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Abstract. Redirection techniques enable users to explore a virtual
environment larger than the real physical space by manipulating the
mapping between the virtual and real trajectories without breaking
immersion. These techniques can be applied continuously over time
(using translational, rotational and curvature gains) or discretely
(utilizing change blindness, visual suppression etc.). While most attention has been devoted to continuous techniques, not much has been done
on discrete techniques, particularly those utilizing visual suppression.
In this paper, we propose a study to investigate the eﬀect of discrete
rotation of the virtual environment during eye-blink. More speciﬁcally,
we describe our methodology and experiment design for identifying rotation detection thresholds during blinking. We also discuss preliminary
results from a pilot study.
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1

Introduction

Compared to other methods of navigating in a virtual environment (VE) such
as using controllers or walking-in-place, real walking has been shown to have
better integrity and provide better immersion [1]. However, the challenge arises
when the VE is much larger than the physical space. One of the solutions to
this problem is the use of redirection techniques (RDTs). Depending on how
these techniques are applied, Suma et al. categorized them into continuous
and discrete. These techniques can be further divided into overt and subtle
depending on whether they are noticeable or not [2]. Overt continuous RDTs
involve the use of metaphors such as seven league boots [3], ﬂying [1] or virtual
elevators and escalators. Subtle continuous RDTs involve continuously manipulating diﬀerent aspects of the users’ trajectory such as translation - users walk
faster/slower in the VE than in real life, rotation - users rotate faster/slower in
the VE than in real life and curvature - users walk on a diﬀerent curvature in the
VE than in real life [4]. When applied within certain thresholds, these manipulations remain unnoticeable and immersion is maintained. Discrete RDTs refer
to instantaneous relocation or reorientation of users in the VE. Some examples of overt discrete RDTs are teleportation [5] and portals [6]. Subtle discrete
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RDT can be performed when users fail to notice the reorientation and relocation
due to change blindness [7] or during visual suppression caused by saccadic eye
movement or blinking [8,9]. Although overt RDTs oﬀer higher range of motion
and enable users to travel in a much larger VE, it has been shown that subtle
RDTs produce fewer breaks in presence [2] and therefore are generally prefered
for a more immersive VR experience. Among the subtle RDTs, most attention
has been paid on continuous RDTs including research on detection thresholds
and factors that inﬂuence them [10,11], or research on the implementation of
these techniques in real walking applications such as steer-to-center, steer-toorbit, steer-to-predeﬁned-target [4], model predictive control [12]. Up to now,
current research on discrete RDTs, especially using eyetracker information (e.g.
eye movements, blinks, gazes) is quite limited, probably due to the lack of head
mounted displays (HMDs) with an integrated eyetracker.
With the development of new HMDs with aﬀordable integrated eyetrackers
such as HTC Vive or FOVE, it is promising that research on subtle discrete
RDTs using eyetracker information could be widely applicable in the future. In
this paper, we propose the application of subtle discrete RDTs, more speciﬁcally
rotation, in real walking during blinking. We ﬁrst describe our methodology
for blink detection and threshold identiﬁcation. Furthermore, we discuss our
experiment design and setup, and the results from a pilot study.

2

Related Work

We blink spontaneously 20–30 times per minute [13] to moisturize our eyes and
each blink lasts about 100–150 ms [14]. During blinking, the eyelids cover the
pupils and prevent light and visual inputs from entering the eyes, resulting in
a disruption of the image on the rectina. Nevertheless, we rarely notice this
disruption due to the fact that our brain suppresses visual information during
blinking, so-called visual suppression. Interestingly, because of this suppression,
people sometimes fail to notice changes happening to the scene during blinking
such as color change, target appearance/disappearance or target displacement
[15]. While visual suppression during blinking is undesirable in tasks that require
constant monitoring of visual input such as driving, it oﬀers a new posibility for
discrete subtle redirection in the context of redirected walking. There is, however, a limit to how much redirection could be applied to the scene without the
user noticing it. The only study that addresses this question is by Ivleva where a
blink sensor was created and used with the HTC Vive to identify the detection
thresholds for reorientation and repositioning during blinking [9]. While results
from this study can not be used in a redirected walking application, they concluded that it could be a potential method. There are also a few limitations of
this study such as users in the study were not performing locomotion, and the
scene used may have contained reference points that give clues to the users where
they have been redirected. In other contexts not related to redirected walking,
many studies have been conducted to conﬁrm the fact that people do not notice
target displacement during blinking. However, to our knowledge, there exists no
other study that quantiﬁes this displacement.
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Methodology
Blink Detection

Figure 1 shows typical pupil diameter recordings of a participant walking in a
VE. It can be seen that during blinking the eyetracker loses track of the eyes
and the pupil sizes become zero. However, it is worth to notice that the left
and right eyes do not open or close at the same time and there is occasionally
spurious noise like in Fig. 1(b). Since redirection should only be applied during
blinking, it is important that blinks are detected reliably and there can not be
any false positive. Therefore, in our blink detection algorithm, the following two
conditions need to be satisﬁed for an event to be considered a blink: (i) both
eyes’ pupil diameters should change from nonzero to zero and remain zero for a
certain amount of time; (ii) once the ﬁrst condition is satisﬁed, the subsequent
step from nonzero to zero will only be considered after a predeﬁned amount of
time to eliminate irregular blinks or noise like in Fig. 1(b).

Fig. 1. Diameter of left and right pupils of a participant during walking
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Threshold Identification

The detection of a stimulus could be modeled by a psychometric curve where
the x-axis represents the stimulus value and the y-axis represents the percent of
correct response. Threshold identiﬁcation refers to the process of identifying this
psychometric function. The classical method to identify the whole psychometric
function is called the constant stimuli method (CSM), where the whole range
of stimulus is presented in random order. However, this method requires a large
number of repetitions and is not eﬃcient since most of the time, only certain
aspects of this psychometric function such as the 75% correct response point, or
the slope are of interest. In constrast to CSM, adaptive methods such as staircase
method, bayesian adaptive methods, etc. select the next stimulus level based
on previous responses and do not present the whole range of stimulus. These
methods require fewer trials but only identify one point on the psychometric
curve and/or the slope.
While most existing studies on redirected walking adopt the CSM for
threshold identiﬁcation [8,10], to reduce experiment time, we select the Bayesian
adaptive method called QUEST, whose details are provided by Watson and
Pelli [16].

4

Experiment Design and Setup

The aim of this study is to identify the detection threshold for scene rotation
during blinking. While in other redirected walking thresholds studies the participants were informed about the purpose of the study and asked if they notice
the manipulation correctly, the same design can not be used in our experiment.
If the participants are informed that during blinking the scene will be rotated,
they will potentially try to ﬁxate on a reference point and deliberately blink to
identify the rotation direction. As a result, the real aim of the study can not be
disclosed. Instead, a cover story is given to the participants that they are testing
a new system which may contain some technical bugs and are encouraged to
inform the experimenter whenever such bug occurs. When a subject reports a
bug, the experimenter ﬁrst makes sure that a scene rotation has just been applied
and then veriﬁes if the subject has really noticed the rotation rather than something else. When it is conﬁrmed that the subject has noticed the rotation, it
will be considered a correct detection response. Otherwise, when a stimulus has
been presented after a blink, without the user making any comment, it will be
considered a no detection response. Depending on the type of responses, the next
stimulus level is selected accordingly. In addition, since there may be asymmetry in users’ ability to detect scene rotation of diﬀerent directions, we identify
thresholds for left and right rotations separately.
In this study, users are required to walk around a maze-like environment
(Fig. 2(a)) to search for a target. The maze is much larger than the existing
available tracking space (Fig. 2(b)) and therefore whenever users approach the
physical wall, a reset action will be performed which reorients the users towards
the center of the physical space. Once the target has been found, a new scene
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will be randomly generated and loaded. The experiment is completed after the
users have been exposed to 40 stimulus values per rotation direction.

(a) User view of the VR scene

(b) Top view with real physical space overlay

Fig. 2. Scene used in the study

Our setup consists of an Oculus DK2 head mounted display (HMD) with
an integrated SMI eyetracker providing eyetracking data such as gaze position,
pupil diameters, etc. at 60 Hz. An Intersense IS-1200 optical tracking system is
attached on top of the HMD and provides 6 DOF position tracking at a rate
of 180 Hz. The system is powered by a backpack-mounted laptop and the game
play was made with Unity. The environment was optimized to run constantly
at the HMD’s maximum frame rate of 75 Hz. The available tracking space is
13 m × 6.6 m.

5

Pilot Study and Preliminary Results

A pilot study was performed to verify the applicability of the proposed experiment protocol and the cover story. Five naive subjects (3 males and 2 females,
age range: 20–29) who were all students from the university volunteered to participate in the study. The subjects were not informed about the real purpose of
the study but instead were told the cover story. The ﬁrst pilot subject remembered to mention to the expetimenter everytime he noticed a technical “bug”
such as: “the color is weird”, some things “seem a bit blur”, or “the scene just
glitched”. However, the next two subjects were too immersed in the VE that
they did not mention anything even though the scene rotation was increased
up to its predeﬁned maximum of 15◦ . When asked if they had noticed anything, they replied “I sometimes saw the scene jump” and “I have seen it for a
while now but forgot to mention it”. Since it is crucial that the user’s responses
are timely collected, we changed the experiment protocol for the last two pilot
subjects and added a training session. In this training session, the subjects
were exposed to the same environment but the scene rotation was always 15◦ .

188

A. Nguyen et al.

This ensured that the subjects experienced the stimulus and understood what
they should point out during the experiment. Moreover, keywords were assigned
to each “bug” that the subjects discovered in the training session such as: “blur”,
“jump”, “color”, etc. This way, during the ﬁnal study, the subjects only need
to use these keywords when they detect a “bug” and do not have to stop and
explain in full sentence what just happened. This adjusted protocol worked well
for the last two pilot subjects and will be adopted for the ﬁnal study. After the
experiment, a series of questions was used to debrief the subjects, to determine
the eﬀectiveness of the cover story and whether the subjects had realized that
the scene rotations were linked to blinking. When asked if they could guess why
the technical bugs occured, all the subjects recited the cover story and none of
them identiﬁed that they were associated with their blinks.
An average detection threshold could not be obtained from this pilot study
due to the limited number of subjects and varied experiment protocol between
subjects. However, it was observed that scene rotations below 5◦ were on average
not detected by the subjects. This estimation is close to the detection threshold
during saccadic eye movements found by Bolte and Lappe [8].

6

Conclusion

In this paper, we proposed an experiment design for identifying detection thresholds for scene rotation during blinking. Without being told the true purpose of
the study, users were asked to walk around a VE looking for a target and encouraged to report when they detect some technical bugs, i.e. scene manipulation.
The performed pilot study enabled us to reﬁne the experiment design, showed
that the cover story was eﬀective and resulted in a rough estimation of the
detection threshold. Further studies with large enough sample size are required
to identify the detection threshold of not only scene rotation but displacement
during blinking.
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