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This research aims to identify and analyze students' mathematical
reflective thinking abilities through a Problem-Based Learning
(PBL) approach, focusing specifically on making "telong-telong."
Mathematical reflective thinking involves students' ability to connect
mathematical knowledge with new experiences, find relationships
between concepts, and assess and improve their problem-solving
strategies. This study follows a qualitative descriptive research
design, with a case study approach conducted at SMP Negeri 03
Central Bengkulu, involving 28 students from class I1X-A. Data were
collected through observations, semi-structured interviews, and
documentation, focusing on how students approached mathematical
problem-solving tasks in the context of PBL. The findings revealed
that students could connect mathematical concepts such as symmetry
and geometry to creating "telong-telong," demonstrating their ability
to formulate creative solutions and reflect on their problem-solving
approaches. Data analysis indicated that PBL facilitated students'
critical, creative, and reflective thinking, enabling them to assess and
refine their mathematical processes. These results suggest that the
PBL approach effectively enhances students' mathematical reflective
thinking abilities, providing a more practical and meaningful
learning experience.
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1. INTRODUCTION

One of the goals to be achieved in learning mathematics at every level of education
is mastery of mathematical thinking skills. King et al. [1] argue that high-level thinking
skills include thinking critically, rationally, reflectively, metacognitively, and creatively.
Of the four abilities described, the one that has been most developed and studied in this
research is the ability to think. Mathematical reflective. Reflective thinking is a meaningful
process driven by specific reasons and goals [2], [3]. This reflective thinking involves
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solving problems, drawing conclusions, considering relevant factors, and making
decisions. This happens when someone uses practical and relevant skills according to the
context and type of task at hand [4].

Reflective thinking is an important aspect a student must have in learning. Several
studies also state that the ability to think reflectively in mathematics is essential for
students in the mathematics learning process to obtain optimal results [5], [6], [7], [8].
Students' mathematical reflective thinking can also train mental processes involving skills
to analyze and evaluate experiences and knowledge to solve problems. This process
includes identifying already known information, adapting existing understanding, and
applying solutions found in different contexts or situations [9], [10].

Students can also develop their mathematical reflective thinking abilities by giving
assignments related to art. Mu’minah and Suryaningsih [11] and Zubaidah [12] argue that
integrating art into mathematics learning allows students to see mathematical concepts
from a more creative and applicable perspective. One culture that is widely known and
easy to understand is traditional games [13]. In this research, students made telong-telong,
which utilized mathematical principles, such as geometry, symmetry, and transformation,
to deepen their understanding of mathematical concepts. Students who play an active role
in solving problems can make telong-telong in the shape of fish with student creativity.
According to Stephanie [14], the telong-telong event is a large lantern with various forms
of animals, buildings, and others.

The telong-telong lantern is a traditional form of light display that holds significant
cultural value in many communities, especially during celebrations and festivals. Its
intricate designs require understanding of geometric properties, symmetry, and spatial
reasoning. Making telong-telong requires students to apply mathematical concepts in a
hands-on, creative manner, allowing them to engage with mathematics abstractly and see
its real-world applications within a cultural context. Using telong-telong as a medium,
students can see how mathematical principles manifest in cultural practices, making
mathematics more relevant and meaningful. Despite its potential, many students still
struggle with developing reflective thinking skills, largely due to conventional teaching
methods prioritizing memorizing formulas and procedures over encouraging critical
thought and reflection. Research on reflective thinking in mathematics tends to focus on
theoretical frameworks or traditional classroom settings, with limited attention given to
integrating cultural elements or creative activities like making telong-telong in learning.
There is also a gap in research exploring the role of culturally relevant tasks in enhancing
reflective thinking skills.

In practice, many students still have difficulty developing reflective thinking skills.
This is caused by learning approaches that focus on memorizing formulas and procedures
and do not provide opportunities for students to reflect on and evaluate their thinking
processes. To overcome this problem, it is necessary to select an appropriate learning
model that suits the characteristics of students. One model that can be applied is Problem-
Based Learning (PBL) [15]. In this approach, students can understand their problems and
collect and utilize previously acquired knowledge to solve problems independently in
groups without relying on the teacher [16].
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PBM encourages students to think critically, develop problem-solving skills, and
acquire essential knowledge and concepts. This problem-based learning (PBM) approach
can increase students' self-confidence and help them understand their ideas [17]. Problem-
based learning (PBM) exposes students to real problems, which facilitates them to carry
out further investigations and exploration [18], [19], [20]. The problem-based learning
approach aims to help students hone their thinking, problem-solving, and intellectual skills.

This research aims to identify and analyze students’ mathematical reflective
thinking abilities by making telong-telong using the PBM approach. By linking
mathematical concepts, it is hoped that students can see mathematics as a theoretical
discipline with real applications in life and culture. This research also wants to explore
how this activity can improve students' mathematical reflective thinking abilities and
encourage them to discuss and collaborate in learning.

2. METHOD
Types of research

This research was designed as qualitative descriptive research with a case study
type to explain the research results on students' mathematical reflective thinking abilities
through making telong-telong using the PBM approach. This method was chosen to
provide a systematic overview of field conditions, especially to measure students'
mathematical reflective thinking abilities in making telong-telong. This research was
carried out at junior high school (SMP) Negeri 03 Central Bengkulu, with the subject
involving 28 students of class IX-A.

Subject Selection

The results of the initial interview with the class IX mathematics teacher revealed
that class IX-A had the characteristics to take part in the research. There were 28 students
in class 1X-A. The interview subjects were selected from all students whose reflective
thinking skills were achieved.

Data collection

Data were collected through participant observation and semi-structured interviews,
which were documented using audio, video, and photo recordings. The semi-structured
interviews were conducted after students had participated in the telong-telong activity. The
interviews aimed to understand students' reflective thinking processes concerning
mathematical reasoning during the task. The interviews were guided by questions that
focused on their thought processes, problem-solving strategies, and reflections on how they
applied mathematical concepts.

Data analysis

The data analysis process in this research refers to the Miles & Huberman [21]
interactive model, which includes several stages: data reduction, data display, and
Conclusion Drawing and Verification.
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Data Reduction: The data were systematically reduced by focusing on specific
elements related to reflective thinking. This included identifying and categorizing
interview responses and observations relevant to the reflective thinking indicators.

Data Display: The reduced data were displayed in matrices or tables to summarise
the key points of students' reflective thinking processes. This made it easier to identify
trends and patterns across the data.

Conclusion Drawing and Verification: Finally, conclusions were drawn based on
the data analysis concerning the reflective thinking indicators. These conclusions were
verified by revisiting the data, ensuring that the reflections observed in the interviews
aligned with the student's behaviour and problem-solving strategies during the telong-
telong creation process.

The analysis is carried out by referring to indicators of mathematical reflective ability
relevant to this research.

In analyzing the data, Duwila's reflective ability indicators are used, namely as follows:

1. Indicators link new knowledge with previous experience

2. Indicator of the ability to find relationships and formulate solutions.

3. Indicators evaluate the settlement process.

3. RESULTS AND DISCUSSION
3.1. RESULTS
This research involved 28 class 1X-A students divided into seven groups in making
telong-telong. Based on observations and interviews, indicators of students' mathematical
reflective thinking abilities, according to Duwila et al. [22], include connecting new
knowledge with previous experience, finding relationships, formulating solutions, and
evaluating the solution process. This research also identifies how Problem-based Learning
(PBM) is applied in mathematics learning by making telong-telong and acting on students'
mathematical reflective thinking skills.
The results of the analysis of students' mathematical reflective thinking abilities are
as follows:
1. Indicators link new knowledge with previous experience
In this aspect, whether students can relate the mathematical concepts learned with their
experiences making telong-telong can be analyzed. The following is an excerpt from an
interview between the researcher (P) and the student (S):

Figure 1. Student design results
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P: "When you were tasked to make telong-telong, what did you immediately think
of?

S: "The first thing we made was according to the worksheet given; we made the
design first, sis."”

P:  "From the design you made, when making telong-telong later, is there any
connection with the mathematical concept you remember from the previous
lesson?

S:  "When making the design, we immediately remembered symmetry and geometry
because we had learned about symmetrical shapes in math class. We thought
this would help us make symmetrical telong-telong."

P: "So, you connected the concept of symmetry from the previous lesson with the
task of making telong-telong, huh? What did you do with that knowledge?"

S: "That is right, sis. Because we knew symmetry was important, we immediately
started planning so that the fish we made could be symmetrical. We imagined the
shape of the fish having two sides that must be the same length and balanced, so
before making the fish, we made the design first."

P : "Are there any other experiences from previous lessons that you used to make
telong-telong?"

S: "Besides symmetry, we remember making it with curved lines.”

Based on interviews with students, they can connect the mathematical knowledge
they have previously learned with the tasks given. For example, students mentioned that
understanding symmetry and geometry taught in previous mathematics lessons was
instrumental in making telong-telong. In the process of making telong-telong, students are
faced with real problems that require the application of mathematical concepts, such as
symmetry and geometry. Through the PBM approach, students remember the theories they
have learned and relate this knowledge to the practical situations they face when designing
telong-telong.

2. Indicator of the ability to find relationships and formulate solutions.

In this aspect, whether students can find the relationship between mathematical
concepts in making telong-telong and formulating solutions in making creative telong-
telong designs can be analyzed. The following is an excerpt from the researcher's interview
(P) with the student (S):

Figure 2. Results of students’ telong-telong work
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P: "After you have identified symmetry as the main problem, how do you find a
solution to make symmetrical telong-telong? Because fish have fins and a tail."

S: "At first, we were confused about how to symmetrical the fish. However, after
considering the concepts we learned in class, we realized we could make the fish's
body symmetrical. We just attached the tail and fins. We used a ruler to make sure
the left and right sides of the fish were the same length."

P: "So, you symmetrically made the fish's body and measured it with a ruler. What do
you guys do next?"

S: "After ensuring both sides were symmetrical, we fixed the tail to make it more
balanced. We utilize the principles of geometry taught to adjust the shape of the
fish so that no part is too big or small.”

P : "How do you know if your solution is correct?"

S: "We checked again with a ruler to ensure they were symmetrical and no part
looked bigger than the other side. We also look visually to see if the fish looks
balanced.”

After identifying the main problem, namely creating symmetrical belongs, students
began to look for solutions and formulate steps to overcome this challenge. With PBM,
students are not given direct solutions by the teacher. However, the freedom to solve
problems, identify relationships between the mathematical concepts they are learning, and
find creative solutions. Students explained that after understanding the concept of
symmetry, they decided to make the body of the fish. First, the symmetrical parts. They
then used a ruler to ensure that both sides of the fish were the same length. Students also
demonstrate problem-solving skills by paying attention to the proportions of the fish's body
parts, especially the tail, to ensure all parts look balanced. This approach shows that
students follow instructions and think independently to relate mathematical concepts
(symmetry and measurement) to the given tasks.

3. Indicators evaluate the settlement process.

In this aspect, it can be analyzed whether students can evaluate the results of their
telong-telong designs and correct errors or deficiencies in the work process, considering
the mathematical principles they have learned. The following is an excerpt from the
researcher's interview (P) with the student (S):

P : "After you have finished making telong-telong, how do you evaluate the results of

your work? Is there anything that needs to be fixed or adjusted?"

S:  “Once finished, we checked the fish we had made again to see if the symmetry we
had created was correct. We found that the fish's tail was longer than the other
side, so we should fix it."

P : "So you found something less symmetrical after checking the results? What did you

guys do after that?"

S: "We should immediately fix the fish's tail so that the length matches the rest of the
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body, but we do not have time."

P : "Are there any experiences or lessons you got after evaluating the results of your
work?"

S: "Yes, bro. We learned that mathematics is about formulas, accuracy, and
evaluation. | also learned that it is important to check results periodically to find
errors and correct them."

In the context of PBM, students can evaluate and improve their work after
completion, enabling them to enhance their understanding of the mathematical concepts
they have learned. Students demonstrate good evaluation skills regarding the results of
their work. Students, for example, identified that after completing telong-telong, the fish's
tail was longer than the other side. Even though they had followed the steps to make the
fish symmetrical, they carried out an independent evaluation to find and correct the error.
Evaluating the solution process is essential in mathematics learning because it allows
students to be more thorough and critical of the results of their work. Students also realize
that evaluation is part of an ongoing learning process and recognize the importance of
correcting to obtain better results. Students also learn that mistakes are not failures but
opportunities to improve and understand concepts more deeply.

3.2. DISCUSSION

The research results showed that students could link the knowledge they had
previously acquired, such as the concepts of symmetry and geometry, with the task of
making telong-telong. This is the theory that reflective thinking involves linking new
knowledge with previous experience to build a more profound understanding [23]. In this
context, students remember the mathematical concepts they learned and can apply them in
activities such as making telong-telong. This skill shows that PBM can activate students'
knowledge and allow them to see the relevance of mathematical concepts in everyday life.
Applying symmetry principles in making telong-telong strengthens students’ understanding
of geometry, especially regarding equality of length and balance. Form. Students who
recognize that a symmetrical object will be more balanced in structure and then relate this
understanding to the telong-telong shape they make a show that they have experienced a
reflection process in their mathematical thinking. In addition, these findings also show that
students could use previously acquired knowledge in different contexts, demonstrating the
flexibility and depth of their understanding.

The second indicator that is the focus of this research is students' ability to find
relationships between relevant mathematical principles and formulate solutions. In making
telong-telong, students face challenges in creating symmetrical objects, mainly because the
shape of the fish has elements such as fins and tails that require proportional adjustments.
Based on the interview results, students can formulate a solution by using a ruler to ensure
the length of the left and right sides of the fish are the same, as well as using geometric
principles to correct other body parts to look balanced. This ability shows that students
follow procedural steps mechanically, think analytically, and relate various mathematical
concepts in solving problems. This is also in line with the Problem-Based Learning (PBL)
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theory, which emphasizes the importance of students' role in finding solutions through
investigation and exploration [24], [25]. With this approach, students can formulate
solutions creatively and utilize the knowledge they have learned previously. In this context,
PBM effectively improves students' problem-solving abilities, which indicates
mathematical reflective thinking.

Evaluating work results is essential to reflective thinking because it allows students
to reassess and correct their mistakes. In this research, students demonstrated good
evaluation skills by checking whether the telong-telong they made were symmetrical and
identifying parts that needed to be corrected, such as disproportionate fishtails. Students
then try to correct these mistakes more thoroughly despite limited time. This ability
indicates that students focus on the final result and value the learning process, which
involves feedback and reflection on their work. This evaluation also aligns with PBM
principles that allow students to evaluate and actively correct their problem-solving
processes [26]. Students who can identify and correct errors in their work demonstrate
further mastery of critical and reflective thinking skills and develop a deeper understanding
of mathematical concepts. This evaluation process also teaches students that mathematics
is not just about following formulas and procedures but also accuracy. , self-awareness,
and a willingness to learn from mistakes. This is an essential basis for learning
mathematics because the ability to correct and correct work is an integral part of
developing more complex mathematical thinking skills.

Another key finding of this research is students' ability to identify relationships
between relevant mathematical principles and formulate solutions to their challenges, such
as creating symmetrical shapes, including elements like fins and tails on their fish models.
Despite the challenges students faced in achieving perfect symmetry, they were able to
formulate solutions by using tools like rulers to ensure the left and right sides of the fish
were the same length, as well as applying geometric principles to adjust other body parts to
achieve balance. This ability reflects mechanical thinking and analytical skills, enabling
students to relate various mathematical concepts to solve problems. Furthermore, the
evaluation process conducted by students checking the symmetry of the telong-telong they
created and correcting errors like disproportionate fishtails indicates that they value the
learning process, which involves feedback and reflection on their work. This suggests that
reflective thinking is not just about recalling concepts but also involves the ability to
evaluate and correct one's work independently. This evaluation process is critical because
it helps students develop self-awareness and learn from their mistakes, which is a strong
foundation for understanding mathematics more profoundly. Linking these findings to the
PBM theory, we can see how this approach encourages students to actively evaluate and
correct their problem-solving processes. Thus, PBL enhances students’ understanding of
mathematical concepts and cultivates their reflective and evaluative thinking skills, which
are essential for developing critical thinking. In a broader context, the PBM approach can
be applied to various learning areas beyond mathematics. For instance, PBL could be used
in science education to help students connect scientific concepts with practical experiments
or in history education to help students analyze and relate historical events to current
contexts. This flexible approach can be adapted to different student groups in
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heterogeneous classrooms, online learning environments, or students with varying learning
abilities. The flexibility of PBL makes it a powerful tool for fostering critical thinking,
problem-solving, and deeper understanding across various educational settings.

4. CONCLUSION

The problem-based learning (PBL) approach to making telong-telong has proven
effective in enhancing students’ mathematical reflective thinking abilities. Through this
approach, students demonstrated the ability to connect previously acquired mathematical
knowledge, particularly in symmetry and geometry, with practical tasks. They could
formulate creative solutions to challenges, such as ensuring symmetry in their work, and
independently evaluate and correct their results.

These findings suggest that the PBL approach promotes the application of
mathematical concepts in real-world contexts and fosters critical thinking, problem-
solving, and self-reflection. By making telong-telong, students deepened their
understanding of geometry and symmetry and learned to approach mathematical problems
with greater analytical insight. Thus, PBL can significantly enrich students' learning
experiences by providing opportunities to actively engage with mathematical concepts,
improve their reflective thinking skills, and develop a more comprehensive understanding
of mathematics. To fully leverage the benefits of PBL, educators are encouraged to design
learning activities that connect theoretical knowledge to practical, real-life applications.
Teachers can incorporate hands-on problem-solving tasks, encourage collaborative
learning, and provide opportunities for students to reflect on and evaluate their work.

Additionally, future research could explore the effectiveness of PBL in other
learning contexts and subject areas. For example, examining how PBL can enhance
reflective thinking and problem-solving skills in subjects like science, history, or even the
arts could provide valuable insights. Further studies could also investigate the impact of
PBL on diverse student populations, such as those with different learning abilities or those
in online learning environments. By expanding the scope of research, we can better
understand the broader applications of PBL and refine its implementation to support more
dynamic and compelling learning experiences across disciplines.
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