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Abstract. We aim to reduce the virtual reality (VR) sickness by superimposing 

discreet auxiliary figures: “gazing point” on the center of the user’s field of 

view, “dots” on the four corners of the field of view, “user’s horizontal line” 

links a line to the user’s head movement, and “real world’s horizontal line” 

links to the real-world horizontal line. We conducted an experiment to evaluate 

the degree to which these figures could reduce VR sickness in a VR environ-

ment on a head-mounted display (HMD) by using Simulator Sickness Ques-

tionnaire (SSQ) and skin conductance (SC) on the user’s palm. The results 

show that the VR sickness tended to reduce by the superimposition of “dots.” 

Keywords: Virtual reality sickness, auxiliary figure, Simulator Sickness Ques-

tionnaire, skin conductance. 

1 Introduction 

In recent years, the market size for virtual reality (VR) technologies, such as head-

mounted displays (HMDs) and VR contents, has been increasing. Major VR manufac-

turers have released stand-alone low-cost HMDs. Therefore, users who previously 

avoided VR devices because of their complexity and high price have started using 

them. 

However, the spread of VR devices, has also given rise to certain specific health 

concerns. A number of users have been affected by VR sickness, and this number is 

expected to increase in the coming years. VR sickness refers to the deterioration of 

HMD user’s health because of operating the virtual space on a large display and view-

ing 360° videos on an HMD. The typical symptoms of VR sickness are mild headache 

and heartburn followed by dizziness and nausea, which eventually leads to vomiting. 

These symptoms and processes are very similar to motion sickness [1]. 

The cause of motion sickness has not yet been completely elucidated, but one pow-

erful theory is the sensory conflict theory proposed by Reason and Brand [2]. Sensory 

conflicts theory classifies motion sickness into two parts: a conflict between the ear 

canal and otoliths and a conflict between the vision and the vestibular system. Other 

theories concerning the causes of motion sickness include the subjective vertical con-

flict theory [3] and the ecological theory of motion sickness [4]. 
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Sensory conflicts are considered a major cause of VR sickness as in the case of 

motion sickness. In a VR environment in which HMDs and other visual systems are 

the main stimuli, the vestibular system does not perceive the acceleration of motion 

even when the visual system perceives the motion. To solve this problem, researchers 

have proposed methods of moving the user’s body directly to stimulate the vestibular 

system [5, 6]; another methods have been proposed of presenting a visual effect to 

reduce the degree of conflict in the visual system [7-15]. Moving a user’s body is a 

costly method that requires a large space. On the other hand, presenting a visual effect 

does not require a large space and costs. 

Based on this reasoning, we aim to reduce the VR sickness by superimposing dis-

creet auxiliary figures (see Fig. 1), such as dots and a horizontal line, in a VR space 

on an HMD. We hypothesized that the superimposition of the figures could reduce the 

VR sickness without disturbing the user’s FOV too much. 

Then, we conducted an experiment to measure the degree of VR sickness in a VR 

environment on an HMD by using Simulator Sickness Questionnaire (SSQ) and skin 

conductance (SC) to measure mental sweating [16, 17, 18] on the user’s palm as eval-

uation metrics to confirm the reduction effect of each of the auxiliary figures. In the 

following sections, we describe some related studies, the designs of the four auxiliary 

figures, the details of our experiment, and the results.  

      
(a)                                                      (b) 

    
(c)                                                                                   (d) 

Fig. 1. Proposed four auxiliary figures with the superimposition of (a) Gazing point, (b) Dots, 

(c) User’s horizontal line, and (d) Real world’s horizontal line. 

2 Related Work 

As a method to change a user’s field-of-view, Bos et al. hypothesized that appropriate 

visual information on self-motion was beneficial in a naval setting and conducted and 

experiment a ship’s bridge motion simulator with three visual conditions: an Earth-
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fixed outside view, an inside view that moved with the subjects, and a blindfolded 

condition [7]. As the results, sickness was highest in the inside viewing condition, and 

no effect of sickness on task performance was observed. Norouzi et al. investigated 

use of vignetting to reduce VR sickness when using amplified head rotations instead 

of controller-based input and 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 [8]. The results show 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. Duh et al. suggest-

ed that an independent visual background (IVB) might disturbance when conflicting 

visual and inertial cues [9]. They examined 3 levels of independent visual background 

with 2 levels of roll oscillation frequency. As the results, there were statistically sig-

nificant effects of IVB and a significant interaction between IVB and frequency. 

Sargunam et al. compared three common joystick rotation techniques: traditional 

continuous rotation, continuous rotation with reduced field-of-view, and discrete rota-

tion with fixed intervals for turning [10]. Their goal is to investigate whether there are 

tradeoffs for different joystick rotation techniques in terms of sickness, preferences in 

a 3D environment. The results showed no evidence of differences in orientation, but 

sickness ratings found discrete rotations to be significantly better than field-of-view 

reduction. Fernandes et al. explored the effect of dynamically, yet subtly, changing a 

physically stationary person’s field-of-view in response to visually perceived motion 

in a virtual environment [11]. Then, they could reduce the degree of VR sickness 

perceived by participants, without decreasing their subjective level of presence, and 

minimizing their awareness of the intervention. Budhiraja et al. proposed Rotation 

Blurring, uniformly, uniformly blurring the screen during rotational movements to 

reduce cyber-sickness caused by character movements in a First Person Shooter game 

in virtual environment [12]. The results showed that the blurring technique led to an 

overall reduction in sickness levels of the participants and delayed its onset. 

On the other hand, as a method to add a figure on user’s field-of-view, Whittinghill 

et al. placed a three-dimensional model of a virtual human nose in the center of the 

fields of view of the display in order to observe that placing a fixed visual reference 

object within the user’s field of view seems to somewhat reduce simulator sickness 

[13]. As the results, users in the Nose experimental group were able, on average, to 

operate the VR applications longer and with fewer instances of stop requests than 

were users in the no-nose control group. Cao et al. designed a see-through metal net 

surrounding users above and below as a rest frame to reduce motion sickness reduc-

tion in an HMD [14]. They showed that subjects feel more comfortable and tolerate 

when the net is included than when there was no rest frame. Buhler et al. proposed 

and evaluated two novel visual effects that can reduce VR sickness with head-

mounted displays [15]. The circle effect is that the peripheral vision shows the point 

of view of a different camera. The border between the outer peripheral vision and the 

inner vision is visible as a circle. The dot effect adds artificial motion in peripheral 

vision that counteracts a virtual motion. The results showed lower means of sickness 

in the two effects; however, the difference is not statistically significant across all 

users.  
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As mentioned above, in many studies, entire view is changed, or figures are con-

spicuously superimposed. There are some superimposed figures that imitate the user's 

nose, which are not so obvious, but it is not effective in some situations, or can only 

be used for a first-person’s view. Therefore, we designed a more discreet static figure 

in virtual space and a scene-independence figure connecting the virtual world and the 

real world. 

3 Design of Discreet Auxiliary Figures 

We designed four types of discreet auxiliary figures to reduce VR sickness (see Fig. 

1). 

3.1 Gazing Point 

The gazing point is superimposed on the center of the virtual space on an HMD (see 

Fig. 1a). The aim is to suppress eye movements of the user. We subjectively selected 

the size and color of the point so that it would most likely not interfere with the user’s 

content-viewing experience and was also not difficult to see. Sprite is the knob of the 

Unity standard [19]. The distance from the avatar in the virtual space was 0.31; the 

coordinates of the point were x = 0.05, y = 0.05 in the Unity scale, and it was white in 

color. 

3.2 Dots 

Four dots, one at each corner, are superimposed on the four corners of the view of 

virtual space (see Fig. 1b). By making the user aware of the center of the relative view 

from the four dots, it is expected that eye movement can be suppressed as well as the 

gazing point. Additionally, unlike the display of the gazing point, nothing is displayed 

at the center of the view, so it does not interfere with the content viewing, and it is 

thought that the decline in the sense of immersion can be suppressed. The size and 

color of each dot is the same as the gazing point. The positions of the dots are at x = 

2.5 or -2.5 and y = 2.5 or -2.5 in the Unity scale. 

3.3 User’s Horizontal Line 

The horizontal line linked to the user’s head movement was superimposed on the 

center of field of view (see Fig. 1c). When the user tilts his/her head, a conflict occurs 

between the user’s memorized information of the horizon of the real world and the 

vestibular and visual information of the tilt of the virtual space. Therefore, the super-

imposed horizontal line linked to the user’s head movement can reduce the conflict. 

The horizontal line passes from the screen edge to the screen center and reaches the 

opposite screen edge. We subjectively selected the thickness and color of the line so 

that it would not be bothersome or hard to view. Sprite is the knob of the Unity stand-

ard. In the virtual space, the distance from the avatar was 0.31; the coordinates were x 

= 5, y = 0.0025 in the Unity scale, and the color was white. 

3.4 World’s Horizontal Line 

In the virtual space, we superimposed a line that always showed the horizontal line of 

the real world (see Fig. 1d). This line clarified how much of the user’s head was tilted 
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from the real world’s horizon by always presenting the real world in the virtual space. 

The user could correct his/her autonomous head tilt and become aware of the degree 

of the tilt. The size and color of the line was the same as that of the user’s horizontal 

line. 

4 Evaluation Experiment 

We verified the hypothesis that the SSQ score, which is an index of VR sickness, 

could be significantly reduced by superimposing each of the auxiliary figures on the 

field of view in the VR space. Therefore, we investigated the SSQ scores of the five 

conditions by including the condition without superimposition for the four types of 

auxiliary figures described in the Section 3. 

SSQ is a metric that can calculate three sub-scores (oculomotor, nausea, and diso-

rientation) and the total score by asking the participants to score approximately 16 

symptoms caused by VR sickness on a four-point scale [20]. These scores have dif-

ferent calculation methods, and it is difficult to compare the extent to which the scores 

differ. In this experiment, the results were expressed as a percentage with the upper 

limit value being 100% in each score. 

We also measured the palmar sweating as an objective psychophysiological metric 

(see Fig. 2). The reason for using SC as one of the indexes of sickness is that it is 

known that motion sickness induces sweating [16, 17], and that emotional sweating is 

caused by stress and anxiety [21]. 

 

Fig. 2. Experimental equipment and scene. 

4.1 Equipment and the VR space 

We used a computer (Intel Corei36100 3.70 GHz, GeForce GTX 1050 Ti, Win-

dows10) to construct and output two 3D VR spaces: a dark tunnel generated from 

“Modular Metro Tunnels [22]” and a bright cityscape generated from “Simple Town 

Pack [23]”; these spaces were published on Unity Asset Store. We used Unity (ver. 

2018.3.1f1) [19] for the construction of 3D spaces and superimposition of the auxilia-

ry figures. The HMD was GALAX VISION Developer Edition (1920 × 1080 pixels, 
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60 Hz); it had a viewing angle of 100° and a delay of 25 ms. This device was 

equipped with an input high-definition multimedia interface, a gyroscope, and an 

accelerometer. Typical in-ear type earphones (Final, E-1000) were used to play envi-

ronmental sounds in the spaces.  

For the SC measurement, two electrodes of an SC sensor (Thought Technology 

Ltd.) were attached to the forefinger and the ring finger of the participant’s non-

dominant hand during the experiment. 

To eliminate the influence of temperature on VR sickness, the room temperature 

was adjusted to a constant 20 °C using an air conditioner. 

4.2 Task 

The experimental task was to find white boxes with numbers in the VR spaces. The 

movement of the avatar in the spaces was automatic, and the participant was only 

allowed to rotate the view by head tracking. The task of using only head rotations to 

search for a box forced the participants to look around in the VR spaces. 

The avatar first moved automatically in the dark tunnel, and when it reached a spe-

cific point, the scene changed to a bright cityscape. Then, the avatar also moved au-

tomatically in the cityscape. Finally, the movement stopped when the avatar reached a 

specific point, and the task was finished. We added a pitch of 1.5 Hz to the view all 

the time. The pitch is a frequency that easily induces motion sickness [24]. The ampli-

tude was set subjectively so that it was natural similar to the head pitching. 

4.3 Procedure 

The experiment was conducted as a within-subject design; therefore, all the partici-

pants performed the experimental task under five conditions. We randomized the 

order of the five conditions for each participant. 

The task performance time for each condition was approximately 10 min and 30 s. 

To avoid the influence of the immediately preceding condition, we introduced a rest 

time of approximately 40 min between conditions. If the participant did not recover 

even after 40 min, the rest time was extended. However, even if 40 min had not 

passed, when the participant recovered, the rest time was shortened, and the task was 

performed in the following condition. The conditions were spread over two days to 

avoid lengthening the experiment. Two experiments were performed on the first day, 

and the remaining three were performed on the second day. In addition, to avoid the 

influence of ingested food, the participants were asked to refrain from eating one hour 

before the start of the experiment. 

At the start of the experiment, the experimenter took the informed consent of each 

participant and told the participant that he/she could immediately stop the task at any 

time if he/she felt unwell during the experiment. Then, each participant was asked to 

respond to the Motion Sickness Susceptibility Questionnaire (MSSQ) [25], and the 

questionnaire survey on the participant’s VR experience. Then, the experimenter at-

tached an SC sensor to the participant’s non-dominant hand and measured the sweat-

ing data on his/her palm for 2 min at rest; this was the baseline data. 

The experimental scene is shown in Fig. 2. The participants answered the SSQ be-

fore and after the task execution under each condition. In the SSQ before the execu-

tion, the experimenter asked the participants to fill in ‘1’ for all the items and to 
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memorize their current physical conditions. The SSQ was used to evaluate how much 

the physical condition deteriorated after the task execution. After all the conditions 

were performed by the participants, each participant ranked the five conditions of 

“difficulty of developing VR sickness” and “immersion in VR environment.” 

4.4 Participants 

The participants were nine undergraduates (six men and three women) aged 20 to 33 

years who did not have any history of problems with vision and vestibular sensations. 

5 Results and Discussions 

5.1 Difficulty rankings to VR sickness 

Fig. 3 shows the results of the responses of all participants based on the order of diffi-

culty of developing VR sickness. From this figure, although we can say that the dots 

condition was less likely to develop VR sickness as a high-order tendency, there was 

no significant difference between the conditions (Friedman’s test, N=9, df=4, p 

> .05). 

 

Fig. 3. Results for the order of difficulty in developing VR sickness. 

5.2 SSQ 

Fig. 4 shows the results of the SSQ. No significant difference was found between the 

conditions (Friedman’s test, N=9, df=4, p > .05), but the without-superimposition 

condition had the largest symptom of VR sickness, and the dots condition had the 

smallest symptom. 

 

Fig. 4. SSQ total score percentages. 
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By grouping the rankings for the difficulty to develop VR sickness, we found that 

the SSQ was affected by the participants’ preferences for difficulty. Moreover, we 

found that the dots condition relatively reduced the VR sickness, although there were 

no major differences among the conditions. 

The results of the grouping based on the total scores of SSQ were probably influ-

enced by the presence or the absence of the presentation in the center of the field of 

view. In our proposed auxiliary figures, only the dot condition was not superimposed 

on the center of the field of view. Therefore, the participants who do not easily devel-

op VR sickness felt uncomfortable about the obstruction more than the reduction 

effect of VR sickness. 

5.3 Sweating rate 

Fig. 5 shows the changes in the sweating rates from the state of rest for each auxiliary 

figure. Although no significant difference was found, the superimposition of auxiliary 

figures tended to suppress sweating. In particular, under the user’s and world’s hori-

zontal conditions, the sweating was suppressed to almost the same level as that at rest. 

 

Fig. 5. Result of the sweating ratio of each condition from the state of rest. 

6 Conclusion 

We designed the discreet auxiliary figures to aim to reduce the VR sickness and not to 

obstruct the field of view on an HMD. In the evaluative experiment, although there 

was no significant difference between the without-superimposition group and the 

auxiliary figures-imposed groups, we found that the VR sickness tended to reduce by 

the superimposition of dots design. Although there were individual differences in 

whether or not the dots were suitable, VR sickness did not increase for the dots super-

imposition case even when the participants did not think the dots useful. 

The experimental results were classified according to the SSQ scores although it 

was possible to reduce the sickness of the participants who easily got sick when the 

auxiliary figures were used. The sickness of the participants who did not easily get 

sick became strong. From these results, we concluded that the presence of an auxiliary 

figure in the central field of view influenced intensity of the VR sickness; the VR 

sickness did not intensify even in participants who did not easily develop VR sickness 

under the dots condition. 
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