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This study examines the ecosystem of global metaverse startups using Crunchbase data. Data on 1,873
metaverse-related startups were collected from Crunchbase, and keywords were extracted by applying the
fine-tuned T5 Transformer to the startups' full descriptions. These keywords were then used to construct two
distinct networks: a keyword network and a startup network. Both networks were clustered using the Paris
algorithm to identify the products/services and industrial ecosystem of Metaverse startups. The 10 clusters of the
keyword network were classified into three categories: metaverse application services, essential technology, and
additional supporting services. This categorization provides insights into the current focus areas and potential
future directions of product and service development within the metaverse industry. The 12 clusters of the
startup network were evaluated based on the scale of funding amount from industries and major companies to
identify the investment ecosystem of the metaverse industry. The findings obtained from both network analyses
can serve as directions to formulate robust investment and technology strategies in the rapidly evolving
metaverse industry.
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Table 1. Previous Research related to Metaverse Industry Ecosystem

Hakyeon Lee

Category Researchers Proposed Metaverse Industy Ecosystem
Radoff Proposed 7 layers of the Metaverse
(2021) - experience, discovery, creator economy, spatial computing, decentralization, human interface,
infrastructure
Explained the Metaverse ecosystem from three major perspectives
Mudrick - Metaverse gateways: centralized, decentralized
(2021) - Key components: Avatar, user interface & immersion, economy, social tech
o " - Infrastructure: cloud, visualization & digital twin, Al, decentralized infra, network, adtech
In:{iiy Proposed Metaverse ecosystem and technology
Lee of al - Ecosystems: avatar, content creation, virtual economy, security & privacy, social acceptability, trust
(2021) & accountability
- Technologies: Al, blockchain, computer vision, network, edge computing, user interactivity, extended
reality, IoT & robotics
Schmitt Proposed Metaverse ecosystem and technology
(2022) - Ecosystem: enterprise and consumer use cases, content creation, virtual economy, avatars
- Technologies: extended reality(VR/AR), user interfaces, Al, blockchain, edge computing
Zhou Defined the concept of Edu-Metaverse and its key elements
(2022) - Key elements of the Smart Education Ecosystem: resource, interaction, space, collaboration
- Technologies: Al, VR, AR, IoT, cloud computing, blockchain
Presented how the Metaverse will advance the healthcare industry
Specific Bhatia and Joshi |- Key applications: telemedicine, medical education and training, gamification of healthcare
Industry (2023) - Technologies: AR/VR, Al, blockchain, [oT
- Challenges in the ecosystem: data security, cost and accessibility, legal and regulatory barriers
Analyzed the impact of the Metaverse on the manufacturing ecosystem
Huang - Integration of virtual and physical realities, decentralization and enhanced collaboration, digitalization
(2023) and productivity enhancement, consumer experience and market adaption, economic benefits and
policy implications
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Figure 2. Number of Metaverse Startups Founded (Total 1,873
Startups)
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Figure 3. Data Preprocessing and Keyword Extraction

Table 2. Keyphrases of Metaverse Startups (Partial)

Startup Keyphrases
MetaX gpu, heterogeneous computing, artificial intelligence, energy efficiency, computing power requirements, software stack,
shanghai, wholly-owned subsidiaries, r&d centers
Varjo vi/xr, mixed reality, virtual reality, recreating the exact feeling and conditions of real life, aston martin, www.varjo.com
Lootmogul  |sports metaverse, blockchain games, irl prizes, digital asset management, gaming
Zegocloud audiq and video, real-time,.network tran.smi-ssion,ivoi.ce and. video interaction, bridge, forge links, audio and video
solutions, zegocloud, real-time communication, ai, rti, mobile web, metaverse
digital payments, crypto-enabled card, esoteric world, digital currency, cryptocurrencies, digital asset management,
Wirex mobile app, mobile banking, currency exchange, crypto transfer, wirex, regional regulations, licensing, utility token,
wxt, cryptoback, metaverse, defi, nereus, digital commerce, cashless society
Hadean web 3.0, metaverse, cloud computing, distributed computing, virtual worlds, digital reality, scale, www.hadean.com
Xmov 3d virtual content production, mofa technology, virtual world infrastructure, virtual world, self-developed computer

graphics, e-commerce, multi-dimensional layout

Parametrix.ai

game ai, virtual reality, artificial intelligence, machine learning, reinforcement learning, large system engineering,
bot, parametrix ai

Lisuan graphics rendering, gpu, self-developed architecture, intellectual property rights, e-sports, display acceleration, metaverse,
Technology  |vr/ar, professional design
M metaverse, emotion ai, xr/vr, affective computing, metaverse-based education platform, metaverse services, marvrus
arvrus

emotion engine, biometrics, user experience
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Figure 4. Process of Network Construction
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Table 3. Top 20 Keywords (Nodes) in Degree Centrality
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Rank Keyword (Node) Degree Centrality Rank Keyword (Node) Degree Centrality
1 software development 0.23 11 entertainment 0.13
2 innovation 0.20 12 medium 0.12
3 user experience 0.17 13 project management 0.12
4 technology 0.17 14 video 0.12
5 digital marketing 0.16 15 creator 0.11
6 collaboration 0.15 16 blockchain development 0.11
7 fintech 0.15 17 metaverse development 0.11
8 web development 0.15 18 cloud computing 0.11
9 smart contracts 0.15 19 business intelligence 0.11
10 music 0.13 20 development 0.10
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Table 4. Relevant Keywords and Products/Services of Each Cluster
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Cluster Name

) Relevant Keyword Products/Services
(Portion)
K1] Virtual World Service | Innovation, user experience, collaboration, creator, gamification, Roblox, Second life,
p g
(18.1%) virtual space, community engagement Horizon Worlds, Zepeto
[K2] Metaverse Game development, animation, app development, product, blockchain . . .
i Unreal Engine, Unity, CryEngine
(17.0%) games, game design, vfx, strategy
K3] DT Consulti ft devel t, technology, cloud ting, busi . )
[K3] onsulting software deve opm'en, .ec no og'y clou ‘compu ing, business | e Consulting Service
(11.6%) intelligence, big data, iot

[K4] Virtual Content Creation | musing, project management, mixed reality, marketplace, blockchain

SynergyXR, Aero, ARToolKit,

(11.0%) development, virtual assets Tilt Brush
[K5] Blockchain Solution |smart contracts, smart contracts, entertainment, multi-chain, polygon, Bitcoine, Ethereum,
(8.2%) decentralized platform, crypto economy Decentraland, OpenSea
[K6] Virtual Asset video, art, content, reward, portfolio management, information | Decentraland, Rarible, Sandbox,
(8.0%) technology, digital currency, quality CryptoKitties
[K7] Metaverse Platform |event management, social networking, live streaming, digital art, VRChat, Mozilla Hubs,
(7.6%) 3d technology, network AltspaceVR, Blender
[K8] NFT Marketplace fintech, cryptocurrencies, community building, 3d, decentralization,| Blur Ethereum Blast, OpenSea,
(7.6%) financial services, mobile app Magic Eden, Element Market
[K9] Marketing in Metaverse |digital marketing, fashion, email marketing, search engine, analytics,| Gucci Garden in Roblox, Nike in
(6.0%) influence marketing, woman, web3 Fortnite

[K10] Investment Platform
(5.1%)

to earn, startup, nft game

energy, e-commerce, nft collection, event, news, tokenomics, play | Binance launchpad, Polkastarter,

CuCoin launchpad
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Figure 5. 10 Clusters of Metaverse Keyword Network
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Cluster Name Funding Amt Avg Funding Amt Major Startups
(# of nodes, Portion) (Portion, Rank) (Rank) (Top 20)
S1] Soft 1,930M L
[S1] Software $ $20.8M (1sf) Metax(Ist), Varjo(4th), Parametrix.ai
(93 nodes, 24.0%) (37.8%, 1st)
[S2] Gaming $1,191M $15.5M (4th) Lootmogul(2nd),
(77 nodes, 19.9%) (23.3%, 2nd) ’ Zegocloud(3rd),Msquared(Sth)
[S3] Media & Entertainment $456M $6.5M (7th) Futureverse, Lisuan Technology,
(70 nodes, 18.1%) (8.9%, 3rd) ' Tamadoge
S4] Fi ial Servi 284M
[54] Financlal Service 5 $6.2M (8th) Wirex, Afterparty, Uquid
(46 nodes, 11.9%) (5.6%, 6th)
S5] Blockchain & Crypt 287M
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(16 nodes, 4.1%) (1.9%, 9th) $ (9th) oson protocol, Low6, Marvrus
[S8] Internet Service $72M . )
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[S9] Blockchain Game $177M $13.6M (5th) Ambrus studio, Bud, Sidus heroes, Silks,
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(5 nodes, 1.3%) (0.4%, 11th) $4.5M (11th) roject 2, Vig10, May.socia
[S12] Digital Asset $4M ) )
2.0M (12th Collect hift, Darab
(2 nodes, 0.5%) (0.1%, 12th) $2.0M (12th) oriective shfl, Lardbase
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Figure 6. 12 Clusters of Metaverse Startup Network
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