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Keywords: materials. The study used a descriptive qualitative approach and
Collaboration; PBL; involved grade VII students working in several groups. Data was
manipulative material; bar collected through observation, LKPD analysis, and
chart documentation of the learning process. The results showed that

PBL with manipulative materials facilitated active student
involvement, role sharing, flexibility in discussions, group
responsibility, and mutual respect. Interaction between students
developed positively and encouraged mathematical discussion,
although the quality of data analysis and interpretation still
varied between groups. This research makes a conceptual
contribution to understanding that the development of
collaborative skills is not only determined by the structure of
group work, but also by the quality of interaction and the use of
manipulative materials in mathematics learning.
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INTRODUCTION

21st century learning requires students not only to master academic content, but
also to develop the 6C skills of critical thinking, creativity, collaboration,
communication, character, and citizenship as the foundation for facing dynamic global
challenges (Shabrina and Astuti, 2022; Khusna et al., 2025). In the context of
mathematics learning, collaboration is one of the crucial skills, given that mathematical
problem solving often requires the exchange of ideas, negotiation of meaning, and the
fair division of roles in groups (Ramdani et al., 2019). Effective collaboration not only
encourages deeper conceptual understanding, but also strengthens students' social-
emotional abilities to interact and appreciate different perspectives.

However, the implementation of collaboration in the classroom still faces a
number of obstacles. Learning observations show that student participation in groups
tends to be uneven, with some students being passive, while others dominating
discussions, thus hindering the formation of meaningful interactions. In addition, many
groups only divide tasks mechanically without really discussing or challenging each
other intellectually, conditions that actually weaken the potential for collaboration as a
means of developing critical and creative thinking. This gap between the demands of the
21st century curriculum and the reality of the classroom underscores the need for a
learning design that intentionally facilitates an inclusive, measurable, and collective-
thinking-oriented collaborative structure (Jamil and Murniati, 2025).

186


mailto:alfi_rosyadi@umm.ac.id

ISSN : 2579-5724
Mathematics Education Journals ISSN : 2579-5260 (Online)

Vol. 9 No. 2 August 2025 http://ejournal.umm.ac.id/index.ph

Previous research has shown that collaboration skills play an important role in
mathematics learning, as they allow students to learn from each other, exchange ideas,
and develop solutions to problems together (Nikmah et al., 2025). This ability is
necessary so that students are able to adapt and work effectively in a team to reach
agreement on solving mathematical problems (Qurratu'ain et al., 2024). However, the
reality in the field shows that in mathematics learning there are still many students who
have difficulty collaborating and tend to work individually during discussion activities
or group work (Widodo and Wardani, 2020). This condition indicates a gap between the
demands of 21st-century collaborative skills and the practice of mathematics learning in
the classroom. Therefore, a learning strategy or model is needed that is able to facilitate
students' active involvement in group work and relate mathematical concepts to real
contexts. One approach that has the potential to answer this need is the use of
manipulative media, which is a concrete tool that helps students not only manipulate
physical objects, but also build a deeper understanding of mathematical concepts
through interaction and collaboration (Stuart and Stuart, 2021).

The use of manipulative materials in mathematics learning can make
collaborative activities more meaningful, as students focus not only on the final result,
but also on the shared process of understanding concepts. Through the use of
manipulative objects, students are encouraged to discuss in determining the completion
steps, negotiate ideas when differences of opinion arise, and divide roles in groups, such
as compiling models, recording results, and presenting findings (Nurita et al., 2025);
Graduates, 2021). The activity of holding, arranging, and modeling concrete objects
also facilitates interaction between students more intensively so that the problem-
solving process takes place actively and collaboratively. However, the effectiveness of
manipulative materials will be more optimal if supported by a learning model that
explicitly encourages student cooperation in solving contextual and meaningful
problems (Martiasari and Kelana, 2022).

An effective learning model to develop and identify students' collaborative
abilities in mathematics learning is Problem Based Learning (PBL) (Octavian, 2022);
Nurrohma and Adistana, 2021). PBL is a learning model that begins with the
presentation of contextual problems that require students to be actively involved in the
problem-solving process through discussion and group work (Kotto et al., 2022). This
model is student-centered, where students play the role of the main subject of learning,
while teachers function as facilitators and motivators who direct the learning process
(Anggraini and Wulandari, 2020); Yesya, Bayu and Leni, 2023). Through the PBL
stage, students are encouraged to interact with each other, share ideas, negotiate solution
strategies, and work together in groups to build a deeper understanding of mathematical
concepts (Andika and Hidayat, 2023). Thus, PBL is relevant to be used as a learning
model that supports the development of students' collaboration skills.

In line with existing problems, collaboration skills need to be analyzed through a
set of indicators that can describe how students role, interact, and contribute during the
learning process. The collaboration skills indicators used in this study were adopted
from (Rahmawati et al., (2019), namely: (1) actively engaged, (2) working productively,
(3) demonstrating flexibility and compromise, (4) demonstrating responsibility, and (5)
demonstrating mutual respect. These indicators reflect the ability of students to actively
participate in group activities, manage tasks efficiently, adapt to various ideas or
strategies that arise during discussions, and maintain individual responsibility and
positive interpersonal relationships. In this study, the indicators of collaboration ability
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were operationalized and observed through observation sheets during the learning
process and analysis of the Student Worksheets (LKPD) which were done in groups,
thus providing a comprehensive picture of the dynamics of student collaboration in
mathematics learning.

The novelty in this study lies in the combination of the Problem Based Learning
(PBL) model with the use of manipulative materials that are specifically focused on
analyzing the process of students' collaborative abilities, rather than on measuring
learning outcomes or academic achievement. In contrast to previous research that
focused on improving students' conceptual understanding or learning outcomes through
the integration of PBL and manipulative materials, as done by Dewanti et al., (2024) In
the broad and volume material, this study places collaboration as the main object of
study observed through the interactions, roles, and contributions of students during the
learning process. Thus, this study expands on previous studies by highlighting how the
integration of PBL and manipulative materials facilitates discussion, negotiation of
ideas, and student cooperation in solving mathematical problems, especially in bar
diagram materials.

The urgency of this research is based on the need to deeply understand students'
collaborative abilities in mathematics learning that is designed to be more interactive
and meaningful, considering that bar chart material has tended to be taught procedurally
and individually. Therefore, the purpose of this study is to find out and analyze students'
collaborative abilities through the application of the Problem Based Learning (PBL)
model combined with the use of manipulative materials in mathematics learning.

METHODS

This research uses a qualitative approach with a descriptive design. The
qualitative approach is understood as a descriptive and analytical process, in which the
researcher seeks to trace meaning, identify patterns, and understand the context of the
data in depth (Creswell, 2023). This approach was chosen because the focus of the
research is to understand the process of student collaboration during problem-based
learning with the help of manipulative materials. Descriptive design allows for an in-
depth depiction of student activities, interactions between group members, and the role
of manipulative materials in supporting collaboration.

The subjects in this study are grade VII students at SMP Muhammadiyah 8 Batu
which amounted to 5 groups directly involved in the learning process. Learning is
carried out in 1 meeting with a duration of minutes. Research data were obtained from
observation, analysis of student worksheets (LKPD), and documentation. Direct
observation was carried out to observe the dynamics of collaboration, interaction and
student involvement when using manipulative materials. The Student Worksheets
(LKPD) that students worked on in groups during the problem-solving process were
used to assess how students worked together in solving strategies and visualizing
mathematical concepts with manipulative materials. Documentation in the form of
photos and videos was used to reinforce the observation results. 2 X 40

The data obtained was then analyzed qualitatively through three stages, namely
data reduction, data presentation, and conclusion drawing (Zulfirman, 2022). At the data
reduction stage, the researcher selects and focuses data that is relevant to the student's
collaborative skill indicators. The indicators of collaboration skills used in this study
were adopted from Rahmawati et al. (2019), including: (1) active involvement of
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students in group discussions, (2) ability to work productively in completing tasks, (3)
flexibility and the ability to compromise in group decision-making, (4) responsibility
for roles and tasks assigned, and (5) mutual respect between group members. Each
indicator is analyzed based on the results of observation and documentation of student
activities during the learning process.

At the data presentation stage, the results of the analysis of each collaboration
indicator are presented in the form of a systematic narrative description, making it easier
for researchers to identify patterns of collaborative behavior of students. Furthermore, at
the conclusion stage, the researcher interprets the entire data to obtain a complete
picture of students' collaborative abilities after the implementation of the designed
learning.

RESULT AND DISCUSSION

The application of the Problem Based Learning (PBL) model assisted by
manipulative materials showed that students' collaborative skills developed on most of
the observed indicators, especially in the aspects of active involvement and mutual
respect. Meanwhile, indicators of flexibility and compromise and responsibility show
variations in achievement between groups. These findings indicate that the use of
manipulative materials in PBL learning is able to encourage student interaction and
cooperation, but the level of collaboration displayed is still influenced by group
dynamics.

The application of the PBL model in this study aims to identify students'
collaborative abilities which include aspects of active involvement, working
productively, showing flexibility and compromise, showing responsibility, and mutual
respect with the help of manipulative materials. The use of manipulative materials
allows students to be directly involved in the problem-solving process in the bar
diagram material, thus encouraging more intensive discussions and group work. The
following image shows students' activities in using manipulative materials during the
learning process.
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Figure 2 Use of manipulative materials

The results of student work in LKPD and group activities during the learning
process were analyzed to assess the level of students' collaborative ability in solving
PBL-based problems. The analysis focused on five groups selected to represent a
variety of collaborative abilities, either showing high, medium, or low collaboration.
Each group was analyzed comparatively based on indicators of active engagement,
work productivity, flexibility and compromise, responsibility, and mutual respect, so
that a picture of the pattern of collaboration that emerged during learning was obtained.

Group Analysis 1
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Figure 3 Work Results of Group 1
a. Description of Student Worksheet Results (LKPD)

Group 1 has not been able to solve all the demands on the LKPD analytically.
The resulting solution is still limited to the representation of the bar chart using
manipulative materials and has not been followed by calculations that show a deeper
conceptual understanding. This condition indicates that although collaborative activities
have been developed, the quality of collaboration has not fully led to a deepening of
mathematical understanding.

b. Collaboration Indicators
1) Actively Engage

Group members show active involvement through joint contributions in the
LKPD work process. This participation is reflected in the involvement of more than one
student in compiling and revising the work, which indicates that the collaboration
process is not dominated by one individual.

2) Work Productively

Group productivity can be seen in the division of roles in completing tasks. Each
member contributes according to his or her role, so that the group is able to produce a
diagram representation even though it is not complete. This shows that collaboration
runs at the task completion level, but is not yet fully effective in integrating
manipulative representation with analytical completion.

3) Demonstrate flexibility and compromise

The group shows flexibility through members' willingness to adjust the way they
record and improve their work together. This negotiation process reflects a compromise
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in decision-making, although the discussions that have taken place have not optimally
encouraged the development of a more appropriate settlement strategy.

4) Showing Responsibility

The responsibility of individuals in the group can be seen from the
implementation of the role of each member. Each student carries out the agreed task, so
that group activities continue to take place in a coordinated manner even though the
final result does not fully meet the learning objectives.

5) Showing Mutual Respect

Interaction between students shows mutual respect, which is reflected in the way
members improve their work without negating previous contributions. This attitude
creates a positive work climate and supports the continuity of collaboration in the

group.
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Figure 4 Results of Group 2
a. Description of Student Worksheet Results (LKPD)

Group 2 shows difficulties in constructing a representation of manipulative
diagrams that correspond to the demands of the task. The resulting representation does
not fully contain the necessary components, so a visualization of the problem has not
yet been clearly formed. In addition, the integration between the use of manipulative
materials and analytical calculations has not yet been seen, indicating that conceptual
understanding and problem-solving strategies in this group are still in their infancy.

b. Collaboration Indicators
1) Actively Engage

The involvement of group members appears to be uneven. The results of the
LKPD show the dominance of one form of writing, which indicates that recording
activities are more carried out by one member. This condition shows that active
participation in the work process has not fully involved all group members.

2) Work Productively

The group works in a physical unit, but the contribution to the completion of the
task appears to be centered on some of the members. This situation shows that
groupwork has been formed, but collaborative productivity has not been optimally
developed due to the unbalanced distribution of roles and contributions.

3) Demonstrate flexibility and compromise
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Based on the LKPD, there is not much evidence of any revision or adjustment of
the strategy during the work process. This indicates that the process of discussing and
negotiating ideas in groups is still limited, so the opportunity to explore alternative
solutions has not been utilized to the fullest.

4) Showing Responsibility
The responsibilities of individuals in the group do not appear to be clearly

distributed. Work activities that tend to focus on a few members show that the group's
roles and responsibilities are still not evenly coordinated.

5) Showing Mutual Respect

Interactions in groups have not shown many indicators that can indicate the
exchange of ideas between members. Limited involvement in the use of manipulative
materials and note-taking indicates that the space for participation among members can
still be improved to support more inclusive collaboration.

Group Analysis 3
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Figure 5 Results of Group 3
a. Description of Student Worksheet Results (LKPD)

Group 3 showed collaborative ability that developed consistently on almost all
indicators. This group was able to solve all problems with complex work steps and
utilize manipulative materials appropriately in building bar diagrams. Nonetheless, the
drawing of conclusions from the diagram has not fully illustrated the mathematical
meaning of the data presented. The findings in Group 3 show that effective
collaboration is characterized by equitable engagement, responsibility sharing, and the
ability to compromise decision-making. This pattern indicates that the application of
PBL assisted by manipulative materials has the potential to be a learning strategy that
supports the formation of meaningful collaboration. However, the students' difficulty in
interpreting the mathematical meaning of the diagram suggests that the teacher's
facilitation at the reflection and conclusion drawing stage is still necessary so that the
collaborative process is not only oriented to the procedure, but also to conceptual
understanding.

b. Collaboration Indicators
1) Actively Engage
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All members of the group are actively involved in the discussion and decision-
making process. Equitable participation shows that PBL learning with the help of
manipulative materials is able to create an inclusive dialogue space, where every student
feels they have an equal opportunity to contribute.

2) Work Productively

Group productivity is reflected in the completeness and regularity of the work
results. Systematic completion of LKPD shows that effective collaboration can drive
work efficiency without neglecting procedural accuracy. This indicates that the division
of roles and coordination between students is going well.

3) Demonstrate flexibility and compromise

The group demonstrates negotiable ability in determining a settlement strategy.
Each proposal is considered before the group reaches a mutual agreement, so the
decision taken is the result of compromise. This interaction pattern reflects healthy
collaboration and can be used as an example in problem-based learning.

4) Showing Responsibility

Collective responsibility can be seen from the involvement of all members in
every stage of the work, from diagramming to checking results. The absence of
individual dominance indicates that the student understands his or her role as part of a
team, not as an individual task executor.

5) Showing Mutual Respect

Mutual respect is reflected in the way the group treats the ideas and work of
other members. The improvement process is carried out through discussion and
deliberation, not by negating previous contributions. This positive interaction climate
supports the continuation of effective collaboration.

Group Analysis 4
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Figure 6 Results of Group 4
a. Description of Student Worksheet Results (LKPD)

Group 4 shows good concept mastery in solving the problem of bar diagrams
assisted by manipulative material. The resulting visual representation is appropriate to
the context of the problem and supports the resolution process. However, in the
analytical calculations, some symbolic inaccuracies were still found, such as errors in
the writing of symbols or step sequences, although the final result obtained was still
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correct. These findings show that students' conceptual understanding has been formed,
but the accuracy in representing mathematical ideas symbolically still needs to be
strengthened.

b. Collaboration Indicators
1) Actively Engage

Group member involvement appears to be relatively even, especially in the use
of manipulative materials and the preparation of bar diagrams. Collaborative activities
are not concentrated on one individual, but are spread across several members according
to the stages of task completion.

2) Work Productively

The group was able to complete all parts of the LKPD consistently. The
productivity of the group was reflected in the precision of the use of manipulative
materials and the accuracy of the final results, although the analytical writing process
still showed symbolic inconsistencies. This indicates that productivity is more supported
by conceptual understanding than procedural precision.

3) Demonstrate flexibility and compromise

The flexibility of the group can be seen from the ability to integrate the work of
each member after the division of tasks. The follow-up discussion process is used to
align the diagrams, calculations, and final answers, so that the decisions taken are the
result of mutual agreement.

4) Showing Responsibility

Individual responsibility is realized through the implementation of the agreed
role. Each member contributes to a specific part of the completion, and the work is then
put together. The variety of writing shows that the process is collaborative and
authentic, not the work of one person.

5) Showing Mutual Respect

The group shows mutual respect by providing a contribution space for each
member. Differences in writing styles and discussions in agreeing on final answers
reflect acceptance of other members' ideas and work before the final decision is made.

Group Analysis 5
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Figure 7 Results of Group 5
Description of Student Worksheet Results (LKPD)
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Group 5 has not been able to do all parts of the LKPD correctly. There are some
errors in the analytical calculations, so the numerical results obtained are not accurate.
This analytical error then has an impact on the interpretation of the bar chart which is
also not in accordance with the context of the problem. Nonetheless, group 5 was able
to use manipulative materials quite skillfully. Manipulative representations seem to help
them understand the initial part of the problem, although it has not been fully translated
into accurate calculations.

Group 5 shows a pattern in this study, namely the existence of relatively active
collaboration but not fully accompanied by analytical accuracy. This group has not been
able to complete all parts of the LKPD correctly due to errors in calculations, which
further has an impact on the inaccuracy of the interpretation of the bar chart. However,
the use of manipulative materials seems to help students understand the initial structure
of the problem. These findings indicate that collaboration and manipulative
representation alone do not guarantee completion accuracy if not followed by
strengthening analytical understanding

b. Collaboration Indicators
1) Actively Engage

The group showed quite visible engagement, especially when facing difficulties
in calculations. Group members engage in discussions and exchange opinions, although
participation rates are not yet fully evenly distributed among all members.

2) Work Productively

Group productivity is at a moderate level. The group is able to generate
manipulative representations and try to complete calculations, but the effectiveness of
the work is still limited by analytical errors. This condition suggests that collaborative
efforts have been formed, but have not yet fully resulted in an accurate solution.

3) Demonstrate flexibility and compromise

Group flexibility is seen when students try to adjust their coping strategies when
encountering obstacles. The discussions and exchanges of ideas that took place showed
a willingness to accept alternative solutions, even though the chosen strategy had not
led to the right outcome.

4) Showing Responsibility

Individual responsibilities appear through the division of roles in the group, such
as the use of manipulative materials, record-keeping, and calculations. Even though the
quality of the final results is not optimal, the group still tries to complete the task
collectively, which reflects a sense of responsibility for the group's work.

5) Showing Mutual Respect

The attitude of mutual respect is reflected in the discussion process that takes
place when the group is experiencing difficulties. Group members give each other space
for opinions and try to evaluate answers together, even if an agreement has not yet been
reached.

The results of the group work process analysis showed that students'
collaborative skills appeared in real life during Problem Based Learning (PBL)-based
mathematics learning with the help of manipulative materials. Students are actively

195



ISSN : 2579-5724
Mathematics Education Journals ISSN : 2579-5260 (Online)

Vol. 9 No. 2 August 2025 http://ejournal.umm.ac.id/index.ph

involved in group discussions, share roles in completing assignments, and show mutual
respect in the decision-making process. Role divisions such as writing, drawing
diagrams, calculating, and presenting results were found in almost all groups, which
shows that indicators of collaboration in the aspects of active engagement, work
productivity, and collaborative flexibility have been realized in the learning process.

Although the collaboration indicators are generally met, the quality of the final
results produced by the group shows considerable variation. Some groups still have
difficulties in the analysis and interpretation of the data, such as miscalculations and
inaccuracies in representing the diagrams. These findings show that collaboration that
runs well from a process side is not always followed by the accuracy of mathematical
results.

The findings of this study are in line with the results of the study Rosnawati et
al., (2019) which states that the PBL model is able to improve students' collaborative
performance through active involvement in collective task completion. In addition, the
results of this study also support the findings Nuraydah et al., (2023) which emphasizes
the importance of mastery of basic concepts in producing the right solutions in group
work. Without conceptual understanding and adequate analytical skills, good
collaboration does not necessarily produce accurate outputs (Siswanto and Meiliasari,
2024).

The use of manipulative materials in learning also strengthens students' social
interaction. This is in line with research Juhari and Muthahharah, (2020) and
Anggriyani and Zulkarnaen, (2023) which states that manipulative materials can
encourage discussion, negotiation, and cooperation in problem solving. Activities of
sharing ideas and listening to friends' opinions that arise during learning also support
indicators of mutual respect in collaboration (Oni) et al., 2022).

Based on the results of research and studies of previous research, it can be
concluded that PBL-based learning assisted by manipulative materials is effective in
fostering students' collaborative skills, especially in the aspects of the work process and
the dynamics of group interaction. However, the success of collaboration from a process
point of view does not fully guarantee the accuracy of mathematical results. Therefore,
it is necessary to strengthen conceptual understanding and analytical skills so that
collaboration is not only socially effective, but also produces solutions that are accurate
and in accordance with learning objectives. In addition, intensive interaction in group
discussions also contributes to the development of students' mathematical
communication skills, especially in explaining procedures, clarifying ideas, and
conveying mathematical reasons orally (Susilowati et al., 2025).

CONCLUSIONS

This study shows that the application of Problem Based Learning (PBL) assisted
by manipulative materials is able to facilitate the development of students' collaborative
skills, especially in the aspects of active involvement, work productivity, flexibility and
compromise, responsibility, and mutual respect. These collaborative skills are seen
through the process of interaction, communication, and decision-making during group
work, which are identified through LKPD analysis, observation, and video recordings of
learning.
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The main contribution of this study lies in the finding that actively and
positively built collaboration is not always directly proportional to the accuracy of
mathematical results. Although students are able to discuss, share roles, and make
effective use of manipulative materials, limitations in conceptual understanding and
analytical abilities still affect the accuracy of problem-solving. These findings expand
the study of PBL by emphasizing that strengthening collaboration needs to be balanced
with the facilitation of reflection, reasoning, and drawing mathematical conclusions so
that collaboration produces a deeper understanding.

Although this study has utilized video data to capture the dynamics of student
interaction more fully, the study still has limitations in the relatively short duration of
learning and limited scope of the classroom context. Therefore, further research is
recommended to observe the continuous development of students' collaborative skills
and analytical abilities in multiple meetings or learning cycles, as well as to combine
video analysis with more structured collaborative assessment instruments to reinforce
the findings.

REFERENCES

Agusdianita, N. and Karjiyati, V. (2021) ‘Pelatihan Penggunaan Media Pembelajaran
Manipulatif Untuk Menanamkan Konsep Bangun Ruang Bagi Guru di SDN 67
Pendahuluan Sekolah yang dijadikan mitra kegiatan Pengabdian Pada
Masyarakat yang sedang diusulkan ini adalah SDN 67 Kecamatan Surabaya
Kota Bengk’, Darmabakti: Jurnal Inovasi Pengabdian dalam Penerbangan,
1(2), pp- 85-92. Available at:
https://doi.org/https://doi.org/10.52989/darmabakti.v1i2.19.

Andika, R. and Hidayat (2023) ‘Analisis Kemampuan Komunikasi nan Kolaborasi
Siswa dalam Pembelajaran dengan Model Problem Based Learning di SMP
Negeri 1 Sei Bamban’, 8(1), pp. 42-52.

Anggraini, P.D. and Wulandari, S.S. (2020) ‘Analisis Penggunaan Model Pembelajaran
Project Based Learning Dalam Peningkatan Keaktifan Siswa’, Jurnal
Pendidikan Administrasi Perkantoran (JPAP), 9(2), pp. 292-299. Available at:
https://doi.org/10.26740/jpap.von2.p292-299.

Anggriyani, A. and Zulkarnaen, R. (2023) ‘Jurnal Didactical Mathematics Studi Kasus
Kemampuan Pemecahan Masalah Matematis Materi Sistem’, Jurnal Didactical
Mathematics, 5(2), pp- 494-501. Available at:
https://doi.org/https://doi.org/10.31949/dm.v5i2.6595.

Creswell, J.W. and Creswell, J.D. (2023) Research Design: Qualitative, Quantitative
and Mixed Methods Approaches (6th ed), SAGE.

Dewanti, S.S., Rahmawati and Sumardi (2024) ‘Problem-Based Learning with
Manipulative Media: Enhancing Elementary Students ° Conceptual
Understanding in Area and Volume’, Jurnal Ilmiah Sekolah Dasar, 8(3), pp.
487-499. Available at: https://doi.org/https://doi.org/10.23887/jisd.v813.80221.

Jamil, S. and Murniati, A. (2025) ‘Integrasi Keterampilan Abad 21 4C ( Critical
Thinking , Creativity , Collaboration , Communication ) Dalam Pembelajaran
Fikih Di Mas Tahfidz Rokan Hulu Integration of 21st Century 4C Skills (
Critical Thinking , Creativity , Collaboration , Communication’, JINC: Jurnal
Intelek dan Cendikiawan Nusantara, 1(6), pp. 10677-10685. Available at:
https://jicnusantara.com/index.php/jicn/article/view/2187.

Juhari, A. and Muthahharah, 1. (2020) ‘Keefektifan Model Problem Based Learning

197



ISSN : 2579-5724
Mathematics Education Journals ISSN : 2579-5260 (Online)

Vol. 9 No. 2 August 2025 http://ejournal.umm.ac.id/index.ph

Dengan Pendekatan Problem Posing- Solving dalam Pembelajaran Matematika’,
Jurnal  Publikasi  Pendidikan, 10(3), pp. 211-222. Available at:
https://doi.org/10.26858/publikan.v10i3.15891.

Khusna, A.H., Rosyadi, A.A.P. and Nadlifah, M. (2025) ‘Collaborative Problem-
Solving Phase in Mathematics : A Case Study in Geometric Problem-Solving’,
AL-TA'LIM  JOURNAL, 32(1),  pp. 133-147. Available at:
https://doi.org/10.15548/jt.v31i2.931.

Kotto, M.A., Babys, U. and Gella, N.J.M. (2022) ‘Meningkatkan Kemampuan
Penalaran Matematika Siswa Melalui Model PBL (Problem Based Learning)’,
Jurnal Sains dan Edukasi Sains, 5(1), pp. 24-27. Available at:
https://doi.org/10.24246/juses.v5ilp24-27.

Martiasari, A. and Kelana, J.B. (2022) ‘Peningkatan Pemahaman Konsep Matematika
Menggunakan Model Pembelajaran Problem Based Learning Berbantuan Media
Manipulatif Untuk Siswa Sekolah Dasar’, 1(1), pp. 1-10. Available at:
https://doi.org/10.22460/jpp.v1i1.10356.

Nikmah, C.K., Hayat, M.S. and Patonah, S. (2025) ‘Life-Long Learning Profile of
Junior High School Students in Science Learning’, Jurnal Pijar MIPA, 20(2),
pp. 234-238. Available at: https://doi.org/10.29303/jpm.v20i2.8523.

Nuraydah, D.S., Hariani, L.S. and Widjiastuti, V.Y. (2023) ‘Peningkatan Keterampilan
Kolaboarsi dan Hasil Belajar Peserta Didik Melalui Model Pembelajaran
Problem Based Learning dengan Media Video Pada Materi Alat Pembayaran
Non Tunai’, Jurnal Pembelajaran, Bimbingan, dan Pengelolaan Pendidikan,
3(6), pp. 514-525. Available at: https://doi.org/10.17977/um065v3i162023p514-
525.

Nurita, A., Suntari, Y. and Yudha, C.B. (2025) ‘Penggunaan Media Manipulatif dalam
PEmbelajaran Sifat Bangun Datar Kelas IV SD’, Jurnal Ilmiah Matematika

Realistik (JI-MR), 6(1), pp- 1-7. Available at:
http://jim.teknokrat.ac.id/index.php/pendidikanmatematika/index%0APENGGU
NAAN.

Nurrohma, R.I. and Adistana, G.A.Y.P. (2021) ‘EDUKATIF: JURNAL ILMU
PENDIDIKAN’, Edukatif: Jurnal Ilmu Pendidikan Volume, 3(4), pp. 1199—
1209. Available at: https://doi.org/https://doi.org/10.31004/edukatif.v3i4.544.

Oktaviani, R.N. (2022) ‘Implementasi Model Pembelajaran Problem Based Learning
(PBL) melalui Lesson Study untuk Meningkatkan Keterampilan Komunikasi
dan Kolaborasi Mahasiswa STKIP BIM’, ELSE (Elementary School Education
Journal), 6(2), pp- 257-276. Available at:
https://doi.org/https://doi.org/10.30651/else.v6i2.11095.

Oni, O.S. et al. (2022) ‘Effect of self-constructed concept map with peer feedback on
chemistry learning outcome’, WILEY, 1(1), pp. 3-13. Available at:
https://doi.org/10.1111/ssm.12562.

Qurratu’ain, B.S. ef al. (2024) ‘Classroom Students Collaborative Abilities XII SMA
Negeri 5 Surakarta in Learning Biotechnology PJBL Integrated STEM Teaching
Year 2023 / 2024°, in INTERNATIONAL INTERDISCIPLINARY
CONFERENCE AND RESEARCH EXPO 2024, pp. 12-22. Available at:
https://doi.org/https://doi.org/10.18326/iicare.v1il.625.

Rahmawati, A., Fadiawati, N. and Diawati, C. (2019) ‘Analisis Keterampilan
Berkolaborasi Siswa SMA pada Pembelajarn Berbasis Proyek Daur Ulang
Minyak Jelantah’, Jurnal Pendidikan dan Pembelajaran Kimia, 8(2), pp. 431—

198



ISSN : 2579-5724
Mathematics Education Journals ISSN : 2579-5260 (Online)

Vol. 9 No. 2 August 2025 http://ejournal.umm.ac.id/index.ph

443, Available at: https://jurnal.fkip.unila.ac.id/.

Ramdani, Z., Amrullah, S. and Tae, L.F. (2019) ‘Pentingnya Kolaborasi dalam
Menciptakan Sistem Pendidikan yang Berkualitas’, MEDIAPSI, 5(1), pp. 40—48.
Available at: https://doi.org/https://doi.org/10.21776/ub.mps.2019.005.01.4.

Rosnawati, Johar, R. and Abidin, Z. (2019) ‘Kinerja dan disposisi matematis siswa
melalui penerapan model’, Jurnal Peluang, 7(2), pp. 44-55. Available at:
https://doi.org/10.24815/jp.v7i2.13746.

Shabrina, A. and Astuti, U.P. (2022) ‘The Integration of 6Cs of the 21 st Century
Education into English Skills: Teachers > Challenges and Solutions’, Jurnal
Pendidikan: Teori, Penelitian, dan Pengembangan, 7(1), pp. 28-37.

Siswanto, E. and Meiliasari (2024) ‘Kemampuan Pemecahan Masalah pada
Pembelajaran Matematika : Systematic Literature Review’, JRPMS (Jurnal Riset
Pembelajaran Matemtika), 8(1), pp- 45-59. Available at:
https://doi.org/10.21009/jrpms.081.06.

Susilowati, . er al (2025) ‘Examination of students ’ written mathematical
communication skills in addressing gender-based open- ended problems’,
Kalamatika: Jurnal Pendidikan Matematika, 10(2), pp. 117-136. Available at:
https://doi.org/10.22236/KALAMATIKA.vol10n02.2025pp117-136.

Widodo, S. and Wardani, R.K. (2020) ‘Mengajarkan Keterampilan Abad 21 4c (
Communication , Collaboration , Critical Thinking And Problem Solving ,
Creativity And Innovation )’, MODELING: Jurnal Program Studi PGMI, 7(2),
pp- 185-197. Available at:
https://doi.org/https://doi.org/10.69896/modeling.v7i2.665.

Wisudawati, T. (2021) ‘Peningkatan Aktivitas dan Prestasi Belajar Matematika Melalui
Pendekatan Realistic Mathematics Education ( RME ) Berbantuan Media
Manipulatif Siswa Kelas I Sekolah Dasar’, Jurnal Riset Pendidikan Dasar, 2(2),
pp- 83-90. Available at: https://doi.org/10.30595/jrpd.v2i2.9917.

Yesya, R., Bayu, E.P.S. and Leni, N. (2023) ‘Langkah-Langkah Model Pembelajaran
Problem Based Learning’, SMAN [ Lempuing Jaya, 10(2), pp. 53—60. Available
at: https://www.sman1lempuingjaya.sch.id/artikel/langkah-langkah-model-
pembelajaran-problem-based-learning-pbl.

Zulfirman, R. (2022) ‘Implementasi Metode Outdoor Learning dalam Peningkatan Hasil
Belajar Siswa pada Mata Pelajaran Agama Islam di MAN 1 Medan’, Jurnal
Penelitian, Pendidikan dan Pengajaran: JPPP, 3(2), pp. 147—153. Available at:
https://doi.org/10.30596/jppp.v3i2.11758.

199



