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User Interfacing With a VR System 
( Example ) 2



Immersive Analytics 3

2018 | Springer

2019 | Frontiers

2021 | ACM CHI



Spatio-Temporal Data 4

Spatio-Temporal Data 

Multivariate Data that feature 

• data variables that describe a spatial context, and  
• data variables that describe a temporal context.

Wolfgang Aigner, Silvia Miksch, Heidrun Schumann, and Christian Tominski. 
Visualization of Time-Oriented Data. Human-Computer Interaction Series 

(HCIS). Springer London, 1st edition, 2011. doi:10.1007/978-0-85729-079-3

https://link.springer.com/book/10.1007/978-0-85729-079-3


Research Objectives 5

Research Objective 1 
Design and implementation of a system that allows for multivariate data 
analysis using immersive display and interaction technologies. 

Research Objective 2 
Investigation of 3D UI design approaches to support immersive interaction 
with spatio-temporal data. 

Research Objective 3 
Extension of the immersive data analysis system to support collaboration 
using heterogeneous interfaces and user roles.
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Sphere - VE Iteration 1

Stacked Cuboid - VE Iteration 2

3D Radar Chart - VE Iteration 3



Thesis Outline 9

Collaboration in VE Iteration 2

Collaboration in VE Iteration 3
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Thesis Design Space 
(partial; interaction only; research objective 2) 11



VE Iteration 1: 
Data Analysis Using Spheres 12



VE Iteration 1: 
Data Analysis Using Spheres 13



VE Iteration 1: 
Data Analysis Using Spheres 14



VE Iteration 2: 
Data Analysis Using Stacked Cuboids 15



VE Iteration 2: 
Data Analysis Using Stacked Cuboids 16



VE Iteration 2: 
Data Analysis Using Stacked Cuboids 17



VE Iteration 3: 
Data Analysis Using 3D Radar Charts 18



VE Iteration 3: 
Data Analysis Using 3D Radar Charts 19



VE Iteration 3: 
Data Analysis Using 3D Radar Charts 20



VE Iteration 3: 
Data Analysis Using 3D Radar Charts 21

Visualization Approach Validation Uniform 3D Gestural Interface Design



VE Iteration 3: 
Data Analysis Using 3D Radar Charts 22



Collaborative Information Visualization / 
Collaborative Visual Analytics 23



24Collaborative Information Visualization / 
Collaborative Visual Analytics / Collaborative Immersive Analytics 



Hybrid Asymmetric Collaboration 25

Hybrid Asymmetric Collaboration 

“Hybrid Asymmetric Collaboration is the use of immersive 3D and non-
immersive 2D display and interaction technologies in a collaborative data 
analysis activity with two or more analysts where each individual analyst 
assumes a distinct role, based on their knowledge and facilitated by their 
respective technological interface, with the objective to equally contribute 
to the joint data interpretation and analytical reasoning.”  



26Thesis Design Space 
(partial; interaction only; research objective 2)



27Thesis Design Space 
(complete; interaction + collaboration; research objectives 2 + 3)



Collaboration in VE Iteration 2: 
Stacked Cuboids 28

Non-Immersive Setup Immersive Setup
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Non-Immersive Desktop Terminal Immersive Virtual Environment

Collaboration in VE Iteration 2: 
Stacked Cuboids



Modify Artifact 
Modification of the visual appearance of the referred artifact. 

Add Artifact 
Addition of a visual artifact in close proximity to the referred artifact. 

Modify Environment 
Modification of the environment around the referred artifact.

Collaboration in VE Iteration 3: 
Design Options for Visual References 30
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Add Artifact Modify Environment Modify Artifact

Collaboration in VE Iteration 3: 
Spatial Referencing Designs
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Modify Artifact Modify Environment Add Artifact Add Artifact

Collaboration in VE Iteration 3: 
Temporal Referencing Designs



33Collaboration in VE Iteration 3: 
3D Radar Charts



34Collaboration in VE Iteration 3: 
3D Radar Charts



Spatio-Temporal Collaboration Questionnaire 35



Study Data Analysis: 
Pathway Visualizations 36
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Swedish Election (VE 2) Forestry Data (VE 3)

Urban Climate Data (VE 3)



Towards Design Guidelines: 
Spatio-Temporal Data 38



39Towards Design Guidelines: 
3D Gestural Input



40Towards Design Guidelines: 
Interaction in Virtual Environments
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Remote Repository 
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Towards Design Guidelines: 
Immersive Analytics



42Towards Design Guidelines: 
Collaborative Immersive Analytics



43Towards Design Guidelines: 
Hybrid Asymmetric Collaboration
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Thank you for listening!


