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Current status of the field
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Necessary features for developing key competencies 
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A generic 
architecture of VR 
laboratory. 

Arrows show data & 
control flow 
(student-facing at the 
top, infrastructure at 
the bottom).



System Architecture Overview



Examples of 3D models of laboratory equipment hosted on the Sketchfab platform.

https://sketchfab.com/cpslab_tntu



General view of the laboratory space



Beginning of the experiment



https://atutor.github.io/https://dl.tntu.edu.ua/



Evolution of a virtual experiment in TNTU

1. Static pages 
(descriptive)

2. Embedded visualisations 
(3D, interactive)

3. 3D simulations 
(immersive, interactive)



Laboratory 
setup and 
formulas

QR for 3D 
visualisation on 
SketchFab 
platform

Essential 
information for 
computing 
experimental 
errors

Links to 
useful 
resources

Introductory quiz Blank tables for experimental data
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Dialogs

Incorrect response and 
corrective feedback

Correct response and experiment continuation



Student Feedback

Positive effect of 
visualisations

Visualisation has 
led to a confusion
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Conclusions
The implementation of VR laboratories provides a flexible, cost-effective, and safe alternative 

to traditional physical setups, making it a key tool for sustainable higher education. 

The introduction of game-standard engines into the virtual laboratories in engineering and 
natural sciences acts as a powerful catalyst for educational transformation (particularly for 
developing spatial understanding and supporting laboratory preparation ‒ but not a universally 
superior replacement for all modalities of laboratory instruction).

Development time, hardware requirements, ongoing maintenance, and instructor training costs 
are all important for implementation of VR in the educational institutions, but in any of these 
categories VR technology allows to significantly cut spending and time needed for 
development and personnel training.

Directions for future work include embedding xAPI-based assessment directly in the virtual 
experiment; adding visual differentiation cues to address the identified memorization 
decrement; conducting a study tracking real-laboratory  performance of students.
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