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Abstract of Master’s Thesis of Academic Year 2021

V-concert: An Immersive Music Experience for Virtual Live

Concerts Using Vibro-Tactile Feedback

Category: Design

Summary

This research introduces the musical haptic wearables for audiences (V-concert),

a set of wearable devices for the immersive music experience targeting audience

of live music concerts.

V-concert system, a system to deliver haptic stimuli, contains VR-Oculus Quest,

headphones, and Vibro-Transducers to output vibro-tactile feedback together with

audio and video.

We validate our hypothesis with experiments under 2 conditions. The first con-

dition involved the VR Oculus Quest and headphones. To make the comparison,

the second condition, involved a prototype of the whole V-concert system which

means with the 2 Vibro-Transducers which could output vibro-tactile sensations

to the performed music.

Overall, according to the results of the questionnaires and interviews, V-concert

can affect the participants’ immersion in music concerts and have the potential to

enrich the listening experience of live music concerts. The majority of participants

expressed their appreciation for the promotion of vibration devices for musical

expression. Based on the feedback of participants, at the iteration of this work,

we redesigned the prototype and made it have another use as a bracelet.

As for the intensity adjustment of the wearable vibration device, due to the lim-

itations of the amplifier equipment, we can not increase the intensity of vibration

equipment to a higher level. However, from the results, we still need to further

adjust the intensity so that the device can be adapted to more people.

Besides, we will further improve V-concert according to the comments given by

the participants in the interview and add more functions that can interact with

other audiences to make it more stimulating.
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Chapter 1

Introduction

1.1. Motivation

The need to attend concerts remotely

The Covid-19 pandemic has brought about unprecedented changes in today’s

world since 2020. Large-scale events are facing possible cancellations and delays

to prevent the spread of the infection, and in Japanese entertainment industry,

since the state of emergency was declared, people are taking measures to postpone

or cancel many events, live performances, and concerts.

Moreover, from the news published by NEWS ONLINE, as the market for live

entertainment grows each year, however, the entertainment market has been hit

hard due to the Covid-19 pandemic. There is about 80% reduction in live music

activities and the live entertainment market decreased by 470 billion in 2020

comparing with the previous year1.

According to the online survey results published by the MMD Research Insti-

tute in Japan on 2020/11/24(Fact-finding Survey on Online Live Music View-

ing)conducted 12577 people in Japan2, reasons not attending offline concerts for

public are: Do not like a crowded place(17.0%);High tickets(17.6%);Just listen-

ing to the music is enough(14.4%);Because of the Coronavirus(13.6%);Busy with

work(11.8%). We can see from the data that a considerable number of people

cannot choose offline concerts due to various objective and subjective factors.

1 NEWS ONLINE

https://mmdlabo.jp/column/detail_1921.html

2 the MMD Research Institute-Online Survey

https://news.1242.com/article/270959

1

https://mmdlabo.jp/column/detail_1921.html
https://news.1242.com/article/270959


1. Introduction 1.1. Motivation

As a consequence of changes in lifestyles and the spread of infectious diseases,

the need for attending concerts remotely has increased.

The need for a high immersive music experience

With advances in visual and aural simulation technologies, People are trying

to have a better immersive music experience by making them feel as if they have

attended live concerts without physically leaving their homes.

To enhance the music experience and stimulate the live concerts, there is a

work tried to build a live house environment in our own house with smart lighting

devices synced to the music3.There is also a music streaming platform offering

immersive experiences using 360 degrees 3d and 2d format4. There is also live

social interactivity in Muxical. Users can define their own avatars and text or

voice chat with other users.

To have a better music experience, Apple music also announced that spatial

audio with support for Dolby Atmos. Spatial audio gives artists the opportunity

to create immersive audio experiences with authentic multi-dimensional sound

and clarity for the audiences5.

Also, Verizon adaptive sound produced a spatial surround experience that has

universal support across hardware and streaming services. The spatial surround

experience regardless of what devices you use or what application you’re watching

or listening to6. People can enjoy the music with high quality spatial surround

experience brought by Verizon.

People pay more and more attention to the sense of immersion when watching

3 Immersive Music Experience Prototype for the Smart Home

https://medium.com/swlh/immersive-music-prototype-for-the-smart-home-

cdf2748e474c

4 A music streaming platform-Muxical

https://muxical.com/

5 https://www.apple.com/newsroom/2021/05/apple-music-announces-spatial-audio-

and-lossless-audio/

6 https://www.theverge.com/2021/7/7/22567035/verizon-spatial-audio-adaptive-

sound-motorola

2

https://medium.com/swlh/immersive-music-prototype-for-the-smart-home-cdf2748e474c
https://medium.com/swlh/immersive-music-prototype-for-the-smart-home-cdf2748e474c
https://muxical.com/
https://www.apple.com/newsroom/2021/05/apple-music-announces-spatial-audio-and-lossless-audio/
https://www.apple.com/newsroom/2021/05/apple-music-announces-spatial-audio-and-lossless-audio/
https://www.theverge.com/2021/7/7/22567035/verizon-spatial-audio-adaptive-sound-motorola
https://www.theverge.com/2021/7/7/22567035/verizon-spatial-audio-adaptive-sound-motorola


1. Introduction 1.1. Motivation

performances and listening to music. However, music is an auditory experience

after all, and while many headphones and speakers provide a kind of sensory

immersion, they’re just discussing about hearing, not our sense of touch.

Nevertheless, what if the physical feelings of ”sound waves” we felt in offline

live concerts were available to us whenever we wanted? That’s the aim of the

wearable vibration that relates sound to touch, using vibro-tactile feedback to

give us music that we can really feel.

A survey on the audience’s evaluation of the factors that influence

the music concert

To clarify the public’s attitude towards online and offline concerts today and the

factors that influence their attitude, we released an online survey and collected 104

survey results. The online survey is called ”A survey on the audience’s evaluation

of the factors that influence the music concert” and according to the results of

the online survey(full results in appendix), we can see that 89.4% of the people

have been to offline concerts. However, more people (36.5%) reported that the

percentage of offline concerts they have been to is less than 20% comparing with

online concerts. And when we asked about the disadvantages of offline concerts,

there are 88.5% reported that ”The view and clarity depend on the seat position”,

50% reported that ”High price”, and 46.2% reported that it is a waste of time

and energy for them to watch an offline concert.

As for the altitude using VR headsets and stereo audio to simulate music con-

certs, 64.4% expressed that ”Positive. The music experience can be enhanced.”

And 71.2% expressed that they would like to try the VR concert system to watch

online concerts.

Based on the results of the online survey, we believe that in today’s society

where infectious diseases are prevalent, VR headsets and wearable vibrations can

be used to simulate live concerts and provide them with an immersive experience

closer to offline concerts, which can meet the spiritual needs of most people.

3
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1.2. Objectives

This study aims to mainly explore a new way to enhance the immersive music

experience with vibro-tactile feedback which refers to the vibration necklace in

our design.

The objectives can be seen as:

(1)To explore a new way to enhance the music experience by using VR HMD and

haptics.

(2)To explore a possible design of wearable vibration device both can realize

the purpose of enhancing music experience and decorating as an accessory in our

daily life.

(3)To identify the existing weakness and to explore the further improvement

measure in vibro-tactile feedback in music expression and music experience.

1.3. Contributions

In this study, we convert the sound signals into vibrations on both sides of our

neck(around collarbone), and at the same time experience the ”sound wave sensa-

tion” similar to that of a live music concert. Also, the study has recorded data sets

from a total of 12 people. The data sets include 3 types of questionnaire answers

and interview recording data. The questionnaire answers show the participants’

response toward wearable vibration devices and the interview recording data can

be used for future studies in improving the wearable vibration to enhance musical

expression and experience.

Overall, the contributions of this study are as follows:

(1)V-concert Prototype (VR+Headphones+the wearable vibration)

(2)Online survey (for 104 participants)

(3)Experiments under 2 conditions(for 12 participants x2)

(4)Interview recording data(for 12 participants)

4



1. Introduction 1.4. Thesis Overview

1.4. Thesis Overview

This thesis consists of 5 chapters. Chapter 1 depicts the introduction of this thesis.

The motivation, objectives, and contributions of the study are also expressed

here. Chapter 2 is about the literature review including 4 parts of related works.

Chapter 3 shows the design approach of the prototype. Chapter 4 express the

experiments and the results. Chapter 5 expresses the study of the results, the

conclusion, along with future works.

1.5. Key Terms

VR:Virtual Reality

HMD:Head Mounted Device

5



Chapter 2

Related Works

2.1. Augmented the live music performance

In recent years, a lot of research has been focused on how to enhance the audience

experience in the context of live performance. Based on the human-computer in-

teraction and signal processing technology to simulate human senses. For instance,

by using the performer’s gesture recognition and augmentation which used avatars

[4] and techniques such as real-time audio analysis [5] )or sound synthesis [6].

Additionally, in the experiment for the augmentation of live performance, the

researchers compared four groups of participants, to complete the study of haptic

wearables to enhance music experience which is called Touching the audience [1].

The wearable can be conceived to enhance communication between performers

as well as between performers and audience members by delivering the tactile

feedback [7]. The prototype aims to enrich musical experience by stimulating the

sense of touch as well as providing new capabilities for creative participation.

Besides of the interaction between the audience to increase the musical experi-

ence, there are also studies to increase the interaction between the performer and

the audience to improve the music performance. Smart Mandolin and Musical

Haptic Gilet is research to figure out the effects of vibro-tactile stimuli during live

music performance. The study designed a smart mandolin and haptic gilet(jacket)

as the prototype, and the performer played live with smart mandolin for audience

members wearing a gilet-based musical haptic wearable that provided vibro-tactile

sensations in response to the performed music [8]. Figure 2.2 and Figure 2.3 show

the prototype of this study.

6



2. Related Works 2.1. Augmented the live music performance

Figure 2.1 Touching the audience:Performers and audience during the concert-

experiment [1]

Figure 2.2 Smart Mandolin and Musical

Haptic Gilet 1

Figure 2.3 Smart Mandolin and Musical

Haptic Gilet 2

7
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2.2. Haptics to enhance emotional responses

In offline music concerts, we tend to sit and watch the performance, and for those

who sit and listen, some researchers have explored embedding devices in chairs

to provide vibrational stimuli at the same frequency as the sound. Merchel and

Altinsoy designed a capable chair with whole-body vibrations, and analysed the

effect of this stimulation on the perceived quality of audio replication. Their re-

sults reported that participants’ perception of the reproduction quality of concert

videotapes can be improved by haptic feedback [9]. Nanayakkara developed the

tactile chair to enhance the hearing experience of the hearing-impaired [10]. This

device, which consists of a chair with integrated speakers, recreates vibrations

at the same frequency as the audio, and has been shown to be effective at en-

hancing the deaf’s experience of music. Futhermore, similarly, Karam developed

Emoti-Chair, which aims to improve the accessibility of music for deaf or hard-

of-hearing people, by bringing a high-resolution audio-tactile version of music to

the participant’s body [11].

Offline concerts such as live house don’t always provide seating, and in many

live concerts(rock, heavy metal music, etc), the audience often sings, dances, and

moves along with the performers. For this type of settings, haptic wearables

may be better suited than seat-style solutions. Besides, researchers also designed

Mood Glove, a prototype system consisting of an execution-enhanced Glove that

envisions using vibration-tactile stimuli to amplify the Mood of music in movies [2].

In order to verify this system, the results show that vibrational tactile stimulation

can enhance the audience’s emotional response during the audiovisual experience

of the film.

A wearable tactile jacket that is used to deliver movie–specific stimuli to the

viewer’s body. In terms of the result of the haptic jacket, the user test data shows

that the tactile jacket has the intended effects on emotional immersion. Tactile

patterns can help to become more immersed [12].

8
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Figure 2.4 Mood Glove: A haptic wearable prototype system [2]

Figure 2.5 A body–conforming tactile jacket to enrich movie viewing

9
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2.3. VR and vibro-tactile feedback

With advances in human senses simulation technologies, Virtual Reality (VR)

continues to develop rapidly. It is becoming more and more important for us to

understand the various aspects of VR [13]. By building completely virtual envi-

ronments, VR plays an important role in long-distance communication between

people through sensory-based virtual communication. [14].

In the present world, where almost all large-scale events are facing cancellation

or delay due to the COVID-19 pandemic, the use of VR to simulate a live concert

scene is very promising for researchers, and they has begun to focus on the ap-

plication for the simulation, such as real time sports games and visual music live

concerts [15]. Also, researchers argue that rendering pre-recorded live concerts

through VR technologies may potentially give the opportunity of making them

feel like they are attending live concerts even they have never physically leave their

homes [16]. Moreover, the VR technologies can provide opportunity for users who

are distant to attend a concert or for persons with special reasons who are not

able to physically attend a concert.

In terms of 360-degree video and audio to enhance the music listening, Figure

2.7 and Figure 2.8 show the study produced a prototype for a classical music hall

in Berlin with the Samsung GearVR [17]. It is also a virtual concert performance

with a gesture recognition system.

Figure 2.6 VIRTUAL CONCERT HALL

1

Figure 2.7 VIRTUAL CONCERT HALL

2

10



2. Related Works 2.3. VR and vibro-tactile feedback

Out of the five senses, realizing two (sight and hearing) is very common and

simple. Simulating these two feelings is not a complicated problem by using the

current technologies. With the use of 360-degree audio, the study of wearable

augmented reality audio was described by Aki Härmä which the result of the

research suggested that the proposed transducer system may provide a founda-

tion for the development of application of wearable augmented audio [18]. By

contrast, achieving the other three (touch, etc) is relatively difficult and challeng-

ing. Therefore, providing vibro-tactile feedback on VR headsets can enhance the

performance and human experience to a certain degree. The study which Fig-

ure 2.4 shows described the development of a vibro-tactile device called Mood

Glove which can provide sensory feedback from a virtual environment and also

along with sight and audio feedback systems. Instead of implementing the force

feedback, they focus on tactile sensing to realize the same feedback [19].

Vibro-tactile feedback also can applied on the immersive games. Figure 2.6

shows the haptic architecture integrated the Surround Haptics system on the

user’s body with a driving simulation game to provide an enjoyable gaming expe-

rience [3]. The research transformed driving signals into vibration with vibratory

transducers for the player to have a deeper understanding of driving and a more

immersive gaming experience.

Figure 2.8 Surround Haptics:Tactile feedback for Immersive Gaming experi-

ence [3]
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2. Related Works 2.3. VR and vibro-tactile feedback

Adding haptic feedback to VR headsets can improve the game experience to a

certain degree. Figure 2.9 is a study that built a hand haptics system along with

the hand tracking system and VR headset. This study provided greater presence

of vibro-tactile feedback and a more immersive environment in the virtual reality

than only the hand tracking system.

Figure 2.9 a Portable Hand Haptic System for Immersive Virtual Reality
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Chapter 3

Design Approach for V-concert

We defined the following design requirements:

1. Easy to use the wearable vibration

2. Able to enable tactile music expression

3. Easy to get the data of audience’s response after the performance

3.1. Design Concept

3.1.1 On the Use of Virtual Reality

By building completely virtual environments, VR plays an important role in long-

distance communication between people through sensory-based virtual communi-

cation. [14]. In the present world, where almost all large-scale events are facing

cancellation or delay due to the COVID-19 pandemic, the use of VR to simulate a

live concert scene is very promising for researchers, and they has begun to focus on

the application for simulation of real-life events, such as music live concerts [15].

To increase the level of immersion in music concerts, we will use virtual reality.

When we can’t go to a concert offline, we often look for online sources like live

streaming or Blu-ray DVD to experience the concert. However, none of these

media can make us feel the change in our surroundings.

VR headsets can provide a 360-degree virtual environment and can make our

vision change. In terms of the VR headset, there exists a lot of variations such as

the HTC Vive, the Samsung Gear VR, the Google Daydream VR, etc. However,

13



3. Design Approach for V-concert 3.1. Design Concept

we chose the Oculus Quest1, a highly rated, high-definition, wireless device of late.

It’s also very easy to buy online, and besides of using it as a device to have an

immersive music experience, we can also use it to play other VR games with the

controllers.

Figure 3.1 Oculus Quest-A wireless VR

Also, for the simple use of VR, we can choose VR made by corrugated paper.

Figure 3.2 shows the outer packing of this kind of VR headset. We can scan the

QR code and put our smartphone into it and use our smartphone as a screen.

3.1.2 On the Use of Haptic

Considering the design of immersive music experience from the perspective of the

use of haptic, we need to add vibro-tactile feedback and design a way to convert

music to vibration at the same frequency.

In offline concerts, we can often feel the ”vibration” of the audio equipment as

a ”sound wave” beats our chest due to the loud sound. In the previous studies,

there was feedback that the haptic jacket was too heavy to move, so we need a

light device that would allow us to move our arms around, or even jump around.

We also designed the device based on the use of haptic.Considering that we

hear the sound with our ears, we need to place the device close to our ears. In

1 https://assets.st-note.com/production/uploads/images/18482977/
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3. Design Approach for V-concert 3.1. Design Concept

Figure 3.2 Henhaoro-A simple VR matched smartphones

Figure 3.3 Use the smartphone to watch with an adapter
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3. Design Approach for V-concert 3.1. Design Concept

the previous studies, there was feedback that the haptic jacket was too heavy to

move, so we need a light device that would allow us to move our arms around,

or even jump around. Also, there will be headphones and VR around our heads,

due to the weight of VR, we didn’t place it around our heads.

In order to have a strong feeling of vibration so we place the wearable vibrations

to both sides of the neck, which means around collarbones. It is close to our ears

and chest, to make us have a feeling that music is beating our chest.

To sum up the above reasons, we can list them as:

1.Should close to auditory receptors(ears);

2.The wearable jacket is too heavy to move;

3.Around the head is too heavy to experience the music due to the weight of VR

HMD.

According to the 3 reasons we summed, we decided to place the wearable vi-

bration device around our neck near our collarbone just to look like a necklace.

Figure 3.2 and Figure 3.3 show the prototype of the wearable vibrations.

we used four colors to make the strings of the wearable vibration. They are the

most common colors we can see used for the lighting sticks.

Figure 3.4 the wearable vibration1 Figure 3.5 the wearable vibration2

Figure 3.6 shows what it looks like to actually wear the vibrator. Two vibration

devices are connected by four cords of different colored wires, and we can put it

16



3. Design Approach for V-concert 3.1. Design Concept

on our neck easily and also easy to remove it.

Figure 3.6 The wearable vibrations-use as a neck collar

3.1.3 Target Audience

From the results of the online survey we conducted in advance, which is called

”A survey on the audience’s evaluation of the factors that influence the music

concert”, we can extract age data and make them into a chart that can reflect the

age distribution.

The chart we used is the Violin plot. It is useful to show the distribution of

a numeric dimension. The shape width represents the number of items with the

same value in the dataset2.

From Figure 3.4 we can figure out that voters ranged in age from 18 to 38. And

we can see clearly that people from 19 to 30 years old account for a large part of

the total.

Therefore, from the survey results, we can conclude that the people who are

interested in music and willing to attend online and offline concerts are mainly

young people aged between 20 and 30 years old.

Consequently, target audience of V-Concert needs to be young people between

20 and 30 years old who can accept to attend the live concerts remotely.

2 RAWGraphs

https://app.rawgraphs.io/
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3. Design Approach for V-concert 3.2. Designed Artifact Components

Figure 3.7 Age distribution chart

3.2. Designed Artifact Components

In a V-Concet environment, we need a VR device, a headphone, and a vibration

device. For vibrating devices, we need to synchronize the sound in the VR de-

vice into a vibration of the same frequency.Amplifiers are also needed to amplify

sound signals, and VP2 speaker impedance is used to make vibrotactile feedback.

Considering that we use both ears to listen to music. We will also use impedance

on both sides of our neck.

Figure 3.8 shows all of the designed artifact components. Therefore, the whole

V-concert system contains VR(Oculus Quest), headphone(dynamic stereo head-

phone MDR-7506 Professional), 2Ch Output Power Amplifier, 2 Vibro-transducers

(Speaker Impedance)for the both sides of neck, power input(battery), audio ca-

bles.

Figure 3.9 shows the amplifier we use. We can adjust the volume and vibration

of the left and right sides in the front. Through the amplifier, we connected the

cables that connect the headsets and Oculus quest at the same time. Figure 3
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3. Design Approach for V-concert 3.2. Designed Artifact Components

Figure 3.8 Prototype Components

Figure 3.9 Amplifier Figure 3.10 Headphones and Oculus

Quest
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3. Design Approach for V-concert 3.3. V-concert architecture

shows the headsets and Oculus Quest we used in the experiments.

3.3. V-concert architecture

V-concert System

To provide a highly immersive music experience, we need to synchronize the

music, concert video, and vibration to enhance the performance of the music so

that the listener can feel the vibration and sound at the same time.

Therefore, we input the sound signal to Oculus Quest through cables into an

amplifier, which is connected to two Vibro-Transducers that generate the same

frequency of vibration, and also connected to a headphone that allows the user to

hear the sound at the same time. Figure 3.11 reflects the sync between a music

concert videotape, audio, and vibro-tactile feedback.

Figure 3.11 shows the structure of the whole system. By using vibro-transducers,

headphones, and Oculus Quest, we synced video and audio and the vibration.

Figure 3.11 Sync between video, audio and vibrotactile

Figure 3.12 shows the schematic view of the architecture and data communica-

tion of a musical haptic wearable for audiences.
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3. Design Approach for V-concert 3.3. V-concert architecture

Figure 3.12 Schematic view of the architecture
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Chapter 4

Evaluation

4.1. Experiments

In this study, we will conduct experiments under 2 conditions to verify the ra-

tionality of the design. To express the degree of stimulation and immersion of

participants through wearable vibration devices, we will let participants wear VR

headsets and vibration devices at the same time (V-concert environment). Under

the other condition, we will set up another kind of experiment compared with the

past research. In this case, we will only let the participants wear VR headsets to

experience the live concert.

In choosing live music videos, we chose YouTube, a video platform that the

general public can watch at any time. To make the participants immersive and

feel the atmosphere of the music concert, we chose a VR video recorded in an

outdoor live concert. For this video, we can choose from non-VR, VR 180 degree,

VR 360 degree, and 2D or 3D. The video is also up to 4K in resolution.

In terms of the VR headset, there exists a lot of variations such as the HTC

Vive, the Samsung Gear VR, the Google Daydream VR, etc. However, we chose

the Oculus Quest, a highly rated, high-definition, wireless device of late. it’s also

very easy to buy online, and besides of using it as a device to have an immersive

music experience, we can also use it to play other VR games with the controllers.

In terms of the evaluation of the experiments, we chose the Likert scale ques-

tionnaire. Widely used in psychological and other social science research today,

Likert scales enable researchers to collect data that provides nuance and insight

into participants’ opinions. This data is quantitative and can easily be analyzed

statistically.

22



4. Evaluation 4.2. Experimental Process

Figure 4.1 Oculus Quest

4.2. Experimental Process

Live concert videotape

As for the selection of concert videos, we need to select the recorded videos

online in advance. In order to achieve better experimental results, it is necessary

to meet the following requirements:

1. High definition, you can choose to watch it in VR.

2. Music has a strong sense of rhythm.

3. There is no Mosaic of the audience’s face (to prevent a loss of immersion)

4. the overall tone is bright and clear.

Therefore, the video tape we chose is shown below:

Experimental process

Condition 1:Watch a concert video tape with VR HMD &Stereo audio head-

phones.

Condition 2:Watch a concert video tape with V-concert(VR HMD &Stereo au-
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4. Evaluation 4.2. Experimental Process

Figure 4.2 360 degree Live concert used in the experiment

dio headphones &wearable vibration device)

As for the user test, we took place in Media studio for 12 participants. Consid-

ering the factors affected by the previous experiment, we will counterbalance the

experiment for the participant group.

(For the same participant)

1.Take condition 1’s experiment and fill in the Likert scale questionnaire(without

vibration).

2.Take condition 2’s experiment and fill in the Likert scale questionnaire(with vi-

bration).

3.Interviewed by the researcher for about 5-10 minutes.

Then we will change the order of conditions and let the next participant to take

the experiment.

We did the experiments like, for the same participants, we will let him/her do

condition1 first then condition2, and the next participant will do condition2 first

thencondition1. Then repeat this process. After each condition, they will fill in

the questionnaire. At last, they will take a 5-10 minutes interview.

Likert Scale Questionnaire we used in the experiment(with vibration device) is

shown as Figure 4.3.

24



4. Evaluation 4.3. Questionnaire Results

Figure 4.3 Likert Scale Questionnaire WITH vibration device

4.3. Questionnaire Results

In the experiment, we tested 12 participants for 2 trials continuously. A likert

scale questionnaire was conducted after each experiment. In the questionnaire,

participants were asked to choose the one on a five-point scale that best matched

their attitude.

In the first questionnaire(WITH vibration), we set up the evaluation questions

about vibration equipment and the evaluation questions about the whole wearable

device. And in the second questionnaire(WITHOUT vibration), we set the same

questions however the questions related to vibration device are deleted because

we did not use the wearable vibration in this condition.

Therefore, before we are going to evaluate and make comparison of the two

questionnaires’ result, we only need to compare the same questions about the

whole device, which we called ”the wearable” in our questionnaires. Also, we have

told to participants this definition beforehand in the beginning of the experiment.

Figure 4.5 and Figure 4.6 show the results of Likert scale questionnaire. In
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4. Evaluation 4.3. Questionnaire Results

Figure 4.4 User Test:

1.upper left:with wearable vibration device;2.upper right:without wearable vibra-

tion device;3.bottom left:with wearable vibration device;4.bottom right:without

wearable vibration device.
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4. Evaluation 4.3. Questionnaire Results

Figure 4.6, only the questions which marked red were be done, and we will only

compare these questions’ results in the evaluation part.

Figure 4.5 The result of Likert Scale WITH vibration device

Figure 4.6 The result of Likert Scale WITHOUT vibration device

With the V-concert wearable device,audience members felt more connected to

the performers (M = 3.75, SD = 0.81)and more engaged with the music (M =

3.67, SD = 1.17). And they felt the vibro-tactile feedback enhance their experience

of the music(M = 3.92,SD = 1.03). They reported that the V-concert wearable

device helped them to better feel the music (M = 3.75, SD = 0.87 ). Participants

tended to enjoy the vibro-tactile feedback which was not found to be irritating

(M = 4.17, SD = 1.36). They also expressed that they were not be distracted by

the wearable vibrations(M = 4.08, SD = 0.93).
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4. Evaluation 4.4. Statistic Analysis

However, at the same time, the participants expressed that they did not move

more with the vibrations(M = 2.75, SD = 0.4).

Figure 4.7 Bar graph-Result of with vibration

From the bar graph of the result with vibration, we can find that almost all

scores are over 3 points. Also in the comparison of the two conditions, we can find

that in most cases, wearing vibrators enhanced immersion and stimulates more

than not wearing them.

4.4. Statistic Analysis

In order to verify the rationality of the experiment and compare whether there is

a significant difference between the two experiments, we will do a T-test on the

questionnaire results.

In terms of the application, we used for verifying, IBM SPSS Statistic is widely

used and easy to operate. It can automatically output a series of results such as

tables, histograms, etc.

When we enter the data in SPSS, we will change the number of the questions,

make the question numbers into a series of consecutive numbers to observe the

P-value, and to determine whether the data conform to the normal distribution,
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4. Evaluation 4.4. Statistic Analysis

Figure 4.8 Bar graph-Result of comparison

and then carry out the next step of the parametric or non-parametric test.

The normal distribution test

Figure 4.7 shows the result of the normal distribution test.

The null hypothesis is that this data is ”normally distributed”, so if P>0.05 it

is nonparametric and not normally distributed. If p>0.05, it is parametric that is

normally distributed. In this case, the significance probability on the far right is

”0.153” and ”0.813”, so the ”Mean” is a ”parametric test” because it is normally

distributed.

Figure 4.9 The normal distribution test
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4. Evaluation 4.5. Interview Results

T-test

Based on the above data, we conduct a t-test on the data to judge whether there

is a significant difference between the two conditions.

Figure 4.8 reported the results of the t-test. We can find that Two-Sided

p=0.023(0.023>0.05), therefore there is a significant difference between the two

conditions.

Figure 4.10 T-test

4.5. Interview Results

After 2 experiments, we did a short interview for each participant about 5-10

minutes to get the open comments. The additional questions related to the expe-

rience about music live experience and vibrotactile feedback will be asked in this

part. Table 4.1, Table 4.2, and Table 4.3 report the results of the interview.

There are 5 additional questions in the interview part. The questions asked by

us are:

1.Have you ever been to offline music concerts?

2.Can you relate the vibration to the performance? Or to the singer/musical in-

struments/other audiences?

3.How about the position and the vibration strength of the wearable vibrations?

4.Do you prefer to be an audience listening to music quietly or hope to have more

interaction with the performance?

5.Do you have other suggestions or something about the disadvantages of the V-

concert wearable device?
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4. Evaluation 4.5. Interview Results

In the interview, we also expressed the concept of V-concert, included the rea-

sons we set the wearable vibrations around the collarbones, and the method of

evaluation for a deeper understanding for the participants.

Of the 12 participants in the experiment, three expressed they had never watched

an offline concert, however had watched live or recorded concert clips online.

In terms of the positive comments,11 participants said they could associate the

vibration with the performance and could feel that the vibration enhanced the

musical experience. 9 participants reported that vibration was more associated

with an instrument (drum set, guitar, etc) and that they felt a greater sense of

rhythm. In addition, some participants expressed that ”Hearing the applause and

cheers of the audience, I considered myself to be a member of the live audience

and had a sense of atmosphere”, ”Recalled me of the sound waves I felt when I

was close to the speakers in the offline concert”. Even there is 1 participant who

expressed that”The strong sense of rhythm brought by vibration can make people

with a poor sense of music and rhythm better experience music”.

Moreover, in terms of the negative comments, only 1 of 12 participants said that

he/she could not relate the vibration to concert performance, and believing that

there was no significant difference between the presence of vibration equipment

and the absence of vibration equipment. The participant also reported that little

interest in vibrations or music in his/her daily life.

Five participants reported that the current vibration intensity was appropriate

for them, however could be louder. Four participants reported the volume could

be louder because it was too loud to hear other sounds during an offline live con-

cert. Six of the participants reported that the camera angle in the video was too

low and that they need to look up at the performer after a while and caused fatigue.

As for the future improvements to the V-concert, participants suggested watch-

ing videos with their friends to increase interaction with them. Or you can ran-

domly match other people who are watching the video at the same time and

increase the interaction with them to add a social element.

There is also a suggestion which complains that we could add a gesture recog-

nition system, which could make corresponding vibration feedback according to
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4. Evaluation 4.6. Discussion

their movements. For example, when participants and performers clapping their

hands at the same time, the vibrations are enhanced.

Additionally, One participant reported the position of the vibrating device

needed to be changed. The participant found the vibrating devices placed on

both sides of the collarbones were uncomfortable for him/her. Admittedly, the vi-

brating device in this study was fixed and immutable, and it did produce negative

feelings for a certain group of people. To improve this problem, we will redesign

the prototype and increase the use of wearable vibrations.

4.6. Discussion

To summarize, the idea that Use VR, Stereo Headphones& wearable vibrations

to provide an immersive music experience of Live Concerts was not disproven.

According to the results of the questionnaire and interview, V-Concert can affect

the participants’ immersion in the music concert and have a positive impact on

their music experience. The majority of participants expressed their appreciation

for the promotion of vibration devices for musical expression.

As for the intensity adjustment of the vibration device, due to the limitations of

the amplifier equipment, we can not increase the intensity of vibration equipment

to a higher level. However, from the results, we still need to further adjust the

intensity so that the device can be adapted to more people.

4.7. Iteration

Through the interviews with the participants, we got some positive comments,

however, there are still some problems that need to be improved. As for the

existing problems, we redesigned the prototype to meet the needs of more people

and make it more like an accessory.

Above all, as for the problems that need to be improved, we can list them as

following:

1.The current vibration intensity could be higher(reported by 5 people).

2.The volume could be louder(reported by 4 people).
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4. Evaluation 4.7. Iteration

3.The viewing angle in the videotape needs to be higher(reported by 6 people).

4.The position of the vibration equipment needs to be changed(reported by 2 peo-

ple).

To solve these problems, we will choose a new videotape with a better perspec-

tive, replace the amplifier, and redesign the position of the wearable vibration

device.

For the iteration of the wearable device, we will lengthen the length of the rope

in the middle part (connecting the two vibrating ropes) to make the vibration

closer to neck collar and make the vibration feel stronger.

Figure 4.11 Use as a bracelet Figure 4.12 Bottom decorations

Due to the lengthening of the middle part, we can also wrap it around the wrist

and make it into a vibrating bracelet. When users feel uncomfortable, they can

change the location of the vibration device and get a better user experience so

that the wearable vibration can both use as a neck collar and as a bracelet. Also,

we redesign the bottom of the strings and decorated them with stars to present

the light of light sticks audience used in the live concerts.
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4. Evaluation 4.8. Evaluation Summary

4.8. Evaluation Summary

Throughout the study, we carried out 2 conditions of the experiments and 1

interview to validate our hypothesis. This section explains the general evaluation

and the results of the study.

The first condition of the experiments was carried out with the purpose of find-

ing out the comparison with the previous research which means the VR Headset

and stereo headphones. The experiment record participant’s responses to immer-

sive music concert experiences with VR headsets. The results showed that VR

can slightly enhance the immersive music experience for participants.

The second condition of the experiments was carried out to validate the ef-

fectiveness of the V-concert prototype. In the experiment, we used the whole

V-concert system which refers to VR headsets, stereo headphones, and wearable

vibrations. We also asked the participants to fill in the Likert scale questionnaire

to show their response and altitude about V-concert and the wearable vibrations.

The interview after the experiments was about the additional questions based on

participants’ life experiences. Each interview was about 5-10 minutes including 5

questions. Comparing the results of the 2 experiments, we found that participants

were satisfied with V-concert System than the general VR headset.

Ultimately, based on the comments of interviews, we redesigned the prototype

and made it into a multipurpose wearable vibration for different people to enjoy.

Overall, the V-concert system does provide a more immersive experience and

engage the music expression during the streaming of music concert. The two

experiments and the interview verifies the hypothesis that the wearable vibrations

around collarbones(neck) can help people have a more immersive music experience

in a virtual live concert environment.

4.9. Design limitations

As for the design of this study, we designed experiments under 2 conditions and an

interview after the study. First of all, the limitation problem, the experiment could

be more convincing if we could design a blank group and conduct participants to

each of the three experiments and compare the results.
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4. Evaluation 4.9. Design limitations

In addition, the limitation in the design of wearable vibration equipment, we

placed the vibrator near the collarbone to give the participants a stronger vibra-

tion sensation and a position close to both the ear and the chest. However, the

intensity of the vibration did not increase from the beginning to the end, and some

participants said that they got used to the intensity and were less stimulated after

a certain period of time. We should adjust the intensity of vibration according to

the melody and rhythm of each song to make the vibration have variability.

There is a limitation on the amplifier so the intensity of wearable vibration

couldn’t be higher that may make the participants feel boring after a period of

time. Also, there are limitations of the external environment, for instance, the

temperature, the height of the chair, etc.
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4. Evaluation 4.9. Design limitations

Table 4.1 Comments of interview1
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4. Evaluation 4.9. Design limitations

Table 4.2 Comments of interview2
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4. Evaluation 4.9. Design limitations

Table 4.3 Comments of interview3
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Chapter 5

Conclusion and Future Work

5.1. Conclusion

This research introduces the musical haptic wearables for audiences (V-concert),

a set of wearable devices for the immersive music experience targeting audiences

of live concerts. Two conditions of experiments and an interview were carried out

to verify the hypothesis. Based on the interview results, in the iteration part, we

redesigned the prototype for a different use as a bracelet.

Overall, the V-concert system does provide a more immersive experience and

engage the music expression during the streaming of music concert. The two ex-

periments and the interview verifies the hypothesis that the wearable vibrations

around collarbones(neck) can help people have a more immersive music experience

in a virtual live concert environment.

5.2. Future Works

For future works, we will further improve V-Concert according to the opinions

given by the participants in the interview and add more functions to make it

more stimulating. We will conduct further research on enhancing the interaction

between the audience. Participants report that attending offline music concerts

was not only for enjoying a stronger musical atmosphere but also for experiencing

some social interaction between other audience and their friends. To realize a

better user experience, we will add random matching to other viewers or specify

matching to friends in the system.
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A. Demographic Information Form

Figure A.1 Demographic Information Form
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B. Consent Form

Figure B.1 Consent Form page1

C. Online Survey Full Result
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Figure B.2 Consent Form page2

Figure C.1 Question1 and the result
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Figure C.2 Question2 and the result

Figure C.3 Question3 and the result

Figure C.4 Question4 and the result
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Figure C.5 Question5 and the result

Figure C.6 Question6 and the result

Figure C.7 Question7 and the result
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Figure C.8 Question8 and the result

Figure C.9 Question9 and the result

Figure C.10 Question10 and the result
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Figure C.11 Question11 and the result

Figure C.12 Question12 and the result
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Appendices C. Online Survey Full Result

Figure C.13 Question13(Your age) and the result
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