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Abstract—In late years the virtual reality (VR) technology 

which spread and development in many fields is used to 

communicate with clients smoothly in architecture field and 

property market. However, today, it is often shown only VR 

image (visual information) expressing design of an architectural 

space, and the case shown auditory information at the same time 

has little. The purpose of this report is to grasp subjective 

evaluation for visual and auditory impression when subjects 

experience VR space expressed with a panoramic image using 

simple VR goggles and an impulse response signal.  
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I. INTRODUCTION 

Virtual reality (VR) technology is beginning to be used to 
communicate with clients smoothly in the architecture field in 
late years. In case of using it in a store for estate agency where 
various people use familiar, it is often shown only a VR image 
(a visual information) expressing design of an architectural 
space to clients by simple VR goggles. At that time, it is rare 
that a sound field (an auditory information) by a headphone or 
a speaker is shown simultaneously. Therefore, for example, a 
sound field of a newly-built space may be different from the 
assumption of the client. 

For such a problem, accurate communication including an 
acoustic state of various space is enabled to clients if it can 
express architectural space or indoor room appropriately by 
VR space consisting of visual information (e.g. panoramic 
image or 3D room model) and auditory information (e.g. 
impulse response signal expressing a sound field of real room). 
However, consideration is necessary about the interaction 
between visual and auditory to relate to the human recognition 
when visual and auditory information are combined. This is 
because it is expected that various interaction occurs by 
combining it together. 

In the research field of cognitive science, visual and 
auditory sense influence each other when those information 
are presented at same time, and it is known that those 
recognition or impression change whether those information 
exist individually or simultaneously. This is a phenomenon 
called “audio-visual interaction”, and the representative 
example is McGurk effect[1] - The phenomenon that phoneme 
perception is recognized varies from correct perception under 
the influence of visual information - or ventriloquism effect[2] 
- The illusion of the sound source position because of 
existence of visual information - . 

In the research field of multimedia that it applied 
fundamental research about audio-visual interaction, it is 

reported that a video work become more impressive and 
attractive to cause interaction intentionally by devising a 
combination of movie and music[3]. In addition, when 
subjects watched the image of a road with the planting and the 
driving sound of vehicle at the same time, it is suggested that 
they are not worried about the noise[4]. 

In architecture field, it is reported that the recognition of 
reverberance changes depending on visual information. For 
example, when an indoor sound field was presented with an 
image of a room, it was hard for subjects to recognize an 
echo[5] and they feel the auditory source width to be wider[6] 
in comparison with only an indoor sound field was presented. 

From those previous study, it is expected to occur the 
following problems in case of making a VR space imitated 
existent room by combining visual and auditory information. 

 About the visual information consisting of design and 
geometric conditions and the auditory information 
consisting of the reflection sound structure of the 
architectural space, an impression that a staying person 
receives are different whether they experience those 
simultaneously or individually. 

 There is a separation of the impression between the 
existent room and VR space produced to imitate same 
room. 

 The perception or evaluation for a room is based on a sense 
of the each staying person. Because there is individual 
difference in that, it is difficult to make an unified index 
to express the change of the audio-visual impression with 
the change of the physical condition of a room. 

Therefore the author thought that at first it was necessary 
to clarify a change tendency of the subjective quantity (a rating 
value to be obtained by a questionnaire using the SD method) 
for physics quantity (room volume, reverberation time, and so 
on) when subjects experienced various VR space. 

In a previous study[7][8][[9], a result of subjective 
evaluation experiment that a visual information was presented 
by screen was reported. The purpose of this report is to grasp 
subjective evaluation for visual and auditory impression when 
subjects experience VR space expressed with a panoramic 
image using simple VR goggles and impulse response signal. 
In addition, 3 presentation condition of experimental stimulus 
is prepared, the result obtained each conditions. 

II. EXPERIMENT 

A subject watch a panoramic image of a certain indoor 
room and listen an impulse response signal to evaluate visual 
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TABLE I.  OUTLINE OF TARGET ROOM 

Name Area (m2) High (m) Volume (m3) T60 (s) 

CR 230 3.3 750 0.68 

EH 260 7.1 1890 2.01 

MU 1250 14.5 12000 1.30 

TABLE II.  EVALUATION ITEMS 

Modality Evaluation item (-3) Adjective pair (+3) 

Visual 

3-dimensional Flat 3D 

Complexity Simple Complex 

Openness Closed Open 

Volume Narrow Large 

Texture Solid Soft 

Expectation of rev. Poor Rich 

Auditory 

Duration Short Long 

Reverberance Poor Rich 

Clarity Vague Clear 

Expectation of 

volume 
Narrow Large 

Audio-

visual 

Immersion Low High 

Reality Unreal Real 

Incongruity Not feel Feel 

 

and auditory impression. 13 kinds of acoustical signals 
recorded in various public facilities was prepared as the 
auditory stimulus, and it was presented subject through a 
headphone. The reverberation time have a range from 0.31 to 
3.57 s in T60. The panoramic image was photographed in 3 
target rooms (CR: a classroom, EH: an entrance hall, and MH: 
a music hall) as the visual stimulus. The rooms is contained in 
above-mentioned facilities. The characteristic of the rooms is 
shown on Table I.  It vary respectively in architectural use, a 
specification and reverberation time. Fig. 1 to 3 are the 
panoramic image photographed in 3 rooms. This image was 
presented by VR goggles attaching a smartphone displayed 2 
eyes views by the smartphone application “hacosco”. Subjects 
who put on it can browse indoor visual environment of the 
target room 360 degrees by moving the neck of themselves. 

The experiment was carried out along the procedure 
shown below in a calm room. 11 subjects (age: 19-20) 
participated and answered questions concerning subjective 
impression for each stimulus by 7 grades of category scales 
(from -3 to +3). Table II shows the evaluation items.  

I. 3 kinds of panoramic images were presented sequentially, 
and subjects evaluated visual impressions and sense of 
immersion and reality. 

II. 13 kinds of impulse response signals were presented 
sequentially, and subjects evaluated auditory 
impressions. 

III. 39 ways of combinations of the image and the signal used 
in step I and II was presented, and subjects evaluated the 
auditory impression without expectation of volume, 
reality, sense of immersion and incongruity. 

 

Fig. 1. Panoramic image of “CR” 

 

Fig. 2. Panoramic image of “EH” 

 

Fig. 3. Panoramic image of “MH” 

It was prepared 6 items for visual impression and 4 items 
for auditory impression as the evaluation items. The items of 
visual impression consist of “3-dimensional” by unevenness 
of the room surface and a step or hierarchy, “Complexity” by 
a curved surface of a room (floor, wall, and ceiling) and 
household furniture, “Openness” to be influenced opening 
area or ceiling height, “Volume” to be influenced surface area 
and capacity, “Texture” of the materials of a room surface and 
household furniture, and “Expectation of reverberance” to be 
expected a sense of reverberation energy of the target room 
when the visual information is presented simultaneously.  

The items of auditory impression consist of “Duration” to 
express a sense of the duration of the reverberation time, 
“Reverberance” to be felt an energetic sense by a sound fields, 
“Clarity” to express whether subjects can hear clearly a sound, 
and “Expectation of volume” to be expected the sense of the 
room capacity when the auditory information is presented 
simultaneously. 

Sense of immersion and reality was the item which is the 
most common as the evaluation for VR space, and let subjects 
evaluate it as step I and III. In addition, sense of incongruity 
for combination of stimulus in only step III. 
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III. RESULT AND CONSIDERATION 

The mean value of all subjects rating is calculated and 
assume it “evaluation mean value”,  and it is indicated as the 
evaluation result. It is shown the evaluation tendency in each 
steps, and it is analyzed the difference in evaluation by the 
difference in visual and auditory characteristic or the change 
of the evaluation mean value for the physical quantity. 

Fig. 4 shows the evaluation result in step I. As a general 
tendency, it is understood that the mean value except 3-
dimensional sense is almost 0 in CR, and the value for EH and 
MH is above 1 in almost all items. In particular, the evaluation 
for expectation of reverberance, sense of immersion and 
reality widely varied though it was presented the panoramic 
image of a similar form. It is thought that it affects that CR is 
a narrow rectangle room, and EH and MH are large and 
complicated shape.  

Fig. 5 shows the evaluation tendency of visual impressions 
for the capacity of target rooms in step I. The change is greatly 
small with texture and complexity. It may be said that the 
capacity hardly has influence these. On the other hand, volume, 
openness and expectation of reverberance greatly change by 
capacity. The tendency to evaluation of other items resembles 
closely. As a result of t-test between the evaluation mean 
values each rooms, the statistical significant difference was 
recognized at less than 5% level by all combinations for 
openness. In the sense of volume, same result was gained 
except the combination of CR and EH. As for 3-dimensional 
sense, it was not recognized in all combinations except CR 
and MH. Because subjects watched a panoramic image by 2 
eyes viewer as VR space, it might be hard to grasp 3-
dimensional sense by the furniture which was put in the 
viewpoint neighborhood in the particularly large room. 

Fig. 6 shows the evaluation result of auditory impression 
in step II. Duration, reverberance, and expectation of volume 
was evaluated low so that reverberation time is short. On the 
contrary, those evaluation becomes higher so that 
reverberation time is long. It is supposed that the subject 
potentially recognizes that the room with rich reberverance 
has big volume and the room with poor reberverance has small 
volume by their everyday experience. On the other hand, 
clarity should be evaluated high if reverberation time is short, 
or low if it is long. However, such tendency is not seen. There 
is a possibility that it is hard to evaluate clarity than the other 
items or has highly individual possibilities. 

As the evaluation in step III, Fig. 7 to 9 show the result 
when the auditory stimuli with several  reverberation times 
was combined every visual stimulus. The evaluation tendency 
for auditory impression is approximately similar to step II. In 
addition, in all combinations, the evaluation tendency of 
incongruity, immersion and reality is quite similar. Compared 
with the evaluation value is gained when the auditory stimulus 
with nearly reverberation time of each target rooms is 
combined,  the mean value lowers so that reverberation time 
becomes far from it. In other words, it is supposed that 
subjects have an image of reverberance accorded with a use or 
volume of several rooms by their everyday experience, and 
they evaluate on the basis of it. 

Fig. 10 shows the evaluation tendency of reverberance  in 
step II and III. Reverberance for the auditory stimulus with 
reverberation time of about 1.5 s was evaluated poor because 
it was felt that the sense of distance was too far by having been 
recorded outdoor. In addition, regardless of reverberation time, 

 

Fig. 4. Evaluation result when only visual stimulus was presented 

 

Fig. 5. Change of visual impression for room capacity 

 

Fig. 6. Evaluation result when only auditory stimulus was presented 

 

Fig. 7. Evaluation result for the combination of CR and auditory stimuli 
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reverberance was evaluated more rich in case of an image and 
a signal are presented for subjects simultaneously than in case 
of only a signal. However, the statistical significant difference 
was not recognized. Then, the result of duration was similar to 
reverberance.  

Fig. 11 shows the evaluation tendency of clarity in step II 
and III. The change by reverberation time is poorer than 
reverberance, but clarity was judged slightly clear generally in 
step III compare with step II. However, except some 
combinations, the statistical significant difference is not 
recognized to the mean value between step II and III. 

IV. CONCLUSION 

The evaluation tendency of visual and auditory impression 
was able to grasp approximately when the experiment 
stimulus (3 panoramic images and 13 impulse response 
signals) was presented separately or simultaneously to 
subjects as VR space. In future, it is necessary to compare the 
result of step I and III by measuring the visual impression in 
step III. The reason that did not let subjects evaluate the visual 
impression in step III is to increase the mental burdens on 
subject because experiment time gets longer. In addition, the 
room that subjects had not experienced was chosen as the 
target room in this experiment. The examination by 
comparing with the experiment result when the rooms which 
subjects have experienced is necessary to get useful 
knowledge when we make VR space. Therefore, an additional 
experiment will be planed.  
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Fig. 8. Evaluation result for the combination of EH and auditory stimuli 

 

Fig. 9. Evaluation result for the combination of MH and auditory stimuli 

 

Fig. 10. Comparison for reverberance between step II and step III 

 

Fig. 11. Comparison for clarity between step II and step III 

-3

-2

-1

0

1

2

3

0.0 1.0 2.0 3.0 4.0

E
v
al

u
at

io
n
 m

ea
n
 v

al
u
e

Reverberation time [s]
Duration Rev. Clarity
Immersion Reality Incongruity

-3

-2

-1

0

1

2

3

0.0 1.0 2.0 3.0 4.0

E
v
al

u
at

io
n
 m

ea
n
 v

al
u
e

Reverberation time [s]
Duration Rev. Clarity
Immersion Reality Incongruity

-3

-2

-1

0

1

2

3

0.0 1.0 2.0 3.0 4.0

E
v
al

u
at

io
n
 m

ea
n
 v

al
u
e

Reverberation time [s]

step II
step III (CR)
step III (EH)
step III (MH)

-3

-2

-1

0

1

2

3

0.0 1.0 2.0 3.0 4.0

E
v
al

u
at

io
n
 m

ea
n
 v

al
u
e

Reverberation time [s]

step II
step III (CR)
step III (EH)
step III (MH)

1111


