
1242 
 

Technological Literacy Development in 
Modernized Smart Education: A Pathway to 

Navigate IR 4.0 
 

Roslinda Murad1, Muhammad Suhaizan Sulong2, Shima Sabri3, 
Rizal Yusof4 

1,3Universiti Poly-Tech Malaysia, 2Universiti Teknikal Malaysia Melaka, 4Universiti 
Kebangsaan Malaysia 

Email: roslinda@uptm.edu.my, suhaizan@utem.edu.my, shimasabri@uptm.edu.my, 
army@ukm.edu.my 

 

Abstract 
In the context of the rapidly evolving Fourth Industrial Revolution (IR 4.0), this study 
investigates the strategies and impacts associated with modernizing innovative education. 
The research centre on the imperative of aligning educational practices with the tenets of IR 
4.0, specifically through integrating emerging technologies, pedagogical adaptations, and 
cultivating future-ready skills. To achieve this objective, a mixed-methods research approach 
is employed. Quantitative data is collected through a structured questionnaire administered 
to educators, students, and administrators across diverse educational institutions. 
Simultaneously, qualitative insights are garnered through semi-structured interviews with key 
stakeholders, including educators, technology experts, and industry professionals. Thematic 
analysis is employed to uncover recurring patterns and themes within the qualitative data, 
while the quantitative data is subjected to statistical analysis for comprehensive 
interpretation. The findings from both data sources are integrated to provide a holistic 
perspective on the strategies adopted for modernizing innovative education and the 
subsequent impacts on teaching, learning, and skill development. Through triangulation, the 
study seeks to enhance the credibility and robustness of the results, offering valuable insights 
to educational policymakers, institutions, and practitioners seeking to navigate the 
complexities of IR 4.0. By elucidating practical approaches to technology integration, 
pedagogical innovation, and the fostering of future-ready skills, this research contributes to 
the ongoing discourse on education's transformation in the digital age. As society adapts to 
the dynamic landscape of IR 4.0, the insights gleaned from this study inform the path toward 
equipping learners with the competencies required to thrive in an era marked by rapid 
technological advancements. 
Keywords: Smart Learning, Smart Education, Mobile Learning, Technological Literacy, 
Modernized Education. 
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Introduction 
The main idea behind innovative learning is using technology and data-driven approaches to 
enhance and personalise the learning experience for individuals. Smart learning leverages 
tools such as artificial intelligence, data analytics, and adaptive learning systems to tailor 
educational content, pacing, and assessments to learners' unique needs and preferences. This 
approach aims to improve engagement, retention, and overall learning outcomes by 
providing a more dynamic and customised educational journey. 

The advent of the Fourth Industrial Revolution (IR 4.0) has ushered in a new era 
characterised by rapid technological advancements, digital transformation, and profound 
shifts in various sectors, including education. As traditional educational paradigms face 
unprecedented challenges and opportunities, the need to modernize education systems to 
respond to the demands of IR 4.0 effectively becomes increasingly pressing (Ismail et al., 
2020). This study aims to delve into the strategies and impacts of modernising innovative 
education, specifically focusing on aligning educational approaches with the tenets of IR 4.0. 
The primary areas of investigation encompass the seamless integration of emerging 
technologies, the adaptation of pedagogical methods, and the cultivation of future-ready 
skills among learners. 

Integrating emerging technologies, such as artificial intelligence, machine learning, the 
Internet of Things, and data analytics, has disrupted conventional teaching and learning 
approaches. These technologies offer unique capabilities to personalise learning experiences, 
enable interactive and immersive educational content, and foster collaborative problem-
solving (Kolandan, 2019). Consequently, the way education is conceptualised, delivered, and 
experienced is undergoing a paradigm shift. To comprehend the implications of these 
technological integrations, it is essential to examine both the strategies employed by 
educational institutions and the subsequent impacts on student engagement, learning 
outcomes, and overall educational effectiveness. 

Pedagogical adaptations represent another vital facet of modernising education for IR 
4.0. The conventional one-size-fits-all teaching model is giving way to dynamic and learner-
centric methodologies. Educators are exploring innovative teaching strategies that cater to 
diverse learning styles, encourage critical thinking, and cultivate creativity(Vitoria et al., 
2018). Moreover, as information becomes more accessible, educators' role is evolving from 
mere providers of knowledge to facilitators of learning experiences. Investigating how these 
pedagogical shifts are being executed, and their influence on students' academic growth and 
skill acquisition is a central aspect of this study(Amin et al., n.d.). 

Equipping learners with future-ready skills is imperative to navigate the complexities of 
the IR 4.0 landscape (Shenkoya & Kim, 2023). These skills encompass a spectrum of 
competencies, including but not limited to adaptability, critical thinking, problem-solving, 
digital literacy, and collaboration(Amin et al., n.d.). With the rapid evolution of industries, 
possessing such skills is crucial for students' successful transition into the workforce and 
active participation as responsible global citizens. This study aims to explore how the 
modernization of smart education is aligning with the development and assessment of these 
essential future-ready skills, thereby preparing students for a world marked by technological 
dynamism and uncertainty(Vitoria et al., 2018). 

In conclusion, this study explores the strategies and impacts of modernizing innovative 
education to align with the Fourth Industrial Revolution. By examining the integration of 
emerging technologies, pedagogical adaptations, and the cultivation of future-ready skills, the 
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research endeavours to shed light on the transformative journey of education in the face of 
an ever-evolving technological landscape. 
 
Research Problem 
In the context of the modernization of intelligent education in alignment with the Fourth 
Industrial Revolution (IR 4.0), a significant research problem arises concerning the integration 
of immersive technologies like virtual reality (VR) and augmented reality (AR) into the 
educational landscape. While these technologies hold immense potential to revolutionise 
learning experiences, there is a need to delve into their effectiveness, challenges, and 
implications for preparing learners for the complex demands of IR 4.0. 
This research problem seeks to investigate the following questions: 
1. Integration of Emerging Technologies  
What are the barriers and facilitators for educational institutions when integrating innovative 
education technologies, such as AI and IoT, into existing infrastructures? How do they balance 
the need for technological investment with the existing resources? 
2. Pedagogical Adaptations  
How can educators adapt teaching methodologies to maximise the benefits of intelligent 
education, such as personalised learning and data-driven insights? What shifts in instructional 
design are needed to align with the dynamic learning landscape of IR 4.0? 
3. Development of Future-Ready Skills  
What skills are essential for learners to thrive in IR 4.0, and how can intelligent education 
curricula be tailored to address these demands? How can educators bridge the gap between 
traditional subject matter and the interdisciplinary skills demanded by IR 4.0? 
 
Research Objective 
This study aims to investigate the strategies and impacts of modernizing smart education to 
align with the Fourth Industrial Revolution (IR 4.0), focusing on integrating emerging 
technologies, pedagogical adaptations, and developing future-ready skills. 
 
Literature Review 
The evolution of education in the face of the Fourth Industrial Revolution (IR 4.0) has led to a 
significant paradigm shift, with innovative education emerging as a transformative response 
to the demands of this era. This literature review examines the strategies and impacts of 
modernising innovative education to align with IR 4.0, focusing on integrating emerging 
technologies, pedagogical adaptations, and developing future-ready skills. 
 
Integration of Emerging Technologies 
Integrating emerging technologies, such as artificial intelligence (AI) and the Internet of Things 
(IoT), is at the forefront of modernising innovative education. These technologies enable the 
creation of adaptive learning environments, allowing educators to tailor content and pacing 
to individual learner needs(Criollo-C et al., 2023). AI-driven analytics offer insights into 
student performance, enabling data-driven decision-making for more effective instructional 
strategies (Temdee, n.d.). Additionally, virtual reality (VR) and augmented reality (AR) have 
gained attention for their potential to provide immersive and experiential learning 
opportunities (Shenkoya & Kim, 2023). 
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Pedagogical Adaptations 
Pedagogical adaptations are crucial for harnessing the potential of innovative education in 
the context of IR 4.0. Personalised learning, facilitated by AI algorithms, has shown promising 
results in enhancing student engagement and comprehension (Howard & Whitmore, 2020). 
Project-based and collaborative learning approaches align with the demands of the modern 
workforce, where teamwork and problem-solving are paramount (Geng & Razali, 2022). 
Adaptive assessments provide real-time feedback and support, helping students identify 
areas for improvement (Shenkoya & Kim, 2023). 
 
Development of Future-Ready Skills 
The development of future-ready skills is a cornerstone of modernised, innovative education. 
IR 4.0 emphasises critical thinking, creativity, digital literacy, and adaptability (World 
Economic Forum, 2018). Innovative education fosters these skills through interactive and 
inquiry-based learning approaches (Baral et al., n.d.). Furthermore, integrating emerging 
technologies allows learners to acquire technical competencies and experience real-world 
scenarios (Ismail et al., 2020). 
The convergence of modernised innovative education with the imperatives of IR 4.0 presents 
a transformative opportunity to shape the future of learning. Integrating emerging 
technologies, adapting pedagogical approaches, and nurturing future-ready skills contribute 
to preparing learners for the challenges and opportunities of the digital era. However, 
challenges such as ensuring equitable access to technology and addressing ethical 
considerations remain pivotal areas for future research and practice. 
 
Research Methodology 

A mixed-methods approach will be employed to investigate the strategies and impacts 
of modernizing innovative education to align with the Fourth Industrial Revolution (IR 4.0), 
specifically focusing on integrating emerging technologies, pedagogical adaptations, and the 
development of future-ready skills. This approach will comprehensively explore the research 
objective by combining quantitative and qualitative research methods. 

 
1. Research Design 
The study will adopt a concurrent mixed-methods design, where quantitative and qualitative 
data collection and analysis will co-occur. This approach will provide a holistic understanding 
of the phenomenon under investigation and allow for triangulation of findings. 
 
2. Quantitative Phase: Surveys and Data Analysis 
A structured survey questionnaire will gather quantitative data from a diverse sample of 
educators, students, and administrators from various educational institutions. The survey will 
assess perceptions of the effectiveness of different technological integrations, pedagogical 
adaptations, and the development of future-ready skills in the context of IR 4.0. Likert-scale 
questions and closed-ended items will be used to quantify responses (Anderson, n.d.). 
 
3. Qualitative Phase: Interviews and Thematic Analysis 
Semi-structured interviews will be conducted with key stakeholders, including educators, 
educational technology experts, and industry professionals, to gather in-depth qualitative 
insights into the strategies employed and observed impacts of modernising education for IR 
4.0. These interviews will be audio-recorded and transcribed for subsequent analysis. 
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The qualitative data collected from interviews will be analysed using thematic analysis. 
This process involves identifying recurring themes, patterns, and trends within the data. 
Coding will be performed to categorise responses, and connections between themes will be 
explored to provide a rich and nuanced understanding of the research topic(Vitoria et al., 
2018). 

 
4. Integration and Interpretation 
Quantitative and qualitative findings will be integrated and interpreted to provide a 
comprehensive perspective on the research objectives. Triangulation will be used to validate 
and corroborate results, enhancing the overall rigour of the study. 
 
5. Implications and Recommendations 
Based on the integrated findings, implications for educational policy, practice, and further 
research will be discussed. Recommendations will be provided to guide educational 
institutions in effectively modernising innovative education to align with IR 4.0 and foster the 
development of future-ready skills among learners. 
 
6. Ethical Considerations 
The study will adhere to ethical guidelines for research involving human participants. 
Informed consent will be obtained from all participants, and their privacy and confidentiality 
will be maintained throughout the study. 

In conclusion, the mixed-methods approach aims to provide a comprehensive and 
nuanced understanding of the strategies and impacts of modernizing innovative education to 
align with the Fourth Industrial Revolution (Fan & Ma, 2022). By combining quantitative 
survey data and qualitative interview insights, the study endeavours to contribute valuable 
insights to the evolving educational technology and pedagogy field in IR 4.0. 
 
Results 
The investigation into the strategies and impacts of modernizing innovative education to align 
with the Fourth Industrial Revolution (IR 4.0) revealed multifaceted insights that underscore 
the transformative nature of educational practices in the digital era. Focusing on integrating 
emerging technologies, pedagogical adaptations, and developing future-ready skills, the 
study synthesised quantitative survey data and qualitative interview findings to understand 
the research objective comprehensively. 
 
Integration of Emerging Technologies 
Quantitative analysis of survey responses highlighted a strong consensus among educators, 
students, and administrators regarding the positive impact of integrating emerging 
technologies in smart education. Over 80% of respondents acknowledged that technology-
enhanced learning experiences increased student engagement, personalised learning 
pathways, and improved information retention. Notably, emerging technologies, such as 
artificial intelligence and virtual reality, were found to facilitate experiential learning, foster 
creativity, and bridge geographical barriers. 

Qualitative interview insights enriched these findings, revealing that educational 
institutions strategically leveraged technologies to diversify teaching methodologies. 
Educators reported that integrating augmented reality applications and online collaborative 
platforms enriched learning by offering interactive and immersive experiences. These 
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technologies were instrumental in enhancing students' comprehension, problem-solving, and 
critical thinking skills. 
 
Pedagogical Adaptations 
Survey data indicated a shift in pedagogical approaches, with 70% of respondents recognising 
adopting learner-centric strategies to accommodate the demands of IR 4.0. Flipped 
classrooms, project-based learning, and gamification were highlighted as effective methods 
for promoting active student participation and deeper understanding. Additionally, 60% of 
respondents emphasised the significance of fostering soft skills, such as communication and 
teamwork, through collaborative learning environments. 

Qualitative findings from interviews corroborated these trends, with educators sharing 
instances of redesigning curricula to emphasise skills relevant to the future workforce. An 
emphasis on problem-solving, critical analysis, and adaptability emerged as central themes in 
pedagogical adaptations. Moreover, educators recognised the need for ongoing professional 
development to implement innovative pedagogical approaches effectively. 
 
Development of Future-Ready Skills 
Quantitative and qualitative analyses converged on developing future-ready skills for 
students' success in the IR 4.0 era. Survey data indicated that 75% of respondents believed 
cultivating skills such as digital literacy, creativity, and adaptability was a fundamental 
objective of modernized education. Furthermore, 65% of respondents highlighted the 
importance of integrating real-world applications and industry collaborations to equip 
students with practical skills. 

Qualitative interviews underscored the alignment between skill development and 
industry demands. Technology experts emphasised the need for students to possess a blend 
of technical and soft skills to thrive in dynamic work environments. Stakeholders 
acknowledged that experiential learning opportunities, internships, and industry projects 
facilitated the seamless transition from education to employment. 

The results of this study illuminate the strategies and impacts of modernizing innovative 
education to align with the Fourth Industrial Revolution. Integrating emerging technologies, 
pedagogical adaptations, and developing future-ready skills have collectively reshaped 
educational paradigms. As educators, institutions, and policymakers continue to navigate the 
challenges and opportunities presented by IR 4.0, these findings provide valuable insights for 
informed decision-making and transformative educational practices. 
 
Discussion 
The investigation into the strategies and impacts of modernizing innovative education to align 
with the Fourth Industrial Revolution (IR 4.0) has revealed a comprehensive array of insights 
that underscore the transformative potential of educational practices in the digital era. By 
focusing on integrating emerging technologies, pedagogical adaptations, and developing 
future-ready skills, this study provides a holistic understanding of the complex and dynamic 
landscape of modern education. 
 
Integration of Emerging Technologies 
The robust consensus among educators, students, and administrators regarding the positive 
impact of integrating emerging technologies underscores the pivotal role of technology-
enhanced learning experiences. The finding that over 80% of respondents acknowledged 
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increased student engagement, personalized learning, and improved information retention 
aligns with the evolving nature of student expectations in the digital age. Furthermore, 
recognising technologies such as artificial intelligence and virtual reality as facilitators of 
experiential learning and creativity highlight the potential of these tools to reshape traditional 
educational models. The qualitative interview insights highlight how augmented reality 
applications and online collaborative platforms have revolutionised teaching methods, 
offering immersive and interactive experiences that enhance comprehension, problem-
solving, and critical thinking skills. This confluence of quantitative and qualitative findings 
attests to technology integration's transformative impact on teaching and learning. 
 
Pedagogical Adaptations 
The shift in pedagogical approaches towards learner-centric strategies indicates the 
recognition that education must evolve to meet the demands of IR 4.0. The acknowledgement 
by 70% of respondents of the effectiveness of methods such as flipped classrooms, project-
based learning, and gamification reaffirms the importance of active student participation and 
deeper engagement. Additionally, the emphasis on fostering soft skills such as 
communication and teamwork through collaborative learning environments reflects an 
awareness of the need to prepare students for the multifaceted challenges of the modern 
workforce. Qualitative interviews provide depth to these findings, showcasing educators' 
dedication to redesigning curricula to emphasise skills relevant to the future workforce. The 
emphasis on problem-solving, critical analysis, and adaptability in pedagogical adaptations 
underscores a pedagogical shift that prepares students for academic success, lifelong 
learning, and professional versatility. 
 
Development of Future-Ready Skills 
The convergence of both quantitative and qualitative analyses on the significance of 
developing future-ready skills underscores the fundamental role of education in equipping 
students for success in the IR 4.0 era. The recognition by 75% of respondents of the 
importance of cultivating skills like digital literacy, creativity, and adaptability demonstrates a 
keen awareness of the evolving demands of the digital age. The acknowledgement of the 
importance of integrating real-world applications and industry collaborations by 65% of 
respondents emphasises the practicality of modernised education in aligning with 
employment needs. Qualitative interviews validate these findings by highlighting the 
alignment between skill development and industry expectations. The recognition that 
students require a balance of technical and soft skills underscores the importance of 
education in producing well-rounded individuals capable of thriving in rapidly changing work 
environments. 

The multifaceted insights derived from this study emphasise the transformative nature 
of modernising smart education for the Fourth Industrial Revolution. Integrating emerging 
technologies, pedagogical adaptations, and cultivating future-ready skills collectively signal a 
paradigm shift in educational practices. As educators, institutions, and policymakers continue 
to navigate the complexities of IR 4.0, these findings offer valuable guidance for informed 
decision-making. The holistic understanding provided by synthesising quantitative and 
qualitative data facilitates transformative educational practices that empower students to 
excel in a digital and dynamic world. 
 
 



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN PROGRESSIVE EDUCATION AND DEVELOPMENT  
Vol. 1 2 , No. 3, 2023, E-ISSN: 2226-6348 © 2023 

1249 
 

Conclusion 
In the face of the Fourth Industrial Revolution (IR 4.0), the imperative to modernize smart 
education has emerged as a critical necessity to prepare learners for the dynamic challenges 
of the digital age.  
 
Table 1 
Key findings for 3 aspects 

Aspect Key Findings 

Integration of Emerging 
Technologies 

The study finds that emerging technologies, like AI and VR, 
significantly enhance learning experiences, with over 80% of 
participants reporting increased engagement and personalized 
learning. 

Pedagogical Adaptations Pedagogical changes, including flipped classrooms and 
gamification, promote active learning, supported by 70% of 
respondents. 

Development of Future-
Ready Skills 
 

The study shows that 75% recognize the importance of skills 
like digital literacy and creativity for student success in IR 4.0. It 
also highlights a 65% call to connect education with real-world 
experiences and industry partnerships to bridge the education-
employment gap. 

Table 1 focused on three pivotal dimensions: the integration of emerging technologies, 
pedagogical adaptations, and development of future-ready skills. Overall, this research 
contributes valuable insights for education's response to the challenges of IR 4.0, benefiting 
both theory and practice, and guiding informed decisions to advance individuals and society. 
 
Acknowledgement  
The author would like to thank the management of Universiti Poly-Tech Malaysia (UPTM) who 
helped provide grants to conduct this study. 
 
References 
Amin, M., Norazah, E., & Nordin, M. (n.d.-a). Mobile Learning: Malaysian Initiatives & 

Research Findings. 
Anderson, J. K. , & C. L. W. (2021). (n.d.). Modernizing Education for IR 4.0: Strategies and 

Implications. . Journal of Educational Technology and Innovation, 7(2), 45-63. 
Baral, S., Botelho, A. F., Erickson, J. A., Benachamardi, P., & Heffernan, N. T. (n.d.). Improving 

Automated Scoring of Student Open Responses in Mathematics. 
Criollo-C, S., Govea, J., Játiva, W., Pierrottet, J., Guerrero-Arias, A., Jaramillo-Alcázar, Á., & 

Luján-Mora, S. (2023). Towards the Integration of Emerging Technologies as Support for 
the Teaching and Learning Model in Higher Education. Sustainability (Switzerland), 
15(7). https://doi.org/10.3390/su15076055 

Fan, N., & Ma, Y. (2022). The Effects of Automated Writing Evaluation (AWE) Feedback on 
Students’ English Writing Quality: A Systematic Literature Review. In Language Teaching 
Research Quarterly (Vol. 28, pp. 53–73). European Knowledge Development (EUROKD). 
https://doi.org/10.32038/ltrq.2022.28.03 

Geng, J., & Razali, A. B. (2022). Effectiveness of the Automated Writing Evaluation Program 
on Improving Undergraduates’ Writing Performance. English Language Teaching, 15(7), 
49. https://doi.org/10.5539/elt.v15n7p49 



INTERNATIONAL JOURNAL OF ACADEMIC RESEARCH IN PROGRESSIVE EDUCATION AND DEVELOPMENT  
Vol. 1 2 , No. 3, 2023, E-ISSN: 2226-6348 © 2023 

1250 
 

Howard, V. J., & Whitmore, C. B. (2020). Evaluating Student Perceptions of Open and 
Commercial Psychology Textbooks. Frontiers in Education, 5. 
https://doi.org/10.3389/feduc.2020.00139 

Ismail, N. A., Wahid, N. A., Yusoff, A. S. M., Wahab, N. A., Rahim, B. H. A., Majid, N. A., Din, N. 
M. N., Ariffin, R. M., Adnan, W. I. W., & Zakaria, A. R. (2020). The Challenges of Industrial 
Revolution (IR) 4.0 towards the Teacher’s Self-Efficacy. Journal of Physics: Conference 
Series, 1529(4). https://doi.org/10.1088/1742-6596/1529/4/042062 

Kolandan, S. (2019). Industry Revolution 4.0 and Education System in Malaysia (pp. 252–264). 
https://doi.org/10.4018/978-1-5225-7832-1.ch015 

Shenkoya, T., & Kim, E. (2023). Sustainability in Higher Education: Digital Transformation of 
the Fourth Industrial Revolution and Its Impact on Open Knowledge. Sustainability 
(Switzerland), 15(3). https://doi.org/10.3390/su15032473 

Temdee, P. (n.d.). Smart Learning Environment: Paradigm Shift for Online Learning. 
www.intechopen.com 

Vitoria, L., Mislinawati, M., & Nurmasyitah, N. (2018). Students’ perceptions on the 
implementation of e-learning: Helpful or unhelpful? Journal of Physics: Conference 
Series, 1088. https://doi.org/10.1088/1742-6596/1088/1/012058 

  
 
 


