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Abstract 

In this study, we investigated the sense of immersion in low-vision people with an 

HMD-based 360° visual content. This paper discusses the experimental results and visual 

conditions. 
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Introduction 

The use of virtual reality (VR) content is increasing and spreading due to rapid advances 

and dissemination of head-mounted displays (HMD). Representative examples of HMDs include 

the high-quality HTC Vive and Oculus Rift devices and low-cost devices, such as Google 

Cardboard, with which users can easily achieve VR experiences. In this context, some HMD 

systems are specialized to assist people with low-vision. The eSight eyeglass system enables 

users with low-vision to watch objects by correcting their vision field and central vision using 

cameras (eSight). Zhao et al. developed Canetroller, which navigates low-vision users in VR 

space by presenting visual feedback using an HMD and audio-haptic feedback with a cane-like 

device (Zhao, Y., et al., 2018). As accessible VR applications that focus on visual experience, 

Trewin et al. developed several tools to increase the accessibility of a specific 3D game on a 2D 

display for people with various disabilities. In their system, low-vision users can magnify the 

scene and customize text preferences, such as font size and color (Trewin, S., et al., 2008. Trewin, 

S., et al., 2009). In addition, Zhao et al. designed ForeSee, which provides low-vision people 

with an HMD with magnification, contrast enhancement, edge enhancement, black/white 

reversal, and text extraction functions (Zhao, Y., et al., 2015). Based on the evaluation results of 

ForeSee by 19 participants, they improved their system and developed SeeingVR (Zhao, Y., et al., 

2019). SeeingVR includes a set of 14 tools to promote the application of VR through visual and 

audio augmentation, including the ForeSee functions and other linkage functions, e.g., the Seeing 

AI (Seeing AI). Thus, VR experiences have become increasingly accessible for people with 

low-vision. 

However, the specific experience VR content provides to people with low-vision remains 

unknown. Miura et al. reported on HMD-based VR content with a focus on improving the 

learning experience of low-vision students (Miura, T., et al., 2018). They reported that 
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HMD-based VR content may be effective for people with low-vision who tend to sustain focus 

and get involved in activities in the VM experience; however, they also found that low-vision 

users with low immersive preferred to use the VM with a conventional flat display (Miura, T., et 

al., 2018). However, these results only clarified preferences about VR content, and requirements 

for realizing immersive VR content remain unclear. In addition, most VR systems do not have 

accessibility features for users with low-vision, such as contrast adjustments and intuitive screen 

magnification; thus, users cannot adjust the VR view according to their individual visual 

conditions. As a result, even if low-vision users have a certain level of visual acuity, some face 

difficulty achieving sufficient VR experiences. To address such issues, it is necessary to clarify 

the recognition characteristics of the VR experience of low-vision users according to individual 

differences in visual acuity and the visual field. Notably, the VR content factors that induce a 

sense of immersion in low-vision users are unknown. This knowledge should be identified and 

applied when designing accessibility functions to improve the visibility of HMD-based VR 

content for low-vision users. 

Therefore, this study attempted to clarify the requirements of HMD-based VR contents to 

induce a sense of immersion in low-vision users. We experimentally investigated whether 

immersion occurs for the conditions of visual impairments. Thus, we first created HMD 

spherical video content whose parameters were adjusted. Then, we experimented to evaluate the 

degree of immersive in low-vision users. 

The research questions examined in this study are as follows: 

Q1. What kinds of movie parameters affect the sense of immersion in low-vision users? 

Q2. What kinds of visual conditions mainly affect to their sense of immersion? 

Method 
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Participants 

Six males with low-vision (mean age: 21.8 ± 0.4 years) participated in this experiment. 

Table 1 details their visual conditions and experiences with VR and motion sickness. 

Table 1. Visual Conditions and HMD Experiences of Participants. (  ): corrected vision 

Participant Left Eye 
Acuity 

Right Eye 
Acuity 

Details of Vision 
Conditions 

HMD 
Experience 

Motion & 
VR Sickness 

A 0.06 0.03 Visual field loss in left 
and right eyes. Never - 

B 0.06 (0.6) 0.05 (0.6) 

Peripheral vision 
lacked, and he 
sometimes overlook 
the objects under his 
waist. A night 
blindness. 

Experienced Experienced 

C 0.05 0.06 

Peripheral field of 
view was narrow. A 
color blindness in 
which a person faced 
difficulty in 
distinguishing 
intermediate colors 
such as yellowish 
green, green, shiny 
silver, etc. 

Never Never 

D 0.1 0.1 Not good at dazzling 
lighting. Experienced Never 

E 0.08 (1.0) 0.08 (1.0) Central vision loss. Experienced Experienced 

F (0.04) (0.03) 

Visual field defect 
(95% defect) at the 
center and the 
periphery. He could 
see by the middle part 
of the vision between 
the center and the 
periphery of his eyes 
(the clear part of the 
donut shape). A night 
blindness. 

Experienced -
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Experimental 360° content 

First, we prepared three immersive first-person view (FPV) VR videos recorded in urban 

areas, natural environments, and familiar places (around the participants’ living sphere). 

Fig. 1. Example Scenes. 

The FPV content was captured using Ricoh Theta S and V devices. The parameters of the 

recorded content was 1080p resolution, 29.97 frames per second (fps), 0 ms delay between video 

and sound, and 24-bit color. We processed the videos by varying these parameters: resolutions 

(three types), frame rate (four types), color (8-bit grayscale and 24-bit color), and delay between 

video and sound (three types). The resolution conditions were 1080p, 720p, and 480p (based on 

YouTube image quality). The frame rates were 10, 15, 24, and 29.97 fps (Apteker, RT, et al., 

1995). The delay conditions were 0 ms, 1000 ms, and 1500 ms. The color conditions included 

grayscale because, particularly in Japan, low-vision users often reduce the chroma of the images 

when using a magnification device for reading (Maeda, Y., et al., 2007). Here, we used Adobe 

Premiere 13.0 for video processing. 

We employed A-Frame as the presentation system for the experimental 360° video 

content. A-Frame is a framework of WebVR for video playback and control to enable participants 

to efficiently interact with VR content using a web browser. We also used the SteamVR plugin to 

realize smooth playback of the VR content. The VR movies were presented using an HTC Vive 

device. 

   Reality Varied by Visions: Requirements of Immersive Virtual Reality Content for Users with Low-Vision     174



Journal on Technology and Persons with Disabilities  
Santiago, J. (Eds): CSUN Assistive Technology Conference 
© 2020 California State University, Northridge 

Experimental procedure 

The experimental procedure is summarized as follows. 

1. The participants were asked to wear the HMD and earphones.

2. They watched celestial sphere video content and counted objects we indicated.

3. They then answered a questionnaire and were interviewed.

In Step 1, we employed an HTC Vive as an HMD. In Step 2, participants were instructed 

to look around in 360 degrees during the video presentation and count the number of specific 

objects. Here, they were tasked with finding highly visible signboards (one of three patterns, i.e., 

green text on a white background, white text on a blue background, or blue text on a red 

background) in urban areas, the number of benches, humans who passed each other, green 

garbage cans in natural environments, and the number of street lamps or traffic signals in 

familiar locations. Note that the numbers of these objects were nearly equal for each video 

condition. In addition, the video and object conditions were randomized. The participants were 

instructed to set the contrast. However, most did not change the contrast due to the simplicity of 

the tasks. In Step 3, the participants evaluated their sense of immersion by scoring 18 items from 

a presence questionnaire (PQ) on a seven-point Likert scale (Witmer, BG and Singer, MJ, 1998). 

We selected 18 PQ items because the other nine PQ items focused on factors not considered in 

this study, e.g., fidelity of tactile and auditory presentation (see Table A1 in Appendix). After 

completing all conditions, the participants answered an immersive tendency questionnaire (ITQ) 

(Witmer, BG, et al., 2005) on a seven-point Likert scale (see details in Table A2 in Appendix). 

Note that we also asked them about whether they experienced motion or VR sickness and their 

impressions about the video content. Here we presented the VR content again as required. 
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Analysis 

The experimental results were summarized by aggregating the participant data using the 

R 3.3.3-3.6.1 statistical analysis suite. We performed analysis of variance (ANOVA) for the 

effects of the experimental conditions, the participants’ characteristics for each PQ item, and the 

total score of the PQ items. Note that the total score of the PQ items did not have normality (p < 

0.05, Shapiro-Wilk test); thus, we performed ANOVA after applying aligned rank transform 

(ART) (Wobbrock, JO, et al., 2011). The factors of the participants’ characteristics included 

whether they quickly experienced motion and VR sickness, average and difference of binocular 

visual acuity, and whether they experienced visual field loss. After checking the significant main 

effects of the ART ANOVA, the Tukey-Kramer test with ART was performed to check for 

significant differences among the levels of factors observed as having significant effect. 

Then, we calculated the correlation matrix of the total PQ score, the participants’ 

performance metrics, and their visual conditions. Here, we replaced the results of whether or not 

the participant experienced motion/VR sickness with dummy variables of 1 or 0, respectively. 

Finally, we performed multiple regression analysis to derive the relation model among 

the total score of the PQ items, the correct object identification rates, ITQ score, visual acuity, 

and whether motion sickness was experienced. Here, the data were scaled to compare the effect 

size of correlation coefficients based on Cohen’s criterion (Cohen, J., 1992). In this analysis, we 

also used the stepwise method based on Akaike’s information criterion to explore the optimal 

relation model. In addition, we examined the partial regression coefficient of the extracted 

parameters and the coefficient of determination. 

The number of participants was small; thus, we present participant comments in the 

discussion of statistical results. 
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Results and discussion 

The statistical results with reference to participant comments regarding the VR content 

are shown in Tables 2 to 4. 

Table 2. Participant Comments About Video Content Recorded in Urban Areas. 

Participants 

Comments to 
parameter 
change (Case: 
Urban area): In 
the case of gray 
scale 

Comments to 
parameter change 
(Case: Urban 
area): Resolution 
changes 

Comments to 
parameter 
change (Case: 
Urban area): 
Delay changes 

Comments to 
parameter 
change (Case: 
Urban area): 
Frame rates 
changes 

A 

The high 
contrast between 
the shade of the 
building and the 
sun made the 
contents easy to 
see. 

In the 1080p case, I 
could read the signs 
clearly. 

When there 
were too many 
people, it was 
difficult to 
recognize the 
delay. 

B 

I got sick because of 
too many gaps 
among the presented 
contents and actual 
vision. 

C 

Even in 
grayscale 
contents, the 
signal color was 
easy to 
understand. 

The contents 
were almost the 
same. 

It was easy to see 
large or colored 
objects. 

D 

The 1000 ms 
delay was less 
sick than the 
1500 ms delay. 

The smoother the 
video, the more 
likely I was to get 
sick. The contents 
with 24 fps frame 
rates were the 
closest to what I 
usually saw, but 
15 fps was best 
when I looked for 
an object. 
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Participants 

Comments to 
parameter 
change (Case: 
Urban area): In 
the case of gray 
scale 

Comments to 
parameter change 
(Case: Urban 
area): Resolution 
changes 

Comments to 
parameter 
change (Case: 
Urban area): 
Delay changes 

Comments to 
parameter 
change (Case: 
Urban area): 
Frame rates 
changes 

E 

I felt a little 
sickness but felt 
the contents 
difficult to see. 

480p content was 
harder to see than 
the grayscale 
content. I felt 
comfortable to 
watch the content 
less than 720p with 
less sickness. I 
tended to get sick on 
this video because of 
many video 
transitions. 

I felt comfortable 
to see the content 
whose frame rate 
was over 24 fps. 
These movies 
made me sick 
generally, 
particularly 15 fps 
movie made me 
sick strongest. 

F 

The contents 
were dark. I 
could see the 
brightness of the 
objects but could 
not identify the 
letters. 

I could identify the 
characters at 720p or 
higher in resolution. 
I felt the effect of 
resolution change 
from 720p to 1080p 
was smaller than 
those from 480p to 
720p. 

I did not notice 
the delay 
change. 

The contents with 
24 fps were the 
easiest to see. I 
did not feel any 
motion sickness. 

Table 3. Participant Comments About Video Content Recorded in Natural Environments. 

Participant In the case of 
gray scale 

Resolution 
changes Delay changes Frame rates 

changes 

A 
It was difficult 
to understand 
buildings 

Because there 
were many 
running people, it 
was easy to 
recognize the 
delay. 

Due to the 
monotonous scenes, 
it was difficult to 
feel the change 
unless people 
passed. 

B 
720p is easier to 
see for me than 
1080p. 

I did not 
understand the 
difference. 
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Participant In the case of 
gray scale 

Resolution 
changes Delay changes Frame rates 

changes 

C 

I felt a sense of 
immersion, even 
at 480p. The 
sense of 
immersion 
became stronger 
as the image 
quality 
increased. 

(1000 ms) When I 
listened carefully, 
I felt some 
misalignment. 
(1500 ms) I 
recognized a 
delay, especially 
in walking 
sounds. 

D 

It was difficult 
to identify the 
bench due to 
the color of the 
contents. 

720p and above 
were immersive 
and close to the 
actual vision. 

Even if there was 
a change in the 
delay, there was 
no sense of 
incongruity. 

No changes up to 
15 fps. 

E 
It was difficult 
to see, 
generally. 

There was no 
change up to 
720p, but the 
contents looked 
clear at 1080p. 

(1500 ms) The 
delay was easy to 
understand but 
did not affect the 
visual contents. 

I felt sick more 
quickly as the 
frame rate 
increased. At 29.97 
fps, I could watch 
the contents most 
clearly but felt sick 
most strongly. 

F 

I feel dark. The 
low contrast of 
the contents 
made it difficult 
for me to 
watch. 

I felt more 
comfortable to 
see the contents 
as image quality 
increased. I did 
not feel sick. 

I did not notice 
the delay change. 

I felt comfortable to 
view the contents 
with over 24 fps 
frame rate. No 
changes among 24 
and 29.97 fps. 
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Table 4. Participant Comments About Video Content Recorded in Familiar Locations. 

Participants 

Comments to 
parameter 

change (Case: 
Familiar place): 

In the case of 
gray scale 

Comments to 
parameter 

change (Case: 
Familiar 
place): 

Resolution 
changes 

Comments to 
parameter 

change (Case: 
Familiar place): 

Delay changes 

Comments to 
parameter change 

(Case: Familiar 
place): Frame rates 

changes 

A 

Because the 
movie was 
whitish, it was 
difficult to 
understand the 
streetlights. 

B 

I did not feel any 
sense of 
incongruity. 

When the image 
quality was 
high, I got a 
motion sickness 
when I looked 
around. I could 
reduce sickness 
if I could adjust 
the orientation 
well. 

I felt a motion 
sickness as the 
frame rate 
increased. 

C 

When image 
quality 
increased, I paid 
attention to 
other things that 
I should find. 

I did not notice 
the delay change. 

When the frame 
rate decreased, it 
became difficult to 
identify whether a 
distant object was a 
tree or a streetlight. 

D 

It was difficult to 
find streetlights 
because there 
were similar 
poles. 

At 15 fps, I felt that 
the blurring of the 
car was small, but 
felt uncomfortable 
with the blurring of 
the bicycle. 

E 

I got motion 
sickness during 
view changes 
corresponding to 
my movement. 

As the image 
quality 
increases, I felt 
easier to see the 
contents, but 
quickly got 
sick. 

(1500 ms) I felt a 
delay and a little 
sickness. 

I felt the contents 
were easy to see as 
the frame rate 
increased but was 
more likely to get 
sick, particularly at 
24 fps and above. 
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Participants 

Comments to 
parameter 

change (Case: 
Familiar place): 

In the case of 
gray scale 

Comments to 
parameter 

change (Case: 
Familiar 
place): 

Resolution 
changes 

Comments to 
parameter 

change (Case: 
Familiar place): 

Delay changes 

Comments to 
parameter change 

(Case: Familiar 
place): Frame rates 

changes 

F 

It looked rough. As the image 
quality 
increased, I felt 
easier to see the 
contents. 

I did not notice 
the exact change 
of delay, but the 
car seemed 
unnatural at 
1000 or 1500 ms 
delay. 

I felt the content 
rough up to 15 fps. 
24 fps is most 
visible. 

Effects of image quality on sense of immersion 

Here, we describe the results of ANOVA on the total scores of the PQ for the factors of 

the experimental conditions and participants’ characteristics. For the experimental conditions, 

significant main effects were confirmed for the place, frame rate, and color conditions (p < .05), 

and a marginal significance was confirmed for the resolution condition (p < .10). However, no 

significant main effect was observed for the delay condition (p > .10). Regarding participant 

characteristics, there were significant main effects for whether they experienced motion or VR 

sickness and their central visual acuity (p < .05), and there was a marginal significance in the 

main effect of the immersive tendency (ITQ score; p < .10). However, no significant main effects 

were observed for whether the visual acuity of their left and right eyes differed (p > .10). 
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Fig. 2. Total PQ (Presence Questionnaire) Scores for the Grayscale and Color Content. 

Figure 2 shows the total PQ scores for the grayscale and color conditions. As can be seen, 

colored content was evaluated significantly higher than grayscale content. According to the 

participants’ comments (Tables 2–4), grayscale content was worse than colored content. Most 

participants identified the darkness and low contrast of the grayscale content. Initially, we 

assumed that some of the low-vision participants preferred the grayscale content because they 

sometimes watched a binarized image to read characters and sentences of textbooks when using 

the magnifying devices (Maeda, Y., et al., 2007). However, low-vision people used such a 

binarized image to read characters and sentences of textbooks. Therefore, the grayscale VR 

content was not preferable compared to the colored content, even for low-vision participants. 
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Fig. 3. Total PQ Scores for Each Frame Rate Condition. 

Figure 3 shows the total PQ scores for each frame rate condition. As shown, as the frame 

rate decreased, the sense of immersion decreased significantly. According to comments from 

participants D, E, and F (Tables 2 to 4), their sense of immersion increased as the frame rate 

increased. However, participants B and E indicated that they were more likely to experience VR 

sickness as the frame rate increased. These results indicate that resolution is an important factor 

in generating a sense of immersion in low-vision users; however, some low-vision users may 

experience motion sickness at high frame rates. 

Fig. 4. Total PQ Scores for Each Resolution Condition. 
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Figures 4 shows the total PQ scores for each resolution condition. There were significant 

differences between the 480p and 720p conditions and the 480p and 1080p conditions; however, 

no significant difference was observed between the 720p and 1080p conditions.  

Fig. 5. Total PQ Scores with Resolution for Visual Acuity Greater/Less than 0.05. 

Figure 5 shows the total PQ scores for the resolution by binocular average of visual acuity 

more/less than 0.05. Here, participants with visual acuity less than 0.05 could not confirm a 

significant difference for each resolution. However, there was a significant difference between 

the 480p and 720p conditions for participants whose visual acuity was greater than 0.05. As 

shown in Tables 2 and 3, participant B identified the superiority of 720p to 1080p because there 

were too many gaps in the presented content and his actual vision. In addition, participant F 

stated that the effect of changing the resolution condition from 720p to 1080p was less than that 

when changing from 480p to 720p. Note that participant E indicated no change up to 720p, and 

the content appeared clear at 1080p in the natural environment content. However, participant E 

tended to experience VR/motion sickness with the 1080p resolution condition for the urban 
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environment content due to the frequent video transitions caused by many people and buildings. 

In addition, participants E and B stated that they experienced VR sickness quickly with the 

1080p condition. These quantitative and qualitative results indicate that the limits of immersive 

sensation in low-vision users depend on the resolution of VR environments presented by an 

HMD. The participants’ tendencies to experience sickness with high-resolution content could 

sometimes limit the sense of immersion. However, they typically observe more realistic 

environments, i.e., real environments; thus, this result might be caused by the limitations of the 

HMD presentation, including different convergence and binocular parallax (Ebenholtz, SM, 

1992) from the users, image blur caused by movements during recording and frame rate 

limitations, and vergence-accommodation conflict (Shibata, T, et al., 2011, Kramida, G., 2015) 

caused by image movements being synchronized with user’s head movements. 

Fig. 6. Relationship Between Delay and the Total PQ Scores. 

Figure 6 shows the relationship between delay and the total PQ scores. Here, no 

significant difference was observed in the total PQ scores regardless of the delay time (p > .10). 
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Fig. 7. Total PQ Scores with Delay for Whether Participants Quickly Experienced 

Motion or VR Sickness 

Figure 7 shows the relationship between delay and the total PQ scores relative to whether 

participants quickly experienced motion or VR sickness. The results indicate that participants 

who quickly experienced sickness tended to experience a lower sense of immersion due to the 

delay. Participant D shown (Table 2) and participant E (Table 4) felt sickness due to the increased 

delay; therefore, some low-vision users may feel VR sickness due to the delay between the visual 

and auditory elements of VR content. However, the effects of delay may be less than those of the 

resolution and frame rate conditions. 
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Correlation coefficients among total score of PQ and participant conditions 

Table 5. Correlation matrix among the sense of immersion to the experimental contents and 

participants’ immersive tendency and visual conditions. 

Significance: **p < .01, *p < .05, +p < .10 

Correlation: High: |r|>0.5, Middle: |r|>0.3, Small: |r|>0.1 

Table 5 shows the correlations of total PQ score, the participants’ performance metrics, and the 

participants’ visual conditions. As can be seen, total PQ score significantly correlated middle 

with the correct rates to find the objects, and correlated small with participants’ visual conditions 

and whether they have motion sickness. These correct rates were highly correlated to the 

difference in binocular visual acuity and whether motion sickness was experienced, and were 

correlated middle to the average of visual acuity and total ITQ score. These results indicate that 

higher total PQ score may result from higher performance to find the objects in the VR 

environment, and such performance could be caused by visual conditions and the presence of 

motion sickness. We observed inconsistency relative to the effects or correlations of difference in 

Total PQ Total ITQ 
Correct 
rates to find 
the objects 

Average 
visual acuity 

Difference 
of visual 
acuity 

Total PQ 

Total ITQ 0.11 

Correct rates to 
find the objects 0.33** 0.3** 

Average visual 
acuity 0.27** 0.49** 0.37** 

Difference of 
visual acuity −0.29** −0.74** −0.41** −0.68**

Presence/absence 
of motion 
sickness 

−0.15+ 0.55** −0.12 0.19* −0.35**
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binocular visual acuity in the previous and current subsections: There were no significant main 

effect of difference of binocular visual acuity to the PQ score in the previous section. This 

difference may have been caused by the binarization procedure of difference in binocular visual 

acuity. We classified such a difference as whether the binocular visual acuity differed. Therefore, 

using detailed and quantitative analysis, the difference in binocular visual acuity can also 

contribute to variation in the sense of immersion. 

Table 6. Partial regression coefficients and coefficient of determination 

Partial regression 
coefficients 

Partial regression 
coefficients 
(Stepwise) 

Total ITQ −0.0097

Correct rates to find the 
objects 0.1942* 0.20239*  

Average visual acuity 0.0956  

Difference of visual acuity −0.2427+ −0.29980***

Presence/absence of 
motion sickness −0.2724** −0.27835***

R2 0.199 0.194 

Significance: **: p < .01, *: p < .05, +: p < .10 

Table 6 shows the partial regression coefficients of a multiple regression analysis with 

and without the stepwise method. First, according to the R2 and Cohen’s criteria (Cohen, J., 

1992), the goodness of fit of these multiple regression models were middle (0.13 ≤ R2 < 0.26). 

Table 6 also shows consistent results, i.e., the total PQ score may result from higher performance 

in the VR environment, and this performance may be caused by the visual condition and the 

presence of motion sickness. However, the partial regression coefficients suggest that the 

difference in binocular visual acuity may affect higher to the sense of immersion than average of 
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binocular visual acuity could do. In the previous subsection, we stated that the average of 

binocular visual acuity mainly affected to the limit of the immersive sense. However, the results 

shown in Table 6 suggest that this limit may depend on both binocular and monocular 

experiences. However, we obtained the results from a small number of participants; thus, this 

hypothesis should be verified using a significantly greater number of participants with various 

visual conditions. 

Requirement summary of immersive VR content for low-vision users 

Based on the analysis presented in this section, immersive VR content should be colored, have 

no delay, and have appropriate frame rates and resolution to avoid VR/motion sickness. The 

resolution parameter should be determined based on each user’s visual acuity. However, 

adjusting the frame rate requires a trial-and-error process; thus, VR content designers should 

implement customizable frame rates for low-vision users. 

Summary and Future work 

In this study, we investigated the sense of immersion in low-vision users with 

HMD-based 360° video content. The results demonstrate that frame rate, resolution, and color, or 

grayscale primarily affect the sense of immersion. In addition, the participant characteristics, 

including average and difference in binocular visual acuity and whether they experience motion 

or VR sickness, are also related to variations in the sense of immersion. We have summarized 

implications for immersive VR content for low-vision users. Although results of this study are 

expected to contribute to design methodologies for immersive VR content for low-vision users, 

one limitation of this study was the number of the participants. Thus, in future, we should 

examine the robustness of the current results across different participant groups with greater 

numbers of participants. 
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Appendix 

We employed the following items shown in Table A1 of immersive tendency 

questionnaire (ITQ) and Table A2 of presence questionnaire (PQ) to evaluate participants’ 

tendency to immerse VR environments and their subjective presence to presented VR conditions, 

respectively. 

Table Appendix 1. Selected questions from Presence Questionnaire (Witmer et al., 2005) 

No. 
(This 
study) 

No. 
(Witmer et 
al., 1998) 

Question 

1 5 Do you easily become deeply involved in movies or TV dramas? 

2 6 Do you ever become so involved in a television program or book 
that people have problems getting your attention? 

3 7 How mentally alert do you feel at the present time? 

4 8 Do you ever become so involved in a movie that you are not aware 
of things happening around you? 

5 9 How frequently do you find yourself closely identifying with the 
characters in a story line? 

6 10 
Do you ever become so involved in a video game that it is as if you 
are inside the game rather than moving a joystick and watching the 
screen? 

7 13 How physically fit do you feel today? 

8 14 How good are you at blocking out external distractions when you 
are involved in something? 

9 15 When watching sports, do you ever become so involved in the game 
that you react as if you were one of the players? 

10 16 Do you ever become so involved in a daydream that you are not 
aware of things happening around you? 

11 17 Do you ever have dreams that are so real that you feel disoriented 
when you awake? 

12 18 When playing sports, do you become so involved in the game that 
you lose track of time? 

13 20 How well do you concentrate on enjoyable activities? 
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No. 
(This 
study) 

No. 
(Witmer et 
al., 1998) 

Question 

14 21 How often do you play arcade or video games? (OFTEN should be 
taken to mean every day or every two days, on average.) 

15 23 Have you ever gotten excited during a chase or fight scene on TV or 
in the movies? 

16 25 Have you ever gotten scared by something happening on a TV show 
or in a movie? 

17 26 Have you ever remained apprehensive or fearful long after watching 
a scary movie? 

18 29 Do you ever become so involved in doing something that you lose 
all track of time? 

Table Appendix 2. Selected questions from the Presence Questionnaire (PQ) Version 3.0 (Witmer 

et al., 2005) 

No. 
(This 
study) 

No. 
(Witmer et 
al., 2005) 

Question 

1 4 How much did the visual aspects of the environment involve 
you? 

2 8 How much did your experiences in the virtual environment 
seem consistent with your real-world experiences? 

3 18 How involved were you in the virtual environment 
experience? 

4 20 How quickly did you adjust to the virtual environment 
experience? 

5 25 How completely were your senses engaged in this 
experience? 

6 27 
Were there moments during the virtual environment 
experience when you felt completely focused on the task or 
environment? 

7 (stated at 
Discussion) 

To what extent did you feel completely surrounded by and 
enveloped by the virtual environment? 
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No. 
(This 
study) 

No. 
(Witmer et 
al., 2005) 

Question 

8 (stated at 
Discussion) 

How much did your experience in the virtual environment 
seem like you were in a real place, able to directly sense and 
interact with the environment? 

9 (stated at 
Discussion) 

In the virtual environment, how strong was your sense of 
“being there”? 
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