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Abstract. Virtual Reality (VR) had a banner year in 2016. VR has attracted a
lot of media attention because many companies have launched Head Mounted
Displays (HMDs) and other related products. As a result, the term “immersive
feeling” has become more widely known. In this study, we evaluated immersive
feeling using HMD. For that purpose, we created two types of content: one
expected to generate high immersive feeling and another expected to generate
low immersive feeling.
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1 Introduction

Virtual Reality (VR) had a banner year in 2016 and has attracted a lot of media
attention because many companies have launched Head Mounted Displays (HMDs)
and other related products. [1]. As a result, the term “immersive feeling” has become
more widely known. In previous studies, immersive feeling was evaluated using 2D or
3D displays [2, 3]. However, those displays can show only a frontal scene. On the other
hand, HMD can provide a stereoscopic scene in all directions. Therefore, using HMD
would give more a more immersive feeling than 2D or 3D displays. Thus, we planned
to evaluate immersive feeling using HMD by creating VR content. We performed an
impression survey of the term “immersive feeling,” and performed factor analysis to
create VR content and to determine question items for evaluation. We experimentally
evaluated immersive feeling in VR systems using HMD with the two created pieces of
content. The experimental result suggests a strong correlation between immersive
feeling and a sense of excitement.

2 Impression Survey of Immersive Feeling

2.1 Method

The objective is to create VR content giving a high immersive feeling and VR content
giving a low immersive feeling.
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We created a questionnaire by referencing previous research [4] as follows.

1. Do you know the term “Virtual Reality (VR)”? (yes/no)
2. Do you know the term “Immersive feeling”? (yes/no)
3. If the answer to question 2) is “yes”, go to question 3).
4. Which factors are necessary to give an immersive feeling?

We used a five-point Likert scale (−2 to +2) for this question. The following are the
12 pairs of adjectives used in this question:

• Dark - Bright
• Narrow - Wide
• Extraordinary - Ordinary
• Stressful - Relaxing
• Unease - Ease
• Natural - Artificial
• Planar - Stereoscopic
• Vague - Clear
• Static - Dynamic
• Boring - Exciting
• Complex - Simple
• Not thrilling – Thrilling

2.2 Results and Discussion

The impression survey on immersive feeling was conducted with 84 volunteers in their
20 s. Figure 1 shows results for questions 1 and 2. For question 1, 75 out of 84 (89%)
answered yes. Therefore, it can be said that the term VR is generally recognized. For
question 2, 35 out of 84 (42%) answered yes, which means that recognition of the term
immersive feeling was much lower than that of VR.

Fig. 1. Results of awareness of VR and immersive feeling
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Table 1 shows descriptive statistics of answers to question 3. We analyzed the
results of question 3, and Table 2 presents the results of the factor analysis. Three
factors were extracted from the analysis. The main components of these factors are as
follows.

1. Ease, Relaxing, Ordinary, Natural
2. Artificial, Clear, Dynamic, Bright
3. Stereoscopic, Thrilling, Complex

Then, we named these factors “Relaxing”, “Active” and “Exciting,” respectively.
Figure 2 shows ratios of answers for question 3 for each factor. As shown in Fig. 2,
many volunteers answered that the Exciting factor was necessary. Therefore, we
focused on the Exciting factor and created content.

Table 1. Descriptive statistics of answers to question 3

Descriptive statistics
N Mean d. Deviation Variance

Dark – Bright 35 −0.34 0.968 0.938
Narrow – Wide 35 0.17 1.248 1.558
Extraordinary – Ordinary 35 −0.40 1.063 1.129
Stressful – Relaxing 35 0.57 1.170 1.370
Unease – Ease 35 0.20 1.079 1.165
Natural – Artificial 35 −0.46 1.039 1.079
Planar – Stereoscopic 35 1.66 0.482 0.232
Vague – Clear 35 1.31 0.832 0.692
Static - Dynamic 35 1.03 0.954 0.911
Boring - Exciting 35 1.09 0.853 0.728
Complex – Simple 35 0.63 1.140 1.299
No thrilling - Thrilling 35 1.03 0.822 0.676

Table 2. Results of factor analysis

Variable Factor
Relaxing Activeness Exciting

Unease - Ease 0.778 0.243 −0.149
Stressful - Relaxing 0.695 0.083 −0.055
Extraordinary - Ordinary 0.647 −0.159 −0.022
Natural - Artificial −0.554 0.535 −0.150
Vague - Clear 0.179 0.751 −0.097
Static - Dynamic −0.045 0.643 0.137
Dark - Bright −0.052 0.533 0.156
Planar - Stereoscopic 0.310 0.153 0.761
No thrilling - Thrilling −0.240 0.131 0.664
Complex - Simple 0.178 0.048 −0.499
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3 Experimental Method

3.1 System and Content

The purpose of this experiment is to evaluate the degree of immersive feeling in the VR
system with HMD.

Figure 3 shows our experimental system.

Fig. 2. Ratios of answers for question 3 in adjective pairs

Fig. 3. Experimental system
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We created two pieces of VR content based on the results of the impression survey
of immersive feeling as follows.

• Roller coaster content (Fig. 4)

This is content that we expect to have high scores for Exciting factor. It contains
falling and turning fast.

• Grassland content (Fig. 5)

This is content that we expect to have low scores for Exciting factor. It contains
only straight, flat forward motion.

We created a questionnaire by referencing previous research [2, 5].

Fig. 4. Roller coaster content

Fig. 5. Grassland content
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The questionnaire consists of questions related to VR content (Q1*Q6) and
immersive feeling (Q7*Q17) as follows.

Q1. I was thrilled by the content.
Q2. I felt the content stereoscopically.
Q3. I felt the content to be simple.
Q4. I felt a response delay in the content.
Q5. I found the sound of the content strange.
Q6. I found the event in the content unnatural.
Q7. I found the content boring.
Q8. I enjoyed the content.
Q9. I was interested to know what might be happening around me.

Q10. I was able to concentrate on content experiences.
Q11. I felt detached from the outside world.
Q12. It felt like only a very short amount of time had passed.
Q13. I felt like I was going forward.
Q14. When I took off the HMD, I was confused.
Q15. I was interested in seeing how the game’s events would progress.
Q16. I enjoyed the graphics and imagery of the game.
Q17. I was immersed in the content.

Evaluation was carried out using a five-point Likert scale (−2 to +2) and free
description.

4 Experimental Results

4.1 Experimental

We performed an experiment with eight male participants in their 20 s. The experiment
took about 40 min per participant. Each participant experienced the roller coaster
content and grassland content, respectively. The order of experiencing content was
counter-balanced. Figure 6 shows a scene of the experiment.

4.2 Experimental Results and Discussion

Based on the results of the questionnaire, we performed a difference test. Figures 7 and
8 show the averages for each question. There were significant differences between the
two pieces of content in three items (“Q1*Q3”) for Exciting factor and in eight items
out of 11 for immersive feeling. As expected, the roller coaster content had higher
scores for Exciting factor and immersive feeling than the grassland content. Table 3
shows the result of correlation analysis for questions related to exciting factor
(Q1*Q3) and immersive feeling (Q7*Q17). There are strong correlations between
Q1 and nine items out of 11 for immersive feeling (Q7*Q17). There were strong
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correlations between Q3 and in six items out of 11 for immersive feeling (Q7*Q17).
However, there is a strong correlation only between Q2 and (Q7*Q17) (Fig. 8) .

Fig. 6. Experimental scene

Fig. 7. Averages of questionnaire items related to VR
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5 Conclusion and Future Work

We performed an impression survey for the term “immersive feeling,” and performed
factor analysis to create VR content and to determine question items for evaluation. We
experimentally evaluated immersive feeling in VR systems using an HMD with two
pieces of content we created. The experimental results show that the immersive feelings
of the two pieces of content differed significantly, along with their impression of
“exciting feelings” for users. This result suggests a strong correlation between
immersive feeling and excitement. We also performed another experiment with mea-
suring functional near-infrared spectroscopy (fNIRS). Analysis of the experimental
results including fNIRS data remains as future work.

Fig. 8. Averages of questionnaire items related to immersive feeling

Table 3. Results of correlation analysis

Correlations
Q1 Q2 Q3

Q7 −.822** −0.444 .670**
Q8 .821** 0.444 −.612*
Q9 −0.466 −0.404 .585*
Q10 .677** 0.388 −.530*
Q11 .531* 0.349 -0.205
Q12 .856** 0.405 −.524*
Q13 .550* 0.261 −0.428
Q14 .545* 0.349 −0.222
Q15 .524* .636** −.641**
Q16 0.333 −0.019 −0.029
Q17 .706** 0.335 −0.270

*. Correlation is significant at the
0.05 level (2-tailed).
**. Correlation is significant at the
0.01 level (2-tailed).
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