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Background

Immersive technologies are a group of emerging technologies that all share a
common aim: to create an experience for users that mediates their perception of
their physical environment. While many immersive technologies are developed for
specific uses like gaming or social interaction, organisations in a diversity of
sectors have adapted them for uses ranging from healthcare treatment to
workplace training. Despite recent waning in investment interest in immersive
technologies' and underperformance of major products like the Apple Vision Pro,
the technical ability of these technologies to simulate virtual environments or
overlay visual or aural information onto the physical environment continues to
develop.

As they advance, immersive technologies have increasingly utilised more
sophisticated hardware, which, in turn, collects more data points from the user and
their environment, such as head and hand movements, the scanning of a person’s
physical environment, and heart rate variability. The collection of this data helps
users to have a more immersive experience in virtual or augmented environments.
However, it also opens the door to a host of potential harms and risks related to the
data lifecycle of these systems.

Given that these technologies may be used in a variety of settings, regulators may
find they need to determine how to apply existing regulatory guidance or whether
new guidance may be needed to address the risks - be it for medical device
regulation, employment law or online safety regulation.

Effective governance of these systems requires a common understanding of their
capabilities, technical components and data lifecycle. This explainer seeks to
address this need and provide a common understanding of immersive
technologies by describing the essential terms and concepts, as well as the kinds
of data, software and hardware that are used.

We conducted a literature review and 26 interviews with researchers, developers,
investors and practitioners who are using, building and deploying different kinds of
immersive technologies in the UK, Europe and the US.
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Fostering a shared understanding of these technologies will help policymakers and
regulators to better grasp their capabilities and risks, enabling more informed and
effective policymaking in this domain.

Key findings:

Defining immersive technologies is complicated by a lack of consistency in the
field. Multiple terms - such as spatial computing, extended reality and the
metaverse - are used to describe technologies that fall under the same broad
category. Further complicating this categorisation is the absence of a clear
definition of what makes a technology ‘immersive’. Some interviewees
emphasised that immersion depends on the user’s perception of the
environment, while others argued it is determined by a device’s technical
capabilities and its ability to realistically simulate user interactions with an
environment.

We identify four types of immersive technologies: augmented reality (AR),
mixed reality (MR), virtual reality (VR) and immersive virtual worlds (IVWSs) - the
latter two of which are closely related. Some terms, such as AR and VR, seem to
be consistently defined by interviewees, whereas others, such as MR and IVWs,
were much more contested.

Despite their differences, immersive technologies often share many hardware
and software elements such as cameras, motion sensors, visual display devices
and rendering engines. However, this can vary significantly depending on the
use case being employed.

Depending on their sophistication and use of wearables, immersive
technologies can collect significantly more data than traditional devices such as
laptops or smartphones, including physiological data, environmental data,
positional data and user profile data.

Interviewees noted that some of this data is essential to the functioning of these
systems, particularly for features such as the movements of avatars, yet they
questioned the necessity of companies collecting and storing this data. The
large amount of data these devices can collect alongside the increasing
amounts of data required to use these devices makes this element of immersive
technologies a priority concern. This issue is exacerbated by the lack of
transparency in data collection and processing by many companies, including
how data collected by immersive technologies may be used for other purposes.
These elements allude to potential regulatory gaps.
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The data collected through immersive technology products can consequently
be used for user profiling and personalised content delivery. Retained data can
also in some cases be utilised for purposes outside its direct intended use, such
as training Al models. The retention and reuse of data raises significant
questions about data protection, transparency, user autonomy and privacy.

This explainer will be followed by two other publications from the Ada Lovelace
Institute — a discussion paper and an impact assessment report. The discussion
paper will explore social factors related to the development and adoption of
immersive technologies, and provide insight into the timeline and current state of
play of immersive technology products, including key players, industries and use
cases.

The impact assessment report will provide an in-depth evaluation of the impacts
(risks and benefits) of these technologies, drawing on interviews, a literature review
and deliberative workshops. This report will ground discussions around the
impacts of these technologies through two use cases — immersive social worlds
and the use of augmented reality technologies by warehouse employees. This final
report will include policy recommendations for how UK policymakers and
regulators might consider regulating these systems.



What are immersive technologies? 6

Introduction

Many people use technology to communicate, learn, work, purchase products and
for entertainment. The world we live in is one where our daily interactions are
increasingly mediated by technologies that curate, recommend and synthesise
information. While most of this mediation happens through digital devices like a
smartphone or laptop, developers of one type of technology — immersive
technology - are seeking to further blur the boundaries between what happensin
the physical world and digital world.

Immersive technology is a broad umbrella term for interactive technologies like
virtual reality (VR), augmented reality (AR), mixed reality (MR) and immersive
virtual worlds (IVWSs). While each of these technologies is different in crucial ways,
they share a common aim to produce an immersive and interactive experience for

a user.

Technologies covered in this explainer

Virtual reality (VR): a computer-generated 3D virtual environment that a
user interacts with through devices (typically a headset) and that reduces
their awareness of the physical world.

Augmented reality (AR): the use of devices (such as smartphones or smart
glasses) to ‘augment’ a user’s perception and interaction with the physical
world (e.g. using smart glasses to display information to a warehouse worker
about which aisle a shipment is in).

Mixed reality (MR): an immersive technology that combines both VR and
AR in the same device and allows users to interact with parts of both the
virtual and physical worlds.

Immersive virtual worlds (IVWs)/metaverses: a virtual environment where
users can interact with other users, virtual objects and the virtual
environment.
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Large tech companies like Meta and Apple have made significant investmentsin
these technologies. According to these companies, they promise immersive
technology will ‘revolutionise’ how we work, learn, socialise and entertain
ourselves.? But, just as with the introduction of other technologies in our lives, this
comes with challenges and opportunities that require careful consideration from
policymakers, technologists and society.

For many people, immersive technologies are most associated with gaming and
immersive virtual worlds, sometimes referred to as ‘the metaverse’. The rebranding
of the company Facebook to Meta in 2021 (bringing together its apps and
technologies under one brand) catapulted the term ‘metaverse’ from science
fiction novels to everyday vocabulary. During Meta’s first two years, private-sector
investment in immersive virtual worlds surged.®

Despite initial investment, there was a relative lack of widespread adoption of
immersive virtual worlds. In 2023, several companies like Microsoft, Disney and
Walmart shut down or downsized their metaverse teams and products. Even Meta
officials such as Chief Technology Officer Andrew Bosworth admitted that senior
Meta leadership were spending more time on Al than the metaverse.? For the most
part, developers and investors have instead turned their attention to foundation
models and generative Al, which many believe promise greater potential for
adoption for a wider set of business and consumer use cases.? However, beyond
immersive virtual worlds, other immersive technologies have continued to be
developed and integrated in business and consumer contexts, as exemplified by
the launch of Apple Vision Pro in February 2024 and Meta’s announcement of the
Orion AR glasses in September 2024.8 Despite this relative waning of initial
interest, there remains a significant amount of investment.

The risks of immersive technologies may arise in many ways - from the way these
technologies function to social factors such as the dynamics among those
developing these technologies, where these technologies are adopted and who
they interact with. The severity and likelihood of the risks of these technologies will
depend on: how they are designed and operated, what purpose they are used for,
what contexts they are used in and what kind of people will be affected.”

This explainer seeks to address the first of these points — how are these
technologies designed and operated? These contexts are important to
understand, especially for policymakers and regulators, as a cursory review of
these technologies shows they may raise a wide range of regulatory areas of

concern.
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One area is data protection. At a technical level, immersive technologies operate
through a process of data creation and processing that often involves specialised
hardware products that collect a significantly higher volume of data than devices
such as smartphones and laptops, including a diversity of sensitive data.? This
creates significant privacy and data-protection risks that developers must
navigate,® which can be exacerbated by a lack of transparency about data
collection and processing in immersive technology products and how data may be

used for other purposes.’©

Another area is algorithmic harms, such as Al-enabled discrimination. Immersive
technologies use a range of Al algorithms to process data, which may fall under
existing guidance or regulation on Al from sectoral regulators in the UK. Depending
on their use case and context, some immersive technologies may fall under the
remit of the EU Al Act. Examples of these risks include algorithms used within
immersive technology products that have been found to perpetuate bias and
discrimination," such as algorithms used within VR applications to score
individuals. Another example is user profiling algorithms to provide personalised
content, which can raise concerns around user autonomy."2

Regulators will also need to consider what kinds of users may be affected and the
contexts and functions for which these technologies may be deployed. Immersive
technologies are currently being used for consumer and business purposes in a
variety of high-impact and safety sectors including healthcare® and education.'*
Some of these uses are marketed towards particularly vulnerable groups like
children or people experiencing health issues.” The high-impact nature of these
contexts and the vulnerable status of some of the key users of these technologies
may exacerbate the severity of potential harms. This can include the use of
headsets leading to physical accidents,'® which can be particularly dangerous in
healthcare settings, or online harms such as harassment and abuse, which can be
targeted towards children."”

Consumer products such as online gaming or immersive virtual worlds have
significant overlap with social media, and fall under the remit of the Online Safety
Act 2023 and consumer protection legislation. Some products may fall under the
remit of existing regulation. Health or wellbeing devices, for example, may fall
under medical device regulation.

One problem for the governance of immersive technologies is there is no common
vocabulary or understanding of what these technologies are, how they work, what
kinds of data they collect and what kinds of technical components they use.
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Through a shared understanding of how these technologies operate, policymakers
and regulators can better judge how immersive technologies may be used in
different sectors and what kinds of issues they may raise.

Glossary

Algorithm: a set of instructions for how a computational system can execute a
task or solve a problem by mapping inputs to outputs.

Augmented reality (AR): the use of devices (such as smartphones or smart
glasses) to ‘augment’ a user’s perception and interaction with the physical world
(e.g. using smart glasses to display information to a warehouse worker about which
aisle a shipment s in).

Avatar: an active virtual representation of a user in a virtual world, where the user
can control the avatar through devices, sensors and controllers to move around
the virtual world.

Blockchain: a type of database or digital ledger’ that stores data in a distributed
way.

CAVE systems: Cave automatic virtual environment (CAVE) systems are spaces
using screens and projections in a room-like environment to create an immersive
experience. Users can interact with the virtual environment through 3D glasses

while being tracked by room sensors."®

Cloud computing: a method of using computer resources (such as data
processing or storage) hosted remotely through the internet.

Cross-reality: the use of applications and devices that allow users to switch
between interacting in the physical and virtual worlds.

Cryptocurrency: a virtual or digital currency typically run through a decentralised
cryptographic system.

Digital identity: a digital representation of information about a person or
organisation that allows them to prove who they are.
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Digital twins: a digital model that simulates a physical object or system.

Electromyography (EMG) sensors: sensors which detect the electrical activity in
muscle tissue to understand intended motion. These have been tested in wrist
wearables to allow for better control in virtual environments.'®

Extended reality (XR): a blanket term used to describe the group of emerging
technologies including virtual reality (VR), augmented reality (AR), mixed reality
(MR) and immersive virtual worlds (IVWs).

Facial recognition technology (FRT): the use of technology to detect a face and
identify a person based on an existing database in real time by analysing faces on
live video, as in live facial recognition (LFR). See the Ada Lovelace Institute’s
‘Countermeasures’ report for more detail.2°

General-purpose Al (GPAI): an emerging type of Al capable of a range of general
tasks (such as text synthesis, image manipulation and audio generation). Notable
examples are OpenAl's GPT-3 and GPT-4 models which underpin ChatGPT and
many other applications via OpenAl’s application programming interface (API).

GPAI can work across many complex tasks and domains and can exhibit
unpredictable and contradictory behaviour when prompted by human users. It can
also be built ‘on top of’ to develop applications for many different purposes. It
contrasts with ‘narrow Al’, which focuses on a specific or limited task, such as
predictive text or image recognition.

GPAIl systems are sometimes referred to as ‘foundation models’. See the Ada
Lovelace Institute’s ‘What is a foundation model?’ explainer for more detail.!

Generative Al (GenAl): refers to Al systems usually but not always built ‘on top of’
general-purpose Al models that can generate new content based on user inputs or
prompts. This includes generating new content such as images, video, text or
audio.

Some GenAl applications are built using general-purpose Al, for example OpenAl’'s
DALL-E image generator, but it is important to note that not all generative Al is
general-purpose Al: it can also be designed as narrow Al for specific purposes.
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Haptic technologies: devices that react to, detect or simulate touch for a user.
Examples include touchscreens, game controllers that vibrate, haptic gloves and
haptic vests.

Headset or head-mounted display: devices worn on the head that display virtual
content as well as collect data from the user (such as tracking head position or
eye-tracking). Examples include VR headsets or smart glasses.

Holography: a technique that uses light to produce a three-dimensional image.

Immersive technologies: a term describing a group of technologies that aim to
create an immersive experience. This typically includes emerging technologies
such as virtual reality (VR), augmented reality (AR), mixed reality (MR) and
immersive virtual worlds (IVWSs).

Immersive virtual worlds (IVWs)/metaverses: a virtual environment where users

can interact with other users, virtual objects and the virtual environment.

Mixed reality (MR): an immersive technology that combines both VR and AR in the
same device and mixes parts of the virtual and physical worlds.

Motion sensors: devices which track how a user’s body is moving. For example,
motion sensor tags worn on wrists.

Neurotechnologies: devices which interact with a person’s nervous system. For
example, neural implants and EEG (electroencephalography) headsets.

NFTs (non-fungible tokens): a unique digital identifier recorded on a blockchain to
certify ownership of a digital asset, which can be traded.

Operating systems: a system that manages the hardware and software resources
of a computational system.

Pass-through: a feature on some headsets where cameras on the front of a device
record the physical world and display it simultaneously to a user so it appears as if
they are looking through the screen.
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Platform: in this explainer, ‘platform’ is used to describe an online system providing
the environment and tools for developing and managing immersive technology
applications, and for users to interact with these applications.

Rendering: a software feature that updates a visual scene so it feels like a user is
interacting with the environment in real time and makes movement in a virtual
world feel more natural.

Scene/object generation: software which generates virtual visual representations
of environments and objects for users to interact with.

Scene/object recognition: software which recognises a user’s environment and
detects and identifies objects a user can see.

Smart glasses: head-mounted devices, normally worn like glasses, which use
sensors and user inputs to perform other functions for a user, such as recording
information. These can be AR devices, but not all smart glasses have a digital AR
layer (for example, Ray-Ban Meta smart glasses).

Sound/speech recognition: software which analyses and recognises sound or
speech, including a user’s voice.

Sound/speech synthesis: software which generates audio and speech content.

Spatial computing: used to describe a new type of human-computer interaction in
which a computer reacts in real time to a user’s actions and environment. It is
sometimes used as a blanket term instead of immersive technologies and XR, but
it is not used as frequently.

Virtual reality (VR): a computer-generated 3D virtual environment that a user
interacts with through devices (typically a headset) and that reduces a user’s
awareness of the physical world.

Virtual world: shared and simulated digital spaces inhabited, shaped and engaged
with by avatars.2

Virtuality-reality spectrum: a spectrum for describing the degree of immersion of
different immersive technologies (see Figure 1).
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Wearable technologies: devices and sensors worn by a user, which can be used to

create an immersive experience.
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What are immersive technologies?

Immersive technologies are a group of emerging technologies that all share a
common aim: to create an experience for users that mediates their perception of
their physical environment.

For the purposes of this paper, we focus on four types of immersive technologies:
augmented reality (AR), mixed reality (MR), virtual reality (VR) and immersive
virtual worlds (IVWSs). These technologies differ in a variety of ways but share
broad similarities in how they work and what components they include. They will
typically use:

A hardware interface (such as headsets and tablets) that includes input devices
(sensors) to collect data from a user and/or the physical environment, and
output devices (such as visual displays) to deliver content to users.

Computing power, such as from smartphones, headsets or computing
infrastructure.

Software, such as real-time processing algorithms to generate content that
creates an immersive experience for a user.

Broadly speaking, immersive technologies all use input devices to collect data,
software to process the data and generate content, and output devices to deliver
content to users. Different kinds of immersive technologies rely on different kinds
of hardware and software. These technologies can also capture different kinds of
data, like biometric data and environmental data.

Why is it difficult to define immersive technologies?

One challenge with defining immersive technologies is that companies and
researchers use different terms to describe the same broad grouping of
technologies. These include umbrella terms such as extended reality (XR) and
spatial computing.

Table 1: Different terms used interchangeably with immersive
technologies



Term

Spatial computing

Extended reality
(XR)

Metaverse

Virtual world
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Definition Who uses it

Used to describe a new type of human- Apple
computer interaction in which a computer
reacts in real time to a user’s actions and

environment.?3

A blanket term used to describe augmented Qualcomm
reality (AR), virtual reality (VR), mixed reality

(MR) and everything in between.2*

A three-dimensional online environment in Meta
which users represented by avatars interact
with each other in virtual spaces decoupled

from the real physical world.2®

Shared and simulated digital spaces inhabited, PlayStation/Sony

shaped and engaged with by avatars.28

Many interviewees criticised the lack of standardised language, which can lead to
confusion and frustration:2” ‘The language in this area keeps changing all the time.
It was immersive, then it was VR or XR, now Apple is using spatial computing [...] it’s
always a pain and the language changes very often.?® This can mislead people to
think these terms refer to different technologies, when they are often used to refer
to the same set of technologies.

It can also be challenging to define what constitutes an immersive technology, as
there are disagreements in the academic literature and among developers about
what qualifies a technology as ‘immersive’.

Some practitioners focus on the impact that a technology or set of technologies
has on a user’s perception of their environment. In this view, technologies are
immersive if their use results in an experience of feeling present in an environment
other than one’s physical environment.2? This could be through headsets that
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affect what a user perceives or the creation of immersive spaces (such as CAVE

systems).3°

For several interviewees,3! user experience is key for defining whether a
technology is immersive - even while recognising that this approach can be vague.
One interviewee stated: Immersive is a bit of a tricky word [...] generally the
aspiration is to have an experience where you might be putting people into “flow
states” where they’re immersively, emotionally involved in something.®2 Some
participants compared this to reading a book, which can be an immersive
experience for a reader.33

However, other interviewees disagreed with this comparison and suggested that
while immersive technologies can trick your body into feeling something that is not
there, an immersive book will not create the same sensation.34 This disagreement
highlights how ‘immersion’ is a contested concept with different meanings,3®
making it difficult to decide whether a technology qualifies based on user

experience.

Other practitioners instead focus on the technical features of a technology when
qualifying it as immersive. For example, some interviewees focused on real-time
processing as a defining feature of immersive technologies, in which data is
processed and immersive content is rendered at the same time as a personis

using a technology.3®

Some interviewees®” also discussed what makes technologies more or less
immersive in terms of how well they are able to realistically simulate the user
interacting with an environment in the physical world.28 For example, someone with
this perspective may say that watching a film using a VR headset is more
immersive than watching with 3D glasses, because the former is better able to
simulate the experience of a user being in a scene of a film.*®

The interviewees did not come to a clear consensus on how to define the unique
features of immersive technologies. However, two important themes emerged.
First,immersive technologies strive to create an immersive experience for a
user, even if this is not always fully achieved. Second, the ability to do so
depends on the various technical capabilities of a system, including the
collection of user data through sensors and real-time processing, to create a
seamless immersive user experience.
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What are the different types of immersive
technologies?

In this explainer, we focus on and distinguish between four types of immersive
technologies:

1. augmented reality (AR)
2. mixed reality (MR)
3. virtual reality (VR)

4. immersive virtual worlds (IVWSs).

We explore how each of these technologies work and their data lifecycle - what
kinds of data they collect, how data is processed and how it can be reused and
retained - as a basis for understanding the potential risks and impacts emerging

from the way immersive technologies work.

The differences between these technologies were often described by
interviewees*® and in academic literature as based on a spectrum of how much
the user loses awareness of the physical world, called the ‘virtuality-reality
spectrum’ (Figure 1).41

One interviewee cautioned that language used when discussing immersive
technologies should not assume that virtual experiences are not real, as this can
diminish the real harms that occur in virtual worlds, such as harassment.#2 To
reflect this, throughout this explainer we contrast the virtual world with the physical
world, rather than describing the physical world as the ‘real world’.
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Figure 1: The virtuality-reality spectrum

The virtuality-reality spectrum
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What is augmented reality (AR)?

In augmented reality (AR), a user changes or ‘augments’ their perception and
interaction with the physical world through a device. On the virtuality-reality
spectrum, AR is closest to physical environments as users retain more contact
with the physical world than through the other technologies explored in this
explainer. For example, if a user is wearing an AR headset they will still be able to
directly see through to the physical world, or if using a tablet or phone their vision is
not restricted to what they can see on the screen.

Reflecting on this connection to the physical world, several interviewees described
AR as overlaying digital information or adding a ‘digital layer’ to the physical
world.#® Interviewees gave several examples of how this digital layer could be
added through smartphone apps (such as Pokémon Go,** Google Lens, Instagram

or Snapchat filters*3) or through specific devices such as AR smart glasses.*®

Interms of hardware, AR is less strongly associated with headsets than other
immersive technologies, with some interviewees describing AR as largely reliant on
devices such as tablets and smartphones.*’ Smart glasses can also be used for
AR. Some smart glasses provide a visual overlay, such as the Viture Pro XR,*® and
others deliver an audio overlay, such as the Ray-Ban Meta smart glasses. The
latter provides an immersive experience despite not providing a visual overlay,
because it uses input devices and software to collect and process data, and output
devices to deliver content that alters the user’s auditory experience of their
physical environment. For example, people can use the glasses’ built-in camera
(input device) and personal assistant (software) to ask questions about objects in

their environment.*®


https://www.adalovelaceinstitute.org/wp-content/uploads/2025/03/Figure-1-Virtuality-reality-spectrum-30June25-scaled.png
https://www.adalovelaceinstitute.org/wp-content/uploads/2025/03/Figure-1-Virtuality-reality-spectrum-30June25-scaled.png
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Some interviewees noted that QR codes,® a kind of barcode that can typically be
‘read’ by a smartphone to connect to websites, are commonly used as a method
for accessing AR experiences. For example, supermarkets or retailers such as
Nike have used QR codes in stores to facilitate AR experiences where users can
‘try on’ clothes virtually on their phone.’! This highlights the common use of AR as a
tool for interacting with digital content and accessing information about the
physical world, with participants highlighting other cases such as the use of QR
codes to access AR virtual guides for navigating cities.®2

Figure 2: Augmented reality

Augmented reality (AR)
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What is mixed reality (MR)?

Mixed reality (MR) is an immersive technology that allows users to interact with
elements of the virtual and physical worlds.52 On the virtuality-reality spectrum,
MR sits between AR and VR and mixes virtual content with connection to the
physical world.

MR allows the user to interact with both the physical and virtual worlds at the same
time through the use of headsets. This is done by combining aspects of both VR%*
and AR in the same device. While the hardware used for MR will typically be the
same as a VR headset, MR differs from VR because it allows the user to still
interact with the physical world. This is achieved with a feature called pass-


https://www.adalovelaceinstitute.org/wp-content/uploads/2025/03/Figure-2-Augmented-reality.png
https://www.adalovelaceinstitute.org/wp-content/uploads/2025/03/Figure-2-Augmented-reality.png
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through, where cameras on the front of a device record the physical environment
and display this in real time in the headset so it appears as if the screen is
transparent. However, unlike AR, the user is not directly interacting with the
physical world.

Disagreements over MR

The term mixed reality (MR) does not clearly signify a specific type of technology
or user experience for everyone, with some arguing we do not need the term at
all.?® Previous research has shown that some experts interpret MR as a catch-all
term for any type of experience that exists between VR and AR, while others
believe we will not make distinctions between different types of immersive

technology in the future.®®

One interviewee described this coalescence as ‘cross-reality’, where ‘applications
can move across the gradient of immersion’ and users switch between interacting
in the physical and virtual worlds.5”

There is also a discrepancy between the terminology used by companies to
describe theirimmersive technology products and how interviewees referred to
their devices.

For example, the Apple Vision Pro headset would qualify as an example of MR
under our definition, while Apple uses the term ‘spatial computing’. Unlike
traditional computing, where a user inputs information and interacts through a
digital interface, spatial computing collects and processes information about a

user and their environments to perform computing tasks.

However, spatial computing is not a commonly used term in other parts of the tech
industry. Most interviewees did not use the term and, when they did use it, it was
often in reference to Apple products. One interviewee described this terminology
choice as a way for Apple to avoid ‘all the baggage that comes with virtual reality’,
explaining how ‘it’s just a matter of Apple trying to name things more for branding
purposes [..] at the end of the day, the Apple Vision Pro is a virtual reality headset
with mixed reality pass-through’.®®

Similarly, some devices which are typically referred to as ‘mixed reality headsets’
could also fall under AR. For example, Microsoft markets the HoloLens as a MR
device. However, as the HoloLens overlays holographic images onto the physical
world, it would fit into what is more typically considered AR.
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Figure 3: Mixed reality

Mixed reality (MR)
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What is virtual reality (VR)?

In virtual reality (VR), a single user is immersed in a computer-generated 3D
environment, which substantially reduces their awareness of the physical world.
VR sits at the end of the virtuality-reality spectrum, as a user is furthest away from
the physical environment and immersed in a virtual environment. This is typically
achieved through head-mounted displays (often called headsets), which provide
audio and visual information to make a user’s experience more immersive.

VR environments provide single-user experiences, such as engaging in VR
education or therapy applications. These environments can closely mimic physical
environments or create cinematic, artistic or fantastical experiences. Several
interviewees, for example, described VR as a virtual space where users could
theoretically undertake everyday tasks such as watching television, going to work
or shopping.®® Other examples of VR environments include ones which do not
mimic real-life environments, such as Isness, which aims to provide therapeutic
services through psychedelic experiences.®°


https://www.adalovelaceinstitute.org/wp-content/uploads/2025/03/Figure-3-Mixed-reality.png
https://www.adalovelaceinstitute.org/wp-content/uploads/2025/03/Figure-3-Mixed-reality.png
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While some VR headsets, such as the PlayStation VR2 and Pico 4 headsets, can
include features such as pass-through, these are typically used for convenience
rather than as part of the immersive experience. For example, to allow a user to
quickly look through a VR headset to pick up controllers while gaming. In these
cases, this would not qualify as MR because a user is not able to interact with
elements of the physical and virtual worlds at the same time.

Figure 4: Virtual reality

Virtual reality (VR)
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What is an immersive virtual world (IVW)?

While VR technologies provide single-user experiences, an immersive virtual world
(IVW) or metaverse is a type of VR that provides multi-user experiences and
facilitates a more social virtual experience. In these virtual environments, a user
uses avatars to interact with other users, virtual objects and the virtual
environment. An avatar is an active virtual representation of an individual in a
virtual world, which can be controlled by the user through devices, sensors and
controllers. Avatars can be cartoon-like, as in video games, or photorealistic.
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Where IVWs fall on the virtuality-reality spectrum depends on what devices are
used. While VR headsets can be used to access IVWs, as per our definition, this is
not the only way to access them. The immersiveness of IVWs also depends on the
device used. For example, accessing IVWs through a desktop will provide a much
less immersive experience than a see-through MR headset. Similarly, these will
offer less immersion than VR headsets with closed backs. Some IVWs can be
accessed through all three devices (VR, MR and desktop computers). VRChat, for
example, offers different levels of immersion depending on the device through
which the IVW is accessed.

Immersive virtual worlds can vary in scale, from a small virtual environment for a
specific community to a larger virtual environment open to anyone on the internet.
One interviewee argued that immersive virtual worlds do not need to be
interconnected: ‘A lot of people say Roblox isn’t a real metaverse, it’s not
interoperable. What | would say is | think about it not just as the technology but |
also think about the user experience and what are the users doing®' This
challenges the idea that IVWs need to be interoperable, meaning they can be
accessed through adjacent IVWs or be of a certain scale, and instead includes
virtual worlds that are smaller in scope and are not connected to other worlds.
IVWs discussed by interviewees included Meta’s Horizon Worlds,®2 Roblox,®®
VRChat®* and Rec Room.®®

Disagreements over IVWs

Interviewees used a range of terms to describe IVWSs, such as immersive
environments, virtual worlds, immersive spaces and immersive reality. However,
‘metaverse’ was used the most frequently, which mirrors what most people
probably associate with IVWs.

There are mixed views on whether IVWs can be accessed through hardware such
as laptops or require VR headsets to count as immersive. Some interviewees
suggested IVWs could be accessed in many ways, such as by a mobile device or a
video game, rather than just through a VR headset.®® As one participant put it,
these inputs are a kind of ‘means to an end’ for IVWSs, with the end being immersive
social experiences.®” Other interviewees disagreed that IVWs that do not require
VR headsets would qualify as immersive: [ There are] platforms that people call
proto-metaverses like Roblox and Minecraft [that] you can access on a computer

or tablet. But | wouldn’t necessarily call those immersive.®8
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Figure 5: Immersive virtual worlds

Immersive virtual worlds (IVWs)
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How do immersive technologies work?

Every kind of immersive technology relies on a common set of components and
features. It is critical that policymakers understand these components, how they
work and how they can enable certain kinds of risks. A clear picture of how
immersive technologies work can help with assessing what aspects are covered by
existing law, what gaps exist in regulatory powers and what risks may require new
controls and methods of governance.

Immersive technologies function through an iterative process of data creation and
processing that enables the production of immersive content. This process relies
on user interactions with hardware and sensors to create and collect data. This
data is then used as inputs which are processed by software to produce immersive
content as outputs. These outputs are then delivered through output devices.

What hardware is used?

Immersive technologies rely on a range of hardware products. This can include
hardware that is designed for a wide variety of purposes, such as smartphones, as
well as hardware that is custom developed to create immersive experiences, like
VR headsets.

Augmented reality (AR) systems, for example, frequently draw on hardware such
as smartphones or tablets. However, since smartphones and tablets are not
attached to the body, there are limitations on what or how much data can be
collected when compared to wearable technologies.
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Figure 6: Traditional hardware

Traditional hardware

More immersive experiences like virtual reality (VR) or mixed reality (MR) will often
rely on wearable technologies. These allow for more data to be collected from
users’ bodies (through tracking head position or eye-tracking, for example), which
is then analysed and used to render new images, audio, or spatial mappings of an
environment. For example, users can access Meta’s Horizon Worlds through their
mobile device, web browser or VR headset.?? However, only the VR headset can
collect data on a user’s head movements and eye-tracking, which increases the
degree of immersion experienced through its enclosed display.


https://www.adalovelaceinstitute.org/wp-content/uploads/2025/03/Figure-6-Traditional-hardware.png
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Figure 7: Head-mounted displays: AR glasses

Head-mounted displays: AR glasses

Head-mounted displays or headsets are the most common example of wearable
technologies designed for immersive experiences and to display virtual content.
Examples of head-mounted displays include VR headsets, MR headsets and smart
glasses. Another common example of wearable technologies are controllers,
which are operated by users to interact with immersive experiences.
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Figure 8: Immersive technology hardware
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Allimmersive technology hardware contains input and output devices. Input
devices collect data for processing through the product’s software, and output
devices deliver immersive content to a user such as video, audio and haptic
outputs. Different configurations and types of input and output devices may be
used for different immersive technologies, and some components are more
commonly found across some immersive technologies than others.

Cameras, for example, are found across immersive technologies, while some
forms of haptic devices (which react to, detect or simulate touch for a user) such
as gloves and vests may not be used in hardware that is lower on the virtuality-
reality spectrum, such as smartphone-based AR systems.

Variations between components may also be found across the same type of
hardware. In addition to having double the number of cameras as the Meta Quest
3, the Apple Vision Pro headset has eye-tracking capabilities, whereas the Meta
Quest 3 does not.” Equally, some input and output devices may be sold as
additional products that a user can add to enhance an immersive experience. For
example, while most VR headsets will have motion sensors built into them, a user
could also purchase additional devices like sensor tags worn on wrists and limbs,
or exoskeletons and treadmills used to control movement and increase the degree

of immersion within a virtual environment.
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What data is created and collected?

Immersive technologies that use wearable devices significantly increase the
amount of data that can be collected from users and a user’s environment. This

includes but is not limited to:
Physiological data (for example, head movement and heart rate)
Environmental data (for example, object recognition and sound tracking)
Positional data (for example, a user’s position and movement)

User profile data (for example, demographic data and usage data).

Figure 9: Types of data collected by immersive technologies
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As with input and output devices, the specific forms of data collected by
immersive technology products will depend on the product and use case. For
example, Pokémon Go, an AR game, collects personal information about a user’s
digital footprint, such as their email address, IP address and location,” but does
not have the capacity to collect personal biometric data, such as hand-tracking,
which the MetaQuest 3, a VR headset, does. On the other hand, while both MR and
VR headsets collect environmental data, MR devices like the Apple Vision Pro
gather higher-fidelity spatial information about a user’s environment through
LiDAR technology, enabling more precise environmental mapping compared to
the Time-of-Flight sensors typically used in VR headsets such as the Meta Quest

3's data collection systems.”™
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What software is used?

Figure 10: Immersive technology software
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Data transfer

Immersive technologies use software programmes to process data collected by
input devices, and to deliver immersive content to users through output devices.

30

Some examples of the different kinds of software that immersive technologies can

use include:
Operating systems

At a foundational level, immersive technologies rely on operating systems

that power hardware devices like smartphones, tablets or computers. These

include Windows OS and Apple’s VisionOS which support all other software
programmes, including immersive technology platforms.

Platforms

Immersive technology platforms provide environments and tools for
developers to develop and manage applications, and for users to access
applications.
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Applications

Applications are services offered within platforms. Examples include games,
content creation tools and social media. At times, platforms can also serve
as applications through which users can interact with other avatars and
access different games and functionalities, such as Meta’s Horizon Worlds.™

Rendering engines

Immersive technologies rely on rendering systems to deliver content, which
may take the form of a virtual overlay in AR systems, or mixed or virtual
environments in MR or VR systems.”® These systems use real-time rendering
engines as a key software to enable input data to be processed, and outputs
to be generated as users interact with the technology.”® Real-time rendering
software allows immersive content to be updated at a high speed that can be
perceived by users as a continual stream of content responding to their
actions. As a user’s experience is rendered in real time, it closely replicates
physical experiences and helps foster a ‘flow state’ for users that increases
the degree of immersion of the experience.

Algorithms

Immersive technology software also uses algorithms for processing data and
rendering immersive content. Algorithms act as instructions for how data
should be used by immersive technology software. Often, the algorithms
used by immersive technology software are machine-learning algorithms - it
is here that immersive technologies converge with Al.

For example, the Meta Quest 3 headset runs on the operating system Meta
Horizon OS,”” a MR operating system built off Google’s open-source Android OS.”®
In turn, players can interact with each other through the Horizon Worlds platform,
which in itself is both an application and a platform through which users can
access other applications, such as Gizmos.” Horizon Worlds and other platforms
for the Meta Quest 3 can be developed using Unity and Unreal Engine rendering
engines.2% One of the many algorithms used by the Meta Quest 3 are computer
vision algorithms for its Inside-Out Body Tracking (IOBT) system, which allows the
system to map out upper-body movements, heightening the immersion felt by the

user.8!
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What types of Al algorithms are used?

The convergence between immersive technologies and Al was seen as particularly
important in our interviews, with over half of the interviewees discussing it.82 While
Al systems themselves are not immersive technologies, they can often play a role
in supporting the development and use of immersive technologies. For example,
interviewees discussed how Al can be used to support immersive technology
through content generation,83 for object recognition,* to personalise immersive
technology applications®® and for speech-to-text translation into different
languages to make immersive experiences more accessible.28

Many forms of convergence discussed by interviewees preceded the current
surge of generative Al and large language models (LLMs). Some examples of these
machine-learning algorithms include ones that aim to recognise information from
physical environments:

Scene and object recognition algorithms are key to AR and MR devices which
use data from the physical world to recognise a user’s environment and identify
objects within it.

Sound and speech recognition algorithms analyse sounds or users’ voices and
other sounds to recognise sound and speech. This can be important for voice
commands or for communication with other users.

Facial recognition algorithms detect faces in an environment and identify them
based on an existing database. They have not been incorporated into
mainstream commercial products due to privacy concerns, but they have been
in immersive technology products used by police forces around the world.8”

Other examples include profiling algorithms, which create data about users by
categorising them into psychological, behavioural and demographic groups, also
referred to as psychographic characteristics.88 Data created by profiling
algorithms can be added to a user’s profile data and can be used as an input for
other algorithms, such as content generation algorithms. Profiling algorithms
include:®°

Emotion recognition algorithms which make inferences about a user’s
supposed emotional states and emotive responses to content. This is based on
data including physiological data such as facial expressions, heart rate and
pupil dilation.
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User preference recognition algorithms which make inferences about a user’s
supposed preferences. This is based on data including physiological data and
usage data, such as time spent engaging with specific content.

Gender recognition algorithms make inferences about a user’s supposed
gender based on data including behavioural data.

While some forms of Al used within immersive technologies precede recent
developments in generative Al, the uptake of generative Al systems was discussed
as particularly useful for rendering graphic and audio content for immersive
experiences. Developments in this area could streamline the content creation
process for immersive experiences.2° Algorithms that aim to render immersive

content include:

Scene generation, object generation and spatial mapping algorithms create
virtual representations of environments and objects for users to interact with
when using immersive technologies. Interviewees discussed the use of these
algorithms for real-time rendering as an area with significant potential.>! One
interviewee, for example, emphasised how the ‘convergence between real-time
graphics computing and Al’ holds potential for people to generate immersive
content more quickly.®2

Sound and speech synthesis algorithms create the auditory aspects of a
virtual environment, making it more immersive. Some interviewees highlighted
the use of generative Al for delivering content in the form of avatars®® or
through personal assistants integrated within smart glasses,®* which may

provide a ‘different way [of] thinking about human computer interactions’,2®

where users ‘talk to things and they do it for you’ %8

How is data managed?

How immersive technology products handle data may vary. Here, we present a
model illustrating how data is managed to operationalise immersive technologies.
This ‘data lifecycle’ model, presented in Figure 11, provides an overview of the
stages of how data is managed, from its point of collection to its point of
decommission. This consists of:

1. datacreation and collection
2. datause

3. dataretention.
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Figure 11: The data lifecycle of immersive technologies
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Conclusion

Defining immersive technologies is complicated by the lack of consistent
vocabulary in the field and the lack of a clear definition of what makes technology
‘immersive’. Despite this, we identify four types of immersive technologies:
augmented reality (AR), mixed reality (MR), virtual reality (VR) and immersive
virtual worlds (IVWs).

The differences between these technologies can be gauged through their position
on the virtual-reality spectrum, which places these technologies according to how
much the user loses awareness of the physical world. These technologies often
share many hardware and software elements such as cameras, motion sensors,
visual display devices and rendering engines. Depending on their sophistication,
these devices can collect significantly more data than devices such as laptops or
smartphones. The convergence between immersive technologies and Al stands
out as a particularly important element of these devices, with several interviewees
noting the importance of Al algorithms (such as profiling algorithms and scene and
object recognition algorithms) playing a crucial role in the development of
immersive technologies.

This explainer aims to provide the public, alongside policymakers and regulators,
with a comprehensive understanding of immersive technologies by examining
their contested terminology, functionalities and technological architecture.
Through this, we strive to facilitate discussions in policy and the development of
nuanced approaches to their governance and regulation that address both the
opportunities and challenges they pose.
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Methodology

This explainer is the first of three outputs based on research conducted for the
Ada Lovelace Institute project: ‘Return to reality: An exploration of immersive
technologies’ The explainer answers the following research question:

What are the essential terms and concepts that policymakers and regulators
need to understand to address the impacts of immersive technologies?

To explore this question, we used two research methods:
Desk research and a literature review

Expert interviews

Our literature review was conducted between November 2023 and May 2024. An
initial review of annotated articles resulted in a set of cluster themes. We then
identified priority areas and gaps from our initial review, which we supplemented
by searching for additional relevant papers and articles.

The project team conducted 26 interviews with experts working with immersive
technologies, including developers, investors, academics and practitioners.
Interview questions covered the following categories relevant to our project’s
research questions: the timeline of immersive technologies, the product
landscape, technical components, and the impacts of immersive technologies
such as risks and benefits.
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Appendix

What other technologies are used?

Many interviewees referred to technologies that immersive technologies converge
with, use or rely on, even if they would not count them as immersive technologies
themselves.

Blockchain:®7 a type of database or digital ‘ledger’ that stores datain a
distributed way. Given the decentralised nature of this technology, several
immersive virtual worlds have implemented blockchain to support content
protection, transaction security and content hosting.%8

Cloud computing:®® a method of using computer resources (such as data
processing or storage) hosted remotely through the internet, such as Amazon
Web Services.'®® Cloud computing is increasingly being implemented in
immersive technologies to allow users to stream otherwise graphically
demanding XR experiences from less computationally capable devices.™

Cryptocurrency:'? a virtual or digital currency typically run through a
decentralised cryptographic system. In some virtual worlds, users may use
cryptocurrencies to trade and sell digital assets.!03

Digital twins:'%% a digital model that simulates a physical object or system.
Digital twins are often used in the manufacturing sector, where, alongside
immersive technologies, they can be used to virtually test changes to
manufacturing parts. For example, BMW has utilised digital twins of car parts to
virtually test changes prior to their physical implementation.'®®

Holography:'°® a technique that uses light to produce a three-dimensional

image. Holographs are often used for AR experiences such as Microsoft’s
HoloLens'97,and, more recently, Meta’s Orion glasses.'08

Neurotechnologies:'°° devices which interact with a person’s nervous system
such as neural implants and electromyography (EMG) headsets. These devices
are often used to enhance immersive experiences such as Meta’s EMG
wristband, which reads muscle signals to enable virtual control."0

NFTs:"" a unique digital identifier recorded on a blockchain to certify ownership
of a digital asset, which can be traded. Within immersive technology platforms,
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these may be used to provide and secure ownership of digital assets, such as

virtual real estate.?

39
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