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Chapter 8 
Extended Reality, Metaverse, Data, and AI 

In 1992, Neal Stephenson defined “Metaverse” in his novel, Snow Crash, as a virtual world 

where virtual real estate can be bought and sold. Also, Metaverse is where users wearing  

Virtual Reality (VR) headsets live in three-dimensional avatars of their liking, interacting with 

other avatars and their virtual environments [801]. 

In February 2022, Dinesh and Janaganandhini got married in Sivalingapuram (a small town in 

southern India) and hosted their wedding reception in Metaverse, a party which cost them 

around 2,000 US Dollars. This allowed their family and friends from all over the world to 

attend this reception. “My father-in-law passed away last April,” Dinesh told CNN before the 

wedding. “So, Iʹm creating a 3D avatar that looks similar to (him), and he will bless me and my 

fiancée. Thatʹs something we can only do in the Metaverse” [802]. Since they are both Harry 

Potter fans, they opted for a Hogwarts-themed reception. Also, as a part of the Metaverse  

reception, a musical concert was conducted, and Non-Fungible Tokens (NFTs) were issued to 

commemorate their wedding. Dinesh told CNN, “Due to the COVID-19 pandemic, I had to 

cap the number of friends and family at 100 for my marriage and reception. So, I decided to 

solemnize my marriage in the presence of a small group of people at Sivalingapuram and hold 

my reception virtually on Metaverse. I was also working on blockchain technology for the past 

one year.” 

Of course, Dinesh and Janaganandhini have not been alone in such endeavors. In fact, only 

two to three months earlier in December 2021, after a real wedding, Traci and Dave Ganon’s 

avatars exchanged their vows again in Metaverse [803]. However, this trend seems particularly 

useful for countries like India where couples and their families want to invite 500 to 5,000 

guests but cannot afford real, big, fat weddings.  

This chapter discusses the ingredients and potential applications of Metaverse and the embed-

ded role of data and Artificial Intelligence. Section 8.1 discusses the technological components 

that constitute Metaverse. The use of Artificial Intelligence within Metaverse and the concept 
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of Digital Twins are discussed in Sections 8.2 and 8.3, respectively. Digital Twins were origi-

nally created for the manufacturing and production industries (see Section 5.2) but have  

become vital for Metaverse also. Section 8.4 discusses ten key application domains for 

Metaverse, whereas Section 8.5 discusses vital impediments for creating Metaverse. Finally, 

Section 8.6 concludes with a brief discussion.  

Figure 8.1: Metaverse wedding reception in February 2022 

8.1. Technological Ingredients of Metaverse  

For more than 30 years, several domains (especially those related to computer games) have 

been improving and exploiting technologies related to Augmented Reality, Virtual Reality, 

and Extended Reality. In 1990, Thomas Caudwell defined Augmented Reality (AR) as an  

improved version of the real world that is achieved using visual elements, sound, and other 

stimuli produced via technology [804]. In contrast, Virtual Reality (VR) is a fully immersive 

experience that replaces a real-world experience with a simulated or a virtual world. Although 

a few companies are experimenting with advanced contact lenses, VR is currently experienced 

using a head mounted display or a headset. This allows the user to experience a realm of com-

puter-generated images and sounds where the user can also manipulate objects and move 

them using electronic devices [805]. Finally, Extended Reality (XR) brings both AR and VR  

together so that the users can interact with and manipulate both real and virtual items simulta-

neously, thereby immersing themselves in the real world while concurrently interacting with a 
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virtual environment. This helps users experience the complete spectrum – from fully real to 

fully virtual environments. 

Stephenson’s vision of Metaverse is an extension of Extended Reality (ER), where virtual real 

estate and other virtual property can be bought, sold, or rented. Moreover, by wearing head-

sets, users interact with each other via avatars and virtual environments. For example, in such 

a virtual world, Alice’s avatar may be that of a fairy living in a three-dimensional (3D) virtual 

house, which is beautified with virtual 3D unicorns. And Alice’s fairy avatar may invite Bob’s 

avatar of Santa Claus for a virtual dinner.  

Although Metaverse seems like a straightforward extension of Extended Reality, it is quite 

complex because of virtual real property being bought, sold, or rented. For example, a firm can 

create a virtual three-dimensional (3D) mall that will be dedicated to selling exotic clothes. 

Manufacturers from all over the world can rent spaces in this virtual mall, and global buyers 

can check whether these clothes will fit their three-dimensional avatars. Similarly, another 

company may create another virtual 3D mall that provides raw materials for producing exotic 

clothes. This process can continue until an entire supply-chain of 3D virtual malls is created, 

which contains almost all firms that need to interact with each other.  

Since the original definition by Stephenson in 1992, several contemporary definitions of 

Metaverse have appeared, but they all contain AR, VR, XR, digital ownership of virtual and 

real items, ownership of virtual real estate, and avatars (which people can use to do pretty 

much everything that they do in real life and more). For example, Matthew Ball has extended 

this concept to define Metaverse as “a persistent and interconnected network of 3D virtual 

worlds that will be open, interconnected, and interoperable as today’s internet.” His book  

titled, The Metaverse and How It Will Revolutionize Everything, is an excellent read in this regard 

[806]. 

A Metaverse platform usually consists of seven layers that were originally proposed by Jon 

Radoff in 2021 [807], and the platform includes the following tools and technologies that are 

shown in Figure 8.2. 

1. Experience – Since Metaverse will contain both real and virtual worlds, the laws of nature 

won’t apply. This will allow people not only to dream but enjoy experiences that they are  

unable to enjoy in the real world. For example, in his Metaverse wedding reception, Dinesh 

created an avatar of his late father-in-law so that he and his fiancée could receive appropriate 

blessings. Similarly, all tickets for a Metaverse concert can be the best rows in a virtual theatre. 
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This layer also includes tools for building games, social events, e-sports, shopping, festivals, 

teaching-learning, and working. All these virtual activities will eventually lead to numerous 

content-creating and content-consuming communities that include virtual events and social 

interactions.  

2. Discovery – Jon Radoff describes the discovery layer as, “the push and pull that introduces 

people to new experiences.” This includes people looking for information (i.e., pulling) and 

those sending (i.e., pushing) information to others, even though the latter didn’t ask for the 

information. Such a process entails tools for creating advertising networks, community-driven 

content, virtual malls and virtual stores, social curation, ratings, avatars, agents, and chatbots. 

In the Metaverse ecosystem, inbound and outbound discoveries continue to exist. Of course, 

Figure 8.2: Jon Radoff‘s Essential Components of Metaverse 
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real-time dissemination of information will be crucial for people to create additional stickiness 

(i.e., the users keep using the same system repeatedly like many of us use Facebook-Meta daily 

or even hourly), meaning users want to know in real-time what videos their friends are watch-

ing so they can watch similar content [808]. 

3. Creator Economy – This comprises design tools for ecommerce and asset markets (including 

buying, selling, and renting) as well as various workflows. Since many web applications can be 

built using no-code platforms, almost all consumers will soon be able to produce content and 

become “prosumers” (i.e., producers and consumers simultaneously). Indeed, this is akin to 

what occurred with YouTube and TikTok where originally there were a few producers who 

created videos and other content on a few topics, while most of the platform users were con-

sumers. However, now many users consume as well as produce videos and other content on a 

plethora of niche topics, thereby infusing creativity and variety [809]. Undoubtedly, during  

the next two decades, such prosumer experiences provided in Metaverse are likely to be  

extremely personalized, immersive, social, and real-time. Blockchains, Smart Contracts, and 

Non-Fungible Tokens (NFTs) are also likely to form ingredients of this prosumer economy. 

4. Spatial Computing – Spatial (i.e., 2D, 2.5D, and 3D) computing involves tools for creating 

three-dimensional engines and frameworks, building in AR, VR, and XR, geospatial mapping, 

and multitasking. Key aspects of this layer include 3D frameworks such as Unity and Unreal 

[810]. Similarly, geospatial mapping through Cesium, Descartes Labs, and Niantic Planet-Scale 

helps with mapping and interpreting real and virtual worlds. Also, Microsoft’s HoloLens 

(head mounted display that runs on Windows AR-VR platform) and Snapchat’s Landmarker 

(that allows creators to build unique AR experiences for locations and scenes) are a few exam-

ples in this regard [811, 812]. For example, spatial computing helps in recreating a hologram 

(or avatar) of a car with all its constituents so that the designers and users can review this ava-

tar for potential modifications (see Figure 8.3).  

5. Decentralization – Blockchain, Smart Contracts, and Non-Fungible Tokens (NFTs) – 

Metaverse invariably assumes buying, owning, and selling of virtual items and virtual-estate, 

wherein avatars may be anonymized versions of people and entities. As mentioned in Chapter 

7, Blockchains provide immediate, shared, and transparent information in an immutable  

and hard-to-penetrate ledger. Also, since Blockchains have auditability and immutability  

(i.e., it is extremely hard to change past transactions), this layer of Metaverse may include com-

puting using IoT edge devices and Smart Contracts that were discussed in Chapters 5 and 7. 

For example, a Smart Contract may include a parking meter that determines how much time a 

person parked the vehicle and how much is owed.  
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6. Human Interface – Contemporary human interface systems usually include mobile and 

wearable devices (e.g., smartwatches, smart eyeglasses, and smart contact lenses), head-

mounted displays, human gesture activation, and voice activation. Haptics includes the use of 

technology that stimulates the senses of touch and motion, especially to reproduce in remote 

operation or computer simulation of user’ sensations while interacting directly with physical 

objects.  

Since manipulating real and virtual objects using hands and feet is unwieldy, direct interfaces 

between human brains and computers are being explored. Brain Computer Interface (BCI) is a 

link that allows brain impulses to control external movements such as moving cursors or the 

user’s avatar. BCI comprises a set of electrodes with an electronic device connected to a human 

skull and brain at one end and connected to various tools (that are related to avatars, chatbots, 

virtual stores, and virtual environments) at the other. Although invasive BCIs (i.e., those that 

go through the skull) are more accurate, they sometimes have side effects due to surgery [813]. 

Several companies are experimenting and selling rudimentary non-invasive BCI systems. For 

example, NexStem is selling non-invasive headsets that have strategically placed electrodes for 

providing optimum coverage of brain signals accurately. NexStem is also trying to reduce  

dependence on EEG by experimenting with other bio-signals that originate from the body 

(e.g., muscular movements, eye movements, oxygen saturation, perspiration, heart rhythms, 

and even blood pressure changes) [814]. In the future, brain-computer interfaces are likely to 

foster the ultimate immersive interaction between the real and virtual worlds in Metaverse via 

mind-control systems.  

Figure 8.3: Spatial Computing 




