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Engelbart, Douglas. "Augmenting human intellect: A conceptual framework. Summary report." Stanford Research 
Institute, on Contract AF 49, no. 638 (1962): 1024. 
“Mother of all demos”: https://youtu.be/B6rKUf9DWRI , 1968

Augmen'ng Human intellect?

https://youtu.be/B6rKUf9DWRI


Sutherland, I. E. A head-mounted three dimensional display. AFIPS Fall Joint Computing Conference 757–764 (1968) 
doi:10.1145/1476589.1476686. https://youtu.be/eVUgfUvP4uk
The sketchpad demo: https://youtu.be/6orsmFndx_o , 1963

Head Mounted Displays and touch interfaces?

https://youtu.be/eVUgfUvP4uk
https://youtu.be/6orsmFndx_o


My personal trip



1 https://www.sciencedirect.com/science/article/pii/S0883540319303341 
and more than 55 published clinical trials since 2020 verify this fact

2 https://roundtablelearning.com/cost-of-virtual-reality-training-full-vr-2020/

VR training improves learning outcomes1,
VR content creation cannot keep up with demand:

LENGTHY CREATION TIMES: 4 – 8 MONTHS

HIGH AUTHORING COSTS2: 
MIN $20K PER MINUTE

INFINITE NUMBER OF TRAINING EXPERIENCES
TO BE SIMULATED AS DIGITAL TWINS

LACK OF LOW/NO-CODE, CONTENT AUTHORING TOOLS

THE PROBLEM

https://www.sciencedirect.com/science/article/pii/S0883540319303341
https://roundtablelearning.com/cost-of-virtual-reality-training-full-vr-2020/


Overview
• 6Gs of low/no code

1. Geometry
2. Graphs
3. Graphics Engines
4. GPUs
5. Games
6. Generative AI & GNNs

• Generated realms
• Immersive visual analytics 

for SciViz
• Metaverse

• Edverse
• Medverse

• Computational Science & 
Innovation



CODE -> LOW-CODE -> NO-CODE 
EDUCATIONAL METAVERSE AUTHORING

7



6Gs of low/no code:
Geometry, state-of-the-art

- Geometry Through History, Euclidean, Hyperbolic, and Projec<ve Geometries,  
Meighan I. Dillon, Doi: 10.1007/978-3-319-74135-2 
- Klein's Erlangen programme: 
hOps://math.ucr.edu/home/baez/erlangen/erlangen_tex.pdf

- Course notes Geometric Algebra for Computer Graphics, SIGGRAPH 2019
https://arxiv.org/abs/2002.04509, https://bivector.net
- HESTENES, D. SPACE-TIME ALGEBRA. (BIRKHÄUSER, 2015). DOI:10.1007/978-3-319-
18413-5.
- CLIFFORD, W.K. 1878. Applications of Grassmann’s extensive algebra. American 
Journal of Mathematics 1, 4, 350–358.

https://math.ucr.edu/home/baez/erlangen/erlangen_tex.pdf
https://arxiv.org/abs/2002.04509
https://bivector.net/


6Gs of low/no code:
Geometry, our approach

- Eckhard Hitzer, Manos Kamarianakis, George Papagiannakis, et al. Survey of New Applications of Geometric Algebra. Authorea. February 
20, 2023, DOI: 10.22541/au.167687105.52780013/v1
- Kamarianakis, M., Chrysovergis, I., Lydatakis, N., Kentros, M. & Papagiannakis, G. Less is More: Efficient Networked VR Transformation 
Handling Using Geometric Algebra. Adv Appl Clifford Al 33, 6 (2023).

1. GA Interpolation engine
2. Build-in Co-op support
3. Reducing network traffic up to 58%
4. 16% performance boost
5. Efficient and smooth transformations

https://doi.org/10.22541/au.167687105.52780013/v1


6Gs of low/no code:
Graphs, state-of-the-art

- Bronstein, M. M., Bruna, J., Cohen, T. & Velickovic, P. Geometric Deep Learning - Grids, 
Groups, Graphs, Geodesics, and Gauges. arXiv (2021).
- Introduction to Graph Theory, Richard J. Trudeau, 2003 

- Armeni, I. et al. 3D Scene Graph: A Structure for Unified Semantics, 3D Space, and 
Camera. 5664–5673 (2019). 
- Rohlf, J. & Helman, J. IRIS performer - a high performance multiprocessing toolkit for 
real-time 3D graphics. SIGGRAPH (1994) doi:10.1145/192161.192262. 

Geometric Deep Learning is an umbrella term 
introduced in [Bronstein et al] referring to recent 
a7empts to come up with a geometric unifica<on of 
ML similar to Klein’s Erlangen Programme. 



6Gs of low/no code:
Graphs, our approach

• https://elementsproject.readthedocs.io
• Using s/w design patterns, implement 

Entity-Component-Systems in a 
scenegraph and GNN approach

- Papagiannakis, G., Kamarianakis, M., Protopsaltis, A., Angelis, D. & Zikas, P. Project Elements: A computational entity-component-system in a scene-
graph pythonic framework, for a neural, geometric computer graphics curriculum. Arxiv (2023), accepted also in Eurographis 2023

https://elementsproject.readthedocs.io/


6Gs of low/no code:
Graphics engines, state-of-the-art

- Chamusca IL, Ferreira CV, Murari TB, Apolinario AL Jr., Winkler I. Towards Sustainable Virtual 
Reality: Gathering Design Guidelines for Intuitive Authoring Tools. Sustainability. 2023; 
15(4):2924. https://doi.org/10.3390/su15042924
- Coelho, H., Monteiro, P., Gonçalves, G. et al. Authoring tools for virtual reality experiences: a 
systematic review. Multimed Tools Appl 81, 28037–28060 (2022). 
https://doi.org/10.1007/s11042-022-12829-9

- https://learn.unity.com/pathway/vr-development
- https://docs.unrealengine.com/4.26/en-
US/SharingAndReleasing/XRDevelopment/VR/SteamVR/ 

https://learn.unity.com/pathway/vr-development
https://docs.unrealengine.com/4.26/en-US/SharingAndReleasing/XRDevelopment/VR/SteamVR/
https://docs.unrealengine.com/4.26/en-US/SharingAndReleasing/XRDevelopment/VR/SteamVR/


6Gs of low/no code:
Graphics engines, our approach

b) Insert ac,on*2 on MAGES
COUPLE OF HOURS TO PARSE

ONLINE DOCS/TUTORIALS/EXAMPLES AND
DEPLOY IN 5 LINES OF CODE:

*2 feature complete ac[on with a) networked collabora[ve capability, 
b) user analy/cs and assessment, c) different VR HMD support with hand pose 
interac/on, d) massive reusability with any 3D assets in combina[on with other 
ac[on prototype VR design pa]erns *

a) Insert action*,** on standard Unity: 
TWO FULL DAYS FOR

AN EXPERIENCED DEVELOPER
AND ~150 LINES OF CODE

*only visual correspondence between two examples
a) and b). This code example a) is lacking:
1) networked collaborative capability
2) user analytics and task performance assessment
3) support for different VR HMDs and hand interaction,
4) reusability with different 3D assets
** Insert action is used to teach trainees how to insert a specific 
item at a correct position, orientation via holographic aids and 
automatic snapping under certain conditions/constraints

Zikas, P., Papagiannakis, G., Lydatakis, N., Kateros, S., Ntoa, S., Adami, I., Stephanidis, C., “Immersive visual scripting based on VR software design 
patterns for experiential training”, Visual Computer Journal, https://doi.org/10.1007/s00371-020- 01919-0, also presented in Computer Graphics 
International 2020, CGI’20, Geneva, Switzerland, 2020 



Source: Accenture Consulting. WAKING UP TO A NEW REALITY | Accenture. 2019.



6Gs of low/no code:
GPUs, state-of-the-art

- Xie, Y. et al. Neural Fields in Visual Computing and Beyond. Arxiv (2021).
- NVIDIA & nV. NVIDIA Turing GPU Architecture. 1–87 (2018)
- Beyer, J., Hadwiger, M. & Pfister, H. State-of-the-Art in GPU-Based Large-Scale Volume Visualization. Comput Graph Forum 34, 13–37 
(2015).

“Every single pixel will be generated soon. 
Not rendered: generated” J. Huang, Nvidia



6Gs of low/no code:
GPUs, our approach

Kamarianakis, M., Protopsaltis, A., Angelis, D., Tamiolakis, M. & Papagiannakis, G. Progressive tearing and cutting of soft-bodies in high-
performance virtual reality. Arxiv (2022) doi:10.48550/arxiv.2209.08531, also presented in ICAT-EGVE 2022 - International Conference on Artificial 
Reality and Telexistence and Eurographics Symposium on Virtual Environments



6Gs of low/no code:
Games, state-of-the-art
“gamification”: as the use of game design elements 
in non-game contexts [Deterding et al 11]

• Use of game dynamics (e.g. plot), game 
mechanics (e.g. rules) and game components 
(e.g. points, avatars) in order to engage more 
people

“Serious games”: computer games that are not 
limited to the aim of providing entertainment [Chon 
et al 2019]

• that allow for collaborative use of 3D spaces that 
are used for learning and educational purposes 
in a number of application domains [Macedonia 
2002]

- Chon, S.-H. et al. Serious Games in Surgical Medical Education: A Virtual Emergency Department as a Tool for Teaching Clinical Reasoning to Medical Students. Jmir
Serious Games 7, e13028 (2019).
- S. Deterding, D. Dixon, R. Khaled, and L. Nacke, “From game design elements to gamefulness,” presented at the the 15th International Academic MindTrek Conference, 
New York, New York, USA, 2011, p. 9.
- Macedonia M (2002) Games soldiers play. IEEE Spectrum 39(3): 32–37 



6Gs of low/no code:
Games, our approach

- Zikas, P. et al. Virtual Reality Medical Training for COVID-19 Swab Testing and Proper Handling of Personal Protective Equipment: 
Development and Usability. Frontiers Virtual Real 2, (2022).
- Papagiannakis, G., Gamification and Serious Games. in Encyclopedia of Computer Graphics and Games vol. 21 1–4 (Encyclopedia of Computer 
Graphics and Games, 2018).



6Gs of low/no code:
Genera=ve AI & GNNs, state-of-the-art

- https://github.com/keijiro/AICommand 
- Text2Room: Extracting Textured 3D Meshes from 2D Text-to-Image Models, https://arxiv.org/abs/2303.11989 
- https://pinar-seyhan-demirdag.medium.com/the-ultimate-guide-to-3d-model-and-scene-generation-papers-feb-2023-befea0c24967
- Gao, J. et al. GET3D: A Generative Model of High Quality 3D Textured Shapes Learned from Images. (2022)
- Wu, Z. et al. A Comprehensive Survey on Graph Neural Networks. IEEE T Neur Net Lear 32, 4–24 (2021).

https://github.com/keijiro/AICommand
https://arxiv.org/abs/2303.11989
https://pinar-seyhan-demirdag.medium.com/the-ultimate-guide-to-3d-model-and-scene-generation-papers-feb-2023-befea0c24967


6Gs of low/no code:
Generative AI & GNNs, our approach

MAGES No-code platform
(Generative-AI based, no developer needed)

Text to scene
Text to 3D object

Text to training 
scenegraph

VR editor
Medical VR 

application in 
one day

MAGES SDK Low-code platform* 
(support all VR/AR/mobile h/w 
devices, 1 developer needed)

MAGES SIM template Library (reach 100 sims as medical VR apps)

* P. Zikas et al., "MAGES 4.0: Accelerating the World’s Transition to VR 
Training and Democratizing the Authoring of the Medical Metaverse," 
in IEEE Computer Graphics and Applications, vol. 43, no. 2, pp. 43-56, 1 
March-April 2023, doi: 10.1109/MCG.2023.3242686., 
https://ieeexplore.ieee.org/document/10038619

https://ieeexplore.ieee.org/document/10038619


Source: Accenture Consulting. WAKING UP TO A NEW REALITY | Accenture. 2019.



Generated realms:
Immersive visual analytics, state-of-the-art

- Kraus, M. et al. Immersive Analytics with Abstract 3D Visualizations: A Survey. Comput Graph Forum 41, 201–229 (2022).
- Siang, C. V. et al. An Overview of Immersive Data Visualisation Methods Using Type by Task Taxonomy. 2021 Ieee Int Conf Comput Icoco 00, 347–352 (2021)
- Dieckmann, P., Lahlou, S. (2019). Visual Methods in Simulation-Based Research. In: Nestel, D., Hui, J., Kunkler, K., Scerbo, M., Calhoun, A. (eds) Healthcare 
Simulation Research. Springer, Cham. https://doi.org/10.1007/978-3-030-26837-4_15

https://doi.org/10.1007/978-3-030-26837-4_15


Generated realms:
Immersive visual analytics, our approach

Manos Kamarianakis, Ilias Chrysovergis, Mike Kentros, and George Papagiannakis. 2022. Recording and replaying psychomotor user actions in VR. In ACM SIGGRAPH 
2022 Posters (SIGGRAPH '22). Association for Computing Machinery, New York, NY, USA, Article 30, 1–2. https://doi.org/10.1145/3532719.3543253, 
https://youtu.be/_aoEAOzlyPg

https://youtu.be/_aoEAOzlyPg


Generated realms:
Metaverse, state-of-the-art

- Park, S.-M. & Kim, Y.-G. A Metaverse: Taxonomy, Components, Applications, and Open Challenges. Ieee Access 10, 4209–4251 (2022).
- Lee, L.-H. et al. All One Needs to Know about Metaverse: A Complete Survey on Technological Singularity, Virtual Ecosystem, and Research Agenda. Arxiv (2021).
- https://george-papagiannakis.medium.com/my-two-cents-on-the-metaverse-why-it-is-important-and-how-to-build-it-using-latest-computational-e6428666a57c

https://george-papagiannakis.medium.com/my-two-cents-on-the-metaverse-why-it-is-important-and-how-to-build-it-using-latest-computational-e6428666a57c


Generated realms:
Metaverse, our approach

*P. Zikas et al., "MAGES 4.0: Accelerating the World’s Transition to VR Training and Democratizing the Authoring of the Medical Metaverse," 
in IEEE Computer Graphics and Applications, vol. 43, no. 2, pp. 43-56, 1 March-April 2023, doi: 10.1109/MCG.2023.3242686, 
https://ieeexplore.ieee.org/document/10038619

https://ieeexplore.ieee.org/document/10038619
https://ieeexplore.ieee.org/document/10038619


Generated realms:
Edverse, state-of-the-art

- Zhang, X., Chen, Y., Hu, L. & Wang, Y. The metaverse in education: Definition, framework, features, potential applications, challenges, and future research topics. 
Front Psychol 13, 1016300 (2022)
- Source: STRIVR webinar: http://www.virtualrealityrental.co/blog-post/applications-of-virtual-reality Webinar - STRIVR - Virtual Reality for Employee Training

http://www.virtualrealityrental.co/blog-post/applications-of-virtual-reality


Generated realms:
Edverse, our approach

‘X’ Reality – Virtuality Continuum  

Real Environment Virtual EnvironmentMobile AR

Holographic AR 
(untethered) Mobile VR

Desktop VRHolographic AR 
(tethered)

Ioannides, M., Magnenat-Thalmann, N., Papagiannakis, G., (Eds), Mixed Reality and Gamification for Cultural Heritage, Springer-Nature, 
DOI: 10.1007/978-3-319-49607-8, 2017 



Generated realms:
Medverse, state-of-the-art

- Bansal, G., Rajgopal, K., Chamola, V., Xiong, Z. & Niyato, D. Healthcare in Metaverse: A Survey On Current Metaverse Applications in Healthcare. IEEE Access PP, 
1–1 (2022)
- Cerasa, A., Gaggioli, A., Marino, F., Riva, G. & Pioggia, G. The promise of the metaverse in mental health: the new era of MEDverse. Heliyon e11762 (2022) 
doi:10.1016/j.heliyon.2022.e11762
- Yang, D. et al. Expert consensus on the metaverse in medicine. Clin Ehealth 5, 1–9 (2022).



Generated realms:
Medverse, our approach
We have proven 
that medical VR 
training facilitates 
skills transfer from 
the virtual world to 
the real

•*https://www.sciencedirect.com/science/article/pii/S0883540319303341
•https://games.jmir.org/2021/4/e29586/

control group ORamaVR

ORamaVR psychomotor training 
(procedural steps, technical 

performance, visuospatial skills, 
efficiency, and flow)

Hooper et al 2019, NYU, USA (N=14), Journal of Arthroplasty*

Birrenbach et al 2021, Inselspital, Switzerland 
(N=29), Journal of Medical Internet Research*

control group

ORamaVR

ORamaVR psychomotor training 
(user satisfaction)

https://www.sciencedirect.com/science/article/pii/S0883540319303341
https://games.jmir.org/2021/4/e29586/




https://www.mauritshuis.nl/en/press/persarchief/2019/rembrandt-reality/



Computational science + XR experiential technologies ?



Computational Science & Innovation

D. E. Stevenson. 1994. Science, computational science, and 
computer science: at a crossroads. Commun. ACM 37, 12 (Dec. 
1994), 85–96. DOI:https://doi.org/10.1145/198366.198386

Why Computational Science?

An interdisciplinary field (physical 
sciences, engineering, mathematics, 
computer science) whose time has come 
– again:
• Addressing complex problems 

that have important implications 
to humankind, 

• Unlikely to succeed in near term 
without further advances in 
software and hardware

• Computer science is generally 
not participating in science or 
engineering applications or 
preparing students to do so



Computational medical XR is a new 
interdisciplinary field, bridging life sciences, with 
mathematics, engineering and computer 
science.
It unifies computational science (scientific 
computing) with intelligent extended 
reality and spatial computing for 
the medical field.

Papagiannakis, G., “A computational medical XR discipline”, https://arxiv.org/abs/2108.04136, 

It extends significantly clinical XR by 
• bringing on 

computer simulation and other 
forms of computation

• from numerical analysis, 
computational geometry, 
computational vision and 
computer graphics with 
theoretical computer science and 
machine learning, in order to 
solve hard problems in medicine

Computational Science & Innovation:
Computational medical XR

https://arxiv.org/abs/2108.04136
https://cns.unt.edu/clinical-xr


Computational Science & Innovation:
“do good” (while making $)

• Fast-growing FORCE in Universitiies:
• Influence technology and business models: "do good" (while making $)
• Growing realization that you can actually set norms, guidelines and even 

standards in new ventures for positive social purpose, and do this as a FOR-
PROFIT (not as NFP)

• Over the 30 social innovation champion students at Stanford GSB, 26 are 
working on big, social problems and are for profits! (complete flip form 7-10 
years ago!) [Steve Ciesinski, Stanford GSB and ex-SRI president]



Computational Science & Innovation:
Linear model of innovation?

• Propagated by Vannevar Bush, 
1945: basic curiosity-driven 
science is the seed corn that 
eventually leads to new 
technologies and innovations

• Matt Ridley points out in his book 
How Innovation Works, sometimes 
it’s a two-way street: “It is just as 
often the case that invention is the 
parent of science: techniques and 
processes are developed that 
work, but the understanding of 
them comes later



Conclusions 

• XR compuZng is transforming 
educaZon & training

• Several grand challenges sZll 
exist on authoring the 
forthcoming metaverse

• No-code (generaZve AI) tools 
have arrived and are 
transforming so`ware 2.0



Source: Accenture Consulting. WAKING UP TO A NEW REALITY | Accenture. 2019.

"Geometry will draw the soul towards truth and create the 
spirit of philosophy"
Plato

"You keep on learning and learning, and pretty soon you 
learn something no one has learned before" 
Richard Feynman

“Meaninglessness inhibits fullness of life and is therefore 
equivalent to illness. Meaning makes a great many things 
endurable—perhaps everything”
C. Jung

Final quotes
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Let’s accelerate world’s 
transition to VR training!
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