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Digital Learning Demand and Applicability of Quality 4.0 
for Future Education: A Systematic Review

ABSTRACT
This study investigates the demand for digital learning and the application of Quality 4.0 for 
future education in higher education institutes (HEIs). Quality 4.0 leads to digital transfor-
mation for innovation, excellence, and performance. Over the past decade, the educational 
landscape has undergone a revolution due to digitalization and enhancing academic devel-
opment. The present study, through a systematic review of the literature published from 2017 
to 2023, aims to highlight how digital advancements have played a critical role in improving 
the people and operations of higher education institutes to meet the growing challenges in 
the education sector. The implementation of Quality 4.0 and the application of its practices 
in HEIs can drive innovation through technological advancements in the Internet of Things 
(IOT), blended learning, and artificial intelligence (AI) to meet the increasing demand for dig-
ital learning. The findings suggest that digital learning through various technologies brings 
about significant changes in employment, skill development, and the educational environ-
ment. However, these advancements do not come without challenges, including the impera-
tive of faculty development, the establishment of robust technological infrastructure, ethical 
considerations in AI implementation, and quality management. More research is needed to 
address the gap in understanding the applicability of Quality 4.0 and the demand for digital 
learning in higher education institutes.

KEYWORDS
digital learning, Quality 4.0, higher education, Education 4.0, educational growth, artificial 
intelligence (AI) in education

1	 INTRODUCTION

Digital learning represents an instructional approach utilized in the realm of 
educational activities, where technology enhances and improves the overall learn-
ing experience of students [1]. It provides a wide range of educational strategies 
integrated with technology to help learners achieve their goals. Therefore, in recent 
years, the global education landscape has witnessed a rising demand for digital 
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learning and a seismic shift driven by the convergence of technological innovation 
and evolving pedagogical paradigms [2]. The advent of digital learning, often synon-
ymous with e-learning, online education, and remote instruction, has transformed 
the way knowledge is disseminated and acquired [3]. Concurrently, the Quality 4.0 
framework, originating from the realm of Industry 4.0, has gained prominence as a 
holistic approach to quality management characterized by advanced technologies, 
data-driven decision-making, and continuous improvement [4]. As the educational 
sector grapples with the rapid integration of digital technologies and seeks to adapt 
to the demands of the 21st century, there is a growing need for a systematic exam-
ination of the interplay between the demands of digital learning and the applicabil-
ity of Quality 4.0 principles.

This systematic review aims to explore and assess the growing body of litera-
ture on the intersection of digital learning and Quality 4.0 in the context of future 
education. Its primary objective is to synthesize existing research, elucidate emer-
gent trends, and provide insights through qualitative and quantitative data into the 
potential ramifications, opportunities, and limitations that arise at this juncture for 
future studies in digital learning and the applicability of Quality 4.0. The authors’ 
investigation of this intersection is guided by the acknowledgment that digital learn-
ing, supported by technology-enabled teaching methods, provides transformative 
opportunities for educational delivery and accessibility. Concurrently, Quality 4.0, 
guided by automation, data analytics, and process optimization principles, has 
demonstrated its capacity to enhance quality assurance mechanisms in diverse sec-
tors, prompting inquiries into its relevance and adaptability within the educational 
environment.

Moreover, this study is crucial for acknowledging the multi-faceted nature of 
digital learning environments. Digital learning encompasses various methodologies, 
including online courses, massive open online courses (MOOCs), blended learning, 
virtual classrooms, and more, each with unique attributes and implications [5].  
Similarly, Quality 4.0 encompasses a diverse array of technologies, including the 
Internet of Things (IoT), artificial intelligence (AI), machine learning, and data ana-
lytics, which have the potential to reshape educational quality management, assess-
ment, and continuous improvement processes [6, 7]. This review adds to the scholarly 
discussion on the transformative potentials and challenges of incorporating digital 
learning in educational environments. It is guided by Quality 4.0 principles to navi-
gate the complex terrain. The review employs a rigorous methodology that includes 
literature synthesis, thematic analysis, and critical evaluation of research methodol-
ogies and findings. The findings may offer valuable insights to educators, research-
ers, policymakers, and practitioners seeking to navigate the evolving educational 
landscape and harness the benefits of digitalization while maintaining and enhanc-
ing educational quality.

In recent years, particularly after the COVID-19 pandemic, the demand for digital 
and online learning has increased significantly [8, 9]. It is crucial to examine the 
current discussions regarding the demand for digital learning and the application of 
Quality 4.0 in education systems. The current review highlights the latest advance-
ments in innovative learning technologies, approaches, and the integration of qual-
ity assessment. There has been limited research conducted on a systematic analysis 
and review of the current progress in digital learning, its significance, the integra-
tion of Quality 4.0 in digital learning, and its demand at higher education institu-
tions. The incorporation and relevance of Quality 4.0 in education, particularly in 
digital learning perspectives, are significantly lower compared to other sectors such 
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as Agriculture 4.0, Healthcare 4.0, and Manufacturing 4.0 [6, 10]. The available liter-
ature on this topic only discusses the term Quality 4.0, its features, limitations, and 
challenges. Therefore, academia should focus on conducting research that analyzes 
the increasing demand for digital learning and the implementation of Quality 4.0 in 
digital, blended, and virtual learning environments.

1.1	 Quality	4.0

The current era has been experiencing the fourth industrial revolution known as 
Industry 4.0, which was introduced in 2011 for the first time in Germany, and its rec-
ommendations were published later in 2013 [11]. Within the context of Industry 4.0,  
the term Quality 4.0 pertains to the future of quality and operational performance. 
According to the American Society of Quality (ASQ), “Quality 4.0 refers to orga-
nizational excellence and the future of quality within the context of Industry 4.0  
and digital transformation.” It also combines advanced digital technologies with sig-
nificant effectiveness and performance improvements in the era of Industry 4.0 [12].  
To ensure and sustain excellence in quality, it is crucial to acknowledge the evolv-
ing landscape of quality standards. In this context, professionals specializing in 
quality management must play a pivotal role in establishing a fundamental con-
nection between an organization’s resilience in challenging times and the attain-
ment of quality excellence through the implementation of foundational quality 
principles [10].

However, the primary objective of the Quality 4.0 concept is to facilitate growth 
and transformation by leveraging enterprise efficiencies, enhancing overall per-
formance, fostering innovation, and cultivating distinctive business models [6, 13]. 
Quality 4.0 is trending nowadays because many other fields have also adopted the 
term ‘4.0’ with them, such as Education 4.0, Agriculture 4.0, and Healthcare 4.0 
[14–17]. Therefore, Quality 4.0 advances quality and related tasks to predict future 
quality issues, ensuring sustained performance and achieving higher stability and 
excellence. Moreover, the primary advantage of Quality 4.0 is to enhance profes-
sional competence and increase responsiveness.

1.2	 Digital	learning

Digital learning, also known as e-learning, was introduced in 1999 by an American 
futurist, Jay Cross, who popularized this term [14]. In alignment with the develop-
ments of the 21st century, education has also been affected by the introduction of 
advanced technological solutions and terminologies, such as online learning, dis-
tance learning, Internet-based training, network learning, web-based training and  
learning, and virtual learning. According to [5], the demand for digital learning 
applications has significantly increased in this age of technology due to the rapid 
growth in information and knowledge flow. It covers multiple fields, including 
higher education and technical education, as learners and institutes actively utilize 
digital learning tools such as media and internet-based content. Digital media plays 
a significant role in the digital learning process through satellite broadcasting, audio 
and video recordings, and online interactive tools such as Zoom, Google Meet, and 
MS Teams, computers, corporate networks, and television programs. Digital learn-
ing applications encompass digital collaboration, network-based learning, virtual 
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classrooms, and computer-based learning [5]. The digital media and learning tools 
have made access to various knowledge hubs and resources easier, which were not 
accessible to the general public before the invention of modern digital tools and 
applications.

The world has become a global village; therefore, access to information and 
knowledge has moved faster than ever through various mediums, and the internet 
has gained a central place. Institutions and organizations are increasingly enthu-
siastic and involved in exploring the potential of digital and online learning and 
training platforms to offer up-to-date and affordable education to diverse popula-
tions of varying age groups, locations, ethnicities, socioeconomic backgrounds, and 
educational requirements. The demand for digital and e-learning has been increas-
ing, particularly after the COVID-19 pandemic. Traditional learning models have 
shifted to online and blended learning methods [9]. Therefore, the value of digital 
learning has been increasing and expanding at all levels, from schools to higher 
education institutes. The learners have also welcomed digital learning platforms. 
According to Alenezi (2023), digital and e-learning offer flexible and accommodating 
resources and requirements. They provide more interactive and easily accessible 
resources that assist learners and teachers in acquiring knowledge and understand-
ing various concepts. Due to this factor, several institutions worldwide have been 
implementing and adopting digital learning methods, curricula, and approaches to 
meet students’ learning needs.

2	 METHODOLOGY

The research method adopted for this study involved reviewing various sources of 
knowledge to collect relevant literature. Therefore, the PRISMA guidelines were fol-
lowed for this systematic review to search for and finalize the relevant literature from 
Scopus, Web of Science (WoS), and Science Direct databases. The authors used the key-
words ‘Digital Learning,’ ‘Digital Learning Demand,’ ‘Quality 4.0,’ ‘Education 4.0,’  
‘Future Education,’ and ‘Applicability of Quality 4.0’ to collect the most relevant pub-
lished peer-reviewed papers from the three mentioned databases.

Table 1. Keywords used as search sting for literature identification

Database Keywords for Literature Search

Scopus 32 TITLE-ABS-KEY (digital AND learning OR demand AND quality 4.0 AND education 
OR future education) AND PUBYEAR > 2016 AND PUBYEAR < 2024 AND PUBYEAR > 
2016 AND PUBYEAR < 2024 AND (LIMIT-TO (LANGUAGE, “English”)) AND (LIMIT-TO 
(DOCTYPE, “ar”)

WoS 473 TS = digital learning* (Topic) and application of quality 4.0* (All Fields) and future 
education* (All Fields) or digital learning demand (All Fields) and Education 
Educational Research (Research Areas)

Science Direct 947 Digital learning demand, future education, Applicability of Quality 4.0 in education

The search results yielded (n = 1452) publications in peer-reviewed journals 
based on specific keywords mentioned in Table 1. These articles were scrutinized 
following PRISMA guidelines, and duplicate records (n = 590) were excluded using 
Endnote X9. Furthermore, 709 publications were excluded because they were either 
conference papers or other items, such as book chapters, commentaries, opinions, 
editorials, etc., that were included in these search results. After this exclusion, only 
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153 peer-reviewed journal articles were shortlisted for further evaluation. For a 
more focused analysis, 123 articles were excluded based on the study nature and 
commonly used keywords. Finally, 30 articles that best describe the keywords 
meeting the set criteria for this systematic review were finalized for analysis and 
discussion.

Total number of articles collected (n = 1452)

Remaining number of articles (n = 862)

Articles assessed for eligible (n = 153)

Removed on exclusion
criteria (n = 709)

Articles included for analysis (n = 30)

Articles excluded, with
reasons (n = 123)

Scopus 34
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Duplicate and prior to
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Web of Science 472 Science Direct 940

Fig. 1. Literature selection through PRISMA flow diagram

3	 FINDINGS

The findings show that the thirty selected articles cover a variety of geographical 
locations and readerships worldwide. The selected literature spans 2017 to 2023. 
Following the COVID-19 pandemic, there has been a notable increase in the demand 
for digital learning compared to previous years. Therefore, the publication count 
is higher in 2023 [n = 11] compared to the selected 30 articles. The number of pub-
lications in 2017 and 2018 is only one each year, highlighting the boost in digital 
learning, its demand, and research over the last two years. Figure 2 provides com-
prehensive information on the annual distribution of publications. Some other fac-
tors contribute to the emergence of e-learning and blended learning approaches, 
with technological advancement being the most significant factor [18]. The COVID-19  
pandemic has forcefully driven the world towards digital learning models. 
Consequently, the learning and teaching approaches have been transformed by 
technology and AI-integrated methods in every aspect of the learning environment, 
from K-12 to higher education, and from formal to informal and technical learning 
as well [8, 9, 19]. The general findings included documents published in a calendar 
year, their citations, geographic information, and the impact of journals on the pub-
lished literature related to Quality 4.0 and the demand for digital learning.
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Fig. 2. Documents published year-wise from the selected literature for analysis

The findings also extended to the regional distribution of the selected publica-
tions. The selected publications covered twenty countries; among these, Indonesia 
(n = 5) and Germany (n = 3) lead the list. However, it is encouraging to discover that 
digital learning, its demand, and the relevance of Quality 4.0 in academic research 
are receiving global recognition. Figure 3 shows the number of selected publications 
from the countries of the corresponding authors.

Fig. 3. Documents published country-wise from the selected literature

Journals from various subject areas covered publications related to digital 
learning and Quality 4.0. Journals cover a wide range of research areas, including 
educational sciences, sustainability, language teaching, multidisciplinary studies, 
computers in education, STEM (science, technology, engineering, and mathematics), 
higher education, and curriculum-related research. However, most of the publica-
tions were found in open-access journals compared to closed-access ones. Figure 4 
shows the number of articles published in each journal.
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Fig. 4. Documents published journal-wise from the selected literature

Findings also highlighted that the academic community acknowledged and trusted 
the studies by reproducing and citing them in their research publications, theses, and 
books. The publications chosen for this systematic review received a substantial num-
ber of citations. Among them, the top three publications were [20], cited 114 times; [21], 
cited 97 times; and [22], cited 72 times. However, few studies have received a single  
citation since their publication. The researcher found two reasons behind these 
non-citations: Firstly, the papers are published in a closed-access journal, where most 
researchers and readers lack institutional access and sufficient funds to purchase those 
publications. Therefore, the highest number of citations came from open-access jour-
nals. The second reason was the narrow and regional scope of the publications, which 
failed to attract a global readership and researchers. Figure 5 provides detailed infor-
mation about the citation score of each publication selected for this systematic review.

Fig. 5. Citations for each document selected for this study1

1 Citations were counted on October 11, 2023 from Google Scholar
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4	 RESULTS	AND	DISCUSSION

For the data collected and findings of this study, the following themes frequently 
emerged: demand for digital learning, blended learning, digital learning tools, the 
transformation of higher education to digital environments, the readiness of edu-
cational institutes to adopt digital learning, Quality 4.0 for future education per-
spectives, and the role of AI in the digital transformation of learning environments. 
Table 2 presents a detailed description of the thematic findings derived from the 
focus of the selected studies and the key points discussed in the literature.

Table 2. Thematic overview of the findings of the selected studies with focus and key points

Focus  Representative 
Studies Key Points

Digital Transformation 
in Higher Education

[4, 23] Digital learning and digital institution trends in higher education. – Impact of digital 
transformation in higher education, with a case study from Vietnam

Mobile Learning and 
Industrial Revolution 4.0 

[20, 24, 25] Mobile learning in higher education within the Fourth Industrial Revolution. – Practical 
insights into online learning resources and smart learning environments 

Blended Learning and ICT 
in Education 4.0

[26] Potential of ICT in blended learning models, particularly in English Language Teaching 
(ELT). – Insights on mapping Industry 4.0 and Education 4.0 

Industry 4.0 and Education 4.0 [27, 28] Readiness of higher education for Quality 4.0 transformation using the LNS Research 
Framework. – Vision and approach to AI and digital transformation in higher education 

AI and Digital Transformation 
in Higher Education

[29, 30] Educational strategy using artificial intelligence for digital transformation. – Digitally 
enabled experiential learning spaces in Engineering Education 4.0

Digital Learning Design 
and Pedagogy

[31, 32, 33] Digital learning experiences and spaces for better pedagogical and curricular futures. 
– Development and evaluation of digital learning tools for Economics and German 
Teacher Education

Digital Learning Tools 
and Quality

[9, 22, 34, 35] Impact of face-to-face interactions and digital learning platforms on motivation, 
achievements, and peer interaction. – Learning design during the COVID-19 pandemic

Quality of Learning Materials [36–38] Free digital learning for inclusion of migrants and refugees in Europe, examining 
various learning purposes. – Effectiveness of digital learning units in teaching written 
argumentation to high school students.

Emerging Remote Learning 
and Distance Education

[8, 19] Readiness of physics students for digital learning within the University 4.0 
model. – Hybrid e-learning in higher education during the Fourth Industrial Revolution

Technology Integration 
in Education 

[21, 39–44] Model to understand stakeholders’ perspectives on the quality of learning through 
digital play, especially for children. – Exploration of quality and equity issues in literacy 
learning during the COVID-19 pandemic. – Assessment of the quality of learning 
materials. – Examination of emergency remote learning challenges and opportunities 
during the COVID-19 lockdown. – Focus on student demands for distance learning and 
their means to learn during the pandemic. – Investigation of cognitive demands in 
probability and counting principles learning tasks from an online mathematics textbook. 

4.1	 Digital	learning	in	higher	education	transformation

This study highlights the transformation of higher education institutions (HEIs) 
into a digital learning culture. It emphasizes the use of digital strategies to enhance 
their operational capabilities through the adoption of innovative techniques to 
demonstrate the impact of digital technology. Through this transformation, HEIs 
aim to adapt to new employment opportunities and labor market requirements and 
enhance learners’ and students’ experiences in learning, strategic planning, and 
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teaching matters [4, 45, 46]. In this age of rapid technological transformation, as the 
world progresses towards Industry 5.0, academic institutions need to shift towards 
Education 4.0 and Quality 4.0. This shift is essential for successful knowledge dis-
semination and meeting the increasing demand for a skilled workforce. It requires 
organizational and educational restructuring to enable swift action and the creation 
of innovative concepts that bring beneficiaries closer to the latest trends in digi-
talized culture [42, 47, 48].

Moreover, the studies [4, 42, 49] conclude that human resources, skills devel-
opment, and digital transformations in HEIs must have a significant correlation 
to align with the aspirations and demands necessary to address future challenges 
in educational and industrial development. Furthermore, this correlation influ-
ences and impacts aspects related to human resource development and technology 
integration, which will help enhance the performance of educational and related 
departments. In a case study, [23] discussed the impact of digital transformation 
on Vietnam’s HEIs. The study revealed that digital transformation has a significant 
impact on higher education in Vietnam. This transformation has altered learning 
methods and approaches, creating opportunities for learners to benefit from digi-
tal technologies anytime and anywhere. This transition is more appreciated in aca-
demia than the traditional learning model because learners can have access to and 
actively participate in the learning process and capacity building.

4.2	 Mobile	learning	and	smart	learning	environments

For centuries, HEIs have been serving as the main places where knowledge could 
be produced and learned. However, in recent years, a parallel ecosystem based on 
mobile, remote, and smart learning models through the internet and recorded mate-
rials has started fulfilling the same role as HEIs did [23]. Therefore, access to knowl-
edge has been expanded globally; individuals can now have unlimited access to 
academic institutions, courses, and training materials from anywhere in the world. 
Access to this information is available through various open-access online sources, 
applications, academies, and encyclopedias. These resources enable people world-
wide to acquire skills and knowledge on a wide range of subjects and topics. This 
mobile and smart learning environment has proven to be a hallmark of the digi-
tal age. However, this new learning environment poses a challenge to the quality 
of dissemination of online learning and assessment tasks. Therefore, many studies  
[20, 24, 50] focus on the applicability of Quality 4.0 and the increasing demand for 
digital learning in higher education, including technical and vocational institutes.

4.3	 Innovative	readiness	in	digital	learning

The exploration of innovative readiness in digital learning and its interaction 
with the Quality 4.0 framework in higher education has produced noteworthy 
findings that deserve discussion. The findings reveal a distinct shift towards digital 
learning adoption in higher education, characterized by the widespread integration 
of learning management systems (LMS) and online resources. This transformation 
underscores the sector’s readiness to leverage digital technologies for educational 
advancement. According to [4, 28], the readiness of higher education institu-
tions (HEIs) for Quality 4.0 transformation reveals limited adoption of Quality 4.0 
tools and techniques, attributed to challenges such as fragmented processes and  
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data systems. Furthermore, [51, 52] emphasize the importance of fostering innova-
tion, collaborating with industry, and leveraging information technology in higher 
education to adjust to the challenges posed by the Industrial Revolution 4.0. These 
studies provide insights into the challenges and opportunities of digital learning and 
Quality 4.0 in higher education.

The present investigation also elucidates the incorporation of Quality 4.0 prin-
ciples within higher education, emphasizing data-driven decision-making and 
continuous improvement. Notably, there is a clear alignment between innovative 
readiness in digital learning and the Quality 4.0 framework, emphasizing their syn-
ergistic potential in achieving higher education quality objectives. While the find-
ings showcase the promise of this integration, they also underscore challenges in 
faculty development, technology infrastructure, and evolving pedagogical methods. 
These challenges, however, represent opportunities for growth and development. 
The findings further underscore the potential for a more robust educational envi-
ronment by aligning digital learning readiness with Quality 4.0 principles while 
acknowledging the imperative of addressing associated challenges to fully realize 
the benefits of this integration in higher education.

4.4	 ICT	in	blended	learning	for	language	and	industry	education

The analysis of this study examines the integration of information and commu-
nication technology (ICT) in blended learning for language and industry education. 
The study focuses on promoting digital learning and adhering to Quality 4.0 princi-
ples, revealing several significant findings. It further highlights the blended learn-
ing model (BLM) as a teaching strategy that combines face-to-face and e-learning 
approaches to support digital education 4.0. Studies such as [26, 53] investigate the 
influence of ICT on teaching methods in blended learning and also examine adult 
students’ perceptions of ICT in various learning modes, such as classroom, blended, 
and distance language learning. This study further suggests that integrating ICT in 
blended learning can enhance teaching practices, support digital education, and 
provide flexible learning formats for learners. These include the substantial adop-
tion of digital tools and online resources, emphasizing a shift towards a technologi-
cally enriched learning environment.

Furthermore, the active application of Quality 4.0 principles, emphasizing data-
driven decision-making and continuous improvement, is evident in rapidly growing 
digital teaching and learning environments [19]. Notably, the findings of this study 
highlight a symbiotic relationship between ICT integration and Quality 4.0 principles, 
offering potential enhancements in educational quality [25, 26]. However, challenges 
such as digital literacy, technological infrastructure, and instructional design are 
acknowledged. Yet, they are viewed as opportunities for growth and innovation within 
the educational landscape. The current study underscores the transformative poten-
tial of ICT in blended learning, promising an adaptive and enriched learning envi-
ronment while acknowledging challenges as catalysts for educational advancement.

4.5	 Quality	4.0	transformation	in	higher	education

The exploration of Quality 4.0 transformation in higher education and its 
intersection with the growing demand for digital learning reveals several signif-
icant findings. These represent a noticeable shift in higher education institutions 
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towards adopting Quality 4.0 principles, focusing on data-driven decision-making, 
continuous improvement, and digital integration to improve educational quality. 
The demand for digital learning, magnified by evolving educational needs and the 
digital-native student population, underscores the urgency of aligning traditional 
educational models with technology-enhanced approaches [34, 35]. The findings 
further highlight the pressing need for faculty development, technological infra-
structure, and pedagogical adaptation to fully harness the potential of Quality 4.0 
within the digital learning landscape. In addressing these challenges, higher edu-
cation institutions are poised to unlock the transformative potential of Quality 4.0 
principles, fostering more adaptive, data-informed, and quality-driven educational 
ecosystems.

The analysis of the findings collectively discusses the transformation of higher 
education in the context of Quality 4.0 and the demand for digital learning. Studies 
such as [4, 10, 23] have provided insightful discussions on the readiness of higher 
education institutions for Quality 4.0 transformation and have identified limited 
adoption of Quality 4.0 tools and techniques. Moreover, [51] has provided a compar-
ative analysis of Education 4.0 in the UK and international higher education provid-
ers, emphasizing the significance of digital personal assistants and online learning. 
[20, 24, 25] have studied the demand for digital learning platforms and tools among 
students in Indonesian educational institutions, finding that e-learning platforms 
are the most preferred option. These findings provide a framework for implement-
ing Quality 4.0 in higher education institutions, emphasizing the utilization of tech-
nology and digitization for consistency and standardization. This study emphasizes 
the importance of higher education institutions embracing digital transformation 
and adapting to the demands of Quality 4.0 to enhance teaching and learning 
experiences.

4.6	 AI	and	digital	transformation	future	education

AI’s role is vital in the digital transformation of education [2]. Therefore, exam-
ining the symbiotic relationship between AI and digital transformation in the con-
text of future education reveals noteworthy findings with significant implications 
through this systematic review. The findings of this study reveal an educational 
landscape undergoing a profound shift characterized by the pervasive integra-
tion of AI-driven technologies and digital tools. This transformation is poised to 
empower educators, administrators, and learners alike, offering the promise of 
data-informed decision-making, personalized and adaptive learning experiences, 
and streamlined administrative processes [27]. The discussion extends to the 
importance of faculty development to nurture digital competencies, the establish-
ment of a strong technological infrastructure, and the ethical considerations associ-
ated with AI implementation in education. While challenges and ethical dilemmas 
are apparent, the research highlights the transformative potential of AI and digital 
transformation in shaping the educational landscape of the future [29]. This evolu-
tion is poised to usher in a new era of adaptability, accessibility, and improved edu-
cational outcomes, serving as a focal point in the ongoing discourse on the future 
of education.

Moreover, the literature analyzed has highlighted the impact of digital transfor-
mation in learning environments and the influence of AI technologies on future 
education. The studies by [8, 19, 30, 35] have focused on the use of AI technologies 
to create a new quality education system and emphasized the concept of adaptive 
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learning platforms. The analyzed literature further highlights the necessity of revi-
talizing STEM education by incorporating humanities and social sciences, along 
with the integration of AI and digitization. For digital transformation, researchers 
[23, 31, 32] have explored the digital transformation process in higher education, 
primarily through case studies from Vietnam. They have also discussed the potential 
of AI and the Internet of Things (IoT) to revolutionize learning and teaching. These 
studies have also highlighted the advantages of AI and smart technologies in edu-
cation, emphasizing their role in assisting teachers and enhancing content delivery. 
In this way, the present study suggests that AI and digital transformation have the 
potential to significantly impact education by enhancing learning platforms, pro-
moting interdisciplinary approaches, and improving content delivery.

5	 CONCLUSION

The analysis of this study confirms that the demand for digital learning has 
increased due to advancements in the latest technologies that support the learning 
process both online and offline, under any circumstances worldwide. Therefore, 
for better integration of digital learning, the application of Quality 4.0 in education 
would enhance the quality of education. This study further suggests that digital 
learning in education is increasing the demand for learning environments with 
quality 4.0, as it represents a new trend in quality management. In the ever-evolving  
landscape of education, the profound impact of Quality 4.0, digital learning, AI, 
and digital transformation is evident. The findings also underscore a paradigm 
shift in how education is conceived, delivered, and experienced. Implementing 
Quality 4.0 principles signifies a commitment to data-driven decision-making, 
continuous improvement, and technological integration as fundamental pillars in 
pursuing educational excellence. Concurrently, the increasing demand for digital 
learning emphasizes the urgency of aligning educational practices with technology- 
enhanced modalities. In parallel, the intersection of AI and digital transformation 
heralds a transformative future, providing personalized and adaptive learning, 
data-informed decision-making, and improved administrative efficiency. However, 
as highlighted in the findings section, these advancements do not come without 
challenges, including the necessity of faculty development, the establishment of 
a robust technological infrastructure, and ethical considerations in AI implemen-
tation. While challenges and ethical dilemmas are evident, the collective findings 
have immense potential to reshape education, fostering adaptability, accessibil-
ity, and improved learning outcomes in the digital age. The convergence of these 
research inquiries reveals the intricate interplay of technology, quality, and peda-
gogy, propelling education into a dynamic era of innovation and adaptability. This 
leaves us with a compelling mandate for future research and development in the 
educational landscape.
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