantly contributes to students’ mathematical problem-
solving success. Therefore, problem-solving ability is influenced by a combination of
mathematical resilience, conceptual knowledge, learning strategies, and the learning
environment.

Analysis of MMPSA Based on Mathematical Resilience
The determination of research subjects is presented in the following Table 1:

Table 1. Research Subject Determination Results

Mathematical Resilience

No Subject Code

Value Category
1 S-1 E-1 85 High
2 S-2 E-10 775 High
3 S-3 E-22 80.83 High
4 S-4 E-4 76.7 Moderate
5 S-5 E-29 70 Moderate
6 S-6 E-30 70 Moderate
7 S-7 E-16 68.33 Low
8 S-8 E-25 60.83 Low

High Mathematical Resilience
a. Building New Mathematical Knowledge through Problem Solving, as well as
Monitoring and Reflecting on the Problem-Solving Process.
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Picture 2. S-1's Work Results
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As illustrated in Picture 2, Subject S-1 constructs new mathematical knowledge
through a systematic problem-solving process. S-1 demonstrates the ability to monitor
and reflect on this process by accurately interpreting the solution, as further confirmed
during the interview. S-1 exhibited excellent capabilities in developing new
mathematical understanding through the structured application of mathematical
modelling steps. In the initial stage, identifying all quantities involved in problem S-1
successfully abstracted the contextual situation by representing the street names as
angles, using mathematical notation such as ZBFC = 4x°, ZAFB=5x°, ZAFE=50°, £EFD =
y°,and 2DFC = 3x°. The subject was able to differentiate between variables (x and y) and
constants, and recognized that all quantities were interconnected within a single system,
namely angles in a plane.

In the next stage, which involved determining the governing principles of the
problem, S-1 identified that some angles formed straight angles, mathematically
interpreted as supplementary angles. The subject formulated two key equations: ZAFB +
£BFC = 180° and ZAFE + £EFD + «DFC = 180°, indicating the ability to construct a
mathematical model based on relevant geometric principles. In the model-solving stage,
S-1 developed a coherent and systematic algebraic strategy to solve both equations,
resulting in the values x = 20° and y = 70°. This strategic approach suggests that S-1 not
only understood the underlying mathematical concepts but was also able to apply them
effectively in a more complex modelling context.

In the final stage, where the model's solution is interpreted as the solution to the
original problem, S-1 demonstrated a high level of metacognitive awareness. The subject
verified the obtained values by substituting them back into the original equations to
ensure their accuracy. This step reflects monitoring and reflective activities that are
essential to mathematical problem solving. Such reflective practices underscore that S-1
was not merely focused on obtaining the final answer but also actively evaluated the
reasoning and problem-solving process. These findings confirm that S-1 possesses
strong competence in constructing new mathematical knowledge, supported by the
comprehensive application of mathematical modelling steps as well as effective
monitoring and reflection throughout the problem-solving process.

b. Applying and Adjusting Various Appropriate Strategies to Solve Problems, as well as
Monitoring and Reflecting on the Mathematical Problem-Solving Process.
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Picture 3. S-1’s Work Results
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As shown in Picture 3, S-1 successfully applied and adjusted various appropriate
strategies to solve the problem. S-1 was able to monitor and reflect on the problem-
solving process by correctly interpreting the solution, as confirmed in the interview.
Subject S-1 demonstrated the ability to apply and adapt various appropriate strategies
to solve mathematical problems. It was reflected in the flexible and systematic
implementation of mathematical modelling steps. In the first stage, identifying all
quantities involved in the problem, S-1 actively engaged in constructing visual
information into a diagram. The subject stated, “I input the given information into the
diagram and labelled the angles accordingly, so we have £AEB = x°, £BAE = 75°, and since
£FEB and £ABE form a pair of vertically opposite angles, we get £ABE = 45°.” It indicates
that S-1 not only copied the information but also conceptually interpreted the
relationships among quantities and distinguished between variables and constants.

In the next stage, determining the governing principles of the problem, S-1
employed two different approaches based on geometric principles. The first strategy
utilized the angle sum property of triangle ABE by constructing the equation: ZAEB +
¢BAE + £ABE = 180°, while the second strategy applied the concept of consecutive
interior angles, in which 2BAE, ZAEB, and £FEB form consecutive interior angles that
also sum to 180°. These two approaches demonstrate S-1’s ability to select and adapt
the most appropriate rule or concept to match the structure of the problem. In the
model-solving stage, S-1 solved the first model by substituting the constant values into
the equation and then manipulating the algebraic expression to arrive at the solution x =
60°.

In the final stage, the model’s solution addresses the original problem. S-1
exhibited a high level of metacognitive awareness through activities of monitoring and
reflecting on the problem-solving process. The subject explicitly stated that they
checked the answer: “I substituted 60° into the equation to make sure the result was
correct.” This process shows that validating the result was not merely a closing step but
an integral part of their thinking strategy. Thus, S-1 not only demonstrated the ability to
apply appropriate strategies but also showed flexibility in adjusting approaches to the
specific characteristics of the problem. The ability to evaluate and verify the solution
independently indicates a high level of reflection. Therefore, S-1 meets the indicators,
both in applying problem-solving strategies and in thoroughly monitoring and reflecting
on their thinking process.
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Picture 4. S-3’s Work Results
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As shown in Picture 4, S-3 was unable to apply and adjust various appropriate
strategies to solve the problem. S-3 could neither monitor nor reflect on the problem-
solving process correctly, as revealed in the interview. Subject S-3 demonstrated
difficulties in applying and adapting appropriate strategies to solve mathematical
problems. In the initial stage of modelling, the subject was unable to systematically
identify all quantities involved and construct information from the problem. It was
evident when the subject stated, “I'm confused by the question,” in response to why no
information from the problem had been noted. There was no attempt to label the angles
or to distinguish between variables and constants, which hindered the process of
identifying relevant quantities. When progressing to the stage of determining the
governing principles of the problem, S-3 mentioned the use of the angle sum property of
a triangle. However, the mathematical model constructed was invalid: “x + 75°-45° =
180°.” It equation reflects a misapplication of geometric principles, as the subtraction of
angles lacked any logical or mathematical justification. It suggests a weak conceptual
understanding and a mismatch between the chosen strategy and the structure of the
problem at hand.

In the model-solving stage, the subject did not exhibit a systematic solution
process or correct algebraic manipulation. The answer was produced without logical
steps grounded in a valid model, and therefore cannot be considered mathematically
justifiable. Furthermore, in the stage of interpreting the model’s solution as the solution
to the original problem, S-3 also showed no evidence of reflection on the result obtained.
When asked whether the answer had been verified, the subject responded, “No.” There
was no indication of any monitoring or evaluation of the solution’s accuracy. When
prompted to consider alternative strategies, S-3 replied, “None,” indicating a rigid
thinking pattern and low strategic flexibility.

The absence of reflection and monitoring highlights a lack of metacognitive
awareness during the problem-solving process. Therefore, S-3's performance does not
yet meet the indicators of the ability to apply and adapt various problem-solving
strategies appropriately, nor does it demonstrate the capacity to monitor and reflect on
their mathematical thinking process. It suggests that the subject’s mathematical
resilience remains low, both cognitively and metacognitively.

c. Solving Problems Arising in Mathematics and Other Contexts, as well as Monitoring
and Reflecting on the Mathematical Problem-Solving Process.

As shown in Picture 5, S-1 was able to solve problems arising in mathematics and
other contexts. The problem sketch drawn was also correct. Additionally, S-1 monitored
and reflected on the problem-solving process, taking appropriate steps supported by the
interview. Subject S-1 demonstrated a high level of problem-solving ability, both in pure
mathematical contexts and in real-life-related situations. In the initial stage of modelling,
S-1 was able to identify all quantities involved in the problem and extract key
information in a detailed and systematic manner. The subject stated: “AB = 10m, BD =
12m, DC = 6ém, £ABE = 90°, and «DCE = 36°,” indicating the ability to organize data,
assign symbols to quantities, and distinguish between variables and constants. This
information was then transformed into a visual representation in the form of a sketch,
which served as the foundation for constructing a mathematical model. This action
reflects a strong initial mastery of the mathematical modelling process.
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Picture 5. S-1’s Work Results

In the next stage, determining the governing principles of the problem, S-1
correctly applied geometric principles, particularly the relationships among angles and
the angle sum property of a triangle. The subject explained: “I used the relationships
among angles and the sum of angles in a triangle,” and constructed mathematical models
such as: “2ZABE + £EAB + £BEA = 180°.” It model was not only mathematically valid but
also connected to other relevant concepts, such as opposite and supplementary angles,
along a straight line. It demonstrates a strong conceptual understanding and the ability
to integrate multiple mathematical rules simultaneously.

In the model-solving stage, S-1 correctly solved the equations and exhibited a
logical and well-structured line of reasoning, including appropriate manipulation of
values and substitutions. Furthermore, in the final stage, where the model’s solution is
interpreted as the solution to the original problem, S-1 demonstrated a high level of
metacognitive control through monitoring and reflection. The subject explicitly stated: “I
substituted 54° for x in the equation 90° + 36° + x = 180°,” as a means of verifying the
accuracy of the solution. Additionally, S-1 was able to conclude by identifying several
angle measures at once: “So, ZEAB = 36°, £DEC=54°, £BEA = 54°, and £EDC = 90°.” It
statement demonstrates that the solution was interpreted comprehensively,
consistently, and in a manner relevant to the problem’s context.

In conclusion, Subject S-1 not only demonstrated the ability to apply mathematical
modelling steps to solve problems but also effectively integrated information from
various contexts. The subject was able to monitor and reflect on their thinking process
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and independently verify the solution. Therefore, S-1's performance reflects a high level
of mathematical resilience, both cognitively and metacognitively, and demonstrates
strong problem-solving ability across domains.
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Picture 6. S-3’s Work Results

As shown in Picture 6, S-3 was unable to solve problems arising in mathematics
and other contexts. S-3 also did not understand directionality, leading to an inaccurate
problem sketch. Additionally, S-3 failed to effectively monitor and reflect on the
problem-solving process, as supported by the interview. In contrast to S-1, Subject S-3
experienced significant difficulties in understanding and solving problems, both in pure
mathematical contexts and in those involving real-life applications. In the initial stage of
modelling, S-3 failed to identify all quantities involved in the problem, record important
information, and even showed a lack of understanding about the problem’s direction.
When asked, the subject responded briefly, “I don’t understand, Miss,” indicating that the
obstacle had occurred as early as the stage of contextual comprehension. There was no
evidence that the subject attempted to transform information from the problem into
appropriate visual or symbolic representations, resulting in an ineffective identification
of variables and constants.

In the stage of determining the governing principles of the problem, S-3 stated that
they applied the angle sum property of a triangle. However, the application appeared
mechanical and was not aligned with the structure of the problem. The mathematical
model constructed “2A4 + £B + £C = 180°” was valid in general form, yet it was not built
based on concrete relationships among the quantities provided in the problem. When
asked about the final result or interpretation of the model, S-3 explained that “y
represents «C”, indicating a lack of understanding of the geometric meaning of the
symbols used. It suggests that S-3 had not yet developed the ability to connect the
mathematical model to the problem’s context meaningfully.

Furthermore, in terms of monitoring and reflecting on their thinking process, S-3
did not demonstrate adequate metacognitive activity. When asked whether the answer
had been reviewed, the subject responded briefly: “No, Miss.” There was no indication of
efforts to verify results, assess the correctness of the solution, or consider alternative
approaches. This absence of self-evaluation indicates a weak level of metacognitive
control, which plays a critical role in comprehensive mathematical problem solving. In
conclusion, Subject S-3’s performance showed an inability to solve mathematical
problems across various contexts, as well as a lack of flexible problem-solving strategies
and awareness to reflect on or monitor their own thinking process.

The difference in mathematical problem-solving abilities through modelling
between S-1 and S-3 is quite significant, even though both students demonstrated high
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mathematical resilience. S-1 was able to meet all problem-solving indicators
systematically using an appropriate modelling approach, while S-3 failed to do so. These
findings support previous research by Haerani et al. (2021), which stated that students
with high resilience tend to complete more problems correctly despite occasional errors
in procedural skills.

In the stages of identifying and developing a mathematical model, S-1
demonstrated superior abilities compared to S-3. S-1 successfully identified essential
information, organized the data logically, and created a model using relevant
mathematical concepts. In contrast, S-3 encountered difficulties from the very beginning,
failing to recognize key information and being unable to connect existing mathematical
concepts to the problem at hand. Differences were also evident in the stages of solving
and interpreting the model. S-1 systematically solved the model and verified the results
within the context of the problem, whereas S-3 frequently made errors in both
calculation and interpretation due to constructing an inappropriate model. It indicates a
lack of structured problem-solving skills on the part of S-3.

The findings suggest that although students with high mathematical resilience
often attempt to solve problems, they may still lack mastery of fundamental concepts,
which can lead to difficulties in selecting appropriate strategies and analyzing issues
systematically. It aligns with the research of Maharani and Bernard (2018), who found
that insufficient understanding and mastery of tested concepts result in students being
unable to solve problems using correct procedures. Instead, they rely on formulas they
assume to be accurate without considering their accuracy.

Moderate Mathematical Resilience
a. Constructing New Mathematical Knowledge Through Problem Solving, as well as
Monitoring and Reflecting on the Mathematical Problem-Solving Process.
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Picture 7. S-4’s Work Results

As shown in Picture 7, S-4 encountered difficulties in constructing new
mathematical knowledge through problem-solving. Additionally, S-4 did not effectively
monitor and reflect on the problem-solving process, as supported by the interview.
Subject S-4 demonstrated a moderate ability to construct new mathematical knowledge
through problem-solving, as reflected in the relatively systematic application of
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mathematical modelling steps. In the first stage, identifying all quantities involved in the
problem, S-4 abstracted the contextual situation by interpreting the street names in the
problem as angles represented with mathematical notation, such as ZAOFE = 50°, ZAOC =
5x°, £COB = 4x°, £BOD = 3x°, and £EOD = y°. It representation indicates that S-4 was able
to translate verbal information into symbolic form and distinguish between variables
and constants.

In the next stage, determining the governing principles of the problem, S-4
recognized that certain angles formed straight angles, indicating that these angles are
supplementary. The subject formulated two main equations: “240C + 2COB = 180° and
£AOE + £EOD + £BOD = 180°,” showing an ability to construct a mathematical model
based on appropriate geometric principles. In the model-solving stage, S-4 applied
algebraic strategies to solve both models sequentially. S-4 correctly solved the equation
5x + 4x = 180°, resulting in x = 20°, and then substituted this value into the second
equation, 50° + y + 60° = 180°, to obtain y = 70°. It demonstrates S-4’s ability to apply
algebraic procedures to solve the developed model accurately.

In the final stage, where the model's solution is interpreted as the solution to the
original problem, S-4 did not fully carry out this step independently. When asked
whether they had checked the calculation results, S-4 answered no and also failed to
state the conclusion without prompting. Only after guidance from the interviewer did
the subject declare the values of x = 20° and y = 70°. It suggests that S-4’s ability to
monitor and reflect on the mathematical problem-solving process remains limited and
still requires external support. Therefore, although S-4 demonstrated competence in
constructing mathematical knowledge through modelling, their reflective ability has not
yet developed optimally. As such, the mathematical resilience demonstrated by S-4 is
considered moderate, as the problem-solving was accurate but lacked independent
evaluation of the process.

b. Applying and Adjusting Various Appropriate Strategies to Solve Problems, as well as
Monitoring and Reflecting on the Mathematical Problem-Solving Process.
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Picture 8. S-4’s Work Results

As shown in Picture 8, S-4 encountered difficulties in applying and adjusting
various appropriate strategies. Additionally, S-4 did not effectively monitor and reflect
on the problem-solving process, as supported by the interview data. Subject S-4
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demonstrated a basic understanding of applying problem-solving strategies but has not
yet shown the ability to adapt strategies flexibly according to the problem context. In the
initial stage of modelling, identifying all quantities involved in the problem, S-4 was able
to mention several key pieces of information: ZQPR = x°, ZRQP = 75°, and 4RPS = 45°. It
indicates that the subject could distinguish between variables and constants, although
there was no explicit effort to label the diagram or consistently state angle
measurements.

In the stage of determining the governing principles of the problem, S-4 employed
an approach based on the concept of consecutive interior angles and formulated the
mathematical model: ZQPR + 2ZRPS + zZRQP = 180° It strategy shows an initial
understanding of geometric principles and the ability to establish mathematical
relationships between angles. Although the subject relied on only one approach, the
model constructed was valid for solving the problem. In the model-solving stage, S-4
correctly solved the equation x + 75 + 45 = 180° and obtained the value x = 60°. It
suggests that the subject was capable of performing basic algebraic manipulations to
derive a solution from the developed model. However, when asked about possible
alternative strategies, S-4 responded, “No, Miss,” indicating limited flexibility in thinking
and a lack of exploration of potentially more efficient or relevant approaches. It reflects
an underdeveloped ability to adapt strategies as needed.

In the final stage, where the model solution is interpreted as the solution to the
original problem, S-4 initially forgot to state the conclusion and only provided it after
prompting: “So, the value of x is 60°.” Nevertheless, S-4 demonstrated some awareness
of the need to verify the result, stating, “I substituted 60° into the model.” This action
reflects an element of monitoring during the solution process, although deeper
reflection, analyzing the efficacy of the plan, or contemplating other ideas, was not
evident. In summary, Subject S-4 has demonstrated an initial ability to apply problem-
solving strategies and construct a simple, valid mathematical model. The subject has also
begun to show signs of monitoring through the verification of results. However, the
ability to flexibly adjust strategies and engage in more profound reflection on the
thinking process still needs further development.

c. Solving Problems Arising in Mathematics and Other Contexts, as well as Monitoring
and Reflecting on the Mathematical Problem-Solving Process.

As shown in Picture 9, S-4 demonstrates strong problem-solving skills in
mathematics and other contexts, including sketching diagrams and understanding
cardinal directions. However, S-4 struggles with monitoring and reflecting on the
problem-solving process, as supported by the interview results. Subject S-4
demonstrated good competence in solving mathematical problems, particularly those
arising from real-world contexts. In the initial stage of modelling, identifying all
quantities involved, S-4 was able to state the information comprehensively: “The length
of side PQ = 10m, QT = 12m, TS = 6m, £PQR = 90°, and £RST = 36°.” It reflects the ability
to read and extract key information from the text, transforming it into a visual
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representation in the form of a diagram, which indicates a relatively strong spatial and
conceptual understanding. S-4 was also able to distinguish between known quantities as
constants and those treated as variables in the modelling process.
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Picture 9. S-4’s Work Results

At the stage of determining the governing principles of the problem, S-4 applied
the angle sum property of a triangle and connected angles with certain relationships.
She stated, “I started from 2QPR and £RST, which are vertically opposite angles, so both
are equal to 36°" then formulated the mathematical model: “£2QPR + 2PQR + £QRP =
180°.” This process continued with substituting the known angle values and logically
solving the model: “90° + 36° + x = 180°, so x = 54°.” Furthermore, S-4 demonstrated a
more profound understanding by relating other angle values based on corresponding
and vertically opposite angles: “2RTS = £PQR = 90°, QPR = £RST = 36°, and £TRS =
£QRP = 54°.” It indicates that S-4 was able to solve problems in both mathematical and
non-mathematical contexts consistently and conceptually.

However, regarding monitoring and reflection, S-4’s abilities are still limited.
Although she mentioned performing a check: “I substituted 54° into the equation 36° +
90° + x = 180°,” this action appeared more procedural than reflective. When asked why
the conclusion was not written down, S-4 replied, “For this problem, I'm not sure how to
write it.” This response suggests that, although the problem-solving process was
executed well, the ability to communicate the final result systematically has not been
fully developed, even though this is an essential part of interpreting and reflecting on the
model solution. In conclusion, Subject S-4 has demonstrated reasonably good ability to
solve mathematical problems from various contexts, especially in identifying
information, constructing models, and determining solutions. However, the capacity to
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monitor and reflect on the problem-solving process, including evaluating and
thoroughly presenting the results, still needs further development.

S-4’s ability to build new mathematical knowledge through problem-solving
indicates that students with a moderate level of resilience are capable of engaging in the
mathematical modelling process. S-4 successfully transformed verbal information into
symbolic representations and constructed models based on relevant geometric
principles. In applying strategies, S-4 demonstrated the ability to choose appropriate
solution methods and solve models using correct algebraic logic. However, the inability
to adjust or explore alternative strategies reveals limitations in cognitive flexibility. In
terms of solving contextual problems, S-4 demonstrated a good conceptual
understanding and effectively transferred knowledge to real-world situations. She
effectively related geometric concepts across different contexts. Nonetheless, S-4’s
ability to monitor and reflect on the problem-solving process remains limited.
Independent evaluation of thinking processes and confident communication of
conclusions have not yet been demonstrated.

These findings align with the research of Nurfitri and Jusra (2021), which found
that students with moderate resilience often face difficulties in applying problem-
solving strategies due to a lack of thoroughness. However, they still show effort and
perseverance in facing challenges. Additionally, Athiyah et al. (2020) revealed that
students with moderate resilience tend to struggle with fully understanding problems.
Rahmatiya and Miatun (2020) added that students in this category generally have
difficulty following systematic problem-solving procedures, tend to be less meticulous,
and easily lose motivation when encountering challenges. Therefore, the mathematical
problem-solving abilities of students with moderate resilience still require
reinforcement, particularly in strategic flexibility, monitoring, and reflection, to enable
them to solve problems more independently and confidently.

Low Mathematical Resilience
a. Constructing New Mathematical Knowledge through Problem Solving, as well as
Monitoring and Reflecting on the Problem-Solving Process.
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Picture 10. S-7’s Work Results
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As shown in Picture 10, S-7 is capable of constructing new mathematical
knowledge through problem-solving. S-7 can effectively monitor and reflect on the
problem-solving process, although there are some shortcomings. At the first stage,
identifying all quantities involved in the problem, S-7 was able to interpret information
presented in the diagram and identify relevant quantities, as shown in the statement:
“Length of CE = 3m, length of AB = 4m, and length of CB = 6m.” This information then
formed the basis for an initial understanding of the problem'’s structure.

At the stage of determining the governing laws of the problem, S-7 showed
understanding of the principle of segment ratios, an important concept in geometry. She

stated, “From the picture, it seems this is usually solved with line segment ratios,” then

. CE c EC BC
formulated two mathematical models, namely: T % and 70 = 50 These models

indicate that S-7 was able to construct appropriate mathematical representations based
on geometric relations relevant to the context of the problem. At the model-solving
stage, S-7 solved two equations involving two different variables, x for QC and y for BQ,

obtaining final results of x = 18 and y = 12. This problem-solving strategy shows that S-7
can apply conceptual and procedural knowledge accurately to reach correct solutions.

However, at the stage of interpreting the model solution as the solution to the
problem, S-7 did not demonstrate a strong ability to monitor and reflect on the
mathematical problem-solving process. When asked whether she reviewed the results,
S-7 answered, “No, Ma’am,” and the conclusion given was brief and not elaborated: “So, P
and Q = 12 meters.” It indicates that reflection on the thinking process was not
conducted independently, and evaluation of the accuracy or appropriateness of the
results was not part of the problem-solving strategy.

Thus, S-7 shows sufficient ability in building mathematical knowledge through
modelling, particularly in identifying quantities, constructing models, and correctly
solving models. However, the aspects of monitoring and reflecting on the mathematical
problem-solving process still need to be strengthened. The low mathematical resilience
category assigned to S-7 reflects more limitations in metacognitive elements, rather than
in conceptual understanding or procedural ability in solving problems.

b. Applying and Adjusting Various Appropriate Strategies to Solve Problems and
Monitoring and Reflecting on the Mathematical Problem-Solving Process

As seen in Picture 11, S-7 can apply and adjust various appropriate strategies to
solve the problem. S-7 is also able to monitor and reflect on the problem-solving
process. Subject S-7 demonstrates fairly good basic skills in applying problem-solving
strategies, but has not yet been able to adjust the strategy flexibly according to the
problem context. At the initial modelling stage of identifying all quantities involved in
the problem, S-7 was able to recognize and name angles based on the points available in
the diagram. When asked about the reason for naming the angles, S-7 replied, “I named
them based on the points in the diagram,” showing initiative in converting visual
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information into symbolic form and distinguishing involved quantities, although not
explicitly separating variables and constants or stating their units.
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Picture 11. S-7's Work Results

At the stage of determining the governing law, S-7 used the concept of
corresponding angles and formed a mathematical model: “2CAB + £BCD + £ACB = 180°.”
She explained that the relation was constructed based on “the relationship of
corresponding angles,” indicating that S-7 was able to select relevant geometric
principles and build a logical model according to the problem structure. Next, at the
model-solving stage, S-7 substituted angle values into the equation: ZCAB = 75° and
£BCD = 45°, so the model became x + 120° = 180°, yielding x = 60°. This step shows that
S-7 was able to apply appropriate strategies procedurally with a systematic and
organized thought process. However, when asked whether there was an alternative
strategy that could be used, S-7 answered: “No.” This answer reveals that mathematical
thinking flexibility is still limited, and S-7 is not accustomed to evaluating or exploring
more efficient approaches.

At the stage of interpreting the model solution as the problem solution, S-7 was
able to conclude by stating: “The value of x is 60°.” However, when asked if she checked
the answer, S-7 answered: “No, Ma’am,” indicating that monitoring and reflection have
not yet become habitual parts of her thinking. Metacognitive awareness of the problem-
solving process remains limited, often focusing on procedural execution without a deep
evaluation of the strategy's correctness or efficiency. Therefore, Subject S-7 has been
able to apply appropriate problem-solving strategies and construct valid mathematical
models, but has not yet demonstrated the ability to adjust strategy or reflect
comprehensively on the problem-solving process flexibly. Active monitoring has also not
been carried out, so S-7’s mathematical resilience is classified as limited. However, there
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is potential for further development with appropriate guidance, particularly in exploring
strategies and deeply reflecting on thinking processes.

c. Solving Problems Arising in Mathematics and Other Contexts, as well as Monitoring
and Reflecting on the Mathematical Problem-Solving Process

i Tanya + Sketsalah Gumbor dori erwocclahon  dercaast den Jertulon UMuran  Sudut
Yang  balum di Kb
Vi Jousk : Jodi, Sudut A < 26

[ Sudup % = %
St ¢ = 54°
om| 1\ Swut D - 5y’
) [

i 4 N & sk £ = 3¢
\{ Cudt £ ¢ O

Picture 12. S-7’s Work Results

Based on Picture 12, S-7 encountered difficulties in solving problems that arise in
mathematics and other contexts. S-7 struggled with monitoring and reflecting on the
problem-solving process, as supported by the interview data. Subject S-7 faces quite
fundamental difficulties in solving problems that arise both in mathematical contexts
and other contexts. At the initial modelling stage of identifying all quantities involved, S-
7 did not record important information and showed confusion in understanding the
problem’s direction. When asked why she did not write down the known information, S-
7 replied: “I'm confused, Ma’am. I can only draw an illustration of the problem.” After
being prompted to recall the information, S-7 was only able to mention some known
angles: “2B = 90° and 2E = 36°.” However, when asked to identify unknown angles, S-7
randomly mentioned all angles: “2A4, £B, £C, £D, £E, and £F,” without distinguishing
which were variables to focus on and which were already known. It indicates that the
process of identifying quantities and classifying information as variables or constants
has not been done correctly.

At the stage of determining the governing law, S-7 also experienced obstacles. She
admitted difficulty explaining the solution strategy by saying, “I'm confused about how to
write it down.” It shows that the selection of relevant mathematical principles or laws
has not been clearly done. Although S-7 eventually stated the angle values, such as: “So,
£A =36° £B =90° 2C = 36° 4D = 54°, LE = 54°, and £F = 90°,” the explanation of how
these results were obtained was still unsystematic. She explained that some angles “face
each other” or “share vertex points,” for example: “2A faces £C, and £B faces £F,” and “2D
and 2E share a vertex.” It explanation indicates spatial intuition that is not yet fully
structured within proper geometric principles.

At the stage of interpreting the model solution, S-7 showed uncertainty about the
results obtained. She said, “I'm not sure, Ma’am. I feel my answer is incomplete,”
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indicating a lack of confidence in linking the mathematical solution to the problem being
solved. In addition, monitoring and reflection activities during the problem-solving
process remain very limited. There is no apparent effort to verify answers or evaluate
the strategies used. The entire process proceeds without sufficient self-supervision, and
the final decisions are made more based on guesswork than precise conceptual analysis.

Overall, Subject S-7’s performance indicates that she struggles to solve
mathematical and other contextual problems effectively. The processes of information
identification, model construction, and conclusion have not been performed fully and
consistently. Monitoring and reflection on the thinking process are also weak, so S-7’s
mathematical resilience is considered low in terms of both contextual problem-solving
and supervising her own cognitive processes.

Based on the findings, Subject S-7 demonstrates a pretty good ability to build new
mathematical knowledge through problem-solving. She can identify important
information from problems and transform it into relevant mathematical models, such as
using the principle of segment ratios or corresponding angles in geometry problems. It
shows that although classified as having low resilience, S-7 can still develop conceptual
understanding through modelling activities. In applying and adjusting problem-solving
strategies, S-7 has been able to select and use an appropriate procedural strategy but
has not yet shown flexibility in evaluating or seeking alternative strategies. The third
indicator, solving problems in mathematical and real-life contexts, has not been fully
mastered by S-7. She has difficulty understanding contextual problems, incorrectly
identifies quantities, and has not been able to construct models systematically.

For the final indicator, monitoring and reflecting on the problem-solving process,
S-7 has not shown adequate metacognitive ability. She does not recheck answers and is
unsure about the obtained solutions. Reflection on the thinking process is not performed
independently, resulting in a mechanical problem-solving process without evaluation. It
is consistent with the research of Harahap and Manurung (2022), who stated that
students with low resilience can understand problems but have not yet developed the
ability to apply correct solution steps. It is supported by Maharani and Bernard (2018),
who stated that students with low resilience tend to solve problems using strategies
they think are suitable, without considering whether the strategies are actually correct
and effective.

S-7’s difficulties in solving problems also reflect low interest, curiosity, and
persistence. In difficult situations, she tends to wait for answers from peers rather than
trying independently. These findings align with Ansori (2020), who found that students
with low resilience tend to give up easily, fail to analyze problems correctly, and rush to
complete tasks. Additionally, they often feel anxious, confused, and unsure about their
answers, and tend to avoid mathematics problems (Rohmah et al., 2020; Fitriani et al.,
2023).

Conclusions and Suggestions

The GeoGebra-assisted MEA learning has been proven to be effective in enhancing
MMPSA and mathematical resilience. Mathematical resilience positively influences
MMPSA by 30%. Students with high mathematical resilience demonstrate problem-
solving abilities ranging from very good to adequate, with the excellent category
meeting all four indicators and the "adequate" category meeting two indicators. Students
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with moderate mathematical resilience meet three indicators, whereas those with low
mathematical resilience fulfill only two indicators.

Based on the research findings, the following suggestions are proposed: (1) The
GeoGebra-assisted MEA learning can be used as an alternative instructional model to
improve students’ MMPSA and mathematical resilience. (2) Further research on this
topic should be conducted to obtain more comprehensive information regarding MMPSA
through the GeoGebra-assisted MEA learning, considering students’ mathematical
resilience.

Acknowledgements

The researcher is grateful to thank all parties involved, including the participants, for
their assistance throughout the research process in successfully conducting and
completing this study.

References

Akkan, S. N,, & Horzum, T. (2024). [lluminating the landscape of mathematical resilience:
A systematic review. Journal of Pedagogical Research, 8(1), 312-338.
https://doi.org/10.33902/JPR.202420093

Ansori, A. (2020). Analisis kemampuan resiliensi dalam meningkatkan kemampuan
koneksi matematis siswa [Analysis of resilience ability in improving students’
mathematical connection ability]. JPMI - Jurnal Pembelajaran Matematika Inovatif,
3(4), 353-362. https://doi.org/10.22460/jpmi.v3i4.353-362

Astrilian, I. A. K. C,, & Wibawa, K. A.,, & Wulandari, I. G. A. P. A. (2025). Pembelajaran
discovery learning berbantuan geogebra untuk meningkatkan pemahaman
matematis siswa pada materi bangun ruang sisi lengkung kelas IX-4 SMP Negeri 7
Denpasar [Geogebra-assisted discovery learning to improve students' mathematical
understanding of curved-sided geometric shapes in class IX-4 of SMP Negeri 7
Denpasar]. Jurnal Pembelajaran Dan Pengembangan Matematika (PEMANTIK), 5(1),
55-65. https://doi.org/10.36733 /pemantik.v5i1.11378

’Athiyah, F.,, Umah, U, & Syafrudin, T. (2020). Pengaruh mathematical resilience
terhadap kemampuan pemecahan masalah matematis siswa [The influence of
mathematical resilience on students' mathematical problem-solving abilities]. JKPM
(Jurnal Kajian Pendidikan Matematika), 5(2), 223-234.
http://doi.org/10.30998/jkpm.v5i2.5286

Bliss, K., & Libertini, ]. (2016). GAIMME: Guidelines for Assessment & Instruction in
Mathematical Modelling Education. United State America: COMAP & SIAM.

Daud, J. M. (2021). Pengaruh model pembelajaran means ends analysis (MEA) terhadap
hasil belajar siswa pada muatan pelajaran [PA kelas IV SDN 8 Tilongkabila
Kabupaten Bonebolango [The influence of the means ends analysis (MEA) learning
model on student learning outcomes in the science subject matter of class [V SDN 8
Tilongkabila, Bonebolango Regency]. Pascasarjana Universitas Negeri Gorontalo
Prosiding Seminar Nasional Pendidikan Dasar “Merdeka Belajar dalam Menyambut

Alifmatika: Jurnal Pendidikan dan Pembelajaran Matematika, December 2025, Vol. 7, No. 2
| 254



Lina Lutfiyana, Emi Pujiastuti, & Igbal Kharisudin

Era Masyarakat 5.0".
https://ejurnal.pps.ung.ac.id/index.php/PSNPD/article /view /1059

Davita, P. W. C.,, & Pujiastuti, H. (2020). Anallisis kemampuan pemecahan masalah
matematika ditinjau dari gender [Analysis of mathematical problem solving ability
from a gender perspective]. Kreano, Jurnal Matematika Kreatif-Inovatif, 11(1), 110-
117. https://doi.org/10.15294 /kreano.v11i1.23601

Denada, E., Laila, F. M., & Simanullang, M. C. (2025). Pengaruh penerapan augmented
reality GeoGebra terhadap kemampuan pemecahan masalah pada mahasiswa
jurusan matematika dalam materi elemen maksimum dan minimum pada sistem
bilangan real [The effect of applying GeoGebra augmented reality on problem-
solving abilities of mathematics students in the material of maximum and minimum
elements in the real number system]. Jurnal Pendidikan MIPA, 15(1), 2621-9166.
https://doi.org/10.37630/jpm.v15i1.2602

Dwikoranto, Munasir, Setiani, R. Suyitno, Surasmi, W. A, Tresnaningsih, S. &
Pramonoadi. (2020). Increasing the potential of student science process skills
through project based laboratory. Journal Of Physics: Conference Series, 1569(4),
042066. https://doi.org/10.1088/1742-6596/1569/4/042066

Elmujahidah, R. I, Mulyono, & Banjarnahor, H. (2019). Mathematical communicaton
capability and learning motivation by using means-ends analysis (MEA) learning
model in Grade VIII students at MTs. Al-Washliyah Tembung. Journal of Education
and Practice, 10(32), 45-50. https://doi.org/10.7176 /jep/10-32-05

Fatimah, A. E., Purba, A., & Siregar, Y. A. (2020). Hubungan resiliensi matematis terhadap
kemampuan pemecahan masalah matematis mahasiswa pada mata kuliah
matematika dasar [The relationship between mathematical resilience and students’
mathematical problem-solving abilities in basic mathematics courses]. Journal of
Didactic Mathematics, 1(3), 151-157.

Farhan, M. (2020). Kontribusi resiliensi matematis terhadap kemampuan pemecahan
masalah pada matakuliah matematika diskrit [The contribution of mathematical
resilience to problem-solving abilities in discrete mathematics courses]. Prosiding
Seminar Nasional Sains, 1(1), 392-397.

Fitriani, F., Hayati, R., Sugeng, S., Srimuliati, S., & Herman, T. (2022). Students’ Ability to
Solve Mathematical Problems Through Polya Steps. Journal of Engineering Science
and Technology Special Issue on ICMScE2022, 25-32.
https://jestec.taylors.edu.my/Special%Z20Issue%20ICMScE2022 /ICMScE2022_04.p
df

Fitriani, Herman, T., & Fatimah, S. (2023). Considering the mathematical resilience in
analyzing students’ problem-solving ability through learning model
experimentation. International Journal of Instruction, 16(1), 219-240.
https://doi.org/10.29333/iji.2023.16113a

Haerani, A., Novianingsih, K., & Turmudi. (2021). Analysis of students' errors in solving
word problems viewed from mathematical resilience. JTAM (Jurnal Teori dan
Aplikasi Matematika), 5(1), 246-253. https://doi.org/10.31764 /jtam.v5i1.3928

Hamid, R. M., & Rosyidi, A. H. (2025). Pemodelan matematis kolaboratif siswa SMP pada
materi fungsi linier [Collaborative mathematical modeling of junior high school

Alifmatika: Jurnal Pendidikan dan Pembelajaran Matematika, December 2025, Vol. 7, No. 2 |
255


https://doi.org/10.37630/Jpm.V15i1.2602
https://doi.org/10.1088/1742-6596/1569/4/042066

Mathematical modelling problem solving with respect to students’....

students on linear function material]. Mathedunesa, 14(2). 515-539.
https://doi.org/10.26740/mathedunesa.v14n2.p515-539

Harahap, I. H, & Manurung, A. A. (2022). Analisis pengaruh resiliensi terhadap
kemampuan pemecahan masalah matematis siswa di MTs Ruhul Islam Sialambue
[Analysis of the influence of resilience on students' mathematical problem-solving
abilities at MTs Ruhul Islam Sialambue]. jJurnal Edu Tech, 8(1), 94-97.
https://doi.org/10.30596/edutech.v8i1.9962

Hermawan, T., Santoso, F. S., & Putra, A. P. (2025). Pengaruh penggunaan GeoGebra
terhadap kemampuan pemecahan masalah matematis ditinjau dari self-efficacy
siswa [The effect of using GeoGebra on mathematical problem-solving abilities
viewed from students' self-efficacy]. Indo-Mathedu Intellectuals Journal, 6(2), 2672-
2678. https://doi.org/10.54373 /imeij.v6i2.2835

Karolina, A., Nurdiana, A., & Parsatiwi, N. (2021). Pengaruh model pembelajaran means
ends analysis (mea) terhadap kemampuan pemecahan masalah matematika siswa
kelas VIII semester ganjil SMP PGRI 2 Bandar Lampung tahun pelajaran 2021/2022
[The influence of the means-ends analysis (MEA) learning model on the
mathematical problem-solving abilities of eighth-grade students in the odd semester
of SMP PGRI 2 Bandar Lampung in the 2021/2022 academic year.]. Jurnal IImiah
Mahasiswa Pendidikan Matematika (JMPM), 3(1), 1-15.
https://eskripsi.stkippgribl.ac.id/index.php/matematika/article /view/19

Kharisudin, I, & Cahyati, N. E. (2020). Problem-Solving ability using mathematical
modelling strategy on model eliciting activities based on mathematics self-concept.
Journal of Physics: Conference Series, 1567(3). https://doi.org/10.1088/1742-
6596/1567/3/032067

Klang, N., Karlsson, N., Kilborn, W., Eriksson, P., & Karlberg, M. (2021). Mathematical
problem-solving through cooperative learning the importance of peer acceptance
and friendships. Frontiers in Education, 6.
https://doi.org/10.3389/feduc.2021.710296

Lee, C., & Ward-Penny, R. (2022). Agency and fidelity in primary teachers’ efforts to
develop mathematical resilience. Teacher Development, 26(1), 75-93.
https://doi.org/10.1080/13664530.2021.2006768

Ling, A. N. B,, & Mahmud, M. S. (2023). Challenges of teachers when teaching sentence-
based mathematics problem-solving skills. Frontiers in Psychology, 13.
https://doi.org/10.3389 /fpsyg.2022.1074202

Lutfiyana, L., Pujiastuti, E., & Kharisudin, I. (2023). Systematic Literature Review:
Resiliensi matematis dan kemampuan pemecahan masalah matematis [Systematic
Literature Review: Mathematical resilience and mathematical problem-solving
ability]. Jurnal Cendekia: Jurnal Pendidikan Matematika, 7(3), 2167-2177.
https://doi.org/10.31004/cendekia.v7i3.2445

Maharani, S., & Bernard, M. (2018). Analisis hubungan resiliensi matematik terhadap
kemampuan pemecahan masalah siswa pada materi lingkaran [Analysis of the
relationship between mathematical resilience and students’ problem-solving
abilities on circle material]. JPMI: Jurnal Pembelajaran Matematika Inovatif, 1(5),
819-826. https://doi.org/10.22460/jpmi.v1i5.p819-826

Alifmatika: Jurnal Pendidikan dan Pembelajaran Matematika, December 2025, Vol. 7, No. 2
| 256



Lina Lutfiyana, Emi Pujiastuti, & Igbal Kharisudin

Miranti, N. K., Agoestanto, A., & Kurniasih, A. W. (2015). Komparasi pembelajaran MEA
dan PBL terhadap kemampuan pemecahan masalah dan disposisi matematis siswa
SMP kelas VIII pada materi SPLDV [Comparison of MEA and PBL learning on
problem-solving abilities and mathematical dispositions of eighth grade junior high
school students on SPLDV material]. UME: Unnes Journal of Mathematics Education,
4(3), 213-221. https://doi.org/10.15294 /ujme.v4i3.9061

Mukarramah, M., Edy, S., & Suryanti, S. (2022). Pengaruh penggunaan software
GeoGebra terhadap kemampuan pemahaman konsep dan pemecahan masalah
matematika peserta didik SMP [The effect of using GeoGebra software on the ability
to understand concepts and solve mathematical problems of junior high school
students]. JIPM  (Jurnal Ilmiah Pendidikan  Matematika), 11(1), 67.
https://doi.org/10.25273 /jipm.v11i1.13309

Nadia, R, Musriandi, R., Aryani, I, Anzora, & Rahmi. (2025). Pengaruh model
pembelajaran means ends analysis (MEA) berbantuan software bagatrix terhadap
kemampuan pemecahan masalah matematis [The influence of the means ends
analysis (MEA) learning model assisted by Bagatrix software on mathematical
problem solving abilities]. Jurnal Dedikasi Pendidikan, 9(1), 517-528.
https://doi.org/10.30601/dedikasi.v9i1.4516

Nurfitri, R. A., & Jusra, H. (2021). Analisis kemampuan pemecahan masalah matematis
peserta didik ditinjau dari resiliensi matematis dan gender [Analysis of students’
mathematical problem-solving abilities in terms of mathematical resilience and
gender|. Jurnal Cendekia: Jurnal Pendidikan Matematika, 5(2), 1943-1954.
https://doi.org/10.31004 /cendekia.v5i2.723

Prahani, B. K., Suprapto, N., Rachmadiarti, F., Sholahuddin, A., Mahtari, S., Suyidno, &
Siswanto, ]. (2021). Online scientific creativity learning (OSCL) in science education
to improve students’ scientific creativity in Covid-19 Pandemic. Journal Of Turkish
Science Education, 18(1), 77-90. https://doi.org/10.36681/tused.2021.73

Rahmatiya, R., & Miatun, A. (2020). Analisis kemampuan pemecahan masalah matematis
ditinjau dari resiliensi matematis siswa SMP [Analysis of mathematical problem
solving abilities viewed from the perspective of junior high school students'
mathematical resilience]. Teorema: Teori Dan Riset Matematika, 5(2), 187.
https://doi.org/10.25157 /teorema.v5i2.3619

Ramadannia, C., Nasrullah, A., Yendra, N. Sukmawati, S.,, & Ratnasari, S. (2024).
Implementasi GeoGebra pada numbered head together terhadap kemampuan
pemecahan masalah matematis dan keaktifan belajar siswa SMP [Implementation of
GeoGebra in Numbered Heads Together on the Mathematical Problem Solving
Ability and Learning Activeness of Junior High School Students]. JPMI (Jurnal
Pembelajaran Matematika Inovatif), 7(1), 261-272.
https://doi.org/10.22460/jpmi.v7i1.21497

Rohantizani, Nuraina, & Hayati, R. (2025). Kemampuan pemecahan masalah dan
resiliensi matematis melalui tinjauan pustaka sistematis [Mathematical problem-
solving ability and resilience through a systematic literature review]. Jurnal
Pendidikan Matematika Malikussaleh, 5(2), 259-271.
https://doi.org/10.29103 /jpmm.v5i2.22229

Alifmatika: Jurnal Pendidikan dan Pembelajaran Matematika, December 2025, Vol. 7, No. 2
257 |



Mathematical modelling problem solving with respect to students’....

Rohmabh, S., Kusmayadi, T. A., & Fitriana, L. (2020). The effect of the treffinger learning
model on mathematical connection ability students viewed from mathematical

resilience. International Journal of Multicultural and Multireligious Understanding,
7(5), 275-284. https://doi.org/10.18415/ijmmu.v7i5.1621

Sekalij, E. C. B. K, & Boentolo, F. (2025). Pengaruh penggunaan media geogebra terhadap
hasil belajar matematika bangun ruang [The influence of using GeoGebra media on
the learning outcomes of spatial mathematics]. Aletheia, 6(1), 37-46.
https://doi.org/10.9744 /aletheia.6.1.37-46

Simbolon, A. K. (2020). Penggunaan software GeoGebra dalam meningkatkan
kemampuan matematis siswa pada pembelajaran geometri di SMP N 2 Tanjung
Morawa [The use of GeoGebra software to improve students' mathematical abilities
in geometry learning at SMP N 2 Tanjung Morawa]. Jurnal Cendekia: Jurnal
Pendidikan Matematika, 4(2), 1106-1114.
https://doi.org/10.31004 /cendekia.v4i2.351

Siregar, S., Syaban, M., & Irmawan. (2017). Penerapan model pembelajaran means ends-
analisys (MEA) untuk meningkatkan kemampuan pemecahan masalah matematis
[Application of the means-ends-analysis (MEA) learning model to improve
mathematical problem-solving skills]. EDUCARE, 15(2), 55-66
https://jurnal.fkip.unla.ac.id/index.php/educare/article /view/221

Szabo, Z. K., Kortesi, P., Guncaga, J., Szabo, D., & Neag, R. (2020). Examples of problem-
solving strategies in mathematics education supporting the sustainability of 21st-
century skills. Sustainability (Switzerland), 12(23), 1-28.
https://doi.org/10.3390/su122310113

Tabriji, ]J. (2025). Menciptakan lingkungan belajar yang menyenangkan untuk
meningkatkan keaktifan siswa kelas III SDN Gempol Kolot 2 [Creating a fun learning
environment to increase the activeness of grade III students at SDN Gempol Kolot 2].
Bhinneka:  Jurnal Bintang Pendidikan dan Bahasa, 3(1), 58-66.
https://doi.org/10.59024 /bhinneka.v3i1.1132

Temur, O. D. (2012). Analysis of prospective classroom teachers’ teaching of
mathematical modelling and problem solving. Eurasia Journal of Mathematics,
Science & Technology Education, 8(2), 83-93.
https://doi.org/10.12973 /eurasia.2012.822a

Ulya, H., Sugiman, Rosnawati, R, & Retnawati, H. (2024). Technology-Based learning
interventions on mathematical problem-solving: a meta-analysis of research in
indonesia. International Journal of Evaluation and Research in Education, 13(1), 292-
301. https://doi.org/10.11591/ijere.v13i1.26380

Verawati, N. N. S. P, Iswara, A., & Wahyudi. (2022). Validitas perangkat pembelajaran
berbasis model kooperatif tipe student facilitator and explaining (SFAE) untuk
meningkatkan hasil belajar fisika peserta didik [Validity of learning devices based
on the cooperative model of the student facilitator and explaining (SFAE) type to
improve students' physics learning outcomes]. Lensa: Jurnal Kependidikan Fisika,
10(1), 1-7. https://doi.org/10.33394 /j-1kf.v10i1.5606

Wang, T. Zhang, L. Xie, Z, & Liu, J. (2023). How does mathematical modelling
competency affect the creativity of middle school students? The roles of curiosity

| Alifmatika: Jurnal Pendidikan dan Pembelajaran Matematika, December 2025, Vol. 7, No. 2
258



Lina Lutfiyana, Emi Pujiastuti, & Igbal Kharisudin

and guided inquiry teaching. Frontiers in  Psychology, 13, 1-12.
https://doi.org/10.3389/fpsyg.2022.1044580

Xenofontos, C., & Mouroutsou, S. (2023). Resilience in mathematics education research:
a systematic review of empirical studies. Scandinavian Journal of Educational
Research, 67(7), 1041-1055. https://doi.org/10.1080/00313831.2022.2115132

Xu, Z., & Qi, C. (2022). Middle school students’ mathematical problem-solving ability and
the influencing factors in mainland China. Frontiers in Psychology, 13.
https://doi.org/10.3389/fpsyg.2022.1042315

Zulkarnain, 1, & Budiman, H. (2019). Pengaruh pemahaman konsep terhadap
kemampuan pemecahan masalah matematika [The influence of conceptual
understanding on mathematical problem solving ability]. Research and Development
Journal of Education, 6(1). 18-27. http://doi.org/10.30998/rdje.v6i1.4093

Alifmatika: Jurnal Pendidikan dan Pembelajaran Matematika, December 2025, Vol. 7, No. 2 |
259


https://doi.org/10.3389/fpsyg.2022.1042315

