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The aims and learning outcomes 
 

Aims 
The aim of this module is to support research ethics reviewers in learning about extended 
reality (XR) technologies for the review of projects and proposals that include the use of 
extended reality. The content focuses on key technology basics, in a succinct manner, and 
signposts further learning opportuni�es for those who require more in-depth knowledge.   

 

Learning outcomes 
At the end of this module, learners will be able to: 

1. Describe and dis�nguish between virtual reality (VR) and augmented reality (AR) 
2. Discuss the meaning of key concepts associated with XR (like metaverse, presence 

and interoperability).  
3. Explain the different types of hardware necessary for XR (like headsets and hap�c 

devices etc.).  

 

Introduction 
 

To begin, here’s a short quiz for you to test your knowledge. Select the appropriate answer 
from the op�ons and then check your answers on page 19.  

1. Which technologies are typically encompassed within XR?  
a) Augmented Reality (AR)   
b) Virtual Reality (VR)   
c) Mixed Reality (MR)   
d) All of the above   
 
2. What is the main difference between augmented reality and virtual reality?   
a) Augmented reality overlays digital content onto the real world, while virtual reality 
replaces the real world with a virtual environment.   
b) Virtual reality overlays digital content onto the real world, while augmented reality 
replaces the real world with a virtual environment.   
 
 3. What is the metaverse?   
a) A virtual reality headset.   
b) A collec�ve virtual shared space, created by the convergence of virtually enhanced 
physical reality and physically persistent virtual worlds.   
c) An augmented reality environment.  
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4. Which of the following statements are true?  
a) Mixed reality incorporates aspects of both virtual reality and augmented reality.   
b) In mixed reality experiences, virtual objects are always dis�nct from the real-world 

environment.  
c) In mixed reality environments virtual objects can appear to exist in the same space as 

real-world objects and can interact with them.  
d) Mixed reality aims to merge virtual and physical worlds seamlessly.  
  
5. Which industry was an early adopter of XR technologies for training simula�ons?   
a) Healthcare   
b) Retail   
c) Entertainment   
d) Agriculture  
  
6. Which of the following industries is NOT currently commonly u�lising extended reality 
technologies?  
a) Healthcare  
b) Educa�on  
c) Agriculture  
  
7. What is the Proteus effect?   
a) The tendency for individuals to change their behaviour and a�tudes based on the 
characteris�cs of their digital avatars.   
b) The phenomenon where people lose track of �me while using virtual reality.   
c) The effect of virtual reality on mental health and wellbeing.  
  
8. What is immersion in the context of extended reality?   
a) The process of waterproofing the electronic equipment that is needed for use outside.   
b) The degree to which a user feels mentally and emo�onally engaged in a digital 
experience   
c) The tendency for equipment to overheat during use.   
   
How did you do? Don’t worry if you didn’t know the answers to all of these ques�ons. By 
the end of the module, you will be much beter informed. 
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What is extended reality? 
Extended reality or XR is an umbrella term that refers to a spectrum of immersive 
technologies that merge the physical and digital worlds. It includes virtual reality, augmented 
reality, and mixed reality.   
Extended reality technologies have the potential to revolutionise various industries by 
providing new ways to visualise information, interact with content, and create immersive 
experiences.  
  
Virtual reality or VR creates an interactive 3D environment that users can explore and interact 
with using specialised headsets or goggles. In VR, users are fully immersed in a computer-
generated virtual environment that can simulate realistic scenarios or entirely imaginary 
worlds.  
  
Augmented reality or AR overlays digital content onto the physical world, typically viewed 
through smartphones, tablets, or AR glasses. AR enhances the physical-world environment by 
adding digital elements such as graphics, text, or animations, enriching experiences in fields 
like education, navigation, and retail.  
  
Mixed reality or MR combines elements of both VR and AR, allowing users to interact with 
digital content while still being aware of and able to interact with the physical world. MR 
experiences often involve digital objects that appear to exist within the user's physical 
environment, enabling a wide range of applications from design and collaboration to 
maintenance and entertainment.  
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Image from: Aucouturier E, Grinbaum A (2023) Recommendations to address ethical challenges from research 
in new technologies. CEA - Commissariat à l’énergie atomique et aux énergies alternatives.       
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Some applications of virtual reality and augmented reality  
 
XR and AR are used in a very wide range of applications across various industries. Here are 
some examples. 
 
 In gaming and entertainment VR can provide immersive gaming experiences 

where players feel like they’re inside the game world, interacting with 
characters and environments. It can also offer immersive storytelling 
experiences, virtual concerts, and other forms of entertainment.  
AR enables interactive gaming experiences where digital elements are 
overlaid onto the real world, allowing players to engage with virtual objects 
and characters in their physical environment. Popular examples include 
games like Pokémon GO and AR escape rooms.  
 

 In education and training VR can create immersive learning experiences so 
that students explore virtual environments and interact with virtual objects. 
It can be used for training simulations in fields such as medicine, aviation, 
military, and first responders, where hands-on practice in a safe, controlled 
environment is crucial.  
AR can provide interactive educational content that brings textbooks, 
posters, and other learning materials to life. For instance, it can be used for 
interactive museum exhibits, educational apps, and immersive storytelling 
experiences.  
 

  In healthcare VR can be used for pain management, therapy, rehabilitation, 
and exposure therapy for phobias and post-traumatic stress disorder 
(PTSD). AR can be used for surgical navigation, telemedicine consultations, 
and patient education.  

 
 
 
 

  
In architecture and design VR can enable the creation of immersive 
walkthroughs of buildings and prototypes, which allow clients to visualise 
spaces before they are built. VR can also be used for interior design, urban 
planning, and virtual property tours.  
AR can enable architects and designers to visualise building plans and interior 
designs at scale in a real-world environment. It can also be used for 
interactive design and planning.  
 
 

 
  In manufacturing and engineering VR can be used for product design and 

prototyping, allowing engineers to visualise and test products in a virtual 
environment before physical prototypes are built. It can also be used for 
training workers for assembly processes and equipment operation.  
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In tourism and travel VR allows users to take virtual tours of destinations and 
landmarks around the world, providing immersive travel experiences without 
leaving home. It can also be used by hotels and resorts for virtual property 
tours and marketing.  
 
 
 
 

 
  

In retail and e-commerce AR can be used for virtual try-on experiences, 
allowing customers to see how products like clothing, accessories, and 
makeup will look on them before making a purchase. It can also be used for 
virtual fitting rooms, product visualisation, and interactive product 
demonstrations. 
 
 
 
 

 For navigation AR navigation apps overlay digital directions, points of 
interest, and other helpful information onto the user’s real-world view, 
making it easier to navigate unfamiliar environments on foot or by vehicle.  
 
 
 
 
  
 

  For virtual meetings and collaboration VR offers virtual meeting spaces 
where users can interact with each other as avatars, making remote 
collaboration feel more immersive.   
 
 
 
 
 

  
 

 For maintenance and repair AR can be used for hands-free guidance and 
assistance in maintenance and repair tasks by overlaying step-by-step 
instructions, diagrams, and other relevant information onto the user’s view 
of the equipment or machinery in question.   
 
 
 
 

 
 

  
 

These are just some of the examples; the poten�al applica�ons of VR and AR are con�nuing 
to expand as the technology evolves and becomes more accessible.  
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Key concepts in XR 
 
 

Metaverse  
 

Meta  Verse  
Beyond or transcending  Universe  

  
The word ‘metaverse’ was first used by the American writer Neal Stephenson in a science 
fiction novel that was published in 1992 and entitled ‘Snow Crash’. It is now used to describe 
a shared, persistent, real-time 3D, digital model environment where users can interact with 
computer-generated environments, socialise with others, and engage in various activities, 
similar to interactions in the physical world.    
 

 
  
  
Metaverses are digital spaces and environments that users can explore, interact with, and 
even shape. These environments may include virtual worlds, simulations, and augmented 
reality experiences. Social interaction is a fundamental aspect, and the metaverse often 
includes features like avatars to represent users and communication tools. Users can 
contribute to the metaverse by creating and sharing content. This may include designing 
virtual spaces, creating digital objects, and developing interactive experiences. Metaverses 
can even have their own economy, where users buy, sell, and trade virtual assets, goods, and 
services. This may involve virtual currencies, digital assets, and a virtual marketplace.  
  
Immersion  
Immersion can be used to describe the act of putting somebody/something into a liquid so 
that they are completely covered; it can also be used to describe the state of being completely 
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involved in something. In the context of XR, immersion refers to the first-person phenomenal 
experience of being engrossed in a virtual environment.  
 

 
 
 
The immersive experience is a highly engaging and absorbing encounter that completely 
captures the individual’s attention and senses, creating a sense of presence and involvement 
in the virtual environment or activity. Immersive experiences aim to make people feel as 
though they are actively and fully present within a simulated or augmented environment, 
often blurring the line between the real world and the digital or virtual space. To achieve this, 
immersive experiences seek to engage multiple senses, such as sight, sound, touch, and 
sometimes even smell and taste.   
 
  
Interaction  
Interaction refers to the natural interaction between the user and the virtual scene and is a 
crucial component of immersive experiences. Individuals can actively engage with the virtual 
environment, manipulate objects, or influence the narrative, enhancing their sense of agency 
and involvement. Through real-time feedback, this provides the users with the same feeling 
as if they were the real world.   
  
 
Presence  
In the context of XR, the word ‘presence’ refers to the sensation of being fully immersed in a 
virtual environment to the extent that the user feels as if they are physically present within 
that environment. It offers the individual a sense of lived experience that cannot be achieved 
by third person narrative. Many factors contribute to creating a sense of presence in XR. For 
instance, interactivity and agency, and emotional engagement through storytelling and 
compelling narratives. Additionally, the design of immersive experiences often involves 
spatial considerations, including spatial audio and realistic sound effects, which allow for 
navigation and exploration of the virtual environment and contribute to a sense of spatial 
presence.  
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Interoperability  
Interoperability refers to the ability of different systems, devices, or software applications to 
work together and exchange information seamlessly, without encountering obstacles or 
requiring significant modifications. In an interoperable system, various components can 
interact, communicate, and share data effectively, promoting a smooth and integrated user 
experience.  

 
In XR, interoperability is related to the notion of a universal, or at least global, metaverse 
designed as an interconnected system where users can seamlessly move between different 
virtual spaces and platforms, promoting interoperability across applications and experiences. 
It is a technical prerequisite for the metaverse, and the immersive experiences situated within 
it.  
 

Avatars 
Hinduism defines an avatar as an incarnation of a divinity on earth. In 
games, the term appeared in the 1980s to designate a graphic 
representation of a user and forms ranged from simple pixels to 
complex 3D shapes. Realistic avatars attempt to faithfully reproduce 
human appearance and behaviour, but studies indicate that the 
consistency of computer-generated images is more important than 
anthropomorphism for user engagement.  
 
 
 
Initially designed to give visual consistency to gamers with anonymous avatars, they have 
evolved into digital characters bearing information such as personalization, experience, 
acquired assets and occasionally a certified identity. Avatars play several roles: providing 
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visual feedback to the user’s actions, facilitating interactions with other users by indicating 
their location and actions, and enabling dialogue.  

 
There are several categories of avatars, depending on the context in which they are used and, 
on the controller.   
 
Depending on the context: In the private context, the user can choose imaginary or realistic 
avatars, while in the professional context, the use of a real identity is often encouraged.  
 
Depending on the controller: Avatars can be controlled by the user or by autonomous digital 
systems (including generative AI), with varied applications such as administrative assistance 
or difficulty level management in video games. Avatars can either be controlled by the 
platform or brought into the system by third parties.  
 

 
 
 
 

 

 

 

Point to ponder 
 
Take a few minutes to think about the use of avatars and then 

read on to check the feedback. 
 

How do you think the user might be affected by the use of 
avatars? 

 
How do you think they might feel if their avatar is subjected to 

harm in the virtual world? 
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Feedback 
 
The bond between users and their avatars can have two major effects: the embodiment effect 
and the Proteus effect.  
 
Embodiment can be described through three aspects of the user’s subjective experience. 
These are:  
1. The feeling of self-location, that is the spatial experience of being in a body.  
2. The feeling of agency, which refers to the feeling of being in control of one’s actions.  
3. The feeling of ownership of all or part of a body (body ownership), for instance, feeling 
that the imaginary body is the source of sensations.  
 
The Proteus effect (named after a Greek god with the power of metamorphosis) refers to the 
influence of an avatar’s appearance and behaviour on a user’s behaviour both in digital space 
and in real life.  An example of the Proteus effect is highlighted in a recent experiment in 
which the user is placed in the imaginary skin of another human being, thereby triggering 
empathy and modifying their behaviour. In this experiment, men convicted of acts of violence 
against women were put in the roles of women who had been assaulted, embodied in female 
avatars. At the end of the experiment, the participants showed an improved ability to detect 
fear in a human face.  
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The main types of hardware used for XR 
 

The hardware needed for VR and AR experiences can vary depending on the complexity of 
the applica�on and the level of immersion desired.  

VR Hardware 

 
VR headsets  
VR headsets are wearable devices that users wear over their eyes to enter virtual 
environments. They typically consist of a display or screens that cover the user’s field of 
view, lenses to focus the image, and built-in sensors for head tracking.   
  
Tethered VR headsets  
Tethered headsets are connected to a powerful computer or gaming console via cables, 
providing high-quality graphics and immersive experiences. Examples include the Oculus 
Rift, HTC Vive, and PlayStation VR.  
  
Standalone VR Headsets  
Standalone headsets have built-in processing power, sensors, and displays, eliminating the 
need for a separate computer or console. Standalone headsets offer more mobility and 
convenience but may have lower graphical fidelity compared to tethered headsets. 
Examples include the Oculus Quest, HTC Vive Focus, and Pico Neo 2.  
  
Motion Controllers  
Motion controllers are handheld devices that allow users to interact with virtual objects and 
environments in VR. They typically feature buttons, triggers, and joysticks for input, as well 
as motion sensors for tracking hand movements in 3D space.   
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Room-Scale Tracking Systems  
Room-scale VR systems use external sensors or cameras to track the user’s movements and 
position in physical space, allowing them to move around and interact with virtual 
environments more freely.   
  
Computers or gaming consoles  
High-quality VR experiences often require powerful computing hardware to render complex 
graphics and simulations in real-time. Gaming consoles, gaming PCs, or powerful 
workstations equipped with dedicated graphics cards and processors are commonly used to 
run VR applications and games.  
  
Smartphones and tablets  
Smartphones or tablets can also be used for VR applications as a way to access metaverses 
although not in a fully immersive way. Examples include Second Life 
(https://secondlife.com/) and many other virtual worlds.  
  
Other accessories  
These may include VR-compatible headphones or earphones for immersive audio, VR 
treadmills or locomotion devices for natural movement, and haptic (tactile) feedback 
devices for tactile sensations.  
 
 
AR Hardware 

 

Smartphones and Tablets  
Smartphones and tablets are the most accessible AR devices because they often come 
equipped with cameras, sensors, and processing power necessary for basic AR experiences. 

https://secondlife.com/
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AR apps can be downloaded and used on these devices to overlay digital content onto the 
real world through the device's display.   
  
AR Glasses and Smart Glasses  
AR glasses and smart glasses are wearable devices designed specifically for AR experiences. 
These glasses typically feature transparent displays or projectors that overlay digital content 
directly into the user's field of view.   
  
Headsets  
AR headsets are immersive devices that provide a more immersive AR experience by 
blocking out the user's view of the real world and replacing it with a virtual environment. 
These headsets often include sensors, cameras, and motion tracking technology to enable 
spatial mapping and interaction with digital content.  
  
Wearable Accessories  
Some AR experiences require wearable accessories, such as AR-enabled helmets, visors, or 
wristbands, to provide additional functionality or interaction options. These accessories may 
include sensors, haptic (tactile) feedback devices, or motion controllers to enhance the 
user's AR experience.  
  
Computers and Processing Units  
AR experiences often require significant processing power to render and display complex 
digital content in real-time. Computers, gaming consoles, or dedicated processing units may 
be used to run AR applications and provide the necessary computing resources for high-
quality AR experiences.  

  
 

 

 

 
 
 
 
In this module we have considered key concepts associated with XR, like metaverse, presence 
and interoperability, and the different types of hardware necessary for VR and AR. 
In the next module, Extended Reality: Ethics Issues, we explore the risks associated with the 
use of XR technologies and how they might be addressed. Now you can try the end of module 
quiz to see whether your learning from this module addresses the intended learning 
outcomes. You can check your answers on page 19.  
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End of module quiz 
 

1. What sets virtual reality (VR) apart from augmented reality (AR)? 

A) VR immerses users in en�rely simulated environments, while AR overlays digital content 

onto the real world.  

B) VR enhances real-world environments with virtual elements, while AR creates en�rely 

virtual environments. 

C) VR requires specialized hardware like headsets, while AR can be experienced through 

smartphones or tablets. 

D) VR is primarily used for entertainment purposes, while AR finds applica�ons in fields like 

medicine and educa�on. 

 

2. What does the term "metaverse" typically refer to? 

A) A virtual reality headset used for immersive gaming experiences. 

B) An online mul�player video game featuring extensive player customiza�on and 

interac�on. 

C) A digital marketplace for buying and selling virtual assets and currencies. 

D) A collec�ve virtual space created by the convergence of virtual, augmented, and physical 

reality.  

 

3. What does ‘interoperability’ refer to in the context of digital pla�orms? 

A) The ability of so�ware programs to operate on mul�ple opera�ng systems. 

B) The seamless exchange and use of data between different digital systems or pla�orms.  

C) The integra�on of various hardware components to enhance compu�ng performance. 

D) The security measures implemented to protect digital assets from cyber threats. 
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4. What factors contribute most to users feeling a sense of presence in extended reality 

(XR) environments? 

A) Bright colours and the complexity of virtual objects and environments. 

B) The level of physical discomfort experienced while using XR devices. 

C) Levels of interac�vity, agency, and emo�onal engagement supported by the quality of 

sensory input and the level of immersion provided by XR hardware.  

D) The frequency of social interac�ons within XR environments. 

 

5. What is the primary func�on of a hap�c device in extended reality (XR) experiences? 

A) To provide visual enhancements in virtual reality environments. 

B) To enable users to navigate virtual environments using hand gestures. 

C) To deliver tac�le feedback, allowing users to feel and interact with virtual objects.  

D) To track the user's movements and adjust the virtual environment accordingly. 
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Answers to the quizzes 
 

Start of module quiz 
1. d 

2. a 

3. b 

4. b is false; a, c and d are true 

5. a 

6. c 

7. a 

8. b 

 

End of module quiz 
1. A 

2. D 

3. B 

4. C 

5. C 
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