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(Holmqvist et al., 2017)

Methodology of studying the information perception based on tracking 
the eye gaze movements

Gaze point
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(Shehu et al., 2021)

100+ years evolution of devices, algorithms and methods
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(Clay et al., 2019; Iacobi, 2018)

Recently, eye trackers are available in VR head-mounted displays

Vive Pro Eye with 
Tobii Tracker
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IR light sources

IR camera

Vive Pro Eye with 
Tobii Tracker
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+ +

+

+ +

Calibration Tracking
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(Skulmowski et al. 2014; Sonntag et al. 2015; Lohr et al. 2019; 
Jogeshwar et al. 2020; Imaoka et al. 2020; Mirault et al. 2020; 

Ryabinin et al. 2021)

Human-machine 
interaction

Study of human behaviour 
in specially constructed situations

Study of human spatial 
navigation and perception

Study of human communication
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Healthcare

Education

Digital Humanities Study of human perception of 
information (e.g. via reading)
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(Binaee et al., 2016; Sipatchin et al., 2021; Drewes et al. 2019)
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+ Ground-truth gaze position
+ Reported gaze position
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Eye trackers built in VR head-mounted displays have 
low sampling rate  
low accuracy 
low precision } Uncertainty of gaze data



Non-Uniform Uncertainty of Gaze Data 8 / 18

(Sipatchin et al., 2021)

Accuracy and precision drop when the user looks to the side 
from their forward direction 

Our observations align with other research groups
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Our study of reading process

Angular error of gaze positions

min: 0.02º max: 2.4ºwhat we getwhat we want
letter size: 0.63º

average: 0.77º

Vive Pro Eye with Tobii Tracker, 90Hz
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Binaee et al., 2016: 
Accuracy +500%, 

but not in real time

2016 Tripathi et al., 2017: 
Avoid special calibration, 

but moving objects 
required

2017

Hassoumi et al., 2019: 
Accuracy +30%, 

but for monocular 
systems only

2019
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Drewes et al., 2019: 
Calibration speed x9, 
but slight decrease in 

accuracy

Jogeshwar et al., 2020: 
Recognizing uncertainty, 

but neither evaluating  
nor mitigating it

2020
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r
g q

Reported gaze direction

Ground-truth gaze direction

Uncertainty representation quaternion
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+

Ground-truth 
gaze position

Reported 
gaze position

+
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–– Quaternion normalization
+

Ground-truth 
gaze position
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gaze position
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–– Quaternion normalization

–– Angular error correction

+
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–– Angular error correction
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–– Quaternion normalization

–– Angular error correction

–– Certainty factor

–– Angular error assessment

+

Ground-truth 
gaze position

Reported 
gaze position

+
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+ + +

+ + +

+ + +
+ Ground-truth gaze position
+ Reported gaze position

Reference quaternions
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VRSciVi – ontology-driven workbench for conducting experiments in VR  
(open source project, https://scivi.tools/vrscivi)

VRSciVi Client 
• Visual programming capabilities 
• VR scene control 
• Visual analytics of data

VRSciVi Server 
• VR scene rendering 
• Eye tracking 
• Collecting data about human 

behaviour in VR 
 
 

Data Control

Control

Control

Ontology

by Epic Games

https://scivi.tools/vrscivi
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Angular error of gaze positions

min: 0.03º max: 2.15ºwhat we getwhat we want
letter size: 0.63º

average: 0.71º

min: 0.0º max: 1.59ºwhat we getwhat we want __.
letter size: 0.63º

average: 0.53º

Without mitigation:

With mitigation:
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Angular error of gaze positions

min: 0.03º max: 2.15ºwhat we getwhat we want
letter size: 0.63º

average: 0.71º

min: 0.0º max: 1.59ºwhat we getwhat we want __.
letter size: 0.63º

average: 0.53º
~30% better

Without mitigation:

With mitigation:
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Key results: 
1. Novel quaternion-based model of the eye gaze tracking uncertainty

2. Novel algorithm to mitigate the eye gaze tracking uncertainty at runtime 

accuracy +25%, precision +32%

3. Ontology-driven high-level software development tools to generate the interface 

for parametrization of the proposed algorithm


Outstanding issue: 
~30% better – still not enough to study reading


Future work: 
Involving machine learning for interpolating quaternions
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