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ABSTRACT

PISA is a prestigious platform for assessing students' learning achievements globally, including 4C skills: creative
thinking, critical thinking, communication, and collaboration. However, the 2022 PISA results once again showed
disappointing achievements for Indonesia. Indonesian students struggle with solving complex problems (critical
thinking), have difficulty conveying ideas effectively (communication), are less prepared for creative challenges
(creative thinking), and lack effective collaborative learning approaches. This research aimed to analyze the 4C
skills of students at SMP Negeri 31 Medan. The study involved 29 students from class IX-3. Data were collected
using two selected essay questions from the 2022 PISA mathematics test, specifically designed to assess 4C skills
through indicators like interpreting, formulating, and reasoning. Collaboration was assessed through semi-
structured interviews with the class teacher to gain insights into students' interaction and teamwork skills,
complementing the written test results. Qualitative descriptive analysis was used to interpret students' written
responses, while collaboration data were analyzed based on teacher observations. Assessment criteria followed
established indicators for critical thinking (Employ and Evaluate), creativity (formulate), communication
(interpret), and collaboration (effective teamwork). The results indicate that 69.56% of students correctly answered
interpretation questions (communication, level 3), 39.13% and 43.47% answered employability questions correctly
(critical thinking, levels 2 and la), and 30.43% correctly answered formulation questions (creativity, level 2).
However, teacher observations revealed that students still struggle with effective collaboration, reflecting a broader
challenge in fostering teamwork and peer learning. Overall, although communication skills are relatively strong,
significant improvements are needed in critical thinking, creativity, and collaboration.
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Introduction

In the era of globalization and digitalization, the world of education is undergoing significant
transformation that demands the development of 21st-century skills (Amrianto et al., 2024). The skills
that students must possess to face these developments are the 4C skills (Asrizal et al., 2024). Students
need to be instilled with four competencies that can support them in facing the challenges of the 21st
century, as directly stated by the Directorate General of Teachers and Educational Personnel (GTK,
2019). The 4C skills are: Critical Thinking, Creativity, Communication, and Collaboration (Azmi et al.,
2024; Sipayung et al., 2018).
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The 4C skills (creativity, communication, critical thinking, and collaboration) are essential for
equipping students with the competencies required to thrive in the 21st century. These skills are widely
recognized as critical for addressing the complex challenges of the modern world and for fostering
innovation, adaptability, and effective teamwork in various contexts (NEA, 2019; Trilling & Fadel,
2009). These 4C skills are interconnected with one another. Critical thinking skills help students to view
situations and conditions critically, creativity helps students face various challenges that have not yet
been encountered, collaboration allows students to engage in collaboration and networking, and
communication helps students convey their ideas effectively both orally and in writing (National
Council of Teachers of Mathematics, 2015; Partnership for 21 st Century Skills, 2015; Sugiman et al.,
2023). The ability of Critical Thinking is a fundamental skill inproblem-solving (Fitriani et al., 2022).
This ability is very important for students to possess in order to solve problems and address issues
appropriately. Critical thinking skills are very important in mathematics learning (Nahdi, 2019). This
ability requires students to think rationally, reflectively, and systematically. In critical thinking, students
are required to evaluate, interpret, and analyze, assess information, arguments, observations, and be able
to draw conclusions as well as recheck every answer or solution.

Creativity defined as the ability to generate novel ideas, concepts, or innovative solutions by
creating, altering, combining, or utilizing existing elements to solve problems (Harahap & Nurlaelah,
2023; Mariati Purnama Simanjuntak, Nurdin Bukit, Yenni Dwi Aprilita Sagala, 2019; E. Y. Putri &
Suripah, 2022), plays a crucial role in the development of higher-order thinking and adaptive problem-
solving skills (Sawyer & Henriksen, 2016). Effective communication, encompassing the ability to
express mathematical ideas clearly both orally and in writing, is essential for constructing logical
arguments and engaging in meaningful academic discourse (Faizah & Sugandi, 2022; Lubis et al., 2023;
Hanipah & Sumartini, 2021). This skill not only facilitates knowledge exchange but also enhances
critical thinking by encouraging precise articulation and structured reasoning (Zwiers & Crawford,
2011). Collaboration, the capacity to work flexibly, fairly, and effectively with others to achieve shared
goals, is increasingly important in both academic and professional contexts, where teamwork and
collective problem-solving are highly valued (Manurung, 2023; Putri et al., 2024; NEA, 2019). As
global economies become more interconnected, the ability to collaborate effectively has emerged as a
critical component of student success (Rahayu et al., 2024).

Given the importance of these skills, understanding how well students perform in these areas, as
reflected in international assessments like PISA, is essential for guiding educational improvements and

aligning national educational outcomes with global standards. This study aims to assess Indonesian
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students' performance in the 4C skills, particularly within the context of mathematical problem-solving,
as a basis for enhancing educational practices in Indonesian schools.

The gap in this research is a research gap where previous studies focused on the national PISA
results for Indonesia, not specifically on a particular school. Previous research results show that
Indonesian students consistently perform at a lower level compared to their peers in countries like
Singapore or Finland in areas assessed by PISA, particularly in problem-solving, creativity, and
collaboration (OECD, 2024). Subsequent research by Jatmiko found that Indonesian students' critical
thinking skills often fall below the expected level, particularly in secondary education (Rizki Nur
Fadillah et al., 2023). The next study is by Amaliah and Indriyani, which shows that although
communication skills have developed, critical thinking and creativity skills require significant
improvement at various levels of education in Indonesia (Mulyani, 2022). These three results provide an
overview of the low 4C skills of Indonesian students. The novelty of this research lies in the specific
context being studied, which focuses on SMP Negeri 31 Medan with a targeted population of class IX-3.
The next novelty is that the questions used are based on the actual PISA framework from the OECD
website (OECD, 2023). Thus, this research has a direct correlation with international standards that
allow for relevant and representative comparisons. This research also breaks down the 4C skills into
specific indicators based on actual test answers, providing a more detailed understanding of where
students excel and where they struggle. This research also breaks down the 4C skills into specific
indicators based on actual test answers, providing a more detailed understanding of where students excel
and where they struggle.

Given the critical role of 4C skills in daily learning and problem-solving, understanding the
current level of these skills is essential for guiding further training and development (Nurhayati et al.,
2025; Zakaria et al., 2025). However, current observations and preliminary findings indicate that these
skills are still at a low level, as evidenced by the 2022 PISA results, which showed a significant decline
in Indonesia's mathematics proficiency. This study, therefore, aims to analyze the 4C skills of junior
high school students in solving problems related to number patterns, as a first step toward understanding

the areas where further development is needed.

Methods

The approach used in this research is a qualitative approach with a descriptive research type. The
design of this research is a case study with the research subjects being 29 students from class IX-3. A

case study was chosen in this research with the aim of obtaining factual information based on the issue
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of low student achievement in Mathematics according to the 2022 PISA results. The research procedure
carried out consists of a preparation stage, which involves searching for PISA 2022 questions. From the
80 PISA 2022 Mathematics questions, 2 questions were selected that are considered representative in
measuring 4C skills. The procedure for conducting the research can be explained through the following

image:

Preparation
Choosing 2 PISA questions

Implementation
Giving questions to students

v

Analysis and Reporting
Analyzing student answers

The selected questions are question number la with the ability to interpret or evaluate, question
number 1b and 2a with the ability to employ, question number 2b with the ability to formulate, and
question number 2¢ with the ability to reason. Interpret is one of the indicators of communication skills.
Employ and evaluate are indicators of critical thinking. Formulate is one of the indicators of creativity
(OECD, 2023). The implementation stage is carried out by providing 2 selected essay questions from the
PISA questions to measure these three skills. However, to assess students' collaboration skills, this study
also conducted interviews with the classroom teachers. The interviews focused on understanding how
students interact, cooperate, and contribute to group problem-solving tasks during daily learning
activities. This approach ensures that all 4C skills are covered, aligning the research instruments with the
study objectives (Griffin et al., 2006; Rahayu et al., 2024). The data analysis and reporting stage
involves evaluating students' written responses for critical thinking, communication, and creativity,
while the interview data is used to assess collaboration skills. The data analysis technique used is
qualitative analysis to provide a narrative description of students' work results and their collaborative

behaviors as observed by their teachers.
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Table 1. Test Question Indicators

Unit Name Content Area Proses Proficiency
Level

Solar System Quantity Interpret or evaluate 3

Solar System Quantity Employ 2

Triangular Pattern Quantity Employ la

Triangular Pattern Change and Formulate 2
Relationships

Triangular Pattern Change and Reason 5
Relationships

Results and Discussion
The subjects of this research represent 3 categories of 4C abilities, namely High Ability (HA),
Medium Ability (MA), and Low Ability (LA). The data from written tests and interviews were analyzed
by considering the 4C indicators. The 4C skills of Fachmi measured by the researcher are as follows
(Fachmi et al., 2022).
Table 2. 4C Skills Indicators

4C SKkills Indicators

Mathematical Critical ~Using inductive and deductive reasoning.
Thinking Analyzing the interconnections of each part of the whole to produce a comprehensive
output in a complex system.
Analyzing and evaluating facts.
Drawing conclusions based on the analysis results.
Solving unusual problems in both conventional and innovative ways

Creative Creating new ideas
Mathematical Analyzing the interconnections of each part of the whole to produce a comprehensive
Thinking output in a complex system.
Analyzing and evaluating facts
Mathematical Expressing ideas/thoughts through speech and writing
communication Using communication to share goals
Analyzing and evaluating facts
Mathematical Demonstrating the ability to work effectively in a group.
collaboration Accepting the division of responsibilities and contributing to completing group tasks.

Providing feedback and suggestions while showing mutual respect among friends.

The indicators presented in the table above cover the full spectrum of 4C skills: critical thinking,
creativity, communication, and collaboration. However, it should be noted that, unlike the other three
skills, mathematical collaboration is not directly measured through written tests or problem-solving
questions in this study. Instead, it is assessed through interviews with classroom teachers. This approach
was chosen to capture a more comprehensive understanding of students' collaboration skills, which often
involve complex interpersonal dynamics, shared responsibilities, and group interactions that are difficult
to measure through standardized tests alone (Griffin et al., 2006; Kum Yoke et al., 2024). The interview

questions focused on how students interact, cooperate, and contribute to group problem-solving tasks
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during daily learning activities, providing a richer, context-specific assessment of their collaborative
abilities.

Question 1a, students are given a question to determine the three planets that have the average
distance from the sun in astronomical units (au) according to the displayed model. From the seven
planets, namely Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, and Neptune Which planet is

included in the model? The results of Subject HA's work can be seen in Figure 1.

Question Student's Answer

Solar System
Question 1/2

In my opinion, based on the given
distances, the planets included in
the model are Jupiter, Saturn, and
Uranus.

Figure 2. Students' outcomes in Interpret (Communication).

The result of Subject HA's completion, the student was able to solve the problem with the correct
and precise answer. The three planets included in the model are Jupiter, Saturn, and Uranus. In solving
this problem, the students have been able to analyze well and plan the solution accurately, as well as
draw conclusions and solve the problem in an innovative way.

Question 1b, students are asked to determine how many million kilometers the distance from the
planet Neptune to the Sun. The student's work below demonstrates their ability to solve problems
correctly and accurately. In the solution, the student expressed their opinion without deviating from the
existing facts. The students are already able to reason, analyze each part, and use the existing facts to
solve problems. In this question, the student has been able to apply their 4C skills to analyze, create
ideas, evaluate existing facts, and use their communication skills to solve problems. The results of the

HA subject's work can be seen in Figure 2.
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Question Student's Answer
In my opinion, the answer to that
{QKQW adal'ah 4s00 Jtem, question is 4500  million
50 kilometers because the distance
mnmt s 1AWRndN d%nm i forsghut 30,08 dU, from the sun to that planet is
qtahan 30.05 AU. AU is an astronomical
famna Jarar m p qu sémd coan 1 Jb b unit.1 au is equal to 150 million
LA astroform - kilometers.So, 150 x 30.05 =
W 4500 million kilometers.

Jadi 150 x 30,05 4w JEM

Figure 3. Students' outcomes in Employ ( Critical Thinking).

Question 2a, in this question, students are given the task of determining what percentage of the

blue triangles are in Alex's pattern? The work results of Subject HA can be seen in Figure 3.

Question Student's Answer

E Pertanyaan 1/3

Baca bagian "Pola Segitiga” di
sebelah kanan. Klik pada salah satu
ili menjawab pertanyaan.

Berappersentase segitiga dalam
{ baris pertama pola Alex yang
berwarna biru?

&37.5% 3% L 100%
050,0% AL
-~
060.0% . 8 "o,
0 62.5% \&
_600%
= oU>
\&
=375%

Figure 4. Students' outcomes in Employ ( Critical Thinking).

The results of the student's work above were completed correctly and accurately. The student
completed it with reasoning, planning, and precise analysis. This can be seen from the way the students
solve the problem, namely from the pattern where, if observed, there are 6 blue triangles and the total
number of triangles is 16. Therefore, to determine the percentage, the students multiply using the
formula: the number of blue triangles divided by the total number of triangles in the pattern multiplied
by 100%, resulting in a percentage of blue triangles of 37.5%. In this question, the students have
applied the 4C skills very well.

Question 2b, students are given the task of determining the percentage of blue triangles in the

pattern in the fifth row? The work results of the student subject HA can be seen in Figure 4.
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Question Student's Answer
pisazozz | HENEEE W

Figure"5. Students' Outcomes in Formulate ( Creativity).

The student's answers above were done correctly and accurately. In their solution, the student was
able to think critically and creatively, where if we look at the provided pattern, it only goes up to the
fourth row, whereas the question asks for the percentage of blue triangles in the fifth row. In this
question, the students were able to describe and extend the pattern, utilize the existing facts, and create
new ideas to solve the problem. Therefore, if observed, the students added one more row as the fifth
row, resulting in a total of 10 blue triangles in the pattern, and a total of 25 triangles overall. Thus, the
percentage of blue triangles in the fifth row is 40.0%, which can be calculated using the formula: the
number of blue triangles divided by the total number of triangles in the pattern multiplied by 100%.

Question 2¢, Alex added more rows to the pattern. Alex claims that the percentage of blue
triangles in the pattern will always be less than 50%. Is Alex correct? In this question, students are
directed to analyze and evaluate a pattern and provide their opinion on whether Alex's statement is
wrong or correct. The work results of student Subject HA can be seen in Figure 5.

Question Student's Answer

pisazozz | HRAREE B g @] Yes. Because the blue column
| TRIANGULAR PATTERN appears a bit.

O—— Al OrEw the fOIOWING PATIEM Of FEq 3Na DIUE angIes.

Refer 1o “Tranguiar Pallem™ on Ihe gl CIoK 0n 8 Enoce The first four rows of the patien are shown below
and then fype an expianation 1o answer e Question
Alex i going 16 3dd more rows 10 his patiem

He claims thal the percentage of biue trangles in the patiem
whll always be less than 50%

15 Alex comect?
Yes
Mo

Expiain your answer

Figure 6. Students' outcomes in Reason (Critical Thinking).

The student's solution results in stating that Alex's statement is correct. The student stated that
yes, with the reason that the blue column will always appear a little. The student's answer is correct and
accurate. The student answered by analyzing and evaluating, as well as reasoning from previous
patterns, so that if observed, the blue triangle will appear slightly in each row compared to the red

triangle. This happens because the pattern used is extended downward.
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Subject MA on 4C Ability from the 5 questions given, shows that students do not demonstrate
moderate 4C ability. In the average analysis results, students have answered correctly, but the common
mistake is that students check the correct answer option without providing the solution. Therefore,
based on the students' work results, they are classified or categorized under Subject LA, not Subject
MA. The reason is that the students do not demonstrate the 4C skills, namely critical thinking, creative
thinking, communication, and collaboration.

Subject LA on 4C skills from the 5 questions given, shows that 1) the student chose the correct
answer option but did not provide a solution; 2) provided an answer and solution but was incorrect; and
3) did not answer at all. Question 1a and 1b some students did not answer at all. Question 1b and 2¢, The
student answered the question by choosing an option but was incorrect and provided an incorrect
solution. From the solution, the student still does not understand how to determine the percentage from
the given pattern. Students are still unable to reason, analyze, evaluate, relate to facts, and find

solutions, as well as their written communication skills, which are still very lacking.

\ Question Student's Answer
Pl In my opinion, the answer to question
kPr Conent R .
[Menutut Soyo GavUrRUS don Jubicer ber 37.5% is because the number of A is 3.
wabo  dory SoQ 32.5% The number of triangles in the 4th

\ qurot 5040 X . 3 _ .
/3 me b 3 a0k Seatau Yadar sequence is 7. So 7x100% =57,6%".

kotena Jmah A:
praron Y oy 7 Jodt

3 0
Yt o
" 57/6%

A

Figure 7. Example of an Incorrect Answer

Based on the above description, it is known that high-ability students can solve problems
accurately and correctly. The ability to solve problems accurately and correctly can be achieved by
reading the questions, paying attention to the images, and understanding the problems in detail. In
addition, they possess good thinking skills, a strong understanding of concepts, and high motivation.
Students with high abilities can reason, analyze the interconnections of each part of the whole to
produce comprehensive outputs in a complex system, use appropriate communication, good cooperation,
and are able to draw accurate and correct conclusions. Students with moderate abilities, based on
observations, understand the problem but are lacking in writing or explaining their ideas or concepts.
However, in this study, such a thing was not found. Low-ability students cannot understand the problem
correctly, so the answers they provide are wrong and inaccurate. This often happens because students

do not read the questions thoroughly, do not analyze the problems, and cannot plan the problems. Other
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contributing factors include experiencing learning difficulties, attitudes (like/dislike), attention, laziness,
and lack of motivation, which significantly affect students' low ability to solve math problems (Saputri,
2019).

The findings of this study indicate that students with moderate and low abilities are more
prevalent than high-ability students in class IX-3 at SMP Negeri 31 Medan. This observation is
significant as it suggests that a considerable number of students struggle with understanding problems
correctly and reading questions carefully. These challenges are compounded by low motivation and
interest in learning, which are critical factors influencing student performance (D. A. H. Putri &
Usmeldi, 2023). This result aligns with the broader context of the PISA 2022 achievement data, which
emphasizes that many students worldwide face similar difficulties in demonstrating high-level skills.
The OECD has consistently highlighted the importance of developing critical thinking, communication,
collaboration, and creativity (4C skills) as essential competencies for students in the 21st century
(OECD, 2023). However, studies have shown that factors such as motivation, learning interest, and
effective teaching strategies significantly impact the development of 4C skills. For example, research by
(Amrianto et al., 2024) found that students' motivation and engagement in learning activities positively
correlated with their critical thinking and communication skills. Similarly, (Asrizal et al., 2024)
emphasized the importance of contextual and interactive learning approaches in enhancing students' 4C
competencies. Moreover, collaborative learning strategies have been found to be particularly effective in
improving these skills, as demonstrated by (Nahar et al., 2022), who reported significant improvements
in collaboration and communication abilities through group-based projects. These findings underscore
the importance of integrating 4C skills into regular classroom instruction and creating learning
environments that actively engage students. This approach not only supports the development of critical
and creative thinking but also fosters communication and collaboration, which are essential for students'
future success (Azmi et al., 2024; Ponnusamy & Raman, 2024).

In interpreting these results, it is important to consider the implications of the medium and low 4C
abilities of the students. The lack of understanding and careful reading of questions may indicate gaps in
foundational knowledge or ineffective teaching strategies that fail to engage students meaningfully.
Previous studies have shown that motivation and interest are closely linked to academic achievement
(Dunn & Zimmer, 2020). Therefore, enhancing these aspects could lead to improved performance and a
better grasp of 4C skills, as suggested by the OECD's recommendations for Indonesian students.

Moreover, this research contributes to the existing literature by highlighting the specific context
of SMP Negeri 31 Medan, revealing that while students' collaboration skills are in the developing stage,

the emphasis on individual problem-solving may hinder the full realization of collaborative learning.
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This finding is consistent with other studies that suggest collaborative learning environments foster
deeper understanding and engagement (Johnson & Johnson, 2014; Nahar et al., 2022). However, the
current reliance on individual assessments may not adequately reflect students' collaborative
competencies, which warrants further investigation.

This research focuses on evaluating students' 4C skills based on the PISA questions, which are
designed to assess critical thinking, creativity, and communication abilities. However, the assessment of
students' collaboration skills was not directly measured through the PISA questions, as they were
administered individually. Instead, teachers' perspectives were used to assess students' collaboration
skills during the problem-solving process. The interviews with teachers were conducted specifically in
the context of their observations as students worked on the PISA tasks, allowing for a deeper
understanding of the collaborative behaviors that occurred during these activities. While this approach
offers valuable insights into how students interact and collaborate in a classroom setting, future research
should consider incorporating more direct methods for assessing collaboration alongside individual
problem-solving tasks to provide a more holistic view of 4C skills in student competence.

Students with moderate and low abilities are still found in this study with a larger proportion
compared to high-ability students. In this analysis, students with low and moderate abilities still do not
understand the problems correctly, do not read the questions carefully, and several other factors such as
motivation and interest in learning are still lacking. This result, taking the case of class IX-3 at SMP
Negeri 31 Medan, shows a consistent outcome with the PISA 2022 achievement. This ability must be
nurtured and fully directed by educators to achieve high-level skills in accordance with OECD
recommendations for Indonesian students. This ability can be improved over time through the learning
process, by extensively discussing 4C skills and enhancing motivation and interest in learning, which
can help improve this ability (Ye & Xu, 2023).

The PISA questions used are questions to assess students' critical thinking, creativity,
communication, and collaboration skills. Because PISA questions are given individually, collaboration
skills are not directly evaluated through the provided questions. Instead, teacher observations are used to
assess how students collaborate during the group discussion process in solving a PISA problem. This
approach aligns with the study's objective to review 4C skills, where collaboration abilities use different
assessment methods to obtain information related to group dynamics and interpersonal interactions. This
method provides a comprehensive perspective on the 4C skills of students at SMP 31 Medan. The
aspects of this study can be further strengthened by using more direct collaboration steps in future
research. However, the current approach shows results related to students' collaborative behavior in the

classroom.
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Conclusion

This study aimed to assess the 4C skills (critical thinking, creativity, communication, and
collaboration) of students in class IX-3 at SMP Negeri 31 Medan through PISA-based questions. The
findings reveal a significant disparity in students' abilities, with the majority demonstrating moderate to
low levels of 4C competencies, while only a small portion exhibited high-level skills. Students in the
high-ability category were able to interpret problems accurately, provide correct solutions, and
effectively communicate their reasoning. These students demonstrated a strong understanding of
mathematical concepts, critical thinking, and analytical skills, aligning well with the 4C skill framework.
They could integrate multiple pieces of information and generate comprehensive outputs in complex
problem situations, reflecting their higher-order thinking abilities. In contrast, students with moderate
abilities often struggled to articulate their ideas clearly, despite having a basic understanding of the
problems. While these students sometimes chose the correct answer, they frequently failed to provide
complete or accurate explanations, indicating gaps in critical thinking and communication. Low-ability
students exhibited significant challenges in understanding problems correctly, leading to incorrect and
incomplete responses. This group often lacked the ability to plan, reason, and analyze mathematical
relationships, resulting in frequent errors and missed solutions. Factors contributing to this include low
motivation, poor reading comprehension, and minimal interest in learning, which have been identified as
key barriers to academic success. While this study primarily assessed individual 4C skills through PISA
questions, collaboration skills were evaluated through teacher interviews. The findings suggest that
students generally struggle with collaborative learning, as evidenced by their limited participation in
group tasks and reliance on individual effort. This highlights the need for more structured collaborative
learning opportunities in the classroom to foster teamwork and collective problem-solving.

These findings underscore the importance of strengthening students' 4C skills through targeted
interventions, including the use of more engaging instructional strategies, clearer problem explanations,
and increased emphasis on collaborative learning. Future studies should consider incorporating direct
assessments of collaboration alongside individual tasks to provide a more comprehensive evaluation of
students' overall competencies. Overall, this research highlights the critical need for educational reforms
that prioritize 4C skills, aligning with global standards such as those emphasized by the OECD, to better

prepare students for the complex challenges of the 21st century.

Acknowledgement
Thank you to Mrs. Siti, the Mathematics teacher at SMP N 31 Medan, for providing the class she

teaches as a research class. Thank you also to Professor Sahat Saragi for helping to review this article.

24



https://creativecommons.org/licenses/by/4.0/

Volume 7, Nomor 1, Juli 2025, pp. 13-26

References

Amrianto, Rohman, F., Dharmawan, A., & Sari, M. S. (2024). Development of a 4C skills evaluation
instrument for biology: A validity and reliability study on Indonesian high school students
learning. International Journal of Innovative Research and Scientific Studies, 7(2), 701-717.
https://doi.org/10.53894/ijirss.v7i2.2873

Asrizal, Nazifah, N., Effendi, H., & Helma. (2024). STEM-Smart Physics E-Module to Promote
Conceptual Understanding and 4C Skills of Students. International Journal of Information and
Education Technology, 14(2), 279-286. https://doi.org/10.18178/ijiet.2024.14.2.2049

Azmi, U., Safrijal, & Rahmi, M. (2024). Analysis of 4C Skills (Critical Thinking, Creativity and
Innovation, Collaboration, and Communication) of Physics Education Students In Facing the
Industrial ~ Revolution 4.0. Jurnal Penelitian  Pendidikan IPA, 10(2), 695-703.
https://doi.org/10.29303/jppipa.v10i2.5584

Dunn, J. C., & Zimmer, C. (2020). Self-determination theory. Routledge Handbook of Adapted Physical
Education, 55(1), 296-312. https://doi.org/10.4324/9780429052675-23

Fachmi, R. F. N., Suprapto, E., & Apriandi, D. (2022). Profil kemampuan 4C siswa pada pembelajaran
matematika di SMPN 10 Madiun. Seminar Nasional Sosial Sains, Pendidikan, Humaniora, 1, 369—
378. http://prosiding.unipma.ac.id/index.php/SENASSDRA

Fitriani, A., Zubaidah, S., & Hidayati, N. (2022). The quality of student critical thinking: A survey of
high schools in Bengkulu, Indonesia. JPBI (Jurnal Pendidikan Biologi Indonesia), 8(2), 142—149.
https://doi.org/10.22219/jpbi.v8i2.18129

Griffin, C. C., Jones, H. A., & Kilgore, K. L. (2006). A Qualitative Study of Student Teachers’
Experiences with Collaborative Problem Solving. Teacher Education and Special Education: The
Journal of the Teacher Education Division of the Council for Exceptional Children, 29(1), 44-55.
https://doi.org/10.1177/088840640602900106

GTK. (2019). Pentingnya 4C untuk Menghadapi Abad 21. Direktorat Jenderal Guru dan Tenaga
Kependidikan. https://gtk.dikdasmen.go.id/index.php/read-news/pentingnya-4c-untuk-
menghadapi-abad-21?

Harahap, K., & Nurlaelah, E. (2023). Analisis Kompetensi Berpikir Kreatif Matematis Siswa SMP
Kelas IX dalam Pembelajaran Matematika. Jurnal Cendekia : Jurnal Pendidikan Matematika, 7(2),
1427-1438. https://doi.org/10.31004/cendekia.v7i2.2129

Johnson, D. W., & Johnson, R. T. (2014). Aprendizaje cooperativo en el siglo XXI. Anales de
Psicologia, 30(3), 841-851. https://doi.org/10.6018/analesps.30.3.201241

Kum Yoke, S., Hasan, N. H., & Ahmad, H. (2024). Educators’ Perspective of Collaborative Assessment
in Group Oral Discussion. International Journal of Academic Research in Progressive Education
and Development, 13(1), 2450-2463. https://doi.org/10.6007/ijarped/v13-11/20974

Mariati Purnama Simanjuntak, Nurdin Bukit, Yenni Dwi Aprilita Sagala, R. K. P. (2019). Analisis
Kemampuan Berpikir Kreatif dalam Pemecahan Masalah Ditinjau Dari Perbedaan Gender. SEJ -
School Education Journal, 9(3), 213-220.

Mulyani, A. Y. (2022). Pengembangan Critical Thinking Dalam Peningkatan Mutu Pendidikan di
Indonesia. DIAJAR: Jurnal Pendidikan Dan Pembelajaran, 1(1), 100—105.

Nahar, S., Suhendri, Zailani, & Hardivizon. (2022). Improving Students’ Collaboration Thinking Skill
under the Implementation of the Quantum Teaching Model. International Journal of Instruction,
15(3), 451-464. https://doi.org/10.29333/1ji.2022.15325a

Nahdi, D. S. (2019). Mengembangkan Keterampilan Berpikir Tingkat Tinggi (Higher Order Thinking
Skills) Siswa dalam Pembelajaran Matematika. Jurnal Elementaria Edukasia, 2(1), 46-53.

National Council of Teachers of Mathematics. (2015). Principles and Standards for School
Mathematics.

NEA. (2019). Great Teachin And Learning: Creating The Culture To Support Professional Excelence. In

25



https://creativecommons.org/licenses/by/4.0/

Volume 7, Nomor 1, Juli 2025, pp. 13-26

Sustainability (Switzerland) (Vol. 11, Issue 1).
http://scioteca.caf.com/bitstream/handle/123456789/1091/RED2017-Eng-
8ene.pdf?sequence=12&isAllowed=y%0Ahttp://dx.doi.org/10.1016/j.regsciurbeco.2008.06.005%0
Ahttps://www.researchgate.net/publication/305320484 SISTEM_PEMBETUNGAN_ TERPUSAT
_STRATEGI_MELESTARI

OECD. (2023). PISA 2022 Released Main Survey New Mathematics Items. OECD Programme for
International Student Assessment 2022, June, 53.

OECD. (2024). PISA 2022 Results (Volume I): The State of Learning and Equity in Education. In
Perfiles Educativos (Vol. 46, Issue 183). https://doi.org/10.22201/iisue.24486167¢.2024.183.61714

Partnership for 21 st Century Skills. (2015). Partnership for 21St Century Skills-Core Content
Integration. Ohio Department of Education, 1. www.P21.org.

Ponnusamy, N., & Raman, A. (2024). Distributive leadership as predictor of 21st century teaching
practices. International Journal of Evaluation and Research in Education , 13(1), 302-310.
https://doi.org/10.11591/ijere.v13i11.26673

Putri, D. A. H., & Usmeldi, U. (2023). Factors Affecting Junior High School Students’ 4C Skills: An
Empirical Study. Jurnal Penelitian Pendidikan IPA, 9(Speciallssue), 1089-1101.
https://doi.org/10.29303/jppipa.v9ispecialissue.5793

Putri, E. Y., & Suripah. (2022). Kemampuan Berpikir Kreatif Matematis Siswa SMPN 02 Meral. Jurnal
Pembelajaran Matematika Inovatif, 5(1), 43-54. https://doi.org/10.22460/jpmi.v5il.43-54

Rahayu, I. P. N. R., Utami, A. Y., Nasution, A., Nuraini, Siregar, K. R., & Daulay, M. A. J. (2024).
Penerapan Pembelajaran Kolaboratif Dalam Mata Kuliah Bahasa Indonesia. Bhinneka: Jurnal
Bintang Pendidikan Dan Bahasa, 2(3), 139-151.

Rizki Nur Fadillah, Budi Jatmiko, & Wahono Widodo. (2023). Critical Thinking Profile of Senior High
School Students in terms of Argumentation-Based Learning. Studies in Learning and Teaching,
3(3), 149-162. https://doi.org/10.46627/silet.v3i3.174

Saputri, A. (2019). Peningkatan Kemampuan Pemecahan Masalah Matematika Melalui Model
Pembelajaran Problem Based Instruction Pada Pokok Bahasan Bangun Ruang. Dinamika Jurnal
limiah Pendidikan Dasar, 9(1), 1-6. https://doi.org/10.30595/dinamika.v9i1.3853

Sawyer, R. K., & Henriksen, D. (2016). Explaining Creativity The Science of Human Innovation (Third
Edit). Oxford University Press.

Sipayung, H. D., Sani, R. A., & Bunawan, W. (2018). Collaborative Inquiry For 4C Skills. 200(Aisteel),
440—445. https://doi.org/10.2991/aisteel-18.2018.95

Sugiman, Suyitno, A., Pujiastuti, E., Masrukan, & Hidayah, 1. (2023). Pendorong Pertumbuhan 4C
Competence in Mathematics pada Guru SMP di Era “Merdeka Belajar.” PRISMA, Prosiding
Seminar Nasional Matematika, 6, 1-6.

Trilling, B., & Fadel, C. (2009). Bernie Trilling, Charles Fadel-21st Century Skills Learning for Life in
Our Times -Jossey-Bass (2009). Journal of Sustainable Development Education and Research,
2(1), 243.

Ye, P., & Xu, X. (2023). A case study of interdisciplinary thematic learning curriculum to cultivate “4C
skills.” Frontiers in Psychology, 14(March), 1—13. https://doi.org/10.3389/fpsyg.2023.1080811
Zwiers, J., & Crawford, M. (2011). Academic Conversation Classroom Talk That Fosters Critical

Thinking And Content Understanding.

26



https://creativecommons.org/licenses/by/4.0/

