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ABSTRACT

1

Redirected and amplified head movements have the potential to
provide more natural interaction with virtual environments (VEs)
than using controller-based input, which causes large discrepancies between visual and vestibular self-motion cues and leads to
increased VR sickness. However, such amplified head movements
may also exacerbate VR sickness symptoms over no amplification.
Several general methods have been introduced to reduce VR sickness for controller-based input inside a VE, including a popular
vignetting method that gradually reduces the field of view.
In this paper, we investigate the use of vignetting to reduce VR
sickness when using amplified head rotations instead of controllerbased input. We also investigate whether the induced VR sickness
is a result of the user’s head acceleration or velocity by introducing
two different modes of vignetting, one triggered by acceleration and
the other by velocity. Our dependent measures were pre and post
VR sickness questionnaires as well as estimated discomfort levels
that were assessed each minute of the experiment. Our results show
interesting effects between a baseline condition without vignetting,
as well as the two vignetting methods, generally indicating that
the vignetting methods did not succeed in reducing VR sickness for
most of the participants and, instead, lead to a significant increase.
We discuss the results and potential explanations of our findings.

Perception and cognition research has shown benefits of self-motion
inside a virtual reality (VR) environment using a natural, multimodal method like head-tracked movements compared to other
interaction techniques, such as flying or steering with controllerbased input [Steinicke et al. 2013]. VR sickness causes symptoms
similar to motion sickness in the real world, including headaches,
nausea, vomiting, sweating, fatigue, drowsiness, and disorientation [Kennedy et al. 1993]. The most commonly accepted explanation for VR sickness is the sensory conflict theory, describing
conflicts that arise when visual self-motion cues do not match the
cues provided by the vestibular and proprioceptive system [Reason and Brand 1975]. For instance, when users navigate through a
virtual environment (VE) using a hand-held controller while their
head and body remain stationary in the real world, the visual cues
indicate self-motion, whereas the vestibular and proprioceptive systems indicate that they are not moving, which introduces a sensory
conflict that can cause VR sickness [McCauley and Sharkey 1992].
Moreover, controller-based input is known to have further drawbacks such as a reduction in the user’s sense of presence [Robinett
and Holloway 1992; Slater et al. 1995], which denotes the illusion
of “being there” in the VE [Schuemie et al. 2001; Slater et al. 1994].
However, it is not always convenient or possible to rely on natural head movements alone, such as when a user’s range of head
movements in the physical environment is restricted due to physical support, the range of tracking sensors, or limited interaction
space. Different methods have been introduced to address this challenge. Popular approaches are based on manipulating the user’s
virtual rotation and/or translation compared to their real movements with techniques including redirected walking [Razzaque et al.
2001; Steinicke et al. 2010] and amplified head rotations [Jay and
Hubbold 2003; LaViola, Jr. et al. 2001; Ragan et al. 2017]. While empirical evidence for a correlation between amplified head rotations
and VR sickness is scarce, the notion is largely accepted that such
methods can also cause occurrences of VR sickness, although at a
comparatively lower strength than controller-based input [Nilsson
et al. 2018; Steinicke et al. 2013].
Mainly focusing on controller-based input, both in academia
and the gaming industry, researchers have introduced methods
for reducing VR sickness. In the gaming industry, the term comfort mode is often used to denote these methods, which include
a gradual reduction in the field of view (FOV) [Bolas et al. 2017;
Fernandes and Feiner 2016], sometimes called vignetting, as well as
blurring of the view [Budhiraja et al. 2017] and rotation snapping
techniques [Farmani and Teather 2018]. A recent study has shown
that the vignetting method can greatly reduce the observed VR
sickness when using controller-based input with a low impact on
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