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In the current realm of education 4.0, teachers play a pivotal role as
facilitators of holistic skill development. The shift in focus towards
accentuating creativity, communication, critical thinking and collaboration
(4C) skills signifies an acknowledgment of the changing demands brought
about by the industrial revolution 4.0. This transformation in educational
approaches contributes significantly to the collective adaptability and
innovative potential of succeeding generations. Against this backdrop, this
study was conducted to investigate how mathematics teachers in Malaysia
implement the 4C skills, specifically through problem-solving. The study
applied a survey method involving 250 mathematics teachers in Malaysia.
Data were collected using a questionnaire, meanwhile, descriptive statistics
were used to analyze and present the research data. Overall, the study’s
outcomes revealed that mathematics teachers exhibit adeptness in effectively
integrating the 4C skills within the context of problem-solving. However, the
study also brought to light challenges encountered by mathematics teachers,
particularly in the realm of creative teaching, especially when incorporating
technology. These identified challenges resonate with broader concerns in the
educational landscape, underscoring the imperative for robust support systems,
continual professional development initiatives, and a transformative shift in the
educational paradigm towards embracing innovative teaching methodologies.
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1. INTRODUCTION

The industrial revolution 4.0 (IR 4.0) involves the latest developments in automation and data
sharing within manufacturing and other sectors. It features the use of advanced technologies like the internet
of things (loT), artificial intelligence (Al), and cloud computing, resulting in enhanced efficiency,
personalization, and connectivity in production processes [1]. This revolution has drastically altered work
and lifestyle and is expected to continue shaping the future of industry and society. As noted by
Faizal et al. [2], IR 4.0 has brought about more significant changes than any previous industrial revolution.
Consequently, many fields, including education, have adapted to meet the needs of IR 4.0.

Education is crucial in equipping the workforce for the new era, ensuring that both students and
workers acquire the skills and knowledge needed to use the advanced technologies driving industry 4.0 [3].
This includes fostering digital literacy, coding, data analysis, and understanding IoT, Al, and other emerging
technologies. Additionally, education should focus on soft skills like creativity, problem-solving, and critical

Journal homepage: http://edulearn.intelektual.org


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

JEdu & Learn ISSN: 2089-9823 a 2089

thinking, which will be increasingly important in the IR 4.0 era [4]. These skills enable individuals to adapt
to new challenges and uncertainties, fostering innovation and agility in a constantly evolving technological
landscape. Thus, a transformation in the national education system is required to cultivate human resources
capable of meeting its demands [5].

The national education system must prioritize equipping students with essential skills for the IR 4.0
era. Skills like creativity, communication, critical thinking, and collaboration (4C) will be highly sought after
in the future workforce. These abilities will enable employees to adapt to new technologies and work
effectively in teams to solve complex problems [6]. Teachers play a crucial role in preparing students for
IR 4.0, providing them with the skills and knowledge needed for future success. As facilitators of learning,
teachers should create meaningful learning experiences that challenge students to think critically and creatively
[7]. To meet future job demands, teachers must be well-versed in advanced technologies and new teaching
methods, such as project-based learning, and create environments that foster creativity, communication, critical
thinking, and collaboration [8]. The education system must move away from traditional teaching methods and
adopt hands-on approaches like problem-based learning (PBL) that encourage student engagement.

As a result, Alakrash and Razak [9] emphasized that teachers must implement effective teaching
practices, engage in meaningful education, incorporate 21st-century learning, and conduct holistic
assessments. These measures are essential for preparing students to thrive in a rapidly evolving technological
landscape, where traditional methods may no longer suffice. Teachers need to be innovative and responsive
to the changing needs of their students, utilizing diverse strategies to create dynamic and interactive learning
environments. To address the needs of students in the IR 4.0 era, teachers should foster active, student-
centered learning environments that promote meaningful and collaborative learning. Methods such as
project-based learning, PBL, and inquiry-based learning, which involve real-world problems and projects,
help develop critical thinking, problem-solving, and teamwork skills.

Moreover, incorporating technology into teaching can enhance learning by providing students with
various resources and information, facilitating interactive and engaging learning experiences, and allowing for
personalized instruction tailored to individual needs [10]. With digital tools and platforms, teachers can offer a
more diverse array of learning materials, such as videos, simulations, and interactive modules, which can cater
to different learning styles and preferences. Tools like Google Docs or Trello can facilitate teamwork and
communication, while coding platforms and simulation software can teach students about IoT and Al. Teachers
can also encourage creativity and critical thinking by prompting students to generate and evaluate multiple
solutions and engage in debates and discussions on different perspectives [11]. Using open-ended questions and
problem-solving activities helps students develop independent and creative thinking.

In mathematics education, teachers can cultivate 4C skills through problem-solving tasks [12]. These
tasks inspire students to generate innovative ideas and apply them to real-world situations. Problem-solving
activities encourage the exploration of various solutions and foster creative and critical thinking. Providing
students with open-ended problems or real-world projects that require mathematical knowledge can enhance
creative problem-solving [13]. When students tackle problems, they must think beyond routine solutions and
develop new approaches [14]. Group problem-solving tasks teach students to collaborate and communicate
effectively, whether through group projects or discussions about problem-solving strategies. Presenting and
sharing problem-solving solutions enhances communication skills [15], and teacher feedback on both process
and solution helps students reflect on and improve their mathematical understanding.

In conclusion, the advent of IR 4.0 has significantly impacted work and life, influencing the
Malaysian educational system. Teachers must adapt their teaching methods to create engaging learning
environments that help students develop essential 4C skills for the IR 4.0 era. These skills are crucial for
students to thrive in the new technological landscape and adapt to future workforce changes. Therefore, it is
crucial to explore how 4C skills are integrated into mathematics education, particularly through
problem-solving approaches, given that existing research has largely focused on teachers’ readiness and
challenges in applying 21st-century learning principles in different contexts [16]-[20]. To that, this study
aims to address these gaps by exploring the implementation of 4C skills in problem-solving teaching among
Malaysian mathematics teachers. The research is significant for its potential to enhance teacher preparedness,
improve student competencies, contribute to pedagogical knowledge, and influence educational policies,
thereby aiding the continued evolution of the Malaysian educational system amidst contemporary challenges.

2.  LITERATURE REVIEW

The onset of the IR 4.0 has introduced various challenges to the education sector. In this new era, the
education system plays a vital role in nurturing a generation skilled in 4C [21]. To tackle these challenges,
teachers must adapt their teaching strategies to equip students with the essential skills for success in the IR 4.0
era [22]. Mathematics teachers need to integrate 4C skills into problem-solving activities, as these activities
promote the generation of new ideas and innovations among students [23]. They can design problem-solving
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tasks that involve real-world issues, such as group projects, case studies, or design challenges, to enhance
students’ critical thinking and problem-solving capabilities. Furthermore, incorporating technology into
teaching can enrich learning and provide access to various resources and information [24]. Digital tools like
interactive whiteboards, tablets, and online resources can visually and interactively present mathematical
concepts, offering immediate feedback and support for students’ problem-solving skills [25]. Online resources,
including videos, simulations, and virtual manipulatives, can deepen students’ understanding of mathematical
concepts and offer diverse approaches to problem-solving tasks.

The 21st-century learning model framework guides effective classroom teaching, emphasizing the
development of 21st-century skills, including the 4C skills. This framework is based on the premise that
students must apply their knowledge and skills in real-world contexts to thrive in the 21st-century [26]. One
of its primary goals is to prepare students for the digital age and the IR 4.0 era by incorporating real-world
problem-solving tasks to support skill development. A study by Gonzélez-Pérez and Ramirez-Montoya [27],
found that most teachers use this framework to implement teaching methods that promote 21st-century skills.
Another study by Huang and lksan [28] confirmed that mathematics teachers use the 21st-century learning
model framework to teach problem-solving skills. By employing this framework, teachers can design lessons
and activities that foster 4C skills and provide students with opportunities to apply them in real-world
scenarios. Additionally, the framework encourages integrating real-world problems and projects, helping
students develop critical thinking and problem-solving skills and preparing them for IR 4.0 challenges.

Despite the emphasis on 21st-century skills, researchers have noted a gap in studies focusing on the
elements of 4C skills in mathematics education, particularly through problem-solving teaching methods.
Previous research has primarily examined teachers’ readiness and constraints in implementing 21st-century
learning in other contexts [16]-[20]. Recognizing this gap, the researchers propose investigating the
incorporation of 4C skills through problem-solving teaching methods among mathematics teachers in
Malaysia. This research aims to address gaps in the existing literature and clarify the practical application of
4C skills in Malaysian mathematics education. The study is expected to identify areas where teachers need
additional support or training, facilitating the effective implementation of these methods and ultimately
improving students’ learning outcomes.

3. METHODOLOGY
3.1. Sample and data collection

This study utilized the survey method, which is effective for collecting data from a large population.
This approach is commonly used to gather quantitative data on various subjects, including attitudes, beliefs,
and behaviors [29]. Surveys are particularly useful for generalizing about a population based on the responses
from a sample group. An essential aspect of this method is the sample size, as it influences the precision and
accuracy of the results. The sample size must be sufficiently large to ensure it is representative of the
population being studied [30]. The sample size for a study can be determined through various techniques,
such as statistical power analysis or referencing previous research studies [31]. Consequently, 250
mathematics teachers were selected as participants for this study.

3.2. Instrument

To measure the variables, the study employs an instrument. Properly designed questionnaires are
essential for effective data collection. A well-crafted questionnaire can increase response rates, ensure the
reliability and validity of the data, and enhance the overall quality of the study [32]. The questions should align
with the research objectives, and their sequence should be logical and smooth. In this study, the researchers
adapted an instrument from Ratminingsih et al. [33], which comprises two sections. Part A includes two statements
to collect basic information on participants’ gender and teaching experience. Part B consists of four sub-constructs
with a total of 21 items designed to assess the construct of 4C skills through problem-solving teaching methods, as
detailed in Table 1 meanwhile the specifics of each sub-constructs’s items are provided in Table 2.

Table 1. Details of questions item

Part Construct/sub-construct Numbers of items

Part A Demography 2

Part B 4C skills through problem solving
Communication 5
Collaboration 5
Critical thinking 6
Creativity 5
Total 23
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Table 2. Details of sub-constructs’s items

Sub-construct Item

Communication  Allow students to rephrase questions in their own words C1
Promote discussions of problem-solving strategies among students C2
Facilitate group activities where students can share their ideas C3
Let students explain the problem-solving strategies they have chosen C4
Encourage students to provide feedback on their peers’ problem-solving strategies C5

Collaboration Organize group activities with students of different skill levels Collal
Ensure students take responsibility for tasks assigned in groups Colla2
Foster an environment where group members value each other’s contributions and ideas  Colla3
Involve every student in groups by assigning tasks according to their abilities Colla4
Guide students to respect and accept different problem-solving approaches Colla5

Critical Thinking  Encourage students to explore multiple problem-solving options Ctl
Provide opportunities for students to consider various problem-solving strategies Ct2
Use the memorization of keywords and related formulas as a method Ct3
Apply the Polya Model specifically for addressing problem-solving questions Ct4
Encourage the use of diverse learning resources Ct5
Conduct hands-on activities to provide practical learning experiences Ct6

Creativity Integrate ICT with effective teaching methods Crl
Employ 21st-century learning techniques (e.g., flipped classroom) Cr2
Use a variety of problem-solving strategies to deepen students’ understanding Cr3
Diversify the types of questions to inspire problem-solving ideas Cr4
Develop learning materials that cater to students’ varying abilities Cr5

3.3. Instrument’s face and content validity

Before commencing the pilot study, the validity of the instrument was assessed both in terms of its
face and content to ensure its quality. Face validity gauges how well the instrument appears to measure its
intended construct, while content validity scrutinizes whether it adequately covers all facets of the construct
under examination [32]. This involves assessing if the questions or items in the instrument adequately
represent the sub-constructs of the measured construct [33]. Typically, experts in the field determine face and
content validity by reviewing the questions or items and evaluating their comprehensiveness and
representation of the construct. The outcomes offer an initial indication of the instrument’s effectiveness in
measuring its intended variables [34].

In this study, four experts specializing in Malay studies, curriculum development, mathematics
education, and assessment and evaluation were selected to evaluate the face and content validity of the
instrument. The number of experts involved may vary; generally, three experts are recommended for content
validity [35], and at least two for face validity [36]. Polit et al. [37] state a minimum of three experts are
necessary to establish the content validity index. These experts were tasked with making language corrections,
refining sentence structures and terminologies, assessing the appropriateness of the proposed items, determining
the sufficiency of the number of items, and evaluating the items using a 4-point scale. Consequently, all 16
items in the questionnaire were deemed to possess high validity based on expert evaluations.

3.4. Instrument’s reliability

Reliability pertains to the constancy and steadfastness of a measurement tool, signifying how consistently
it yields results over time [38]. It stands as a pivotal facet of measurement quality. Various approaches exist to
gauge reliability, such as test-retest reliability, inter-rater reliability, parallel-form reliability, and internal
consistency reliability. In this study, internal consistency reliability was assessed employing Cronbach’s Alpha
[39]. The researchers computed the Cronbach’s Alpha value and compared it with benchmarks proposed by
Bond [40]. The findings revealed that the 16 remaining items of the instrument showcased a commendable and
robust level of consistency, with a Cronbach’s Alpha value of 0.93.

3.5. Data analysis

The use of descriptive statistics in this study aims to provide a concise summary of the data
collected from the survey. Descriptive statistics, which include measures such as mean, median, and mode,
help organize and present data in a clear and understandable way. This analytical approach, as emphasized by
Bond [40], is advantageous for researchers as it allows them to derive immediate and ongoing insights from
the collected data. In the context of this study, the researchers employed a Likert scale to explore the
incorporation of 4C skills through problem-solving teaching methods among mathematics teachers in
Malaysia. The Likert scale used in this study was divided into five levels, as shown in Table 3, following the
recommendation of Gilbert [41]. This five-tiered classification provides a nuanced understanding of
participants’ responses, enabling a more detailed analysis of how 4C skills are integrated through problem-
solving teaching methods among mathematics teachers.
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Table 3. Mean range and its interpretation
Range Descriptive rating
4.50-5.00 Extensively implemented
3.50-4.49  Well implemented
2.50-3.49 Moderately implemented
1.50-2.49 Limited in implementation
1.00-1.49 Limited and poorly implemented

4. RESULTS

The descriptive analysis presented in Table 4 illustrates the distribution of mean scores concerning
mathematics teachers’ perceptions of integrating 4C skills into their problem-solving teaching methods,
categorized by specific items. In contrast, Table 5 provides a descriptive analysis of mean score distributions
based on various factors. Overall, we found that the implementation of 4C skills in problem-solving among
mathematics teachers is well implemented (M=4.30, SD=0.36) based on the 5-point scale used. The
implementation of 4C skills in problem-solving teaching is more focused on communication (M=4.35,
SD=0.48), followed by collaboration (M=4.31, SD=0.36), critical thinking (M=4.30, SD=0.25), and
creativity (M=4.17, SD=0.36).

Table 4. Mean scores based on specific items
Sub-construct ltem M SD Interpretation
Communication C1l 437 .48 Well implemented

c2 440 .49 Well implemented

C3 433 .47  Well implemented

C4 437 .48 Well implemented

C5 430 .46  Well implemented

Collaboration Collal 428 .45 Well implemented
Colla2 4.32 .47  Well implemented

Colla3 432 .47  Well implemented

Colla4 430 .46  Well implemented

Colla5 4.33 .47  Well implemented

Critical thinking Ctl 423 .43  Well implemented
Ct2 428 .45 Well implemented

Ct3 433 .47  Well implemented

Ct4 430 .46  Well implemented

Ct5 440 .49  Well implemented

Ct6 430 .46  Well implemented

Creativity Crl 407 .25 Well implemented
Cr2 413 .34  Well implemented

Cr3 418 .39  Well implemented

Cr4 417 .38  Well implemented

Cr5 4.28 .45 Well implemented

Table 5. Mean scores based on factors

Factors M SD Interpretation
Communication 435 .48 Well implemented
Collaboration 431 .36 Well implemented
Critical thinking 430 .25 Well implemented
Creativity 417 .36  Well implemented

Implementation of 4C skills 430 .36 Well implemented

5. DISCUSSION

Research indicates that mathematics teachers hold a favorable view regarding the integration of 4C
skills. Specifically, all four facets are perceived to be well-implemented, signifying teachers’ adeptness at
incorporating these skills into teaching. With the advent of the IR 4.0, teachers must proficiently deliver
problem-solving instruction, emphasizing communication, critical thinking, creativity, intrapersonal and
interpersonal skills, scientific acumen, and technological prowess as these competencies are paramount for
future employment prospects [42]. Furthermore, teachers must adapt to rapidly evolving technological
advancements and integrate new methodologies to prepare students for an increasingly complex and
interconnected world.

To meet industry demands, teaching strategies employed by teachers should afford students
opportunities to hone 4C skills, fostering early mastery of these proficiencies. Generally, teachers in
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Malaysia demonstrate proficiency in integrating these four skills [24], corroborating the present study’s
findings. This assertion is supported by Gonzalez-Pérez and Ramirez-Montoya [27] research, which
underscores teachers’ capacity to cultivate an active learning milieu by prioritizing these skills. Teachers
have leveraged the 21st-century, ensuring that students develop essential competencies such as digital
literacy, global awareness, and problem-solving abilities. This approach not only fosters a deeper
understanding of content but also equips learners with the adaptability and critical thinking skills necessary to
thrive in a rapidly evolving technological landscape.

In the realm of mathematics education, teachers should endeavor to deliver effective
problem-solving instruction imbued with these skills. Problem-solving endeavors stimulate diverse ideation
and innovation, enabling students to explore various solution pathways, thereby enriching their critical
thinking, creativity, and innovative aptitude [43]. Within the purview of this study, mathematics teachers can
deploy these four skills through problem-solving methodologies. This aligns with Huang and Iksan [28]
findings, indicating teachers’ adeptness in teaching methods encompassing these skills. Teachers have
utilized the 21st-century learning model framework as a roadmap for delivering instruction emphasizing
communication skills, advanced cognitive abilities, and technology utilization.

However, some studies discuss the challenges faced by teachers in implementing teaching that
involves these skills. For example, the study by Wahyuddin et al. [44] found that teachers have moderate
skill levels and attitudes in implementing teaching that involves the 4C skills. Teachers should have high
knowledge, skills, and attitudes in implementing teaching that involves these skills. The study by
Umardiyah and Rohmah [16] found that factors such as knowledge, resources, facilities, and time constraints
have caused teachers to have low skills in implementing teaching involving these skills. Both studies also
found that teachers have difficulty implementing creative teaching compared to other skills, affecting
students’ creativity and innovation skills.

Creativity holds particular significance in various domains such as economics, environmental
sciences, and humanities [45]. Teachers are urged to adopt creative instructional approaches to nurture
students’ creativity. In today’s job market, creativity ranks among essential competencies. Creative
instruction should encourage expansive learning exploration and novel idea generation to address real-world
challenges effectively [46]. In the IR 4.0 era, creative instruction increasingly leverages technology as an
educational tool for both teachers and learners. This assertion finds support in Ihnatova et al. [47] research,
where technology-enabled blended instruction facilitated diverse idea generation among students. Learners
are encouraged to explore diverse information and ideas before engaging in the learning process.

Creative instruction assumes pivotal importance for teachers in this era. However, contrary to the
present study’s findings indicating challenges faced by mathematics teachers in delivering technology-infused
creative instruction, the creativity factor attained the lowest score compared to other facets. These findings
resonate with Khalid et al. [48] research, highlighting teachers’ struggles in delivering creative instruction.
Ineffective technology utilization hampers teachers’ ability to create innovative learning experiences for
students, consequently diminishing learning effectiveness and comprehension of mathematical concepts.

Moreover, Wijaya et al. [49] reported that 50% of mathematics teachers worldwide encounter
difficulties in delivering creative mathematics instruction. Many teachers grapple with technology integration
in education, resulting in diminished educational quality. Hence, teachers are encouraged to harness
technology to foster students’ creativity. This issue finds further validation in Sanchez et al. [50] research,
which underscores creative instruction as a challenge confronting both current and future teachers. Despite this,
most teachers continue to prioritize traditional instructional practices, neglecting opportunities for pedagogical
enhancement. Sun [51] study concludes that creative instruction assumes pivotal importance in problem-solving
instruction, influencing students’ cognitive and creative development in mathematics learning.

6. CONCLUSION

In summary, this investigation highlights the integration of the 4C skills, in Malaysian mathematics
education, aligning with the demands of the IR 4.0. It praises teachers for effectively incorporating these
skills into problem-solving teaching, emphasizing their role in fostering a learning environment that goes
beyond traditional methods. However, alongside these positive findings, challenges persist in effectively
implementing creative teaching, especially concerning technology utilization. ldentified obstacles include
teachers’ moderate skill levels, resource constraints, and struggles in leveraging technology to enhance
creative learning opportunities. These hurdles reflect broader educational concerns, emphasizing the
necessity for robust support systems, continuous professional development, and a shift towards innovative
teaching approaches.

A limitation of this study is that it primarily focuses on mathematics education within the Malaysian
context, which may not fully capture the diverse educational environments and challenges faced by teachers
in other regions Additionally, while the study identifies several obstacles and proposes potential solutions, it
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does not extensively evaluate the effectiveness of these proposed interventions or provide a comprehensive
analysis of their long-term impact on teaching practices and student outcomes. Without a thorough assessment
of how these interventions perform over time and in varied settings, the study’s recommendations may lack the
empirical evidence needed to ensure their efficacy and adaptability in different educational contexts.

Given the pervasive nature of these challenges, a collective effort is deemed necessary to address
them. Proposals for integrating technology and creative teaching methodologies, such as mobile learning
(M-learning) and PBL, are presented as potential solutions to bridge existing gaps and elevate the quality of
mathematics education in the IR 4.0 era. Ultimately, this study contributes significantly to ongoing
discussions on educational transformation to meet contemporary demands. It celebrates the achievements of
mathematics teachers in Malaysia, acknowledges existing challenges, and suggests strategic pathways for
collaborative action among teachers, policymakers, and researchers to navigate the evolving landscape of
mathematics education in the digital age.

ACKNOWLEDGMENTS

The researchers would like to extend sincere gratitude and heartfelt appreciation to all the
mathematics teachers who graciously agreed to participate in this study. Your valuable time, openness, and
thoughtful contributions have been instrumental in enriching the quality and depth of this research.

FUNDING INFORMATION
This work was supported/funded by the Ministry of Higher Education under Fundamental Research
Grant Scheme (FRGS/1/2023/SS107/UTM/02/20).

AUTHOR CONTRIBUTIONS STATEMENT
This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author
contributions, reduce authorship disputes, and facilitate collaboration.

Name of Author C M So Va Fo 1 R D O E Vi Su P Fu
Nik Abdul Hadi Noor v v v v v v v v v

Nasran

Mohamad lkram v v v v v v v v v
Zakaria

C : Conceptualization I Investigation Vi : Visualization

M : Methodology R : Resources Su : Supervision

So : Software D : Data Curation P : Project administration

Va : Validation O : writing - Original Draft Fu : Funding acquisition

Fo : Formal analysis E : Writing - Review & Editing

CONFLICT OF INTEREST STATEMENT

The author declares that there is no conflict of interest regarding the publication of this study. All
procedures and processes have been conducted with integrity and transparency, and no financial, personal, or
professional relationships have influenced the outcomes or interpretations of this research.

DATA AVAILABILITY
The data that support the findings of this study are available from the corresponding author, [MIZ],
upon reasonable request.

REFERENCES

[1] S. H. Halili, S. Sulaiman, H. Sulaiman, and R. Razak, “Embracing industrial revolution 4.0 in universities,” IOP Conference
Series: Materials Science and Engineering, vol. 1088, no. 1, p. 012111, Feb. 2021, doi: 10.1088/1757-899X/1088/1/012111.

[2] S. M. Faizal, N. Jaffar, and A. S. Mohd nor, “Integrate the adoption and readiness of digital technologies amongst accounting
professionals towards the fourth industrial revolution,” Cogent Business & Management, vol. 9, no. 1, Dec. 2022, doi:
10.1080/23311975.2022.2122160.

J Edu & Learn, Vol. 19, No. 4, November 2025: 2088-2096



JEdu & Learn ISSN: 2089-9823 a 2095

[3]

[4]
[5]
[6]
[71

(8]
[9]
[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]
[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]
[29]
[30]
[31]
[32]

[33]

[34]

K. Matsumoto-Royo, M. S. Ramirez-Montoya, and P. Conget, “Opportunities to develop lifelong learning tendencies in practice-
based teacher education: getting ready for education 4.0,” Future Internet, vol. 13, no. 11, p. 292, Nov. 2021, doi:
10.3390/fi13110292.

A. A. Hussin, “Education 4.0 made simple: ideas for teaching,” International Journal of Education and Literacy Studies, vol. 6,
no. 3, p. 92, Jul. 2018, doi: 10.7575/aiac.ijels.v.6n.3p.92.

R. Tandon, “Education 4.0 : a new paradigm in transforming the future of education in India,” 1JISET - International Journal of
Innovative Science, Engineering & Technology, vol. 7, no. 2, pp. 32-54, 2020.

A. Hariharasudan and S. Kot, “A scoping review on digital English and education 4.0 for industry 4.0,” Social Sciences, vol. 7,
no. 11, 2018, doi: 10.3390/socsci7110227.

R. A. Karim, A. H. M. Adnan, M. S. A. M. Salim, S. Kamarudin, and A. Zaidi, “Education innovations through mobile learning
technologies for the industry 4.0 readiness of tertiary students in Malaysia,” IOP Conference Series: Materials Science and
Engineering, vol. 917, no. 1, 2020, doi: 10.1088/1757-899X/917/1/012022.

C. S. Lai, U. Chundra, and M. F. Lee, “Teaching and learning based on IR 4.0: readiness of attitude among polytechnics
lecturers,” Journal of Physics: Conference Series, vol. 1529, no. 3, 2020, doi: 10.1088/1742-6596/1529/3/032105.

H. M. Alakrash and N. A. Razak, “Education and the fourth industrial revolution: lessons from COVID-19,” Computers,
Materials and Continua, vol. 70, no. 1, pp. 951-962, 2021, doi: 10.32604/cmc.2022.014288.

S. Venkatraman, F. Benli, Y. Wei, and F. Wahr, “Smart classroom teaching strategy to enhance higher order thinking skills
(HOTS)—an agile approach for education 4.0,” Future Internet, vol. 14, no. 9, 2022, doi: 10.3390/fi14090255.

M. Céceres, M. Nussbaum, and J. Ortiz, “Integrating critical thinking into the classroom: a teacher’s perspective,” Thinking Skills
and Creativity, vol. 37, 2020, doi: 10.1016/j.tsc.2020.100674.

X. Weng, Z. Cui, O. L. Ng, M. S. Y. Jong, and T. K. F. Chiu, “Characterizing students’ 4C skills development during problem-
based digital making,” Journal of Science Education and Technology, vol. 31, no. 3, pp. 372-385, 2022, doi: 10.1007/s10956-
022-09961-4.

V. V. Utemov et al., “Solving math problems through the principles of scientific creativity,” Eurasia Journal of Mathematics,
Science and Technology Education, vol. 16, no. 10, pp. 1-9, 2020, doi: 10.29333/EJMSTE/8478.

E. H. M. Shahali, L. Halim, M. S. Rasul, K. Osman, and M. A. Zulkifeli, “STEM learning through engineering design: impact on
middle secondary students’ interest towards STEM,” Eurasia Journal of Mathematics, Science and Technology Education, vol.
13, no. 5, pp. 1189-1211, 2017, doi: 10.12973/eurasia.2017.00667a.

P. E. Paruntu, Y. L. Sukestiyarno, and A. P. B. Prasetyo, “Analysis of mathematical communication ability and curiosity through
project based learning models with scaffolding,” Unnes Journal of Mathematics Education Research (UJMER), vol. 7, no. 1, pp.
26-34, Jun. 2018.

F. Umardiyah and Z. Rohmah, “Development of teaching materials on geometry materials to develop students’ critical thinking
skills according to the criteria for critical thinking 4C’s,” APPLICATION: Applied science in Learning Research, vol. 1, no. 2, pp.
71-76, 2021.

P. Ye and X. Xu, “A case study of interdisciplinary thematic learning curriculum to cultivate ‘4C skills,” Frontiers in Psychology,
vol. 14, Mar. 2023, doi: 10.3389/fpsyg.2023.1080811.

P. H. Tyan, F. A. Rahman, and M. S. Sarvestani, “Teachers’ readiness in implementing and facilitating 21st century learning,”
Universal Journal of Educational Research, vol. 8, no. 1 A, pp. 24-29, 2020, doi: 10.13189/ujer.2020.081304.

K. Karatas and I. Arpaci, “The role of self-directed learning, metacognition, and 21st century skills predicting the readiness for
online learning,” Contemporary Educational Technology, vol. 13, no. 3, 2021, doi: 10.30935/cedtech/10786.

S. D. Orak and J. Inozii, “Teachers’® awareness and actual practices of 21st century learning and innovation skills,” Journal of
Education and Teaching (IOJET), vol. ISSN, pp. 2148-225, 2021.

B. Thornhill-Miller et al., “Creativity, critical thinking, communication, and collaboration: assessment, certification, and
promotion of 21st century skills for the future of work and education,” Journal of Intelligence, vol. 11, no. 3, 2023, doi:
10.3390/jintelligence11030054.

0. S. Tan, “Technology, future learning and flourishing thinking,” International Journal of Chinese Education, vol. 6, no. 1, pp.
81-104, 2017, doi: 10.1163/22125868-12340075.

M. Baars, T. van Gog, A. de Bruin, and F. Paas, “Effects of problem solving after worked example study on secondary school
children’s  monitoring accuracy,” Educational Psychology, vol. 37, no. 7, pp. 810-834, 2017, doi:
10.1080/01443410.2016.1150419.

M. C. Borba, P. Askar, J. Engelbrecht, G. Gadanidis, S. Llinares, and M. S. Aguilar, “Blended learning, e-learning and mobile
learning in mathematics education,” ZDM - Mathematics Education, vol. 48, no. 5, pp. 589-610, 2016, doi: 10.1007/s11858-016-
0798-4.

A. Barana, M. Marchisio, and M. Sacchet, “Interactive feedback for learning mathematics in a digital learning environment,”
Education Sciences, vol. 11, no. 6, 2021, doi: 10.3390/educsci11060279.

D. Kostons and B. B. de Koning, “Does visualization affect monitoring accuracy, restudy choice, and comprehension scores of
students in primary education?,” Contemporary Educational Psychology, vol. 51, pp. 1-10, 2017, doi:
10.1016/j.cedpsych.2017.05.001.

L. I. Gonzalez- pérez and M. S. Ramirez- montoya, “Components of education 4.0 in 21st century skills frameworks: systematic
review,” Sustainability (Switzerland), vol. 14, no. 3, 2022, doi: 10.3390/su14031493.

J. X. Huang and Z. Hj lksan, “Understanding of teacher in pekan district on 21st century learning,” International Journal of
Modern Education, vol. 1, no. 2, pp. 01-12, 2019, doi: 10.35631/ijmoe.12001.

J. W. C. J. D. Creswell, Research design: qualitative, quantitative, and mixed methods, 5th ed. Los Angeles: Sage Publication,
2018.

B. G. Tabachnick and L. S. Fidell, Using multivariate statistics. Boston, MA: Pearson, 2007.

R. E. A. Joseph F. Hair, William C. Black, Barry J. Babin, Multivariate data analysis. Toebben Drive: Cengage, 2019.

W. L. Neuman, Social research methods: qualitative and quantitative approaches, 7th ed. Essex, England: Pearson Education
Limited, 2013.

N. M. Ratminingsih, I. G. Budasi, K. S. Piscayanti, N. L. P. E. Adnyayanti, and I. G. A. P. N. S. Paragae, “4C-based learning
model: what, why, how?” Jurnal Pendidikan Indonesia, vol. 10, no. 2, pp. 244-255, Jun. 2021, doi: 10.23887/jpi-
undiksha.v10i2.31400.

V. Zamanzadeh, G. Akram, R. Maryam, A. Abbas, A.-M. Hamid, and N. Ali-Reza, “Design and implementation content validity
study: development of an instrument for measuring patient-centered communication,” Journal of Caring Sciences, vol. 4, no. 2,
pp. 165-178, 2015.

Implementation of 4C skills through problem solving: a study among ... (Nik Abdul Hadi Noor Nasran)



2006 O ISSN: 2089-9823

[35] N. Elangovan and E. Sundaravel, “Method of preparing a document for survey instrument validation by experts,” MethodsX, vol.
8, 2021, doi: 10.1016/j.mex.2021.101326.

[36] M. S. Allen, D. A. Robson, and D. lliescu, “Face validity,” European Journal of Psychological Assessment, vol. 39, no. 3, pp.
153-156, May 2023, doi: 10.1027/1015-5759/a000777.

[37] D. F. Polit, C. Tatano Beck, and S. F. Owen, “Is the CVI an acceptable indicator of content validity? Appraisal and
recommendations,” Research in Nursing & Health, vol. 31, no. 4, pp. 341-354, 2008.

[38] J.P. Stevens and A. P. Keenan, Applied Multivariate statistics for the social sciences: analyses with SAS and IBM’s SPSS, 6th ed.
New York: Routledge: Taylor & Francis, 2015.

[39] L. Surict and A. Maslakgi, “Validity and reliability in quantitative research,” Business & Management Studies: An International
Journal, vol. 8, no. 3, pp. 26942726, Sep. 2020, doi: 10.15295/bmij.v8i3.1540.

[40] T. Bond, Applying the Rasch model: fundamental measurement in the human sciences, 3rd ed. Abingdon, UK: Routledge, 2015,
doi: 10.4324/9781315814698.

[41] P. Gilbert, “Compassion: from its evolution to a psychotherapy,” Frontiers in Psychology, vol. 11, 2020, doi:
10.3389/fpsyg.2020.586161.

[42] Y. J. Dori, R. Lavi, and M. Tal, “Perceptions of STEM alumni and students on developing 21st century skills through methods of
teaching and learning,” Studies in Educational Evaluation, vol. 70, 2021, doi: 10.1016/j.stueduc.2021.101002.

[43] G. H. Seng, M. Muhamad, and R. Kiely, “Integration of 21st century learning skills and teacher characteristics in ESL
classrooms: the case of Malaysia,” Universal Journal of Educational Research, vol. 8, no. 12A, pp. 7561-7566, Dec. 2020, doi:
10.13189/ujer.2020.082541.

[44] W. Wahyuddin, E. Ernawati, S. Satriani, and N. Nursakiah, “The application of collaborative learning model to improve student’s
4cs skills,” Anatolian Journal of Education, vol. 7, no. 1, pp. 93-102, 2022, doi: 10.29333/aje.2022.718a.

[45] J. Joklitschke, B. Rott, and M. Schindler, “Notions of creativity in mathematics education research: a systematic literature
review,” International Journal of Science and Mathematics Education, vol. 20, no. 6, pp. 1161-1181, 2022, doi: 10.1007/s10763-
021-10192-z.

[46] M. B. Calavia, T. Blanco, and R. Casas, “Fostering creativity as a problem-solving competence through design: think-create-
learn, a tool for teachers,” Thinking Skills and Creativity, vol. 39, 2021, doi: 10.1016/j.tsc.2020.100761.

[47] O. Ihnatova, K. Poseletska, D. Matiiuk, Y. Hapchuk, and O. Borovska, “The application of digital technologies in teaching a
foreign language in a blended learning environment,” Linguistics and Culture Review, vol. 5, no. S4, pp. 114-127, Oct. 2021, doi:
10.21744/lingcure.v5nS4.1571.

[48] M. Khalid, S. Saad, S. R. A. Hamid, M. R. Abdullah, H. lbrahim, and M. Shahrill, “Enhancing creativity and problem solving
skills through creative problem solving in teaching mathematics,” Creativity Studies, vol. 13, no. 2, pp. 270-291, 2020, doi:
10.3846/cs.2020.11027.

[49] T.T. Wijaya, Y. Zhou, A. Ware, and N. Hermita, “Improving the creative thinking skills of the next generation of mathematics
teachers using dynamic mathematics software,” International Journal of Emerging Technologies in Learning, vol. 16, no. 13, pp.
212-226, 2021, doi: 10.3991/ijet.v16i13.21535.

[50] A. Sanchez, V. Font, and A. Breda, “Significance of creativity and its development in mathematics classes for preservice teachers
who are not trained to develop students’ creativity,” Mathematics Education Research Journal, vol. 34, no. 4, pp. 863-885, 2022,
doi: 10.1007/s13394-021-00367-w.

[51] K. L. Sun, “The role of mathematics teaching in fostering student growth mindset,” Journal for Research in Mathematics
Education, vol. 49, no. 3, pp. 330-355, 2018, doi: 10.5951/jresematheduc.49.3.0330.

BIOGRAPHIES OF AUTHORS

Nik Abdul Hadi Noor Nasran © B B © obtained a bachelor’s degree in science with a
focus on mathematics from Universiti Teknologi Malaysia (UTM). He gained three months of
internship experience as a research assistant in the Faculty of Applied Sciences and
Technology at Universiti Tun Hussein Onn Malaysia (UTHM). He is currently pursuing a
master’s in mathematics education at UTM. He can be contacted at email:
nikabdulhadi@graduate.utm.my.

Mohamad lkram Zakaria B4 2 earned his PhD in mathematics education from
Universiti Kebangsaan Malaysia, Bangi, Selangor. With over one year of experience, he serves
as a senior lecturer in the Faculty of Educational Sciences and Technology at Universiti
Teknologi Malaysia (UTM). His current focus in research revolves around students’ learning
and development across various educational levels and domains. His published works
encompass topics such as problem-solving, problem-based learning, mobile learning
(M-learning), and the heutagogical approach within the field of mathematics education. For
inquiries. He can be contacted at email: mohamad.ikram@utm.my.

J Edu & Learn, Vol. 19, No. 4, November 2025: 2088-2096


https://orcid.org/0009-0005-2390-6950
https://orcid.org/0000-0002-2171-8279
https://scholar.google.com/citations?user=7-SEqzQAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=58251896600

