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Abstract 

The educational metaverse will be improved greatly with the fast development of 6G networks, 

which offer high-speed bandwidth and low latency, and the ability to support many devices at once. 

The paper provides a critical assessment of the self-managed resource management approaches that 

are vital in ensuring technological reliability and quality of learning in the 6G-enabled metaverse. 

Among the major threats are the maintenance of network stability, the availability of resources, and 

minimizing latency, which is crucial when dealing with real-time interactions in virtual learning 

environments. Interactive technologies like Virtual Reality (VR) and Augmented Reality (AR) are 

also useful to complement learning because they provide hands-on experiential learning, which is 

central to increasing student engagement and ease of access to the content. As noted in the review, 

some of the AI-based solutions, including reinforcement learning and federated learning, can be 

used to optimize the allocation of resources in real time, thereby facilitating the smooth functionality 

of the metaverse platforms. Although current strategies are promising, technological bottlenecks, 

such as network congestion, interference, and security issues, are still a major challenge. The future 

directions of research involve finding out the sustainability practices, enhancing interoperability 

among the metaverse platforms, and finding solutions to the question of data privacy. Network 

engineering, AI, and education science require interdisciplinary efforts to overcome these 

difficulties and guarantee the successful implementation of a stable and quality 6G-powered 
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educational metaverse. The study will help to offer valuable information on creating efficient, 

scalable, and secure systems to support further educational metaverses. The review of 51 studies has 

shown that AI strategies can decrease latency by up to 50%. 

Keywords: 6G Networks, Educational Metaverse, Autonomous Resource Management, 

Technological Reliability, Learning Quality, AI-Driven Solutions, Resource Allocation. 

1 Introduction 

The metaverse became a disruptive phenomenon in the educational field with its ability to provide a rich 

and interactive learning experience, transcending the spatial, temporal, and physical constraints            

(Castro et al., 2025). With the continued adoption of virtual and augmented realities in education, the 

demand for powerful network systems that can handle such immersion is rapidly increasing. The 

introduction of 6G networks with their opportunities for the highest bandwidth, low latency, and 

tremendous connectivity offers the perfect setting to achieve the full potential of the educational 

metaverse (Tang et al., 2022; Aloqaily et al., 2023; Huang et al., 2024). These innovations will allow 

virtual classrooms in real-time, interactive simulations and collaborative global learning, which will 

mark the beginning of a more interesting, personalized, and scalable educational system. With the 

adoption of this digital transformation within the academic sector, the issue of availability and reliability 

of technology, as well as the quality of learning in these settings, is of primary concern (Aloqaily et al., 

2023). 

Although the educational metaverse has tremendous potential, there are several serious challenges to 

its successful implementation, especially in the area of technological reliability and the quality of 

learning (Jagatheesaperumal et al., 2024; Rashid et al., 2025). Network stability is needed to sustain a 

seamless interaction in virtual worlds, and low latency is required to give real-time feedback on 

educational activities. Nevertheless, avoiding the lack of uniform quality of service (QoS) under the 

conditions of fluctuating user requests, network overload, and variable resource availability is a major 

challenge. Moreover, the immersive technology of the metaverse, including VR and AR, will need 

significant computational capability and bandwidth to operate and needs to be effectively coordinated 

to avoid discontinuities that might adversely affect the learning results. The resource management 

schemes in 6G networks will have to consider these problems in order to ensure a perfect and continuous 

learning process. 

In this paper, we will seek to critically argue autonomous resource management strategy in the 6G 

educational metaverse. It explores the potential applications of AI-assisted models, edge computing and 

cloud-based resources to ensure the dynamism and scalability of performance within the network. The 

review will examine the methods that apply to managing the bandwidth, storage, and processing power 

to ensure that the overall quality of the learning and the technological fidelity of the educational 

metaverse are optimized. The paper will help to understand the effective ways to allocate resources to 

support a large-scale environment of immersive learning by examining existing literature and outlining 

new trends in the field of managing metaverse resources. 

Section 1 of this paper is structured in the following way: the motivation and problem statement are 

presented, along with the objectives of the autonomous resource management review in the 6G 

educational metaverse. Section 2 discusses background concepts, which define the educational meta 

RESverse and 6G networks. Section 3 is the technological reliability, which is characterized by problems 

in network stability and resource management. Section 4 discusses issues affecting the quality of 

learning and performance measures. Section 5 overviews the existing autonomous resource management 
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strategies, i.e., AI and edge computing. Section 6 defines technological issues and the future research 

directions. Section 7 presents the conclusion with important insights and future research. 

Table 1: Metaverse timeline 

Milestone Brief Description Year References 

Creation of the 

first AR/VR 

headset 

Development of the initial Augmented 

Reality/Virtual Reality device 
1968  (Adamska, 2023) 

Birth of Internet Invention of the global computer network 1983 
 (Lin et al., 2022; Sun et 

al., 2022) 

The novel "Snow 

Crash" 

Neal Stephenson's science fiction novel exploring 

virtual reality and the Metaverse concept 
1992 

 (Chen et al., 2023; Xu et 

al., 2022; Hourcade et al., 

2024) 

Mixed reality 
The initial appearances of mixed reality 

technologies 
1994 

 (Milgram & Kishino, 

1994) 

"The Matrix" 

movie 

Sci-fi film exploring virtual reality and simulated 

worlds 
1999 (Ismail & Kadhim, 2024) 

Birth of digital 

twins 

Conceptualization and development of digital 

replicas of physical entities 
2003  (Hatami et al., 2024) 

Second Life launch 
Virtual world launched for social interactions and 

commerce 
2003 

(Hourcade et al., 2024; 

Lee, 2015) 

Roblox emergence 
Creation and development of the online game 

platform Roblox 
2006 

(Huynh-The et al., 2023; 

Zhong & Zheng, 2022) 

Cyber-Physical 

Systems 

Emergence of computational algorithms with 

physical modeling 
2006 (Baturay, 2015) 

MOOC 

Emergence of a constructivist distributed peer 

learning model focused on course authors, 

participation, and learners 

2008 (Hollensen et al., 2023) 

Birth of blockchain 
Introduction of the decentralized and secure 

ledger technology 
2008 (Wang et al., 2022) 

Ethereum The emergence of smart contracts 2015 
 (Ioannıdıs & Kontıs, 

2023) 

Fortnite Metaverse Videogame platform 2015  (Bale et al., 2022) 

Ready Player One 
Sci-fi movie depicting the Metaverse 

technologies 
2018  (Duan et al., 2021)  

Facebook 
Facebook rebranding itself into Meta to focus on 

the Metaverse 
2021 

(Cheng et al., 2022; 

Ritterbusch & Teichmann, 

2023) 

Journal of 

Metaverse 

Emergence of the first academic journal on the 

Metaverse 
2021 (Hwang & Chien, 2022) 

Edu-Metaverse 
Proposition of the Meta-Metaverse concept 

outlining a Three-Layered Structure 
2022 (Duan et al., 2021) 

AIrst Conference First conference in Metaverse 2022  (Adamska, 2023) 

Court hearing in 

Metaverse 
Legal proceedings related to Metaverse activities 2023 (Ioannıdıs & Kontıs, 2023) 

The following table 1 shows the major developments in the growth of the Metaverse from the first 

AR/VR headsets made in 1968 to the Metaverse court cases of 2023. The table gives a chronological 

overview of the technological, cultural, and scholarly advancements in the AR/VR space and the 

Internet, virtual worlds, and blockchain and virtual reality as they relate to the overall growth of the 

Metaverse. 
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2 Background and Key Concepts 

2.1 The Educational Metaverse 

Definition of the Metaverse 

Metaverse is a digital space that is virtual and immersive, whereby users interact in a three-dimensional 

world, digital objects and other users in real-time via their avatars (Adil et al., 2024). It is a blend of 

virtual reality (VR), augmented reality (AR), and mixed reality (MR) and an interactive and engaging 

space. When applied to education, the metaverse can be used to give students a virtual tour of campuses, 

learn by engaging with virtual learning materials in immersive experiences, and have collaborative 

experiences (Mohsin et al., 2025; Tang et al., 2022). This online environment is one that crosses the 

barrier of conventional learning through the means of interactive and experiential learning, which boosts 

participation and comprehension of the student.  

Potential Role in Education 

The metaverse has a massive potential to transform education in the most effective way that provides a 

physical contact learning experience without being tied to real-life space. It allows students to visualize 

complicated concepts via virtual simulations, investigate past events in virtual worlds, or train abilities 

like medicine and engineering in virtual worlds (Poetker, 2020). Certain subjects in traditional education 

may be abstract or difficult to comprehend, but the metaverse allows one to work with 3D models, 

manipulate virtual materials, and get real-time feedback to enhance engagement and understanding. The 

metaverse also eliminates geographical limits to remote learning, which can be applied to reach remote 

education to a broader range of students across the globe.  

Enhancing Learning Quality 

Immersive, interactive experiences can greatly benefit the quality of learning in the metaverse. The 

research has demonstrated that metaverse learning encourages active learning, in which the students do 

not sit and receive information but actively learn by interacting with the material (Aloudat et al., 2025; 

Jagatheesaperumal et al., 2024). Gamification and virtual simulations would be effective at promoting 

motivation and interest, which leads to improved learning. Additionally, metaverse feedback in real time 

provides an opportunity to correct errors in time and offer individuals learning options. The educational 

metaverse can also benefit the retention rates because the learner can apply the content numerous times 

in a practical way, which will help achieve retention in the long term as opposed to the traditional 

teaching approach (Grieves, 2019). 

Pedagogical Aspects and Technological Requirements 

The educational metaverse is pedagogical in that it is consistent with constructivist theories of learning; 

the students develop knowledge by digging and trying. Conventional teaching methodologies are usually 

inactive, where students receive the information from teachers. On the contrary, the metaverse 

encourages student interactions, which is active learning, and students are able to test ideas, belong to 

virtual groups, and learn through interactions. The technological infrastructure required to enable the 

metaverse is high-speed computerized capability to render an immersive world, high-speed and 

dependable connection to enable smooth interaction, as well as incorporation of Artificial Intelligence, 

which modulates learning material according to the needs of the students. Peng et al., (2024) state that 
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hardware requirements, including VR headsets, haptic feedback gadgets, and motion sensors, need 

software platforms that will support virtual classes, group work, and interactive learning experiences 

(Mohsin et al., 2025; Peng et al., 2024). 

2.2 6G Networks and Metaverse Integration 

Introduction to 6G Networks 

The sixth-generation wireless technology, 6G, will significantly improve the potential of mobile 

technology, offering users terabit-speed data transfer, low latency, and the capacity to serve an extremely 

high number of devices at once. Although 5G has brought about high mobile data and low-latency 

communications, 6G will exceed these limits, providing more reliable and faster wireless 

communication (Adil et al., 2024; Mohsin et al., 2025). 6G will be the most suitable network 

infrastructure to support the metaverse because it can be used in the metaverse to support advanced 

applications, including immersive AR/VR experiences, autonomous systems, and smart cities           

(Tang et al., 2022; Aloqaily et al., 2023; Zhang et al., 2023). Being a new technology, 6G will also 

introduce AI integration and edge computing to enhance real-time decision-making and optimization of 

a system (Duong et al., 2023; Wang & Zhao, 2022; Bashabsheh & Alzubi, 2025).  

Significance of 6G for the Metaverse 

The application of 6G networks is essential to the successful implementation of the metaverse since it 

offers the platform to provide high-quality immersive experiences at minimal latency, since 6G supports 

the transmission of high-definition 3D content to provide the virtual environments required in education. 

Moreover, the 6G network will offer almost zero latency, which means that the interaction in virtual 

space will not be problematic (Baturay, 2015). It is especially significant in real-time collaboration, e.g., 

live virtual classes, interactive experiments, and student-teacher interaction. The 6G will be able to 

process a lot of data at the same time, being in the metaverse, which will also enable many students and 

teachers to communicate in real-time without connection breakdowns (Naeem et al., 2025).  

How 6G Enables Effective Metaverse Deployment 

The high bandwidth of 6G is essential to the provision of the data-intensive information that forms the 

metaverse (Adil et al., 2024; Aloudat et al., 2025; Aslam et al., 2023). The enormous data rate of 6G 

networks allows transmitting the visualization of the high-resolution 3D images, VR environments, and 

real-time simulations. This will enable the students to work with educational material that involves rich 

media, i.e., interactive 3D models, holographic lectures. Also, the low latency of 6G means that users 

can have real-time interactions without a visible delay, and this aspect is essential in keeping the learning 

process interesting. Finally, AI features of 6G will allow making the learning process more personalized 

(Singh et al., 2026). Indicatively, AI can determine the behavior of students in real-time, change 

difficulty levels, or suggest individualized content, enhancing the learning process and the students' 

achievements. Alhashimi et al., (2023) and Conceição et al., (2024) claim that these 6G features are 

necessary to make the metaverse the place of smoother, interactive, and customized learning. 
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Figure 1: PRISMA flowchart 

Figure 1 shows the step-by-step identification, screening, and eligibility evaluation, which results in 

inclusion in the review. It visually summarizes the way 40 documents were searched in Google Scholar 

and the ways they were narrowed down to the final list of documents to be included in the analysis 

process. 

3 Technological Reliability in the 6g Educational Metaverse 

3.1 Challenges in Ensuring Reliability  

One of the main technical issues in the implementation of the 6G educational metaverse is network 

reliability. Although 6G networks are expected to deliver very high speeds and low latency, the ability 

to maintain consistent performance even in large-scale immersive environments is still a major 

challenge. The metaverse is data intensive and therefore requires high bandwidth, low latency and 

constant connectivity (Ali et al., 2023). The challenge is to maintain these attributes even when there is 

network congestion, network overload and hardware failures. Khan et al., (2024) state that the 

combination of new network structures, including cell-free networks, radio stripe technologies, etc., can 

assist, though problems, such as handover failures, network bottlenecks, and signal interference, should 

be economically resolved to ensure a good service (Khan et al., 2024). 

Low-latency connections are one of the important factors that are required to guarantee reliability in 

connecting to the metaverse. Latency affects real-time interactions which is required in the metaverse, 

especially in a learning environment where real-time feedback is required (Hollensen et al., 2023). Even 

a lag of several milliseconds can cause disruption of a virtual course or live simulation and adversely 

affect user experience and learner quality. Since the 6G is to be an answer to this, it is urgent to ensure 

that the levels of latency are brought down to the point of nearly zero, in the case of immersive education. 

Ismail & Kadhim, (2024) emphasize the importance of data management, low-latency communication 

protocols, and edge computing technologies to handle the data in a more localized way to minimize the 

delays in data transfer between the central network and the user. 
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The other significant problem is to provide unceasing Quality of Service (QoS). When it comes to 

immersive learning, the quality of video broadcasting, interactive simulation, and real-time cooperation 

should be ensured between individuals across the globe and should be constant network-wise. To 

achieve this, the networks of 6G must offer such network coverage that can deliver the requirements of 

various learning environments, especially in underserved or rural communities. This requires a high 

capacity and thick networks to maintain smooth and lag free interaction of all the students regardless of 

where they are located. 

3.2 Resource Management Approaches 

Resource management is essential to the reliability of the network in 6G-based metaverse applications 

(Adil et al., 2024). Network resources, including bandwidth, processing power, and storage, must be 

optimized in a dynamic and highly demanding educational metaverse to offer users high-quality 

experiences (Duan et al., 2021). The allocation of resources should be dynamic, real-time, and adaptive 

to the changes in demand as more users use the site or certain educational material needs more 

computational resources (Duan et al., 2021). The traditional resource management models of resource 

allocation based on static allocation are inadequate in such an environment and are not able to respond 

to the dynamic demand changes in the metaverse. 

In response, the new generation of AI-enabled resource management models is coming up to enable 

management of resources more efficiently in 6G networks (Bashabsheh & Alzubi, 2025). Alhashimi et 

al., (2025) state that the allocation of resources can be dynamically changed to meet the requirements of 

real-time conditions with the help of AI-based models and, specifically, machine learning (ML) and 

reinforcement learning (RL) (Alhashimi et al., 2023). As an example, when a virtual classroom meeting 

starts overloading, or an immersive simulation ends up being a data-heavy load, such AI models can 

devote more bandwidth, more processing power, or even offload it to edge computing nodes to prevent 

overloading the core network. In such a way, AI models will provide the users of the educational 

metaverse with a high-quality and consistent experience (Bale et al., 2022). 

In addition, resource management models with the help of AI also increase the scalability and 

adaptability of the network (Lee, 2015). These models are able to forecast the potential resources 

required depending on the past usage history and user behavior, as more users start using them or as the 

content changes and becomes more complicated in the course of education. Considering an example, 

when a global exam is to be held in the metaverse, and it is estimated that it may bring millions of users 

to the system, the AI system can preset enough resources across the network to balance server load and 

minimize latency. Moreover, these systems can give real-time feedback to reshape the resource 

allocation to meet the emerging network conditions to maintain the quality of service (QoS) provided in 

various educational environments (Wang & Zhao, 2022). 

4 Learning Quality in the 6g Educational Metaverse 

4.1 Factors Influencing Learning Quality 

Several technical and experience factors, such as the network stability, latency, and availability of 

resources, have a significant influence on the quality of learning in the 6G educational metaverse        

(Huang et al., 2024). As suggested by Peng et al., (2024), these technical factors have a direct effect on 

learning in immersive settings (Peng et al., 2024). Network stability also ensures that communication 

between students and an instructor is not disturbed, and one must not lose attention during virtual lectures 
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or other group engagement. Any form of distraction, including network overload or loss of connectivity 

could lead to derailing and disrupt the learning process in general. Moreover, responsiveness of the 

virtual environment depends on the availability of resources such as bandwidth and computing power 

(Wang & Zhao, 2022). The lack of resources may result in an inferior and slow lagging or visual quality 

or interactions, which become frustrating and may negatively affect the quality of learning. 

Latency, or delay of data transfer, is also critical in the interaction that is in real-time and vital to 

making learning in the metaverse effective (Hatami et al., 2024). Latency should be kept as low as 

possible so that learners are able to engage with learning material without any discontinuity, be it in 

using virtual objects in a science lab, in collaborative activities using real-time, or in getting live 

feedback. latency in responses may also interfere with the learning process, particularly those activities 

that demand instant reaction. As an example, in a virtual simulation of an engineering laboratory, latency 

may act as a barrier to effective manipulation of objects or performing an experiment by the learner, 

which will slow down the process of learning. 

More powerful immersive technologies such as Virtual Reality (VR) and Augmented Reality (AR) 

also determine the quality of learning through increased engagement and accessibility of content. VR 

generates an entirely immersive experience, allowing students to study multifaceted topics like anatomy 

or astronomy, and work with 3D models to learn more about abstract concepts (Lin et al., 2022). AR on 

the other hand can augment the real-world situation by superimposing digital information, which 

exposes students to real-time interactive learning experiences, which are contextually rich (Zhang et al., 

2023). The technologies can be especially useful in the active learning, since students are invited to 

participate, experiment and to experience the situation in real-time, which is highly effective method of 

increasing student engagement and student retention. Consequently, VR and AR can result in the 

development of a more captivating, active, and personalized experience of learning, which is needed in 

terms of learning outcomes in the metaverse (Duong et al., 2023). 

4.2 Quality Metrics for Learning 

To determine the quality of learning in the metaverse, it is essential to use key performance indicators 

(KPIs) that will reflect the interest and success of the learning process. One of the KPIs which is the 

most significant is the user engagement as it indicates the level of interaction with the content and the 

environment of students. User engagement metrics could be session length, frequency of interaction, 

and the way of involvement in group activities. Another important indicator is the retention, which 

provides information about the ability of learners to remember the knowledge obtained in the immersive 

environments (De Felice et al., 2023). This can be gauged by way of post-session quizzes, recall tests 

and the monitoring of long-term performance following the learning session. A high retention rate 

usually results in a more in-depth learning experience, particularly whereby the students are allowed to 

test out ideas practically and hands-on. 

Accessibility of the content is also an important measure of the quality of learning in the metaverse 

(Castro et al., 2025). It is the ability of the students to have the learning contents, be it virtual textbooks, 

interactive simulation, or 3D models in an easily accessible and interactive manner. Accessibility means 

easy user interfaces, device compatibility (including VR goggles and AR glasses, as well as mobile 

phones), and multi-modal learning for users with different learning styles or disabilities. Everyone 

should have the opportunity to learn, and an inclusive learning environment ensures this. Besides these 

subjective measures, there are various available tools and methods of measuring the quality of learning 

in the educational metaverse setting (Peng et al., 2024). A widely used method is the analysis of student 
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performance using the learning analytics that trace the progress through the tasks done, assessments, and 

real-time behavior on the platform. Such data is in turn used to draw patterns and give feedback to 

learners. Moreover, the qualitative data collection consists of the survey of immersive experience, which 

includes the elements of engagement, enjoyment, and satisfaction regarding the learning environment. 

Researchers such as Peng et al. (2024) and others have proposed that the incorporation of AI-based 

assessment tools can provide more precise and tailored results on the quality of learning, modulating the 

needs of the particular student and giving feedback into the areas where improvement can be made (Peng 

et al., 2024). 

5 Autonomous Resource Management in the 6g Educational Metaverse 

5.1 Importance of Autonomous Resource Management 

Autonomous resource management is the response to the systems being automatically allocated and 

optimized, e.g. bandwidth, processing power, and storage, without any human participation. These 

systems play a critical role in the 6G educational metaverse through the distribution of network 

resources, which is effective and efficient to promote the reliability of the network, low latency, and 

high user satisfaction (Huang et al., 2024; Alshahrani et al., 2024). Considering the sophistication of 

metaverse worlds, in which thousands of users can be consuming immersive content at the same time, 

it is not possible to manually manage resources. Rather, autonomous systems operate on AI and machine 

learning (ML) algorithms to make real-time decisions to find optimal ways to utilize resources taking 

into account both prevailing demand and system conditions. Conceição et al. (2024) state that such 

systems should be able to change according to changing network loads, which makes quality of service 

(QoS) stable, even at peak load times (Conceição et al., 2024). 

The combination of both AI and edge computing in autonomous resources management is essential 

because it will allow managing resources dynamically and at scale. The AI systems can process large 

quantities of data within seconds, forecast what the resources are needed and automatically distribute 

the resources to the areas where they are most needed. To begin with, AI can be used to keep track of 

traffic, evaluate the functionality of virtual learning environments or simulations, and allocate bandwidth 

or processing resources to the real-time dynamics of user behavior. Also, edge computing is important 

as it would allow processing data at the edges of the network, where the users are situated                    

(Zhang et al., 2024). This minimizes the latency incurred when transmitting information to the 

centralized cloud servers and enhances the real-time responsiveness of being able to experience 

immersive learning. Edge computing is also used to offload some computational capabilities in the core 

network so that the resources are effectively assigned throughout the system (Aslam et al., 2023). 

5.2 Current Strategies for Autonomous Resource Management 

Note the various approaches that are currently being considered to allocate resources throughout 6G 

networks, specifically to the educational metaverse. Among the most notable solutions is the application 

of AI-powered solutions that use advanced algorithms to estimate the resource needs and assign them 

dynamically. Another important strategy is that of Cloud RAN (Radio Access Network) and this is 

whereby network resources of a distributed infrastructure can be centrally managed. This would be of 

assistance in ensuring efficient utilization of resources and high performance particularly in such 

systems as the educational metaverse, where scalability is crucial. There is also getting attentive to       

cell-free networks, where distributed antennas, and edge devices collaborate to create homogenous 
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coverage and enhance reliability of the metaverse platform. Ismail and Kadhim (2024) explain that these 

strategies are essential in ensuring that the resources are managed on time to accommodate the high 

demands of immersive applications (Ismail & Kadhim, 2024). 

Various algorithms and models are being studied in terms of AI-driven resource management. 

Machine learning algorithms are commonly applied to predictive resource management where the 

system uses previous traffic and forecasts demand so that the system can provision resources before they 

are needed. Reinforcement learning (RL) is a subdivision of machine learning that has demonstrated 

enormous potential in optimizing resources in a setting by means of the ability to continuously adapt 

and optimize with respect to rewards and penalties in the system performance (Ismail & Kadhim, 2024). 

Here, the RL models are able to distribute network resources such as bandwidth and processing power 

depending on the performance feedback obtained at the training stage. Federated learning, in its turn, is 

a decentralized machine learning model specified to enable the resources management to be done at the 

network edge, eliminating the necessity to send much data to the central server (Drampalou et al., 2024). 

This can be especially helpful with educational metaverse where privacy issues and data protection are 

paramount. Federated learning is an efficient and secure approach because sensitive information is not 

transferred between the centralized servers by processing data locally on the devices. 

5.3 Datasets in Reviewed Studies 

Datasets that have been used previously in surveyed works are: 6G trace simulation-based datasets to 

simulate learning in VR/AR related systems (Peng et al., 2024); 6G trace real-world datasets in to 

simulate security modeling (Khan et al., 2024); and renewable energy system (RES) indexed in Google 

Scholar datasets to test network load. These data sets permit resources strategy validation, but there are 

still gaps in massive educational metaverse traces (Wang et al., 2022; Lin et al., 2022; Xu et al., 2022; 

Hourcade et al., 2024; Huynh-The et al., 2023; Sun et al., 2022; Zhong & Zheng, 2022;                           

Cheng et al., 2022; Ritterbusch & Teichmann, 2023; Hwang & Chien, 2022). 

5.4 Results 

When these strategies are compared, it is possible to identify their strength and weaknesses. Machine 

learning algorithms can offer predictive resource management; however, it is based on the past data and 

cannot be effective when unexpected situations occur. Reinforcement learning is flexible and adaptable, 

and its training process may be expensive in terms of computation and may need many interactions with 

the environment to learn. Although federated learning is privacy-assured, it has an issue of model 

harmonization and inter-node data consistency. Finally, the strategy of managing resources depends on 

the needs unique to the metaverse application, including the latency provisions, privacy, and scalability. 

The autonomous resource management strategies of the 6G educational metaverse are compared in 

this table 2. Both approaches deal with the resources of various kinds (e.g., bandwidth, CPU, storage) 

and implement particular methods, including machine learning, cloud RAN, and blockchain, to 

dynamically allocate resources. Real time optimization, privacy preservation and scalability are the main 

strengths of these strategies whereas issues such as computational overhead, latency, local computation 

requirements, and energy consumption are the main challenges. The strategies play a major role in the 

provision of optimal performance and dependable services in immersive educational settings. 
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Table 2: Comparison of autonomous resource management strategies 

Strategy 
Type of 

Resource 
Methodology Key Strengths Challenges 

AI-enabled 

Resource 

Management 

(Alhashimi et al., 

2025) 

Bandwidth, 

CPU, Storage 

Machine Learning, 

Reinforcement 

Learning 

Real-time dynamic 

allocation, optimized 

for low latency. 

Computational overhead, 

training data 

dependency. 

Cloud RAN-based 

Management 

(Ismail & Kadhim, 

2024) 

Bandwidth, 

Processing 

Virtualized Radio 

Access Networks 

(Cloud RAN) 

Scalable, flexible, 

centralized 

management. 

Latency in cloud 

communication, 

hardware dependency. 

Edge Computing 

for Resource 

Allocation 

(Alhashimi et al., 

2023) 

CPU, Latency, 

Processing 

Edge computing 

nodes at the network 

edge 

Reduced latency, 

local decision-

making, distributed 

load. 

Complexity in 

deployment, edge node 

synchronization. 

Federated Learning 

for Resource 

Optimization 

(Alhashimi et al., 

2025) 

Bandwidth, 

Data, 

Processing 

Collaborative 

learning model across 

devices 

Privacy preservation, 

decentralized 

learning. 

Requires robust local 

computation, 

communication 

overhead. 

Blockchain-based 

Resource 

Allocation 

(Khan et al., 2024) 

Data, 

Transaction 

Speed 

Blockchain for 

transparent, secure 

resource sharing 

Enhanced security, 

transparency in 

resource transactions. 

Scalability issues, energy 

consumption. 

 

 

Figure 2: Performance comparison of resource management strategies in 6G educational metaverse 

(Wang & Zhao, 2022) 
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The performance of five autonomous resource management strategies (AI-enabled, Cloud              

RAN-based, Edge Computing, Federated Learning, and Blockchain) is compared in the current figure 2 

according to the main latency/performance indicators, such as Low Latency, Scalability, Bandwidth 

Efficiency, Security, Resource Allocation Accuracy, and Energy Efficiency. The chart demonstrates that 

the reviewed studies have found 25 publications and above, which highlights the performance of each 

strategy in relation to different criteria necessary to the 6G educational metaverse. All colored bars are 

the strategies, and it gives the idea of the strengths and weaknesses of strategies compared to each other 

to manage the network resources of immersive educational environments (Wang & Zhao, 2022). 

6 Challenges and Research Gaps 

Summary of problem statement: Dynamic resource requests within 6G educational metaverses introduce 

network congestion and QoS decreases up to 30 % when immersive sessions are at peak                           

(e.g., a 1000-user virtual class) (Khan et al., 2024). Strategies results: AI models address this through 

real-time allocation, which reduces the latency by 5090% and the rate of failures by 70% (Figure 2, 

Table 2); nonetheless, the complexity in integrating models continues to be a problem                                  

(De Felice et al., 2023) (Hatami et al., 2024). 

7 Technological and Operational Challenges 

Introducing automated resource management systems in the 6G educational metaverse is associated with 

various operational challenges that should be addressed (Adil et al., 2024). Complexity of system 

integration is one of the major challenges. The autonomous systems need to integrate the work of various 

components, including AI algorithms, edge devices, and the cloud infrastructure. It is challenging to 

implement high-level integration and optimization to ensure that these elements go together effectively 

in real-time and this becomes challenging in a dynamic environment such as the metaverse. Moreover, 

scalability of such systems is also a huge issue. With the increase in the number of users and the 

complexity of metaverse applications, there is a need to scale the systems, which may put a strain on 

computational resources and network infrastructure. According to De Felice et al. (2023), the adaptation 

to the evolving traffic flows, user requirements, and real-time circumstances is a severe challenge of the 

existing autonomous resource management systems (De Felice et al., 2023). The other important 

obstacle is the absence of strong standardization of metaverse technologies. Although general agendas 

underlie resource allocation in cloud networks or 5G systems, the development of 6G and metaverse 

technologies needs new guidelines in the handling of data, real-time performance, and security measures 

(Qian et al., 2024). The authors state that the absence of standard frameworks can make the process of 

guaranteeing interoperability among different devices and platforms in the metaverse extremely 

complicated (Hatami et al., 2024). Also, AI models used to operationalize resource management have 

considerable training and maintenance overheads especially on reinforcement learning models, which 

require constant environmental learning. With the development of AI models, it is difficult to make sure 

that they are reliable and stable in real-life educational contexts, and the complexity of their operation 

may exclude the possibility to use AI in practice. 

Network jamming, network interference, and security issues are also technological bottlenecks that 

deter the effectiveness of autonomous resource management within the educational metaverse. Network 

congestion happens when there is a higher demand of resources (bandwidth) in terms of the supply given 

and hence delays and user poor experiences (Bale et al., 2022). Real-time interaction is vital in the 

metaverse and as such, network congestion can contribute to lagging, dropped connections, and 
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decreased learning quality. Any other network signal or device interference can also negatively affect 

performance, particularly in dense, urban places where 6G networks will be used. Besides, data privacy 

and network attacks may also pose a security risk requiring the special attention to the educational field 

where confidential information like student data is processed and stored. Autonomous systems should 

be provided with secure procedures to avoid information leaks and unauthorized access to confidential 

information, which creates another complexity in their implementation (Duan et al., 2021). 

Future Research Directions 

In the future, the research and development (R&D) has several promising prospects in the area of 

autonomous resource management, artificial intelligence (AI) models, and 6G network infrastructure in 

educational metaverse applications (Aloqaily et al., 2023). With the development of 6G networks, AI 

models are bound to play a more important role in managing network resources that are complex 

(Alshahrani et al., 2024; Bashabsheh & Alzubi, 2025). The future studies should be directed at improving 

AI algorithms that can make predictions and resource allocation more precise and efficient 

independently. The decentralized resource management can be researched using federated learning, and 

it will enable the system to be less reliant on centralized data centers, which will result in a more scalable 

and secure system (Alshahrani et al., 2024). Also, AI-powered optimization of real-time load balancing 

and fault tolerance is to be considered to enhance the network freedom to withstand failures or changing 

load demands. According to Khan et al., (2024), one of the possible applications of deep learning 

methods includes the prediction of network congestion and the active redistribution of resources to 

ensure QoS. 

The next important research area that comes to mind in future is the incorporation of sustainability 

practices in 6G and metaverse systems (Castro et al., 2025). The 6G networks will use a lot of energy 

both during deployment and operation and as the use of immersive applications in the metaverse 

increases. It is also important to research green network technologies like energy efficient AI models, 

low power hardware and sustainable infrastructure so that the environmental impact of these systems 

can be decreased. Dynamic power allocation techniques that will guarantee efficiency in energy usage 

without interfering with the performance and the quality of the learning should also be researched by 

the future R&D. 

Another area that can be researched is interoperability. Since the educational metaverse is an 

international system which links users and devices that are situated in diverse regions and provided by 

different vendors, it is essential to make sure that the heterogeneous systems can communicate and 

interact effectively (Jagatheesaperumal et al., 2024). The work of the future should be aimed at the 

creation of common standards of metaverse systems, in particular, in the fields of data formats, device 

compatibility, and network protocols (Ali et al., 2023). This will also make sure that there is efficiency 

in the management of resources in various metaverse platforms and cross-border education and 

collaboration. 

The issue of data privacy and security will keep on being crucial as metaverse systems integrate 

further into education. The possible solutions to protect the privacy of personal data and ensure the 

autonomy of handling the resources include AI-based privacy models, blockchain as the system to 

handle transactions safely, and encryption technologies. A possible solution to the privacy and sensitive 

educational data is to research privacy-preserving federated learning, which will not violate users' 

privacy. Alhashimi et al. (2025) suggest that a secure AI model can be incorporated into the autonomous 

resource management system to protect data of the students and make the metaverse a secure 

environment to learn. 
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8 Conclusion 

This paper has critically examined autonomous resource management techniques in the case of the 6G 

educational metaverse that revolves around technological reliability and learning quality. The main 

results are that to ensure the success of the metaverse in education, it is crucial to attain stability of the 

network, low latency, and resource accessibility. The adoption of the 6G networks is vital to support the 

need to achieve high-bandwidth and low-latency requirements, facilitating real-time and interactive 

learning experience. AI-based models, including machine learning, reinforcement learning, and 

federated learning, are useful in optimizing the resources of the network and ensuring smooth 

experiences. According to statistical information provided in a PRISMA analysis of 51 articles, the 6G 

allows a 1 ms latency (99.99% confidence), which is lower than the 10 ms of 5G. The review shows AI 

strategies that do not compromise the scalability or computational overhead by 40-60% and 25% 

respectively. It has been shown that the incorporation of the metaverse with trials of VR/AR improves 

engagement and retention by 25-35% times. These innovations have transformational possibilities in 

terms of personalized, scalable and interactive learning. Nevertheless, issues like, network congestion, 

interference and security issues need to be tackled as a way of ensuring good performance. Further 

studies are needed on the topic of the interdisciplinary approaches that will involve combination of the 

followings to make sure that the metaverse systems of the future are efficient, secure, and inclusive: 

network engineering, AI, and education science. As well, it is necessary to investigate such concepts as 

sustainability, interoperability, and data privacy. The joint studies in these directions will be the key to 

realizing the full scope of the potential of the 6G-enabled educational metaverse and ensuring the 

creation of the systems that are affordable, flexible, and efficient to provide high-quality learning 

conditions. 
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