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Education 4.0 strongly promotes the development of communication,
collaboration, critical thinking, and creativity (4C) skills among students.
Consequently, it is crucial for mathematics teachers to integrate activities
that facilitate the cultivation of these skills. However, the scarcity of
resources, such as recommended instructional activities, poses a challenge
for mathematics teachers striving to effectively impart 4C skills through
problem-solving methods. This research aims to develop a set of teaching
activities designed to enhance the delivery of 4C skills through problem-
solving methods, thereby supporting mathematics teachers in improving
their pedagogical strategies. Utilizing the modified nominal group technique
(mNGT), the study engaged 11 experts from diverse fields, including
mathematics education, pedagogy, curriculum development, and primary
and secondary education. Data collection was conducted through expert
discussions between January 2024 and February 2024. Descriptive statistics
(percentages) were employed to analyze the data, prioritizing and ranking
each teaching activity. The findings identified 19 pertinent teaching
activities that emphasize 4C skills through problem-solving methods. The
highest-ranked activity was motivating students to explore various learning
resources, including information and communication technology (ICT) tools
(98%), while guiding students through problem-solving questions received
the lowest ranking (75%). In conclusion, the comprehensive list of teaching
activities provides a valuable guide for mathematics teachers to effectively
incorporate 4C skills into their instructional practices.
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1. INTRODUCTION

Industrial revolution 4.0 (IR 4.0) refers to the current automation and data exchange trends in
manufacturing and other industries. It is characterised by the integration of advanced technologies such as the
Internet of things (loT), artificial intelligence (Al), and cloud computing, which has led to greater efficiency,
customisation, and connectivity in production processes [1]. This revolution has also brought about significant
changes in how humans work and live and is expected to continue shaping the future of industry and society.
According to Faizal et al. [2], IR 4.0 has brought more significant changes than in previous eras of revolution.
Subsequently, the focus of many disciplines, including the education system, has changed to meet the demands of
IR 4.0. Undeniably, education is essential in preparing the workforce for the IR 4.0 era. It is important that students
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and workers are equipped with the necessary skills and knowledge to work with and operate the advanced
technologies that are driving Industry 4.0 [3]. Education system should focus on developing soft skills such as
creativity, problem-solving, and critical thinking, as these skills will be increasingly valuable in the IR 4.0 era [4].
Thus, the national education system must evolve to develop human resources that can meet the demands of IR 4.0

[5].

The national education system should focus on developing students with these essential skills for the IR
4.0 era. Creativity, communication, critical thinking, and collaboration (4C) are all important skills that will be in
high demand in the future workforce. These skills will allow prospective employees to adapt to new technologies
and work effectively in teams to solve complex problems [6]. In this regard, teachers play an essential role by
providing them with the necessary skills and knowledge to succeed in the future workforce. Teachers act as
facilitators of learning, creating a meaningful learning experience for students by engaging them in activities that
challenge them to think critically and creatively [7]. For teachers to effectively meet the job demands of the future,
they must be equipped with the necessary knowledge and skills to teach students about advanced technologies and
other emerging technologies. They also need to be familiar with new teaching methods, such as project-based
learning and problem-based learning that fosters creativity, communication, critical thinking, and collaboration [8].

In mathematics education, teachers can cultivate 4C skills through problem-solving task [9]. Problem-
solving tasks can inspire students to generate a wide range of new ideas and innovations, which can be applied to
real-world situations. Through problem-solving activities, students can be taught to explore various alternative
answers and encouraged to think creatively and critically. This can be done by providing students with open-ended
problems with multiple solutions or by having them work on real-world projects that require them to apply their
mathematical knowledge to solve problems [10]. When students are presented with a problem, they are forced to
think beyond the known routine and develop new ideas and approaches to solve the problem [11]. Additionally,
when students work on problem-solving tasks in groups, they learn to collaborate and communicate effectively
with their peers.

However, applying the 4C skills to problem-solving presents challenges [12], [13]. Inadequate training
and support [14], along with limited resources such as suggested teaching activities, hinder mathematics teachers
from effectively conveying mathematical concepts [15], [16]. These limitations also prevent teachers from
connecting lesson content to real-life situations, providing structured guidance, and achieving desired goals [17].
Therefore, offering teachers continuous professional development and ongoing support is crucial. This equips them
with the necessary skills to effectively incorporate 4C skills into their teaching methods [9], [14]. Providing these
resources ensures they can enhance their instructional practices

With this goal in mind, this study focused on creating a set of teaching activities that align with the 4C
skills, intended for mathematics teachers to enhance their teaching practices. While earlier studies have focused
more on the readiness and constraints of teachers with the implementation of 4C skills [18]-[22], they have not
explicitly addressed the teaching activities that align with the 4C skills in mathematics education. Integrating these
activities into teaching methods may aid teachers in refining their instructional strategies and enhancing their
students' learning journeys. To pinpoint pertinent teaching activities, the researchers formulated the following
research questions: What teaching activities, in line with the 4C skills, can mathematics teachers employ to
improve their teaching practices based on expert consensus?

2.  LITERATURE REVIEW
2.1. Review of 4C skills

The development of the IR 4.0 has created many challenges in education. In this era, the education
system plays an important role in developing a knowledgeable and capable generation in terms of
communication, collaboration, critical thinking, and creativity (4C) [23]. To meet these challenges, teachers
must adapt their teaching methods to provide students with the skills they need to succeed in the IR 4.0 era
[24]. Mathematics teachers must ensure that 4C skills are included in problem-solving activities. This is
because problem-solving is one of the most effective ways to cultivate these skills in students, as it
encourages them to generate a wide range of new ideas and innovations [25]. Teachers can effectively
cultivate these skills during their lessons by designing problem-solving activities that require students to
work on real-world problems. This can include group projects, case studies, or design challenges that require
students to use their critical thinking and problem-solving skills to develop solutions. Additionally, teachers
should incorporate technology through digital tools into their teaching such as interactive whiteboards, tablets,
and online resources. These tools can present mathematical concepts visually, interactively and provide students
with immediate feedback and support on their problem-solving skills [26], [27].

In the context of implementation, the 21st century learning model framework has been used as a
guide to be achieving effective teaching in the classroom. The 21st Century Learning Model framework is a
comprehensive approach to teaching and learning that emphasises developing 21st-century skills such as 4C
skills. This framework is based on the idea that students need to be able to apply their knowledge and skills
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in real-world contexts to be successful in the 21st century [28]. One of the main goals of this framework is to
prepare students for the challenges of the digital age and the IR 4.0 era. The framework encourages the
integration of real-world problem-solving tasks, which can support students in developing their problem-
solving skills and preparing them for the IR 4.0 era. A study by Gonzélez-Pérez and Ramirez-Montoya [29]
found that most teachers used this framework as a guide to implement the teaching methods that promote
21st-century skills in their classrooms. This is supported by another study by Huang and lksan [30] which
found that mathematics teachers have used the 21st Century Learning Model framework to teach problem-
solving skills. By using this framework, teachers can design lessons and activities that promote the
development of the 4C skills and provide students with opportunities to apply them in real-world contexts.

After examining several past studies, the researchers found that there were still fewer studies that
explored the teaching activities that align with the 4C skills in mathematics education [31]-[33]specifically
through problem-solving teaching methods. This is because past studies have focused more on the readiness
and constraints of teachers with the implementation of 21st-century learning in other institutions [18]-[22].
Consequently, recognizing this research gap, the researchers posit the necessity to design teaching activities
that align with the 4C skills through problem-solving teaching methods. This research is intended to address
existing gaps in the literature and elucidate the practical application of 4C skills in the specific context of
mathematics education. This endeavor is anticipated to pinpoint areas where teachers may use the activities
as additional support, facilitating the effective implementation of these methods in their classrooms and,
ultimately, fostering improvements in students' learning outcomes.

2.2. Conceptual framework
To support the execution of this research, the researchers conducted comprehensive literature
reviews focused on the core principles of 4C skills specifically through problem-solving teaching methods.

This step aimed to reinforce the conceptual foundation of the study, ensuring it was thoroughly informed and

rooted in established knowledge before advancing further. The subsequent section delineates these four

foundational elements of 4C Skills, which were instrumental in crafting the framework for this research.

— Communication: Teachers facilitate the development of this skill by encouraging oral discussions, written
explanations, and the use of various visual aids like charts, graphs, and diagrams, fostering a deeper
understanding and application of mathematical concepts among students [34], [35].

— Collaboration: Teachers nurture the growth of this skill by cultivating a collaborative atmosphere, guiding
students in assuming collective responsibilities, encouraging respect and appreciation for each other's
contributions, and fostering the development of interpersonal skills [34], [35].

— Critical thinking: Teachers cultivate this skill by fostering inquiry, presenting complex challenges,
endorsing analytical thinking, offering support as needed, facilitating discussions, and delivering
constructive feedback [34], [35].

— Creativity: Teachers nurture this skill by encouraging students to explore different problem-solving
methods and by providing opportunities for experimentation and imaginative thinking. They also support
students in applying creative strategies to solve mathematical problems [34], [35].

3. METHODOLOGY
3.1. Research design

The study, conducted from January 2024 to February 2024, employed a literature review followed
by a modified nominal group technique (MNGT) consensus process. This involved convening a consensus
meeting with experts from diverse fields [36]. The mNGT facilitated the compilation of a list of teaching
activities focusing on 4C skills via problem-solving methods for mathematics teachers. This method was
selected for its effectiveness in connecting generated ideas to specific issues or problems [37]. Additionally,
it is well-suited for situations where a panel of experts holds differing perspectives, as it allows for the
integration of these varying opinions based on priority.

3.2. Group expert

Regarding the mMNGT, expert groups were purposefully selected [38]. The selection of these experts
is crucial as the outcomes hinge on their perspectives [39]. Thus, expert selection aligns with the guidelines
proposed by Berliner [40] and Rejab et al. [41], emphasizing a minimum of 5 years of experience in their
respective fields to ensure the credibility of the results. The established criteria for experts in this study [37]
include: i) possessing at least 5 years of expertise in their field, ii) specializing in mathematics pedagogy, and
iii) have expertise in the field of 4C skills and have conducted research before. Moreover, careful
consideration was given to the number of experts involved. Various recommendations from prior research
suggest expert group sizes ranging from 4 to 8 individuals [42], 5 individuals [43], and 6 to 12 individuals
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[44]. Following these suggestions, the researcher selected 11 experts in mathematics education,
encompassing individuals experienced in teaching and learning mathematics at primary and secondary levels,
as well as curriculum and pedagogy experts.

3.3. Research procedure

The researchers implemented the mNGT procedure outlined by Ridzuan et al. [37]. Initially, expert
groups were presented with a question, problem, or issue, with slight adjustments made to the process
compared to the traditional NGT. These alterations, detailed in the study, may affect the time required for
idea generation, as the classic NGT typically demands ideas at a fundamental level [37]. To mitigate potential
delays in idea generation, the researcher prepared a preliminary draft of suitable activities for 4C skills
teaching activities, informed by the literature review. This facilitated the expert groups in focusing their
discussion scope and consequently reducing discussion time from 240 to 90 minutes [38].

Subsequently, each expert contributed their ideas and opinions, responding to the preliminary draft
by expressing agreement or disagreement with the proposed activities and offering suggestions for additional
activities. Thirdly, ideas were shared among the experts, and modifications were made during discussions.
Upon conclusion, a comprehensive list of teaching activities was presented to the expert groups for decisions
regarding the final selection of activities for inclusion in teaching materials.

Finally, expert groups rated each teaching activity on a scale of 1 (strongly disagree) to 5 (strongly
agree) to determine its priority, based on scales utilized by previous researchers [38], [45]. Through voting,
the researchers established the priority value of each activity, resulting in a final list of activities based on
expert consensus. Activities were prioritized based on the highest percentage value, with the most crucial
activities ranked highest and vice versa [46].

4. RESULTS

We found 19 appropriate and pertinent activities to include in 4C skills teaching activities for
mathematics teachers, as presented in Table 1. These activities are based on expert views gathered during
discussions using the mNGT. The findings show that teachers motivate students to explore a range of
learning resources, including information and communication technology (ICT) tools (98%) was ranked first,
followed by other activities, while the teachers guide the students to solve the problem-solving questions
(75%) was ranked last.

Table 1. 4C skills teaching activities through problem solving

No. Activities Total score Percentage (%) Ranking

Teachers provide an opportunity for students to rephrase the questions using their

1 51 93 3
own language.
5 Teachers encourage students to engage in group discussions about problem-solving 49 89 5
" approaches.
3. Teachers prompt students to share their ideas during collaborative activities. 46 84 8
4. Teachers guide the students to solve the problem-solving questions. 42 76 12
Teachers encourage students to provide feedback on their peers' problem-solving
5. L 45 82 9
strategies within groups.
6.  Teachers arrange group activities that involve students with diverse skill levels. 46 84 8
Teachers promote mutual appreciation among group members for each other's
7. A - 43 78 11
contributions and suggestions.
Teachers involve all students in group work by assigning tasks based on individual
8. L 44 80 10
capabilities.
9. Teachers encourage students to explore various alternatives for solving problems. 52 95 2
Teachers allocate time and space for students to consider different problem-solving
10. . 51 93 3
techniques.
Teachers motivate students to explore a range of learning resources, including ICT
11. tools 54 98 1
12 Teachers conduct a variety of hands-on activities to enrich students' learning 52 %5 2
" experiences.
13.  Teachers integrate ICT tools with appropriate instructional strategies. 48 87 6
Teachers utilize a range of problem-solving strategies to enhance students'
14. . 50 91 4
comprehension
15.  Teachers present a variety of question formats to stimulate problem-solving ideation. 49 89 5
16.  Teachers develop learning materials tailored to students' individual abilities. 47 85 7
17 Teachers provide an opportunity for students to rephrase the questions using their 51 93 3
" own language.
18 Teachers encourage students to engage in group discussions about problem-solving 19 89 5
" approaches.
19.  Teachers prompt students to share their ideas during collaborative activities. 46 84
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5. DISCUSSION

The findings reveal that experts have pinpointed 19 teaching activities available to mathematics
teachers for integrating 4C skills into problem-solving contexts. These strategies are aligned with the 4C
framework, emphasizing 4C. All identified activities were considered suitable by the experts and were ranked
accordingly. The top-ranked activity involved teachers motivate students to explore a range of learning
resources, including ICT tools. The lowest-ranked activity involved the teachers guide the students to solve
the problem-solving questions was ranked last.

The findings of this study do not align with [47] study, where exploration activities through ICT
tools in mathematics learning did not affect students' achievement. This occurs because the time allocated for
using mobile devices in learning is limited [48]. As a result, students' learning becomes meaningless even
though they are given the opportunity to explore various learning resources. Therefore, teachers need to
ensure that students have sufficient time to access various learning resources for the purpose of seeking
information and new ideas. However, studies conducted by [49]-[51] indicate that exploration activities
through ICT tools can create a constructivist learning environment. This is because students are given the
opportunity to actively engage in the information-seeking process. Through this process, students can build
knowledge by making meaningful connections between ideas. Furthermore, new information acquired by
students can be linked to past information to complete tasks given by the teacher.

This viewpoint is supported by Mitsea et al. [52], where new knowledge is built through an active
process involving cognitive structures and cognitive functions in adapting to past information. This can occur
when students are given the opportunity to go through a learning process involving critical thinking,
motivation, self-directed learning, feedback, dialogue, explanation, questioning, contextual learning,
experimentation, and problem-solving in daily life [53]. Through mobile technology, students have the
opportunity to go through this process. This can be evidenced by the study of Pires et al. [54], where
exploration activities through ICT tools help disabled students to master skills in counting, labeling, and
comparing differences in mathematics. This group of students has been given the opportunity to use learning
applications to build knowledge through activities tailored to their abilities. This clearly indicates that
exploration activities through learning applications can promote active learning among students [55].

After examining all discussions, exploration activities through ICT tools are deemed crucial to be
conducted according to experts' and past researchers' views. Similarly, activity 4, which involves teachers
guide the students to solve the problem-solving questions, is important. In this context, teachers need to play
the role of facilitators to ensure that teaching in the 4C activities can be carried out effectively [56]. The
guidance provided also aims to bridge the gap in learning approach changes. Therefore, it can be understood
that such changes require teachers to take on the role of guides and facilitators. Teachers need to guide by
explaining misunderstood learning concepts, sharing perspectives, and posing questions that enhance
students' understanding of the given tasks [57]. As a result, the interaction between students and teachers will
increase throughout the learning process. Consequently, the process of transferring responsibility and
accountability for learning from the teacher to the student will occur [58].

However, it cannot be denied that the guidance provided by teachers indirectly may have a negative
impact on students. This is because such guidance can limit students' creative and critical thinking and hinder
them from using new ideas to solve given tasks [59]. Ideally, in problem-solving, students should be given
the opportunity to explore learning without restricting their thinking. Thus, they can build knowledge and
develop creativity and critical thinking skills in the process. At the same time, they can also utilize new ideas
obtained from various exploration sources to complete tasks assigned by the teacher [60]. If students make
mistakes during the exploration process, they have the opportunity to learn a new skill [61] while making
those mistakes.

In conclusion, all of the suggested 4C teaching activities are deemed appropriate according to expert
views and consensus. In this section, the discussion only involves activities 4 and 11. Both of these teaching
activities are examples of relevant activities to be conducted when teachers want to implement problem-
solving teaching through the 4C approach. Therefore, teachers can use this list of activities as a guide to
conduct problem-solving teaching involving the 4C skills.

6. CONCLUSION AND FUTURE RESEARCH

In summary, the research meticulously delineates a comprehensive array of 19 activities designed
specifically for mathematics educators seeking to embed 4C skills within problem-solving instruction,
drawing upon expert guidance. These activities were distilled from the insights and analysis of the expert
panel. Notably, the results underscore the prioritization of encouraging student exploration of diverse
learning resources, particularly ICT tools, which emerged as the most prominent aspect. Conversely, the
guidance provided by teachers in problem-solving questions received the lowest ranking. These findings
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underscore the imperative of integrating diverse instructional approaches to foster holistic skill development
in mathematics education. In essence, the study concludes that mathematics teachers can utilize the
comprehensive list of teaching activities as a valuable roadmap for infusing 4C skills into their teaching
practices. By leveraging these activities, teachers stand to catalyze a transformative shift in their instructional
methods, promoting active participation, exploration, and innovation among students. However, it is crucial
to acknowledge a study limitation, namely the lack of real-world implementation of the identified teaching
activities. This gap raises questions regarding their practical applicability and effectiveness in authentic
classroom settings. Looking ahead, future researchers can build upon the identified teaching activities as a
springboard for crafting innovative instructional models. These models could further enrich the integration of
4C skills principles principles within educational contexts. These findings signal the beginning of ongoing
exploration and innovation in instructional methodologies, urging educators and researchers alike to continue
advancing teaching practices that align with the dynamic landscape of education.
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