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Law of Accelerating Returns

Technological Progress

We are here!!
Technological Evolution:

e From simple machines to advanced data
processors.

e Traditionally passive, executing tasks as
instructed.

Exponential Growth:
e Technology evolves exponentially, not linearly.
e Rapid acceleration over time.

Future Implications:

e Next 5 years > Last 15 years in progress. | thought we would

/ be here

e Unimaginable advancements in education and
work.




Extended Reality

Extended Reality (XR) is an umbrella term that includes Augmented
Reality (AR), Virtual Reality (VR), and Mixed Reality (MR).

XR (Extended Reality)
Collective term applied to immersive experiences
incorporating varying degrees of digital and real information

User is immersed in
an interactive,
digitally-generated
environment

User interacts with
responsive virtual
elements integrated into
the real environment

User views static digital
information or visual
elements integrated into
the real environment

Source: GAO. | GAO-22-105541
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It integrates the digital and physical worlds,
providing immersive and interactive
experiences.

It transforms education and research
through increased engagement,
visualization, collaboration, and access to

data.



Types of Extended Reality

Virtual Reality (VR) Augmented Reality Mixed Reality (MR) 3D CAVE Holograms
: , . (AR) Space with 3D projectors Three-dimensional
Fullyimmersive digital g\ ar5ys digital elements, Combination of the physical ~ where users wear 3D digital projections that
environment that excludes j,a005 or 3D models onto  and virtual worlds, with glasses, creating an appear to be displayed
the physical world the real world interaction between the  illusion of objects floating  in the physical space

two environments in the space



Headsets

Oculus Quest HTC Vive Sony PlayStation VR Microsoft Hololense  Apple Vision Pro
Mobile Devices | Controllers Haptic Devices

Tablets and Phones Hand controllers & wands

In put Meth Ods " Hand Tracking , Gaze Tracking, Voice Recognition, Other sensors






Timeline of Extended Reality

e 2024

Apple launches
the Apple Vision
Pro.

® 1989

Jaron Lanier coins
the term "virtual
reality” and founds
VPL Research, the
first company to sell
VR.

® 1968

Ivan Sutherland
First VR Headset

O
A4

O
® 1982

Sayre gesture
recognition Gloves

Furness develops
miltary flight
simulation VCASS.

® 2014

Facebook acquires
Oculus VR for $2
billion, marking a
significant
investment.




What led to the current state

Technological Enablers Social Impact and User
Cost Reduction Acceptance
Hardware Cultural Acceptance and Trends
« Computing Power: CPU, GPU - Pop Culture

for 3D graphics, simulation,
and real-time interactions

« Sensors: Accelerometers,
gyroscopes, depth sensors

« Displays: High-resolution
displays with low latency

Software

« Computer Vision:Object
recognition, tracking, and
motion control

- Simulations and Physics
Engines

- Game Engines and SDKs:
Unity, Unreal Engine

Social Media
Entertainment: e.g., Pokémon

Awareness and Public
Interest in the potential of XR
across multiple sectors

Industry

Collaborations for Open
Source and Cross-

Platform Compatibility

Company Investments:

Facebook, Apple, HTC



How XR differs from other media

: Factors
Social

Presence

Interactivity

Realism

Presence

AN\
Control

Immersion

PhySICal Engagement
Presence Realisrm
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XR In Education

Immersive Learning Virtual Trips

Allows student to immerse to Pl Students can take virtual

educational environments | trips to places without
leaving the classroom.

e Maths Visualization e Historical events or
(complex mathematical archeology
concepts) e Teleportation culture,

e Language Learning nature arts and museums
(vocabulary overlay on

biect e Virtual trips and
objects) multimodal learning
e Interactive Physics and 3D

Models

Simulations and
Digital Twins

Enables interactive 3D
simulations and digital twins
of real environments for
practical learning.

e Simulated Practice in
STEM: e.qg., biology or
chemistry labs

e Extended Capabilities:
e.g., molecular-level
navigation, flying over
cities, etc.

XR transforms education by enabling experiential learning

and experiences.




Examples

Google Arts & Culture Future Class Virtual Laboratory =~ Noun Town:Vr Language Learning



https://artsandculture.google.com/partner/parco-archeologico-e-paesaggistico-valle-dei-templi

Jebs Game

Jeb's Game
Chest

Mode Clip

www.JebsGame.com

To join the team go to jebsgame.com







Access Mars




XR In Research

Progress and Innovation

A Interdisciplinary Research 0 Human - Centered Studies

Q Bridging gaps between different 0 Human Centered experiments on
fields(HCI, Neuroscience, Behavioral cognition, knowledge
Studies, Health etc.

. L d Novel Project Intersection
4 Data Visualization d Research unfeasible previously can

a 3D visualizations of complex data now be attainable



Human-Computer Interaction

e Immersive Interfaces

New experiences to users and new ways to interact with digital

content

e User Studies
Behavior, trends, usability

Healthcare

e Psychology and Neuroscience
Cognition, mental processes

e Physical Rehabilitation
e Mental Health

e Physiotherapy

Social Sciences

e Ethnographic Studies
e Cultural Preservation

e Social Interactions

Architecture and Design

e Virtual Tours

e Design Validation and Spatial Planning

e Ergonomics, Lighting, Acoustics Simulations

Industry Research
e Aerospace
e Construction Industry

e Automotive Industry

Training

e Simulations
Medicine
Hazard Management
Security forces

Artificial Intelligence
1. Object Detection
2. AI Generative Content

3. Al Virtual Buddies

XR Research Topics



Research at XRCenter




Research at XRCenter




Research at XRCenter
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XR Research Benefits XR Educational Benefits




Challenges

everything comes at a cost

Usability and Accessibility

« Challenges in User Experience (UX):
Designing intuitive and effective XR
experiences tailored to the needs of
each target is demanding.

« Accessibility: Inclusion is not always
straightforward, as there may be
physical and cognitive barriers to using
HMDs and other XR equipment.

Technological Limitations

« Rapid Evolution and Changes

« Dependency on Hardware and
Compatibility

« Software Development: custom
solutions require complex development
(expensive and time-consuming)

Resource Limitations Health, Safety, and Social Impact
VR Sickness
Physical Strain

« Prolonged use can cause feelings of
isolation or disconnection.

« Overreliance on Technology:
Undermines critical thinking and skills
developed through traditional methods.

« Financial Constraints and high initial
investment

« Insufficient technological resources

« Support from institutions may be
inadequate - a holistic approach is
required

« Access to industry tools

* Training and Integration Ethical Considerations and Data

Educators and researchers may lack Protection

sufficient training to effectively integrate

YR into their workflow Ensuring the protection of personal data

and the ethical use of XR is crucial for
responsible implementation.




A step into the
future




Integration into curricula _
Sharing

and policy creation
Knowledde s
@

Collaboration with
‘ field leaders

@ Development of
Open-source
platforms and
content

() Interdisciplinary
collaboration

Creative and
selective
application

Investment in
Technological
Equipment

Education and .
training

Market for VR in Education
2022 =8 billion euros

2027 = 42 billion euros

The Journey to the Future of XR in Research and Education



But... there is one
thing we did not talk
about




The Impact
of Al

Al-powered technologies are
transforming teaching and learning

@& openal oo,

creativity and productivity

INTRODUCING

CHAT WITH




Coming all together

Digital Twins

Digital Twins are virtual
representations of physical
objects or processes,
enabling simulations,
testing, and analysis to
optimize educational
resources and improve
learning outcomes.

Al Extended Reality (XR)

Artificial Intelligence (AI) Extended Reality (XR)
enables intelligent systems encompasses technologies
to perceive, learn, and like Virtual Reality (VR),
make decisions, improving Augmented Reality (AR),
educational experiences and Mixed Reality (MR),
through personalized immersing learners in
learning, intelligent engaging, interactive, and
tutoring, and content spatially-aware educational

generation. environments.

P

Avatars

Avatars are digital
representations of
individuals, allowing for
personalized and
interactive learning
experiences, as well as
enabling remote
collaboration and social
interaction in virtual
educational settings.



Al in Education




Graft an experience in ong click

Infinite. 360° worlds are here with Skybox Lab.

Al In VR Content Creation



Blockade Labs

Text to Content

Generation Engine

SkybOX Al  eeiore HISTORY

by Blockade Labs

Negative Text B Enhance Prompt Select a Style

cliff, cliffs, vista, sheer drop, mountain peak, (cliff), plateau




EEG

57 Channels
Oculus Rift VR Headset
EOG Accelerometer
4 Channels

ECG

Input Device 2 Channels (right and left)

Galvanic Skin Response
2 Channels

Incorporating Physiological Measurments

Image source:https://www.nature.com/articles/s41598-021-89297-y



Formative Assessment

Measuring : :
Physiological Adapting Teaching
Responses g

Incorporating physiological
measurements into education
assessment can lead to a deeper
understanding of student
learning, enabling more
personalized and effective
teaching strategies.

Personalized
Learning

Monitoring
Engagement and
Attention




Importance of Physiological Measurements

e Monitoring Cognitive Engagement e Improving Learning Environments

Physiological measures such as brain activity, eye- Analyzing physiological data can help educators and
tracking, and heart rate can provide insights into instructional designers identify factors in the learning
students' attention, focus, and cognitive load during environment that may impact students' performance and
learning activities well-being, leading to improvements in the design of

educational spaces and activities.

e Assessing Emotional States

Measures like skin conductance, facial expressions, and

e Enhancing Assessment Validity

voice analysis can help identify students' emotional Incorporating physiological measurements can
responses, such as stress, frustration, or engagement, complement traditional assessment methods, providing a
which can impact their learning experiences. more comprehensive understanding of students' learning

processes and reducing potential biases in evaluation.

e Personalized Feedback and
Interventions

Real-time physiological data can be used to provide

personalized feedback and interventions to students,
helping them regulate their cognitive and emotional

states and optimize their learning.



Learning Assessment

EEG Data Collection

Use electroencephalography (EEG)
sensors to capture brain activity
data from learners as they engage
with virtual reality (VR) learning
environments.

Al-based Pattern Detection

Employ machine learning
algorithms to analyze the collected
EEG data and identify patterns that
correlate with various learning
outcomes, such as comprehension,
engagement, and cognitive load.

Personalized and Adaptive
Learning

Leverage the insights gained from the
Al-based pattern detection to create
personalized and adaptive learning
experiences, adjusting the content,
difficulty, or pacing of the VR learning
environment based on the individual
learner's needs and performance.
enhance engagement, knowledge
retention, and skill development.



Challenges and Considerations

Privacy Concerns Data Interpretation User Acceptance
Ensuring user privacy and data Developing reliable and accurate Addressing user concerns and
security when collecting and analyzing methods to interpret complex EEG data hesitancy about the use of invasive
sensitive brain data from users and translate it into meaningful insights  brain-sensing technology for learning

about learning and performance assessment in virtual environments

Carefully addressing these ethical, technical, and practical challenges will be

crucial for the successful and responsible implementation of EEG and Al-based
learning assessment in virtual reality environments.




Thank you!!

Questions -
Discussion

. tzallas@uoi.gr

https://hcilab.dit.uoi.qgr/
https://xrcenter.project.uoi.qr/
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