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ABSTRACT

The metaverse, as an integrated product of multiple digital technologies such as virtual reality (VR), augmented
reality (AR), blockchain, and artificial intelligence (Al), is profoundly reshaping the form and connotation of future
learning. This study focuses on the construction of a metaverse technology-enabled future learning ecosystem,
explores its core components and construction paths, analyzes the practical dilemmas in the application process,
and proposes targeted optimization strategies. Based on a systematic review of relevant literature and in-depth
analysis of typical cases, the research identifies four core components of the metaverse-enabled learning ecosy-
stem: immersive learning environments, intelligent interactive interfaces, distributed learning resources, and col-
laborative learning communities. It also summarizes three main construction paths: technology integration-driven,
scenario-oriented design, and user demand-oriented iteration. However, the practical promotion of this ecosystem
faces dilemmas such as technical accessibility gaps, high development and operation costs, inadequate teacher di-
gital literacy, and ethical and regulatory risks. To address these issues, the study proposes optimization strategies
including strengthening technical research and popularization, establishing multi-party collaborative investment
mechanisms, improving teacher training systems, and improving ethical norms and regulatory frameworks. This
research enriches the theoretical system of future learning and provides practical guidance for the integration of
metaverse technology and digital education.

Keywords: Metaverse; Future learning; Learning ecosystem; Immersive learning; Educational technology; Digital
literacy

1. Introduction

The wave of global digital transformation has pushed education into a new era of intelligence and
diversification, and the exploration of future learning forms has become a core topic in the field of digital
education (Schmidt et al., 2023). The metaverse, with its characteristics of immersion, interaction,
collaboration, and persistence, breaks through the limitations of time and space in traditional learning and
provides a new carrier for the innovation of future learning models (Wang et al., 2024). Different from the
traditional digital learning environment, the metaverse constructs a highly simulated virtual-real fusion
space, which can realize multi-dimensional interactions between learners, teachers, and learning resources,
and stimulate learners’ initiative and creativity in learning (Garcia et al., 2023). As a result, metaverse
technology has attracted widespread attention from educational institutions, governments, and technology
enterprises around the world, and has become an important direction for the development of digital

education.
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In recent years, many countries have incorporated metaverse in education into their national digital
education strategies. For example, South Korea has launched the ,Metaverse Education Promotion Plan“
to build 100 metaverse-based smart schools by 2025; the Chinese government has included ,metaverse
+ education” in the key development areas of digital education, encouraging the exploration of immersive
learning scenarios; the European Union's ,Digital Education Action Plan (2021-2027)“ emphasizes the role
of virtual reality and augmented reality technologies in building future learning environments (European
Commission, 2024). With the strong support of policies, metaverse technology has been initially applied in
various educational scenarios, such as higher education experimental teaching, vocational skill training, and
cultural heritage education (Kumar et al,, 2023). For example, some medical colleges in the United States
use metaverse technology to build virtual operating rooms, allowing students to conduct repeated surgical
simulations without the risk of real operations; some vocational schools in Germany use metaverse-based
training systems to train industrial workers‘ operational skills, improving training efficiency and safety
(Schmidt et al.,, 2024).

However, despite the broad application prospects, the construction of a metaverse-enabled future
learning ecosystem is still in the initial stage, and there are many practical problems to be solved. Existing
research on metaverse in education mainly focuses on the design of single immersive learning scenarios
(Li et al,, 2023), the development of metaverse educational products (Zhang et al., 2024), and the analysis
of technical feasibility (Chen et al.,, 2023). There is a lack of systematic research on the overall construction
framework of the metaverse-enabled learning ecosystem, and insufficient in-depth exploration of the
practical dilemmas and comprehensive optimization strategies in the construction process. In addition,
most existing studies ignore the differences in the application of metaverse technology in different
educational stages and disciplines, and the research results lack strong practical guidance (Wang et al.,
2025).

To fill these research gaps, this study aims to systematically explore the construction paths, practical
dilemmas, and optimization strategies of the metaverse technology-enabled future learning ecosystem.
The specific research questions are as follows: (1) What are the core components of the metaverse-enabled
future learning ecosystem? (2) What are the main construction paths of this ecosystem? (3) What practical
dilemmas are faced in the construction and operation of the ecosystem? (4) What targeted optimization
strategies can be adopted to promote the healthy development of the ecosystem? By addressing these
questions, this study intends to construct a comprehensive theoretical framework for the metaverse-
enabled future learning ecosystem, provide practical reference for educational practice, and promote the in-
depth integration of metaverse technology and digital education.

The structure of this paper is arranged as follows: Section 2 reviews the relevant literature on
metaverse and future learning, clarifying the theoretical basis and research status of the study. Section 3
explores the core components of the metaverse-enabled future learning ecosystem. Section 4 summarizes
the main construction paths of the ecosystem combined with typical cases. Section 5 analyzes the practical
dilemmas faced in the construction and operation process. Section 6 proposes targeted optimization
strategies. Section 7 discusses the research implications, limitations, and future research priorities. Finally,

Section 8 concludes the full paper.

2. Literature Review

This section reviews the relevant literature on metaverse technology, future learning, and the
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integration of the two, to clarify the theoretical basis, research status, and existing gaps of this study. The
literature review mainly focuses on academic papers, policy documents, and research reports published in
the past three years (2022-2025), ensuring the timeliness and relevance of the research.

2.1 Metaverse Technology: Connotation and Technical System

The concept of metaverse was first proposed by Neal Stephenson in his science fiction novel ,Snow
Crash” in 1992, referring to a virtual space parallel to the real world (Stephenson, 2022 reprint). With the
development of digital technologies such as VR, AR, blockchain, Al, and 5G, the connotation of metaverse
has been continuously enriched. At present, the academic community generally believes that metaverse is
a persistent, immersive, interactive, and collaborative virtual-real fusion space constructed by integrating
multiple digital technologies, which can realize the digital mapping and interactive experience of real-
world scenes (Schmidt et al., 2023). The technical system of metaverse mainly includes four core layers:
the infrastructure layer, the interactive interface layer, the application layer, and the governance layer. The
infrastructure layer includes 5G/6G communication networks, cloud computing, and big data storage,
providing basic technical support for the operation of metaverse; the interactive interface layer includes
VR/AR devices, motion capture devices, and voice interaction devices, realizing the interaction between
users and the virtual space; the application layer includes various virtual scenarios and services, such
as educational scenarios, entertainment scenarios, and social scenarios; the governance layer includes
technical standards, ethical norms, and legal regulations, ensuring the orderly operation of metaverse (Wang
etal, 2024).

In the field of education, metaverse technology has shown unique advantages. Compared with
traditional digital learning technologies, metaverse can create a highly immersive learning environment,
which helps to enhance learners’ sense of presence and participation, and improve learning motivation
(Garcia et al,, 2023). In addition, metaverse supports multi-user real-time collaborative interaction, which
can promote the development of learners’ collaborative learning ability and communication ability (Kumar
et al,, 2023). Existing research on metaverse educational technology mainly focuses on the development of
immersive learning devices, the design of virtual learning scenarios, and the application of Al in metaverse
education (Chen et al., 2023). Many studies have verified the positive effect of metaverse technology on

improving learning outcomes and optimizing learning experience (Li et al., 2023).

2.2 Future Learning: Connotation and Development Trends

Future learning is a new learning paradigm formed under the background of digital transformation,
which is different from traditional learning in terms of learning concepts, learning forms, and learning
objectives (European Commission, 2023). The core connotation of future learning includes personalized
learning, lifelong learning, collaborative learning, and immersive learning. Personalized learning
emphasizes tailoring learning content and methods to the individual needs and characteristics of learners;
lifelong learning advocates that learning runs through the entire life cycle of individuals, meeting the needs
of continuous learning and career development; collaborative learning emphasizes the interaction and
cooperation between learners, realizing the co-construction and sharing of knowledge; immersive learning
emphasizes creating a realistic learning environment to enhance the effect of knowledge acquisition (Wang
etal, 2025).

The development trends of future learning are mainly reflected in three aspects: first, the intelligence

of learning support, that is, using Al and big data technologies to provide personalized learning
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recommendations and intelligent tutoring for learners; second, the diversification of learning scenarios,
that is, breaking through the limitations of traditional classrooms and expanding learning scenarios to
virtual spaces, social platforms, and workplaces; third, the integration of learning and life, that is, realizing
the organic integration of learning activities and daily life and work, making learning more natural and
convenient (Schmidt et al., 2024). Existing research on future learning mainly focuses on the construction of
learning models, the design of learning resources, and the exploration of learning evaluation methods (Zhang
et al,, 2024). Many studies have pointed out that the integration of digital technologies such as metaverse is

an important driving force for the development of future learning (Garcia et al., 2023).

2.3 Integration of Metaverse and Future Learning: Research Status and Gaps

The integration of metaverse and future learning has become a hot topic in the field of digital education
in recent years. Metaverse technology provides a new carrier and technical support for the realization of
future learning concepts such as immersion, personalization, and collaboration (Kumar et al., 2023). Existing
research on the integration of metaverse and future learning mainly focuses on the following aspects: (1)
The design of metaverse-based immersive learning scenarios, such as virtual laboratories, virtual museums,
and virtual campuses (Li et al., 2023); (2) The development of metaverse educational products, such as VR-
based learning software, AR-based teaching aids, and metaverse learning platforms (Chen et al., 2023); (3)
The analysis of the impact of metaverse on learners‘ learning outcomes and learning experience, such as
improving learning motivation, enhancing knowledge retention, and cultivating practical skills (Wang et al.,
2024); (4) The exploration of technical feasibility and application strategies of metaverse in education, such
as the integration of VR/AR and Al technologies, and the construction of metaverse educational standards
(Schmidt et al., 2023).

Although existing research has made some progress, there are still obvious gaps: (1) Lack of systematic
research on the overall construction framework of the metaverse-enabled future learning ecosystem, and
most studies focus on a single scenario or a single product, lacking a holistic perspective; (2) Insufficient
in-depth analysis of the practical dilemmas in the integration of metaverse and future learning, such as
technical, economic, educational, and ethical dilemmas, and lack of comprehensive optimization strategies;
(3) Ignoring the differences in the application of metaverse technology in different educational stages
(such as primary and secondary education, higher education) and different disciplines (such as science,
humanities, and vocational education), resulting in the lack of targeted research results; (4) The evaluation
system of the metaverse-enabled learning ecosystem is not perfect, and there is a lack of scientific
evaluation indicators and methods to measure the effectiveness of the ecosystem (Zhang et al., 2024; Garcia
etal, 2024; Schmidt et al,, 2024).

This study aims to fill these gaps by systematically exploring the core components, construction
paths, practical dilemmas, and optimization strategies of the metaverse-enabled future learning ecosystem,
constructing a comprehensive theoretical framework, and providing practical guidance for educational

practice.

3. Core Components of the Metaverse-Enabled Future Learning Ecosystem

Based on the review of relevant literature and the analysis of metaverse technology characteristics and
future learning needs, this study identifies four core components of the metaverse-enabled future learning
ecosystem: immersive learning environments, intelligent interactive interfaces, distributed learning

resources, and collaborative learning communities. These four components are interrelated and mutually
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reinforcing, forming a complete organic system that covers the entire process of future learning.

3.1 Immersive Learning Environments

Immersive learning environments are the core carrier of the metaverse-enabled future learning
ecosystem, referring to virtual learning spaces constructed by integrating VR, AR, 3D modeling, and other
technologies to simulate real-world or fictional learning scenarios (Li et al., 2023). The core feature of
immersive learning environments is to create a strong sense of presence for learners, making them feel as if
they are in the real learning scene, thereby enhancing learning motivation and improving learning efficiency.

According to the degree of integration with the real world, immersive learning environments can be
divided into three types: fully virtual learning environments, augmented reality learning environments,
and mixed reality learning environments. Fully virtual learning environments are completely virtual spaces
that are not related to the real world, such as virtual ancient civilizations, virtual outer spaces, and virtual
laboratories. These environments are suitable for learning content that is difficult to present in the real
world, such as historical events, astronomical phenomena, and dangerous experiments (Chen et al.,, 2023).
Augmented reality learning environments overlay virtual learning content on the real world through AR
technology, such as displaying 3D models of biological structures on real textbooks, or displaying operating
guidelines on real equipment. These environments are suitable for auxiliary teaching in real scenarios,
such as vocational skill training and natural science observation (Wang et al., 2024). Mixed reality learning
environments integrate the advantages of fully virtual and augmented reality environments, allowing
learners to interact with both virtual and real objects, such as virtual teachers guiding learners to operate
real equipment in a virtual laboratory. These environments are suitable for complex practical teaching
scenarios that require the combination of virtual simulation and real operation (Schmidt et al., 2023).

Many practical cases have verified the effectiveness of immersive learning environments. For example,
Stanford University has built a metaverse-based virtual medical training environment, which simulates
various complex surgical scenarios, allowing medical students to conduct repeated surgical training. A
study conducted by Kumar et al. (2023) found that students using this virtual environment improved their
surgical skills by an average of 23% and reduced the error rate by 31% compared with students using
traditional training methods. Another example is the AR-based cultural heritage learning project launched
by the University of Barcelona, which overlays virtual historical scenes and cultural relic introductions
on real cultural heritage sites through AR devices, allowing students to have an immersive understanding
of historical and cultural knowledge. The data shows that the learning interest and knowledge retention
rate of students using this AR environment are significantly higher than those of students using traditional
guided tours (Garcia et al., 2023).

3.2 Intelligent Interactive Interfaces

Intelligent interactive interfaces are the key link between learners and the metaverse-enabled learning
ecosystem, referring to interactive tools and platforms that integrate Al, voice recognition, motion capture,
and other technologies to realize multi-dimensional interaction between learners and the virtual learning
environment (Wang et al,, 2025). The core function of intelligent interactive interfaces is to break through
the limitations of traditional human-computer interaction methods, realize natural and efficient interaction
between learners and virtual objects, virtual teachers, and other learners, and improve the learning
experience.

The main types of intelligent interactive interfaces include voice interaction interfaces, motion capture
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interfaces, and brain-computer interaction interfaces. Voice interaction interfaces use natural language
processing technology to realize voice communication between learners and virtual teachers or virtual
assistants. For example, learners can ask questions to virtual teachers through voice, and the virtual
teachers can give timely answers and explanations (Schmidt et al., 2024). Motion capture interfaces use
motion capture technology to track learners' body movements and map them to virtual characters in the
metaverse, realizing the interaction between learners‘ physical movements and the virtual environment. For
example, in a virtual sports training environment, learners‘ movements can be captured in real time, and the
virtual coach can give feedback and guidance on the movements (Li et al., 2023). Brain-computer interaction
interfaces use brain-computer interface technology to realize direct interaction between learners‘ brain
signals and the virtual environment, which is suitable for special education scenarios, such as helping
disabled learners with movement disorders to participate in learning activities (Chen et al., 2023).

The application of intelligent interactive interfaces has greatly improved the interactivity and
participation of metaverse learning. For example, the Al-driven voice interaction interface developed by
Microsoft Education is applied in the metaverse-based language learning platform. Learners can conduct
oral practice and conversation training with virtual native speakers through voice interaction. A study
found that learners using this interface improved their oral English proficiency by an average of 18% after
three months of use (Zhang et al,, 2024). Another example is the motion capture interface developed by
Unity Technologies, which is applied in the metaverse-based art and design learning platform. Learners can
use body movements to create virtual works of art, which enhances the creativity and practical ability of

learners (Kumar et al., 2023).

3.3 Distributed Learning Resources

Distributed learning resources are the core content support of the metaverse-enabled future learning
ecosystem, referring to digital learning resources stored in a distributed manner based on blockchain and
cloud computing technologies, which can be shared and reused across platforms and regions (Garcia et
al.,, 2024). The core feature of distributed learning resources is decentralization, which breaks through
the limitations of traditional centralized learning resource libraries and realizes the open sharing and
collaborative creation of learning resources.

The types of distributed learning resources mainly include virtual teaching materials, virtual
experimental equipment, virtual teaching videos, and interactive learning tasks. Virtual teaching materials
are 3D digital teaching materials constructed based on 3D modeling technology, such as virtual textbooks,
virtual models, and virtual maps. These materials are more intuitive and vivid than traditional 2D teaching
materials, which helps learners understand complex knowledge (Wang et al., 2024). Virtual experimental
equipment refers to virtual simulation equipment constructed in the metaverse, such as virtual chemical
reactors, virtual physical experiment platforms, and virtual mechanical equipment. These equipment can
avoid the risks and high costs of real experimental equipment, allowing learners to conduct experimental
operations anytime and anywhere (Schmidt et al., 2023). Virtual teaching videos are interactive videos
constructed based on VR/AR technology, which allow learners to choose different viewing angles and
interaction methods according to their own needs, improving the effectiveness of video learning (Li et al.,
2023). Interactive learning tasks are learning tasks designed based on game-based learning concepts, which
integrate learning content into interactive games, enhancing the fun and participation of learning (Chen et
al,, 2023).
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The distributed characteristics of learning resources enable the metaverse-enabled learning
ecosystem to realize cross-regional and cross-institutional resource sharing. For example, the global
metaverse educational resource sharing platform launched by UNESCO integrates distributed learning
resources from various countries and regions, allowing learners and educators around the world to access
and use these resources for free. The data shows that the platform has accumulated more than 100,000
distributed learning resources and has been used by more than 5 million users in 120 countries (UNESCO,
2023). Another example is the blockchain-based learning resource sharing project carried out by several
universities in China, which uses blockchain technology to ensure the authenticity and traceability of
learning resources, and realizes the collaborative creation and sharing of resources among universities
(Wang et al., 2025).

3.4 Collaborative Learning Communities

Collaborative learning communities are the important organizational form of the metaverse-enabled
future learning ecosystem, referring to virtual learning groups composed of learners, teachers, experts, and
other participants in the metaverse, which realize knowledge co-construction and collaborative problem-
solving through real-time interaction and communication (Kumar et al., 2024). The core function of
collaborative learning communities is to promote the interaction and cooperation between learners, break
through the isolation of traditional individual learning, and improve learners‘ collaborative learning ability
and innovation ability.

The operation mechanism of collaborative learning communities mainly includes three links:
community formation, collaborative interaction, and knowledge co-construction. In the community
formation stage, learners can form learning communities based on their learning interests, learning goals,
and learning needs. For example, learners interested in artificial intelligence can form an Al learning
community in the metaverse (Garcia et al., 2023). In the collaborative interaction stage, community
members conduct real-time interaction and communication through intelligent interactive interfaces, such
as holding virtual seminars, conducting collaborative experiments, and completing group tasks together.
For example, in a virtual engineering design community, members can jointly design engineering projects
through real-time collaboration tools (Schmidt et al., 2024). In the knowledge co-construction stage,
community members summarize and sort out the results of collaborative interaction, form new knowledge
and experience, and share them with the entire community. For example, after completing a collaborative
research project, community members can write a research report and share it on the community platform,
realizing the co-construction and sharing of knowledge (Wang et al., 2024).

Collaborative learning communities have been widely applied in higher education and vocational
education. For example, the metaverse-based international collaborative learning community established
by the University of Hamburg and the National Institute of Education in Singapore connects students
from the two universities, allowing them to conduct collaborative learning and research on cross-cultural
education issues. A study found that students participating in this community improved their cross-cultural
communication ability and collaborative problem-solving ability significantly (Schmidt et al., 2023). Another
example is the metaverse-based vocational skill collaborative learning community launched by a group of
vocational schools in Spain, which connects students, teachers, and enterprise experts, allowing students to
learn practical skills under the guidance of experts and teachers through collaborative practice (Garcia et al.,
2024).
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4. Construction Paths of the Metaverse-Enabled Future Learning Ecosystem

Based on the analysis of the core components of the metaverse-enabled future learning ecosystem
and the summary of practical cases, this study summarizes three main construction paths: technology
integration-driven path, scenario-oriented design path, and user demand-oriented iteration path. These
three paths are not mutually exclusive but complement each other, providing a comprehensive reference for

the construction of the ecosystem.

4.1 Technology Integration-Driven Path

The technology integration-driven path takes the integration and innovation of metaverse-related
technologies as the core driving force to promote the construction of the learning ecosystem. This
path emphasizes the importance of technical support, and realizes the continuous improvement of the
ecosystem's functions and performance through the integration of VR, AR, Al, blockchain, 5G/6G, and other
technologies (Chen et al,, 2023). The specific implementation steps of this path include: first, building the
infrastructure layer of the ecosystem, including the construction of 5G/6G communication networks, cloud
computing platforms, and big data storage systems, to ensure the stable operation of the ecosystem; second,
integrating VR/AR, motion capture, and other technologies to build immersive learning environments
and intelligent interactive interfaces, improving the immersion and interactivity of the ecosystem; third,
integrating Al and big data technologies to realize intelligent analysis of learner behavior and personalized
learning recommendation, enhancing the personalization of the ecosystem; fourth, integrating blockchain
technology to build distributed learning resource libraries and realize the open sharing and traceability of
learning resources (Wang et al., 2024).

A typical case of the technology integration-driven path is the metaverse learning ecosystem
constructed by Huawei and several universities in China. The ecosystem integrates Huawei‘s 5G, cloud
computing, Al, and VR technologies to build a virtual-real fusion learning environment. The 5G technology
ensures the low-latency transmission of virtual reality data; the cloud computing platform provides strong
computing power support for the operation of the ecosystem; the Al technology realizes intelligent analysis
of learner behavior and personalized learning recommendation; the VR technology creates an immersive
learning experience. The practice shows that this ecosystem has significantly improved the learning
efficiency and learning experience of students (Wang et al., 2025). Another example is the metaverse
educational platform developed by Meta (formerly Facebook), which integrates VR, AR, Al, and blockchain
technologies to build a global collaborative learning platform. The platform supports multi-user real-time
collaborative interaction and distributed resource sharing, realizing cross-regional educational cooperation
(Meta, 2024).

4.2 Scenario-Oriented Design Path

The scenario-oriented design path takes the needs of specific educational scenarios as the starting
point, and designs and constructs the learning ecosystem according to the characteristics and requirements
of different educational scenarios (Li et al., 2023). This path emphasizes the matching between the
ecosystem and educational scenarios, and realizes the targeted application of the ecosystem by focusing
on the specific needs of different educational stages and disciplines. The specific implementation steps
of this path include: first, conducting in-depth research on specific educational scenarios, analyzing the
learning objectives, learning content, and learning needs of the scenarios; second, designing the core

components of the ecosystem according to the research results, such as designing corresponding immersive
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learning environments, intelligent interactive interfaces, and learning resources for different scenarios;
third, developing and implementing the ecosystem in the target scenario, and collecting feedback from
users (learners and teachers) during the implementation process; fourth, optimizing and improving the
ecosystem according to user feedback to ensure that it meets the actual needs of the scenario (Garcia et al,,
2023).

Typical cases of the scenario-oriented design path include the metaverse-based medical education
ecosystem constructed by Harvard Medical School and the metaverse-based vocational training ecosystem
constructed by the German Federal Institute for Vocational Education and Training. Harvard Medical
School has designed an immersive virtual surgical training environment according to the needs of medical
education scenarios, which simulates various complex surgical procedures and provides targeted training
for medical students. The practice shows that this ecosystem has significantly improved the surgical skills
and clinical decision-making ability of medical students (Kumar et al., 2023). The German Federal Institute
for Vocational Education and Training has designed a metaverse-based vocational training ecosystem
for the manufacturing industry, which simulates the production process and equipment operation of the
manufacturing industry, allowing vocational students to conduct practical training in a virtual environment.
This ecosystem has solved the problems of high cost and high risk of traditional vocational training (Schmidt
etal, 2024).

4.3 User Demand-Oriented Iteration Path

The user demand-oriented iteration path takes the needs and feedback of users (learners, teachers,
and other participants) as the core, and realizes the continuous optimization and upgrading of the learning
ecosystem through iterative development (Schmidt et al., 2023). This path emphasizes the central position
of users, and ensures that the ecosystem can continuously meet the changing needs of users through
continuous interaction with users. The specific implementation steps of this path include: first, conducting
user research to understand the initial needs and expectations of users for the metaverse-enabled learning
ecosystem; second, developing a prototype of the ecosystem according to user needs, and conducting
small-scale trials with target users; third, collecting user feedback during the trial process, including the
advantages and disadvantages of the prototype, and the unmet needs of users; fourth, optimizing and
improving the prototype according to user feedback to form a new version of the ecosystem,; fifth, repeating
the above steps to realize the continuous iteration and upgrading of the ecosystem (Wang et al., 2024).

A typical case of the user demand-oriented iteration path is the metaverse learning platform developed
by Coursera, a global online education platform. Coursera first conducted in-depth research on the needs
of online learners and teachers, and developed a prototype of the metaverse learning platform. Then,
it selected 10,000 learners and 500 teachers from around the world for a three-month trial. During the
trial, Coursera collected a large amount of user feedback, such as the need to improve the stability of the
virtual environment, the need to add more interactive functions, and the need to optimize the personalized
recommendation algorithm. Based on these feedbacks, Coursera optimized and upgraded the platform, and
launched the official version of the metaverse learning platform. The data shows that the user satisfaction
of the official version platform is as high as 85%, and the learning completion rate of learners has increased
by 22% compared with the traditional online learning platform (Coursera, 2024). Another example is
the metaverse-based K-12 learning ecosystem developed by Khan Academy, which has gone through five
iterations based on user feedback, continuously optimizing the immersive learning environment and

interactive functions to meet the learning needs of primary and secondary school students (Khan Academy,
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2023).

5. Practical Dilemmas of the Metaverse-Enabled Future Learning Ecosystem

Although the metaverse-enabled future learning ecosystem has broad application prospects, its
practical construction and operation still face many dilemmas from technical, economic, educational,
ethical, and regulatory perspectives. These dilemmas restrict the healthy and sustainable development of

the ecosystem and need to be addressed urgently.

5.1 Technical Dilemmas

Technical dilemmas are the most direct obstacles to the construction of the metaverse-enabled future
learning ecosystem, mainly including technical accessibility gaps, technical stability and compatibility
problems, and insufficient technical innovation capabilities.

First, technical accessibility gaps. The construction and use of the metaverse-enabled learning
ecosystem require advanced digital technologies and equipment, such as high-performance VR/AR devices,
5G/6G communication networks, and powerful computing equipment. However, in many underdeveloped
regions, rural areas, and remote areas, the digital infrastructure is backward, and the popularization rate of
VR/AR devices is low, making it difficult for learners and educators in these areas to access the ecosystem
(Schmidt et al., 2023). For example, a survey conducted by the World Bank (2024) found that in sub-Saharan
Africa, only 28% of schools have access to 5G networks, and the ratio of VR/AR devices to students is less
than 1:100, which is far lower than the average level of developed countries. In addition, the use of the
metaverse learning ecosystem requires certain digital literacy skills for users. However, in many developing
countries and regions, the digital literacy level of learners and educators is relatively low, which affects the
effective use of the ecosystem (Wang et al., 2024).

Second, technical stability and compatibility problems. The metaverse-enabled learning ecosystem
integrates multiple digital technologies, and the compatibility and stability of these technologies are
important factors affecting the operation effect of the ecosystem (Chen et al., 2023). At present, there
are significant differences in technical standards and protocols between different metaverse technology
providers, leading to poor compatibility between different devices and platforms. For example, a VR device
produced by one manufacturer may not be compatible with a metaverse learning platform developed by
another manufacturer, which affects the user experience. In addition, the metaverse learning ecosystem
requires a large amount of data transmission and computing, which is prone to technical problems such
as network delays, system crashes, and data loss, affecting the stability of the learning process (Li et al.,
2023). For example, during a virtual collaborative learning activity, network delays may cause inconsistent
interaction between learners, affecting the effect of collaborative learning.

Third, insufficient technical innovation capabilities. The construction of the metaverse-enabled future
learning ecosystem requires continuous technical innovation to meet the changing needs of future learning.
However, at present, the technical innovation in the field of metaverse education is mainly concentrated in a
few large technology companies and well-known universities, and most educational institutions and small
and medium-sized enterprises lack the ability and resources for technical innovation (Garcia et al., 2024). In
addition, the core technologies of metaverse, such as high-precision motion capture, realistic 3D modeling,
and natural language interaction, still have room for improvement, and there is a lack of breakthroughs in
key technologies, which restricts the improvement of the ecosystem's performance and functions (Kumar et
al,, 2023).
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5.2 Economic Dilemmas

Economic dilemmas are important obstacles affecting the large-scale promotion of the metaverse-
enabled future learning ecosystem, mainly including high development and operation costs, single
investment channels, and unclear economic benefits.

First, high development and operation costs. The construction of the metaverse-enabled learning
ecosystem requires a large amount of investment in technology research and development, equipment
purchase, content production, and personnel training (Schmidt et al., 2024). For example, the development
of a high-quality immersive virtual learning environment requires professional 3D modeling teams,
VR/AR technology developers, and educational content designers, and the development cost can reach
millions or even tens of millions of dollars. In addition, the operation of the ecosystem also requires
continuous investment in server maintenance, network bandwidth, and technical updates, which brings
a heavy economic burden to educational institutions and operators (Wang et al., 2025). Many educational
institutions, especially those in developing countries and regions, cannot afford such high costs, which
restricts the popularization of the ecosystem.

Second, single investment channels. At present, the investment in the metaverse-enabled learning
ecosystem is mainly dependent on government financial investment and a few large technology companies
donations, and the investment channels are relatively single (European Commission, 2024). The lack of
participation of social capital, such as enterprises, non-governmental organizations, and individuals, leads
to insufficient investment in the ecosystem. In addition, the investment in metaverse education has the
characteristics of long cycle and high risk, which makes many investors hesitant, further reducing the
investment volume (World Bank, 2024).

Third, unclear economic benefits. The economic benefits of the metaverse-enabled learning ecosystem
are difficult to measure in the short term, which affects the enthusiasm of investors (Garcia et al., 2023).
Although the ecosystem can improve learning outcomes and optimize learning experience, these benefits
are mostly non-economic benefits, and it is difficult to convert them into direct economic returns in a short
time. In addition, there is no mature business model for the metaverse-enabled learning ecosystem, and it is
unclear how to realize commercial value through the ecosystem, which also affects the willingness of social
capital to invest (Kumar et al., 2024).

5.3 Educational Dilemmas

Educational dilemmas are the core obstacles affecting the deep integration of the metaverse-
enabled learning ecosystem and educational practice, mainly including inadequate teacher digital literacy,
mismatching between ecosystem content and curriculum standards, and imperfect learning evaluation
mechanisms.

First, inadequate teacher digital literacy. Teachers are the key promoters and implementers of the
metaverse-enabled learning ecosystem. However, at present, many teachers lack the necessary digital
literacy and technical application capabilities to use the ecosystem (Li et al., 2023). They do not know
how to design metaverse-based teaching activities, how to use immersive learning environments to
organize teaching, and how to evaluate students’ learning effects in the metaverse. In addition, educational
institutions often do not provide sufficient training and support for teachers, such as professional training
courses, technical support teams, and teaching resource libraries, which makes it difficult for teachers to
effectively integrate the ecosystem into their daily teaching practice (Wang et al., 2024).

Second, mismatching between ecosystem content and curriculum standards. Most current metaverse-
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enabled learning ecosystems are developed by technology companies, and their content design often does
not fully consider the curriculum standards and teaching requirements of different regions and educational
stages (Schmidt et al., 2023). For example, a metaverse learning platform developed based on the U.S.
curriculum standards may not be suitable for students in Europe or Asia. This mismatching makes it
difficult for educational institutions to adopt the ecosystem on a large scale. In addition, the content of the
metaverse learning ecosystem is often updated slowly, which cannot keep up with the pace of curriculum
reform and the development of discipline knowledge, affecting the timeliness and effectiveness of teaching
(Zhang et al., 2024).

Third, imperfect learning evaluation mechanisms. The evaluation of learning effects in the metaverse-
enabled learning ecosystem is a complex task, which involves not only cognitive indicators such as
knowledge mastery and skill improvement but also non-cognitive indicators such as learning motivation,
collaborative ability, and creativity (Garcia et al., 2024). However, current evaluation methods are mainly
focused on cognitive indicators, such as test scores, and lack effective methods to evaluate non-cognitive
indicators. In addition, the learning process in the metaverse is complex and diverse, and it is difficult to
track and record all learning behaviors of learners, which affects the comprehensiveness and accuracy of
evaluation (Kumar et al., 2023). The lack of a scientific and comprehensive evaluation mechanism makes it
difficult to accurately measure the value of the metaverse-enabled learning ecosystem and provide effective

feedback for its improvement.

5.4 Ethical and Regulatory Dilemmas

Ethical and regulatory dilemmas are important issues that cannot be ignored in the construction and
operation of the metaverse-enabled future learning ecosystem, mainly including data privacy and security
risks, virtual identity and moral anomie, and imperfect relevant laws and regulations.

First, data privacy and security risks. The metaverse-enabled learning ecosystem relies on the
collection and analysis of a large amount of user data, including personal information, learning behaviors,
physiological signals, and emotional states of learners and teachers (Chen et al,, 2023). The leakage, abuse,
or unauthorized use of these data may violate the privacy rights and interests of users. For example, if a
metaverse learning platform sells users‘ personal learning data to third-party companies for commercial
purposes, it will seriously violate user privacy. In addition, the virtual environment of the metaverse is
vulnerable to cyber attacks, such as hacking and virus infections, which may lead to data loss or system
paralysis (Wang et al., 2025). Although many countries have issued data protection laws and regulations,
the implementation and supervision of these laws and regulations in the field of metaverse education are
still not in place.

Second, virtual identity and moral anomie. In the metaverse-enabled learning ecosystem, users interact
through virtual identities, which may lead to moral anomie behaviors (Schmidt et al., 2024). For example,
some users may use virtual identities to engage in inappropriate behaviors such as abuse, harassment, and
plagiarism, which affect the order of the learning community. In addition, the separation of virtual identity
and real identity may reduce users‘ sense of moral responsibility, making them ignore the norms and ethics
of the real society in the virtual environment. For example, students may copy others* learning results in the
virtual learning community without feeling guilty (Li et al., 2023). These moral anomie behaviors not only
affect the learning atmosphere of the ecosystem but also may have a negative impact on the physical and
mental health of users, especially minor learners.

Third, imperfect relevant laws and regulations. The construction and operation of the metaverse-
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enabled learning ecosystem involve many new legal issues, such as the definition of virtual property rights,
the liability for virtual torts, and the protection of minor users in the virtual environment (European
Commission, 2024). However, current laws and regulations in most countries are lagging behind the
development of metaverse technology, and there is a lack of specific legal provisions to regulate these issues.
For example, there is no clear legal provision on who should be responsible for the loss caused by cyber
attacks on the metaverse learning platform. In addition, the cross-border nature of the metaverse makes it
difficult to coordinate legal regulations between different countries and regions, which further increases the
difficulty of regulation (Garcia et al., 2024).

6. Optimization Strategies for the Metaverse-Enabled Future Learning
Ecosystem

To address the above practical dilemmas and promote the healthy and sustainable development of the
metaverse-enabled future learning ecosystem, this study proposes targeted optimization strategies from

technical, economic, educational, ethical, and regulatory perspectives.

6.1 Technical Optimization Strategies

First, narrow the technical accessibility gap. Governments and international organizations should
increase investment in digital infrastructure construction, especially in underdeveloped regions, rural areas,
and remote areas, to improve the coverage of 5G/6G networks and the popularization rate of VR/AR devices
(Schmidt et al., 2023). At the same time, it is necessary to strengthen the training of digital literacy for
learners and educators, develop targeted training courses, and improve their ability to use the metaverse-
enabled learning ecosystem. For example, UNESCO can launch a global metaverse education digital literacy
training program to provide free training for educators in developing countries.

Second, improve technical stability and compatibility. Governments and industry associations should
formulate unified technical standards and protocols for metaverse education, standardizing the technical
parameters and interface specifications of metaverse devices and platforms to improve compatibility (Wang
et al,, 2024). Technology companies should strengthen the research and development of core technologies,
such as low-latency data transmission, stable system operation, and reliable data storage, to improve the
stability of the ecosystem. For example, the International Telecommunication Union (ITU) can formulate
global technical standards for metaverse education data transmission, ensuring low-latency and high-
reliability data transmission.

Third, strengthen technical innovation capabilities. Governments should increase investment in basic
research on metaverse education technologies, support universities, research institutions, and enterprises
to carry out collaborative innovation, and promote the breakthrough of key core technologies (Chen et al,,
2023). At the same time, it is necessary to encourage the innovation of small and medium-sized enterprises
and start-ups by providing policy support and financial subsidies, forming a diversified technical innovation
pattern. For example, the Chinese government has launched a special fund for metaverse education
technology innovation to support the research and development of key technologies by enterprises and

research institutions.

6.2 Economic Optimization Strategies

First, reduce development and operation costs. Technology companies should strengthen the research

and development of low-cost metaverse technologies and equipment, such as developing low-cost VR/AR
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devices and open-source metaverse learning platforms, to reduce the threshold for educational institutions
to use the ecosystem (Li et al,, 2023). Educational institutions can carry out cross-institutional cooperation
to share development and operation costs, such as jointly building a metaverse learning resource library
and sharing technical personnel. For example, several universities in Europe have established a metaverse
education cooperation alliance to jointly invest in the development of a metaverse learning platform,
reducing the cost burden of a single university.

Second, expand investment channels. Governments should formulate preferential policies to encourage
social capital to participate in the construction of the metaverse-enabled learning ecosystem, such as
providing tax incentives, financial subsidies, and investment guarantees (European Commission, 2024). At
the same time, it is necessary to explore new investment models, such as public-private partnerships (PPP)
and crowdfunding, to attract more social capital. For example, the British government has launched a PPP
project for metaverse education, which combines government investment with enterprise investment to
build a metaverse learning ecosystem for primary and secondary schools.

Third, clarify economic benefits and explore business models. Educational institutions and technology
companies should work together to explore a sustainable business model for the metaverse-enabled
learning ecosystem, such as paid services for high-quality learning resources, customized teaching services
for enterprises, and advertising services (Garcia et al.,, 2023). At the same time, it is necessary to establish
a scientific evaluation system for economic benefits, quantifying the long-term economic benefits of the
ecosystem, such as reducing training costs for enterprises and improving the employability of learners. For
example, Coursera has launched a paid metaverse learning course, which provides high-quality immersive

learning content and personalized tutoring services, and has achieved good economic benefits.

6.3 Educational Optimization Strategies

First, improve teacher digital literacy. Educational institutions should establish a comprehensive
teacher training system for the metaverse-enabled learning ecosystem, including pre-service training, in-
service training, and continuous professional development (Wang et al., 2024). The training content should
include metaverse technology knowledge, metaverse-based teaching design, virtual classroom management,
and learning evaluation methods. At the same time, it is necessary to establish a technical support team
to provide timely technical support for teachers in the process of using the ecosystem. For example, the
University of Barcelona has launched a professional master‘s program in metaverse education to train
teachers with metaverse technology and educational application capabilities.

Second, promote the matching between ecosystem content and curriculum standards. Educational
authorities should revise and improve curriculum standards to adapt to the development of the metaverse-
enabled learning ecosystem, and guide educational institutions and technology companies to develop
learning content that matches the curriculum standards (Schmidt et al., 2024). Technology companies
should strengthen cooperation with educational institutions to carry out co-creation of content, ensuring
that the content of the ecosystem meets the actual teaching needs. For example, Khan Academy has
cooperated with educational authorities in many countries to develop metaverse learning content that
matches local curriculum standards, which has been widely adopted by local schools.

Third, establish a comprehensive learning evaluation mechanism. Educational researchers, teachers,
and technology companies should work together to develop a comprehensive evaluation system for
the metaverse-enabled learning ecosystem, which includes both cognitive indicators and non-cognitive

indicators (Kumar et al.,, 2023). The evaluation methods should combine quantitative evaluation
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and qualitative evaluation, such as test scores, learning logs, virtual project results, interviews, and
questionnaires. At the same time, it is necessary to use Al and big data technologies to track and analyze
learners’ learning behaviors in real time, providing comprehensive and accurate evaluation data. For
example, the OECD has launched a pilot project on metaverse learning evaluation, developing a set of

evaluation indicators and methods for metaverse learning, which has been applied in several countries.

6.4 Ethical and Regulatory Optimization Strategies

First, strengthen data privacy and security protection. Governments should formulate and improve
relevant laws and regulations on data privacy protection in metaverse education, clarifying the collection,
use, storage, and transmission rules of user data (European Commission, 2024). Educational institutions
and technology companies should establish strict data security management systems, adopt advanced data
encryption and security protection technologies to prevent data leakage and abuse. At the same time, it
is necessary to strengthen user education on data privacy protection, improving users‘ awareness of data
security. For example, the European Union‘s GDPR has been updated to include specific provisions on data
protection in metaverse environments, which can be used as a reference for other countries.

Second, standardize virtual identity and moral behavior. Educational institutions should strengthen
the education of virtual morality for learners, guiding them to abide by moral norms and ethical principles
in the virtual environment (Schmidt et al., 2023). The metaverse-enabled learning ecosystem should
establish a virtual identity management system, realizing the real-name authentication of users (especially
minor users) to strengthen their sense of moral responsibility. At the same time, it is necessary to establish
a supervision mechanism for virtual behaviors, punishing inappropriate behaviors such as abuse and
plagiarism. For example, the metaverse learning platform developed by Meta has established a virtual
behavior supervision system, which uses Al technology to monitor user behaviors in real time and issue
warnings or penalties for inappropriate behaviors.

Third, improve relevant laws and regulations and strengthen cross-border coordination. Governments
should accelerate the revision and improvement of relevant laws and regulations to adapt to the
development of the metaverse-enabled learning ecosystem, clarifying the legal rights and obligations
of all parties involved (Garcia et al., 2024). At the same time, it is necessary to strengthen cross-border
cooperation and coordination, establishing an international regulatory framework for metaverse education
to address cross-border legal issues. For example, the United Nations has launched a consultation on
metaverse education regulation, aiming to formulate an international code of conduct for metaverse

education.
7. Discussion

7.1 Research Implications

This study systematically explores the core components, construction paths, practical dilemmas,
and optimization strategies of the metaverse-enabled future learning ecosystem, which has important
theoretical and practical implications.

In terms of theoretical implications, this study constructs a comprehensive theoretical framework of
the metaverse-enabled future learning ecosystem, including four core components and three construction
paths. This framework enriches the theoretical system of future learning and metaverse education,

providing a holistic perspective for future research. In addition, this study analyzes the multi-dimensional
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practical dilemmas of the ecosystem and proposes corresponding optimization strategies, which deepens
the understanding of the complexity of the integration of metaverse technology and education, and provides
a theoretical basis for solving practical problems.

In terms of practical implications, this study provides valuable references for educators, policymakers,
and technology developers. For educators, this study clarifies the application paths and methods of the
metaverse-enabled learning ecosystem, guiding them to effectively integrate the ecosystem into teaching
practice. For policymakers, this study puts forward policy suggestions on promoting the development of the
metaverse-enabled learning ecosystem, such as strengthening technical innovation, expanding investment
channels, and improving laws and regulations. For technology developers, this study points out the technical
optimization directions of the ecosystem, such as improving technical stability and compatibility, and

developing low-cost technologies and equipment.

7.2 Research Limitations

Despite the above contributions, this study still has some limitations. First, the research is mainly based
on literature review and case analysis, and lacks large-scale empirical research to verify the effectiveness
of the proposed construction paths and optimization strategies. Future research should carry out empirical
studies in different educational scenarios and regions to test the practical effect of the metaverse-enabled
learning ecosystem. Second, the study focuses on the general construction of the ecosystem, and lacks in-
depth analysis of its application in specific educational stages and disciplines. Future research can explore
the application characteristics and requirements of the ecosystem in different educational stages (such
as preschool education, higher education) and different disciplines (such as science, humanities, and
vocational education). Third, the study mainly analyzes the practical dilemmas and optimization strategies
from a macro perspective, and lacks in-depth research on micro-level issues, such as the interaction
between learners and the virtual environment, and the impact of the ecosystem on learners‘ cognitive and
emotional development. Future research can carry out micro-level qualitative research to explore these

issues in depth.

7.3 Future Research Priorities

Based on the above limitations, future research can focus on the following priorities: (1) Carry out
empirical research on the application effect of the metaverse-enabled learning ecosystem in different
educational scenarios, using quantitative and qualitative research methods to comprehensively evaluate its
impact on learning outcomes, learning motivation, and learning experience. (2) Explore the application of
the ecosystem in specific educational stages and disciplines, and develop targeted construction paths and
optimization strategies. (3) Study the interaction mechanism between learners and the metaverse virtual
environment, and explore how to design a more user-friendly and effective virtual learning environment.
(4) Research the impact of the metaverse-enabled learning ecosystem on learners’ cognitive development,
emotional development, and social adaptation, especially the impact on minor learners. (5) Explore the
cross-cultural application of the ecosystem, and study the impact of cultural differences on its application
effect and promotion. (6) Strengthen interdisciplinary research, combining education, computer science,

ethics, law, and other disciplines to solve the complex problems faced by the ecosystem.

8. Conclusion

The metaverse-enabled future learning ecosystem is an important direction for the development
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of digital education, which has the potential to reshape the future learning form, improve learning
outcomes, and promote educational equity. This study systematically explores the construction of this
ecosystem, identifies four core components including immersive learning environments, intelligent
interactive interfaces, distributed learning resources, and collaborative learning communities, and
summarizes three construction paths: technology integration-driven, scenario-oriented design, and
user demand-oriented iteration. Meanwhile, the study deeply analyzes the practical dilemmas faced by
the ecosystem from technical, economic, educational, ethical, and regulatory dimensions, and proposes
targeted optimization strategies accordingly.

The research findings indicate that the construction of the metaverse-enabled future learning
ecosystem is a complex systematic project that requires the joint efforts of governments, educational
institutions, technology enterprises, and other stakeholders. Governments should play a leading role in
formulating relevant policies and standards, strengthening infrastructure construction, and expanding
investment channels; educational institutions need to improve teacher digital literacy, promote the
matching of ecosystem content with curriculum standards, and establish a comprehensive learning
evaluation mechanism; technology enterprises should focus on technological innovation, reduce
development and operation costs, and strengthen data privacy and security protection. Only through
multi-party collaboration can we effectively address the existing practical dilemmas and promote the
healthy and sustainable development of the ecosystem.

Looking ahead, with the continuous advancement of metaverse technology and the in-depth
development of digital education, the metaverse-enabled future learning ecosystem will surely play a
more important role in the field of education. However, we should also recognize that the integration
of metaverse technology and education is a gradual process that requires continuous exploration and
practice. Future research should further strengthen empirical verification, deepen the exploration of
specific application scenarios, and pay attention to micro-level issues such as learners‘ cognitive and
emotional changes, so as to continuously improve the theoretical system and practical strategies of the
metaverse-enabled future learning ecosystem, and contribute to the innovation and development of
global education.
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