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Contact

Cybersickness is a challenge that persists in wide field of view, near-
eye displays, when visual motion conflicts with vestibular signals.  
The conflicting visual motion cues in optical see-through augmented 
reality (OST-AR) headset are overlaid on ground-truth physical world 
cues, and the resulting interaction effects on sickness are poorly 
understood. 

Prior work: 
- Reported minimal amounts of AR sickness after long exposure. [1] 
- AR sickness is governed by plane of fixation (physical vs virtual) 

(prior unpublished work N=20) 

We explore: 
- How does rotational camera motion impact cybersickness in 

augmented reality? 
- How do we mitigate cybersickness in OST-AR?

Background and Goals
- Rationale: Vection cues are largely driven by peripheral retinal 

motion [5]. We hypothesize that increasing peripheral 
transparency reduces visual vestibular conflict, and as a result, 
cybersickness. Similar to peripheral blurring in VR [6]. 

- Transparency Manipulation 
- Same stimulus and task, rotation fixed at 30 ̊/s 
- Eye-tracked, calibrated each session 
- Perturbation frequency: 1.5-3Hz 
- Full 40 ̊ FOV preserved, with eccentricity based transparency 

- 0-15 ̊ eccentricity: fully opaque (α = 1.0) 
- 15-30 ̊: linear ramp from α = 1.0 -> 0.15 
- 30-40 ̊: α = 0.15

Experiment Design

- Conditions (within-subject, counterbalanced across 4 sessions): 
- Rotation speeds: 20 ̊/s, 30 ̊/s, 40 ̊/s (40 ̊/s is ceiling before 

smooth-pursuit instability [4]) 
- Perturbation frequencies: none, 0.5-1Hz, 1.5-3Hz 
- No perturbations at 40 ̊/s (combined velocity > pursuit ceiling)

Quantifying Camera Motion and AR Sickness
- Discussion 

- AR can make people sick in short periods of time. Symptoms 
scale with both rotation speed and perturbation frequency. 

- Peripheral motion appears to drive the conflict. Attenuating 
peripheral content visibility reduced sickness while preserving 
the central task region, consistent with vection literature. 
Whether this generalizes beyond our stimulus and task should 
be tested. 

- Limitations 
- Small sample (N = 8) 
- Single headset/FOV (Magic Leap 2) 
- Single eccentricity profile tested

Discussion
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- Display: Magic Leap 2 (40 ̊ H FOV), head-locked rectangular AR 
viewport centered on display 

- Stimulus: Virtual concrete rectangular room with red and blue 
paintings on the walls 

- Task: Count paintings of a target color; paintings can be 
temporarily invisible, so passing a previously-occupied location 
was possible. One white painting was centered as a point of 
reference. 

- Motion: Virtual camera oscillated side-to-side (yaw) while 
participants remained physically seated (visual-vestibular conflict) 

- Perturbation: Sinusoidal pitch perturbations added on top of 
rotation, amplitude 5 ̊ yaw, randomized frequencies within a range 

- Measures: Fast Motion Sickness (FMS) Score [2] every 45s during 
exposure, Simulator Sickness Questionnaire (SSQ) [3] pre/post 
session 

- Session Structure: 15 min exposure per session, 4 sessions per 
participant, ≥24h apart to prevent carry-over effects 

- Participants: N=8 (µ = 23.625, σ = 1.19, 4 M 4 F, same cohort 
across experiments)

Mitigation: Gaze-Contingent Transparency

Figure 2. Application of TransparencyFigure 1. Experiment Stimulus

- Greater rotation speed -> greater SSQ 
sickness 

- RM-ANOVA at no perturbation: p = 0.01

- Greater perturbation frequency-> greater SSQ 
sickness 

- RM-ANOVA p = 0.0003

- Gaze-contingent transparency -> less sickness 
- Paired t-test: p = 0.0002
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