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Comparing Methods of Reducing VR Sickness

Abstract

In recent years, the technology of Virtual Reality (VR) has developed remarkably. However, some users
have negative symptoms during VR experiences or post-experiences. Generally, these symptoms are called
VR Sickness or CyberSickness. It is a major challenge for current VR implementations to establish a
countermeasure or a reduction method because an absolute solution has not been discovered yet. Therefore,
this research’s purpose was to compare and evaluate ‘anxiety’ as a proxy for mild VR Sickness in an
environment where a person can experience VR; known as a Virtual Environment (VE). The research
implemented the currently known methods of reducing VR Sickness, and subsequently considered more
effective methods. To measure VR Sickness a validated Simulator Sickness Questionnaire (SSQ)
undertaken by subjects after doing experimental tasks in a developed VE was utilized. In addition, subjects
wore a customized biological sensor called Bitalino, in order to evaluate the subject by measuring a
biological response, within 3 minutes, of three kinds of natural states and two kinds of VR experience states.
In addition, this quantitative data as objective evaluations according to the biological responses was
analyzed and considered alongside subjective qualitative evaluations according to the SSQ. The analysis of

the experiments subsequently proposes VR Sickness reduction methods.

Keywords : Virtual Reality, Biological Response, VR Sickness, Anxiety, Reducing Method
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BIE FR

Introduction

L1ER
Background

JTHE, Virtual Reality (VR)D 2338 LWV Z 21T TV 5. VR HiAR 13 AN TAYIC B S A R AR
SHELHENTHY, ROTIEBETEIRVARENITTIBETHLI O LFbILTND [1]. £
LT, VREIMNZFS — L7 — M Wo HIBEPEETOIERNETH LN, ERSEHE R ED
FTOHEHLHIREINTND., L LAeRD, VREMTHETIIRAERZ L2 REICTS 2
ERTELHEMTH LN, RS CHHBGROMEEZZ Tnd. BED VR 27V D%<
%, ~v R~U > b5 4 A7 LA (HMD)%E AW NKIB 2179 Z & TREEZIT-> TV 5. DR
WCEZDHESE L LT, VREFOREITOND.

In recent years, the technology of Virtual Reality (VR) has made remarkable progress. VR technology is
artificially generated reality, and it is said the reality exists in essence or effect though not in actual fact or
form [1]. VR is able to realize ‘virtually’ things that can be impossible in reality. VR is currently being
promoted in entertainment industries such as games and art, but it is also expected to gain greater traction
in fields such as engineering, medicine, military, design and education. Consumer VR content is expressed
by performing stereoscopic viewing using a head mounted display (HMD). However, currently VR has

several problems; symptoms like dizziness or discomfort. It is called VR Sickness or CyberSickness.

1.2 H#

Purpose

ABFFEIZ I T, Virtual Environment (VE) & W 9 HFE % Virtual Reality (VR) D#ER 2 FIREIZ 5
BRiEEE L TERTHDICHWS. Z0OEFKIL, VE X Virtual 72%28MCTH HEREICEET S
DTHDHDITHL, VR ITEREZmHT s b0 THD. 2L, BB TFELZEA L VE
B WT, BELOLERAENE, RLRBOBRICA UARIGTH 5 LD EFLRIT LW o724
RIS ZFRT 2 2 LI2MA, VR (KBR%ZOERSIMFEF T L T Simulator Sickness
Questionnaire(SSQ) % Fiti 92 = & THEEE D VR FrTh 5 K72 (Anxiety) DIEAE DRI 217 5 52
BrZziTo. T L TERTEONLZT —Z 2 HO TEBFEO RO EZITH> Z & &, LR
BB FIEORF 2 B E 3 5.

In this research, the Virtual Environment (VE) is defined as an environment where one is able to
experience Virtual Reality (VR). This distinction is important because Virtual Reality emphasizes the

1
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technology whereas Virtual Environment relates to the virtual spaces (i.e. the environment). The research
measures biological responses such as elevation of heart rate and perspiration, which are responses caused
by confusion, biological disturbance and being in an anxious state while active in the VE, and are applied
in different conditions as reducing methods of VR Sickness. In addition, the research will do an experiment
to judge the occurrence of ‘anxiety’ as a proxy for mild VR sickness by using a recognized and validated
Simulator Sickness Questionnaire (SSQ) undertaken by subjects after doing experiment tasks. The purpose
is to compare and evaluate data obtained in the experiment and to consider more effective methods of
reducing VR sickness.

BA Thesis at Future University Hakodate, 2018 Takurou Magaki
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F2E  BEEMR

Related research

2.1 VR BN

VR Sickness

VRN THAT HIER E LT, #ODHNCY I =2 L —FFEWICRITZERPAAET S, L L,
FU L% TH ) Tl BNEEICITR R LOTHDL LSO TS [2]. D P TFE
DTS TZBCAE L DN TH D, HE[ODEWVHET A RETH D, Fi2, 21
— NIV 2 L —F ETIRIEOEYMCESTZBRICE L DB TH Y, BREERSCEEOR
HENHF O, T PE L0 T CTRABEMRVMEM A 5N D. —FT VR BV,
Virtual Environment(VE) ECTEIVW /- & XA L, HEERCIREK Y, OFWVE WS TIERNAS
, YIalb—FBnD3IFERVERTHD ZENREINTND [2].

The VR Sickness symptom is also similarly known as motion sickness and simulator sickness. It is said
that these have symptoms that are similar but also strictly different. VR Sickness occurs when a user moves
in a virtual environment(VE). VR Sickness such as nausea, asthenopia, and dizziness are experienced, and

it has been shown that it is three times as severe as simulator sickness [2].

211 RoO9T3ay

Vection

VR BN OIRARR 72 A 1 = X MIFZERITIIREA S TR0, 20 X 5 2BURTIEH 503,
RHEEACOBBHRERENZ v a NDICEKR LEEREA BN A 72K E L THETF o
TWa. X7 varbid, EEoTWAHHIZES TWDHEE, BOBENEIZHAO D E B ORENNT
WHEIRIEREH/LDOTHY, HR & EMERE, FIEREICB T 2EEOR—ER %5
FEZIFTEVWIMTH S [1,3]. ENICH, BEERT L L0 RLORERBR LB, AEYE
ZHEH T D7 DIAEFARREDEH < LWV YRR ERBNRNLETHLHMBEWVE BEWVIERDE 2L
NDOEBRZEDRNPFTOENTNDH, TROIERARENTHY, HEVAITIHRNE S
nTns [2].

KR OIE, X7 arDfFEE LT, B, B, ~ 27 =F 22— FEBHBRE)D 3 o0
HY, TNHITIFENENHEENRS D LR LTz [3]. IBEENE W & EHERER AR < R AN &
0, FtRINE RS e~ 7 =F 2 — FOEDBPREL RAHEMDBH Y, ~ 7 =F 22— NOEN
REWVITEBEIRFIIELS 2D ERENTWS. £, AHEEEILTLLE7 v a VOB LEse
TRFABE RS IRV E IR AR TN D BT DR ONE E RESICHLE AR LTE Y, HIg
DREESE~7=F a2— RITBOEOHBERH Y, HEOKE S0 TR FOoiE Ly
JEDARBFIZ T DHIEDOIE ) B~ =F 2 — RIFEWEoR Uz, E72, T2 8 IS &
RYva UEFREESERLT L, BRI, PREE TITMOWERFER STV LR
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RTND. ZOENICH/NIBEIRARRAENE Y/ =F 2— P25, ARREAVEE~
J=Fa—Rembd RTINS [4].

The underlying mechanism of VR Sickness is not yet clear. However, the sensory inconsistency theory
to the visual inductive self-movement sensation (Visual Vection) is cited as a possible cause. Vection can
be described as feeling similar to ‘being in motion’ when in fact one is not moving at all. An example of
Vection is when one is sitting on a stationary train at a train station when suddenly the adjacent train starts
to move, and for a brief moment you believe it is your train that is moving. The factors that induce Vection
include the position, color of the stimulus to the field of view, and roughness of the stimulus [3, 4].

2.2 VR L \D&HAI

Measuring of VR Sickness

VR N B AR 2 FHAI 2828 7T, SSQ I, 1993 45T Kennedy 512 L - CRA% &
#17z, Simulator Sickness X°> VR B OHFZE TR HWH LTV D EHIIY — L Th D [5]. 16 DIE
K ZE 4 BERECHEMN L, XFFHE S (Nausea), RIEJE 77 (Oculomotor), H F N 5H D DX
(Disorientation) & ¥85 (Tota )D& A 2 7 ZH 9 5. #7272 Simulator Sickness > VR VDA
ZEZBWT, SSQ T X AHE LTS Z LN TE D, 1E0nCh, HEKOBREEZSHT D
Nausea Profile [6] , VR B OIS THEITHA S HIEIR 47 75 2 BILL @G S 13 [
v 7 7 » 7 L7z Virtual Reality Symptom Questionnaire [7]72 EX3H 5. SSQ 72 EDT > r— 5
KO EBFAMICINZ T, ARSZFT L2 LT, FBNRT — 22552 2N E L2
ZHIThTWA. Bz iEH)iNE, OEXECG), g, mE, HEX, KEEKIEE(EDA),
IR 2 G L, BREE DS D S O BRI O FIEHEE FIEOBFR Z HI & LIcfst 21T o 7. 2 O
ZETIL, DERROMRZ G2 Z ERERRORBIEDOHIMRIEL LTHENITHLZ 2R L
7= [8]. F7z, EEOBMELOFIFICHEEL TS LRLTBY, Miller O#F%ENSHH
DOIEFREFEIF I > T D EaRrERTn5 [9].

There are questionnaire methods such as Simulator Sickness Questionnaire (SSQ), Nausea Profile and
Virtual Reality Symptom Questionnaire as tools to measure VR sickness [5, 6, 7]. On the other hand,
research aiming at obtained objective data for VR Sickness is undertaken by measuring biological responses.
It shows that it is effective as a judgement indicator by biological responses such as Electrodermal Activity
(EDA) and Electrocardiogram (ECG) [8, 9].

23 VR BELVOEREF %

Reducing methods of VR Sickness

2.3.1  Controlling Field of View

Fernandes © (%, Field of View D#EiHAZ#IET 5 Z L T, VREFWABRE IS L W) Z L &R

4
BA Thesis at Future University Hakodate, 2018 Takurou Magaki



Comparing Methods of Reducing VR Sickness

L7z(Fig. 2-1). 30 AOBIMFIZ LB HBICB TS 2 By v a v OEREIT--. ERSINE
IX HMD % %53 U CHEER FI2HEY, VE NIZBWTEBEIZITH. ZOBRICHETZ28ETHZ &
T VR PN ZRJH L, VR ~O EBAEANEZ R T S FICR BB E~ OB f/ N MRICE 2 &
N5 ERLE [10]. 35 EE LT, SSQ & VEIZRBIT A RERAaT Zitdk L, IRk
A a7 QW% D INE ) % §H5 L 7= Average Discomfort Score, SEERZME S VE N THE X
L 7= Wil %2 Z &4 5 Relative Discomfort Score @ 3 D DI CHM 24T > 7-.

Fernandes et al, showed that VR sickness is reduced by controlling the Field of View range when moving
in a VE [10]. There were 30 subjects. They experimented over two sessions on separate days. The
experiment consisted of subjects moving around in a VE while a controlled field of view was automatically
applied. The measurement method was analyzed by SSQ, Average Discomfort Score which calculate the
weighted average with time, and Relative Discomfort Score which considered the time spent by subjects in
the VE.

Fig. 2-1 Combating VR sickness through subtle dynamic field-of-view modification [10]

2.3.2  Virtual Nose

Whittinghill &%, VE RIZ&EZFAT 2 EREIT - 72(Fig. 2-2). 41 ADOFEERSNNZE 1L HMD %
AL, 2MEO VR 7 7Y r—va v ERIELE. VR EMNEHERILZT 7Y r—v 3T
X, P42, vn—F—a—2RF =0T 7V r—ra T, FH2BEIRBRERTDZ
&M TX, Virtual Nose (% VR FrWEZERIT 5 L9 Z L AR Lz [11]. EBRSME LT 7V 7
— ¥ = RAEREIZ Virtual Nose DAFE(EIZKUT 2T, FEBRBEOBMEIZ L IR Wz &0 S .
F72, EDA BB 2R LT, BEICLDBITORELZFRAL, SV &7 LOERSINFM
TOEEEZRLT.

Whittinghill et al (2015)’s experiment displayed a virtual nose in VE. There were 41 subjects, and they
played two types of VR applications that demonstrated walking around and also a roller coaster game.
Measuring each time that they could continue, the researchers measured the effect of perspiration caused
by excitation by using an EDA sensor. The researchers showed the difference of effects between subjects

for the display of the virtual nose and without the virtual nose.

BA Thesis at Future University Hakodate, 2018 Takurou Magaki



Comparing Methods of Reducing VR Sickness

Fig. 2-2 Virtual Nose

233 DDA E
Other Methods
ZTOMOIFEEL LT, VEIZBWT2—NLRELIENMNEILAT V=27 NEEETHZET

2 — X —FELO FRIFEEIZ/2 D, VR BROREREIZ/ D V) ZERF bt [12].
il L L CHEOEIER, FHMOBME L W ol b ORET LTS,

As another method, it is said that a user can predict the surrounding things by deploying an object in a

stable position for users in VE. For example, driver's seat of a car or the cockpit of a spacecraft. Thereafter,
users felt a mild VR Sickness [12].

BA Thesis at Future University Hakodate, 2018 Takurou Magaki
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PIE HRE

Problem

VEIC KB RLZZFHT D201, 4 >OENET NS,

1 DHIE, FEiiT28TEORE EHITHD. ABlX Field of View O#{E L Virtual Nose

WO, £, INOOBBTFEEEETLIZOOF T V27 MIABRSATWRNWED, H

OAT V=l NEER L TR TFEZ BT O ERD 5.

2 2HIE, VR ZEMNTEREIT O 2OIZNE VE OB TH 5. ik L7z 2 DOBEFE
THWOHNTZ VEIL, TNENRAZMEDO VE THY, HEEIT O 72OIZIEE—O VE 2BV
THERBEZITOMEN DD, 20728, EERSIMEFIZXH L TALKEEZF R T HZ LN TED VE
ZBAF Lsidhuide o720, £/, VE OfFHEIC X - TRIKTIEOFITE N H 2 23] Kr3
572002, EHMEOR:Z 2 FEHO VE OB E1T .

3OHIE, ARTF—Z L WAL EFHET DD 0AEKE S OWFTH S, BiST 5 4EKT
—& L LT, BEME (8,91 CTHHWHIL TS EDA & ECG O % HfE L3 5.

4 5[ 1%, EREFCEBRSINEPITO X AT DEBERTHD. FERBINFICL > TUTEIN R 5
TLED LHEAEIT) ZENHLL 25728, EBRBIMEN VE N THR—LTITHI ZENTE
D, WURERE AT 2 EZDVLERDD.

There are four problems to measure Anxiety due to experiences in a VE.

The first is selection and reproduction of the reducing methods of VR Sickness to be implemented. At
this time, an experiment controlling the Field of View and a Virtual Nose is considered. In addition, it is
necessary to reproduce the reduction methods because these object solutions for implementing these
reduction methods has not yet been published; hence the uniqueness of this research.

The second is the development of VE to experiment for VR. There needs to be a development of a single
VE for an experiment because two reduction methods are different VEs. Therefore, a VE must be developed
that is able to induce anxiety state to subjects. In addition, it is required to develop two types of VE because
in order to judge whether the effect of reduction methods’ difference depends on the information volume
of the VE.

The third is preparation of a biosensor for measuring anxiety by biological data. And to target obtaining
the biological data about EDA and ECG which are also used in related research [8, 9].

The fourth is to devise a task to be enforced by subjects during the experiment because it is difficult to
compare when there is a behavior difference depending on subjects. Therefore, it is necessary to think about

appropriate experimental tasks which each subject can almost unify in the VE.

BA Thesis at Future University Hakodate, 2018 Takurou Magaki
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FiE VATLA
System

41 DR TLOBE

Abstract of system

ARFFETIX, BFHTIEE ) LT 27200 FEBREIT H OB R A7 L E LT, VR
TV r—va vl ERE OB AT

VR 77U r—3a ik, EHRENHERD 220 VE & IEREN AL\ VE O 2 FliEO
VE &t &, Ak U7z 2 OB T ESMICBRBTEZ @A LW RIEE 27z, 3 FEHOR
WFREREZR D ZLNTED.

Akt Yi2iE, Bitalino E WO AEKREUY Xy VEH W BERHAOEKECYITEMTH
0, ANENRRETH 5 DIZxt LT, g2 CEFEERE L, AFRES TH Y, EDA & ECG
O LD Z ENTE D20, Bitalino Z8EE L7=. Z @ Bitalino D% v b & HWT, VR7T
TV r—a AR OEBRSINEIZEET D LN TELERE ORI EER L.

In this research the aim is to design and develop a VR application and biosensor as a system necessary
for experiments for comparing reduction methods of VR Sickness. In VR application, two types of VE
conditions with different information volume, and three types of reduction method condition which are
controlling Field of View, Virtual Nose and actually not applying reduction method are utilized.

For the biosensor, a biosensor kit called Bitalino was selected. Biological sensors for medical use are
expensive and difficult to obtain. On the other hand, Bitalino is relatively inexpensive, highly reliable, easy
to obtain and can use sensors of EDA and ECG. Using a Bitalino kit, a biosensor circuit can be created and

customized that can be worn by subjects who are experiencing VR applications.

42 DRTLODEE

Implementation of system

4.2.1  Virtual Environment

VE OBH% T, 3D 7' —Ax 2 P2 ® Unity 2017.1.2f1 Z FVWCTBIZE 217V \(Fig. 4-1), BEh{EIC
B2 A 7 ) 7 M Visual Studio 2017 % VT C# TRl L 7= (Fig. 4-2)4.2.1.1). %72, 3D ET
NOBYEIZIZIDET Y 7 Y7 U =7 T Blender 2.7 Z i L 7= (Fig. 4-3).
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Fig. 4-1 Unity view
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Fig. 4-2 Visual Studio 2017 and C#
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Fig. 4-3 Blender view

2B MO VE Z2RT 72, 2 O VE OBIREEZIT-7-. —DIZAKICHENZ IO %
EF—7 & L7 VE(VED)(Fig. 4-HEBHFE L, & 2 — DX HRDILFR OB A EZETFT—7 & L
72 VE(VE2)(Fig. 4-6)&Z B3 L7=. VELIZE&TOA 7Y =7 MR#ET, EITH, K, Fo 3HHE
LhoTWS, LT VE2IE, FIFRREIL, #Enkn/ 7L A Y —%y T 27 Z— (NPC)
LT X NZENE R D NPC #2808 LT,

Fig. 4-4 VE1
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Fig. 4-5 VE1 view

Fig. 4-6 VE2
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Fig. 4-7 VE2 view

£, EREBMEFE~OX AT IZHND VENOT A7 5L LT, [Bag) (Fig. 4-8), [Drink] (Fig.
4-9), Map] (Fig. 4-10), [Tablet| (Fig.4-11), [Lamp] (Fig. 4-12)? 5 f&i¥H D 3D €7 VI Z,
EBRSINE OBB MB35 KE1D 3D £ 7 /L (Fig. 4-13) 2 VERk L 7=.

Fig. 4-8 Bag
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Fig. 4-9 Drink

Fig. 4-10 Map

Fig. 4-11 Tablet
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Fig. 4-12 Lamp

Fig. 4-13 Arrow

T AXY—DBER, o b =XV aA AT 4 v 7 AEBE L. MW T3
WX LTV a A AT 4w 7 BB LI FRCBEIT A2 Z LR TE DL LI ICEEETH- 2.

In the development of VE, the Unity 3D game engine application (see Fig. 4-1) and scripts for the
operation produced in C# using Visual Studio 2017 (see Fig. 4-2) were utilized (see 4.2.1.1). In addition,
the research used Blender (see Fig. 4-3), that is a 3D modeling software for making 3D models which are
necessary objects in the experiments (see Fig. 4-8, Fig. 4-9, Fig. 4-10, Fig. 4-11, Fig. 4-12, Fig. 4-13).

Developing the two VEs, one is a VE with a motif in the mountain surrounded by nature (see Fig. 4-4
and Fig. 4-5), the other is VE with the motif of the Japanese Edo period street (see Fig. 4-6 and Fig. 4-7).
Five 3D models as items used for experiment tasks were created. In the VEI1, the all the objects do not
move. The objectsThese are mainly three types of rock, tree, and house. On the other hand, in the VE2,
there is aare mainly house and stalls, pluswhich is added a lot of non-moving non-player characters (NPC)
and randomly moving NPC. The operation of the player assumed the joystick input by the controller. It was
implemented so that the joystick could be moved for tilt in the direction facing at the front.

14
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4211 Faydszo4y

Programing

AW HBNT, LLFDTHODOAZ U7 M aE L.
ArrowLookAt.cs

BindScaleChanger.cs

GameController.cs

ItemPickUp.cs

ObjectAccessor.cs

PlayerController.cs

Timer.cs

ArrowLookAt.cs (X, 7 A 7 ADMLEZ T LA Y —IZHBESE D720, ROKHIZ MR LR D4
T2V NOFMERTLIICTEAZ YT R ThHD.

BindScaleChanger.cs I%, 7' L A ¥ —OBENREZ, Fig.4-14 DA 7 ¥ = 7 NMEYLRE 213/ T
HIDAT VT RN ThD.

GameController.cs |%, Timer.cs (2% L TDO X A ~—DfltrLIE1L, 74T LOFRREEH, ¥
AT T ETOHEOBRIEZATITLODAZ VT FTHS.

ItemPickUp.cs I%, 47 ¥ =7 MZft5 L7z ObjectAccessor.cs DE A FLZ, 7 A 7 L D[R %
TOTEODRAI VT M ThD.

ObjectAccessor.cs (£, A7V =7 M L TOSRERRLIEAZ Y S N THD.
PlayerController.cs 1%, 'L A ¥ —D#EAEIZFEHD L A7 VT N THS.

Timer.cs 1%, FERZ 27 1Z8B1T HHIRKH AW S TmdDF A ~—DRA 7 VT N ThH 5.
AW WTHERR L7z A 27 U 7 h@ffil & LT, PlayerController.cs % Table 4-1 [ZFKFT 5.
iz, TOMDO AT V7 MIRMSO DVDICTERRT L LR TES.

In this research, the following seven scripts were created.
® ArrowLookAt.cs

BindScaleChanger.cs

GameController.cs

ItemPickUp.cs

ObjectAccessor.cs

PlayerController.cs

Timer.cs

ArrowLookAt.cs is where a player is instructed to grasp the position of the item by pointing the red arrow
to the direction of the targeted object.

BindScaleChanger.cs is changing of the object scale in Fig. 17 when the player moves.
GameController.cs is operating start and stop the timer from Timer.cs, displaying and managing items,
and finishing the task.

ItemPickUp.cs is collecting items based on the reference of ObjectAccessor.cs attached to the object.
ObjectAccessor.cs is clearly indicating references to each object.

PlayerController.cs is that relating to player's operation.

! Unity (2381} 5 GameObject & FMT 5.
This Object means the GameObject on the Unity.

15
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Timer.cs is a timer about handling the time limit in experiment tasks.
To exemplify programming in this research development, PlayerController.cs can be viewed in Table 4-1.
And, the other scripts utilized can be referenced on the attached the DVD.

Table 4-1 PlayerController.cs

using UnityEngine;
namespace MyScripts
{
[RequireComponent (typeof (CharacterController)) ]
public class PlayerController : MonoBehaviour
{
[SerializeField]

GameObject camera;

CharacterController cc;
void Start ()
{
cc = GetComponent<CharacterController>()
}
void Update ()

{
float vert

Input.GetAxis ("Vertical");

float hori

Input.GetAxis ("Horizontal");

Vector3 temp = ( camera.transform.forward * vert)
+ (_camera.transform.right * hori);
temp += Physics.gravity;

cc.Move (temp * speed * Time.deltaTime);

16
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422 BRBRF&
Reducing methods

Field of view D #{F & Virtual Nose @ 2 D% FHLT 572 DIC 2 FEDOET VA2 EKT 5.

—-> H1Z, Fernandes © ® 3Bk CH\ /= Field of View DEAEZ1T 5 72 @ 3D €7 /L T 5 (Fig.
4-14). ZOETINVIE, T A Y —BEBRHIATZHIRT 57-0ICHNS. 7 LA v —O#ENIE
FoTNDEXITFIIEREITY, BEIZ LTS L XTI EITY 2L THREOHIRZITS .

Fig. 4-14 Controlling Field of View

“ O HIX, Whittinghill H O3ERTH 54172 Virtual Nose @ 3D €7 /L Th % (Fig. 4-15). D
ETE, WIZT LA Y —OHEFIZAD L D IZ Unity L CRET .

Fig. 4-15 Virtual Nose

Two models to reproduce the Controlling Field of View and Virtual Nose were created.
The first is a 3D model for controlling Field of View (see Fig. 4-14). This model is used to limit the field

17
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of view when self-moving the player. When the operation of the player is moving, the view is limited by
performing the reduction.

The second is a 3D model for Virtual Nose (see Fig. 4-15). This model inserts on Unity so that it always
into view of the player.

4.2.3 Bitalino

AR Y% Plux £E @ Bitalino(r)evolution(Bitalino) % FI| F1 4~ 5 . Bitalino (Z1&\ < D FEEEN &
v, HERICECHERETIRIELTWD [Board Kit), TNZENECINSEELTRY, 1TA
PROBBELRENFT VT ADT =T T TITNA AT H LN TE S [Freestyle
Kit], BoardKit &[A] U723 V& A A VEMDBNZTZ 7038V, Arduino 72 & DHARE 72 & L
Bt rlBEZR TPlugged Kit) &\ 9 3N HDH. F£72, ZIZ 1T Bluetooth4.0 xt)i? BLE],
Bluetooth2.0 %fi&:> TBL) AFEET S, SENTZNSDH A5, FreestyleKit  BLE D% v b %
FIATS. B EBADEEL TWD 20, IZARMNT 21TV, B & Bk L 7= (Fig. 4-17). L
L, [EIEEZEREZIC BLE O3—V 3 T, 2 FEOE Y ZRIFHIHE D 2 EIETER0nEn
9 EAVHEFTL T,

Fig. 4-16 Bitalino ECG Sensor
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Fig. 4-17 My Bitalino Circuit

Bitalino THfS L7=44K7 — # 1%, Bluetooth fRfI Ca s B a—& L¥iL, 2 E2—4 ET
OpenSignals &9 Y7 My =T ZMH$ 52 &C, FE#M720 OAERT —F Oftsk L HAELZTT
9 Z LIRTE DH(Fig. 4-18). BT O BV TERMIIR R & LT, & o8 28 IZiEhns
FIEIZRZ2 S, Blz1E, EDA IXBEREER(LS)TH Y, ECG ITEN (mV) THS.

* OpenSignals - &0 X

Bikaline | Bitaino bL @ 1001z ARAD AR AT
s e = i = =

@ OVERVIEW WINDOW =

e d : “‘“%&%——-‘——-«M
[ s Y \

o2

Fig. 4-18 OpenSignals

The biosensor uses Plux's Bitalino (r) evolution. There are three types of Bitalino, namely Board Kit,
Freestyle Kit and Plugged Kit. Board Kit is all-in-one on-board sensor and actuator. Freestyle Kit is all
sensors and actuators are separated, so soldering is necessary. Plugged Kit is the same as Board Kit but
there is a plug between the sensor and the main board which can be connected to a base such as an Arduino.
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In addition, each kit has BLE corresponding to Bluetooth 4.0, and BL corresponding to Bluetooth 2.0. At
this time, Freestyle Kit BLE was used to create a circuit by soldering because the sensors were separated
from the board. However, after creating the circuit, it turned out BLE cannot use two or more sensors at the
same time.

Biological data obtained with Bitalino can be connected to a computer via Bluetooth, and by using
software called OpenSignals on the computer, and it can record and reproduce data about measured
biological data. The horizontal axis represents the time, but the vertical axis represents different values for
each sensor. For example, vertical axis of EDA represents an electrical conductivity and vertical axis of
ECG represents voltage.

424 SRERARY

Task of experiment

VEWNTITH) X A7 ZRE L. ZHUTBETHZE T2 L)1, EBRSNEH ToOEBRANTO
TRV — T2 ThD. ¥A7 L LT, 3 HMOFIRIEMZRT, 5207 A7 L%IH
ZlCE &5 2 & & LTz, Fig 4-19 1 EBRSINE OHR CTH 5. i 9o [0 UL O Timer |
EFRREINTND & ZAICHIRREMNFR RSN D, £z, EmAOFEO ULIZIE, KRIENIT
DT7ATANRRIND. LU TRWEANE, EBRSIMEF RO TWD HF RO 50em 1E ERTHIC
FOREI, RIZEWRT DRET AT LAOMEZET.

Fig. 4-19 Subject’s view

VEl Ti¥, [Bagl, Drink|, [LampJ, MapJ, [Tablet] DIEFHFTTY A7 LEEKRT 5. Fig
420X VEl D)L — - ThH 5D,
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Fig. 4-20 VEI route

VE2 i, Bag), [Lamp], Map], Drink], [Tablet] ®NEFHE TT A 7 L% FKRT 5. Fig 4-21
IZ VE2 D)L— R Th .

Fig. 4-21 VE2 route

To set a task to be done within VE. This is to almost unify subject’s behavior within the experiment. The
goal of the task was set to collect five items in order over three minutes.

In the UI, the time limit is displayed in the white frame, and the item to be collected next in the blue
frame are displayed (see Fig. 4-19).

The route assumed in collecting items in order in VE1 is Bag, Drink, Lamp, Map and Tablet, and VE2
is that Bag, Lamp, Map, Drink and Tablet.
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SB5E =B

Experiment

5.1 SRERH ¥

Experimental components

FEBRCIE 2 FEFEH O VE §ofF & 3 FEEH O FyE5: %2 V5. Table 5-1 1 VE 54 & 888 715
ZMEORHEDLEDOISETH D, VEFRETHDH VEL 21, VE2%22 L L=, £/, BETE
Z{:% Method & L, BEEiTFIE7 L% A, Field of View O#:{E% B, Virtual Nose # C & L7-.

Table 5-1 Table of Experiments

Method
A B C
VE 1 1A 1B 1C
2 2A 2B 2C

FER A 2 7133 SR ORRIHRIR 2 8% 1T TV D88, 3 UUNICT A 7 L& 3T _XCRIL L7254
VE N CTHHIZBEIZ1ThE 5.

£72, TNENOREOBREFIIRD L 91272 > TW5D. Fig. 5-1 13540 1A 2B 2 FEBRSM
FOHBETHS.

Fig. 5-1 1A view
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Fig. 5-2 135 1B IZBIT 2 KRS IMEF OB TH 5.

Fig. 5-2 1B view

Fig. 5-3 (3% 1C 1281 2 KRB INH ORE TH 2.

Fig. 5-3 1C view

Fig. 5-4 1350 2A 1286 1F 2 EBRSBIME OHE TH 5.
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Fig. 5-4 2A view

Fig. 5-5 13504 2B IC BT 2 KBRS IMEF OB TH 5.

Fig. 5-5 2B view

Fig. 5-6 1354 2C 12 BT 2 ERSME OHRBE TH 5.
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F77, B ORRES

Fig. 5-6 2C view

o7 —RELT, SSQ MWD, SSQIL 16 EHAMNLR LT »r—

NG, FHBWXFL, (72U, TREE, THREE ), TRA]) @ 4 BEREORIZE 238 5. Table 5-2 1% SSQ
DIFEXDIER &, SEHWD HAFERZITTZHE ORISR TH H.

Table 5-2 SSQ Item Correspondence (E/J)

Item English A AGE
Ql General discomfort AP
Q2 Fatigue T 97
Q3 Headache GIEPL
Q4 Eye strain Rk 57
Q5 Difficulty focusing HoOERREDEIZ WD
Q6 Salivation increasing W D 53 Wk
Q7 Sweating FEIT
Qs Nausea & &
Q9 Difficulty concentrating LN TE RN
Q10 Fullness of the Head SANIED o T D
Q11 Blurred vision TR PNERT 5
Q12 Dizziness with eyes open HZBRAWTWDREDD E W
Q13 Dizziness with eyes closed HEZAL TWDIREED O E W
Ql4 Vertigo CHSDHELIZDEN
Qls Stomach awareness B OEFHE
Ql6 Burping F o5

EBRRE & LC, OSIE Windows 10 Home , CPU (%1 > 7 /L® Core™ i7-7700HQ 7' 1 & » ¥
—, 797 4 v 7% NVIDIA® GeForce® GTX1070 ® / — ~ PC ZH\%. F7-, HMD (Z Oculus
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Rift Development Kit 2, =2 s @— 7 |Z Xbox One Wireless Controller V5.

In the experiment, there are two types of conditions of VE and three types of conditions of reduction
methods of VR Sickness. Conditions of VE, VE1 is 1 and VE2 is 2. Conditions of reduction methods of
VR Sickness as Method, A is none, B is controlling Field of View and C is Virtual Nose.

The experiment task has a time limit of 3 minutes but if all the items are collected within 3 minutes,
subject will move freely in the VE.

In addition, SSQ is used as a questionnaire to measure the degree of sickness [5]. The SSQ is a
questionnaire consisting of 16 items, and there are four answers for each item, none, mild, moderate and
serious.

For the experimental environment, the laptop OS is Windows 10 Home, the CPU uses the Intel® Core
™ j7-7700 HQ processor, and the graphics uses the of NVIDIA® GeForce® GTX 1070. Also, HMD is
Oculus Rift Development Kit 2, and controller is Xbox One Wireless Controller.

5.2 RER 1 DAk

Method of experiment 1

FHR 1 TIE, ARt E SSQ AW EERAZITH . FIAE LTIE, EBRSMNFIZIEBROK
AT 1%,
1. EM% Fig.5-7 D 0 & P DALED 2 AN EET 5.
2. EERIREEICH 5 FEBRSIMEIZx LT 3 M ECG OFHZLTH .
3. FHUM& TH#, HMD %455 S, 3 0MOERY A7 #1{Thbd%. ZOMIZ ECG D&%
179.
FERH A7 & T, SSQIZEIE S, +oRRlEZIlsE 5.
5, TOHBREHEEEL, b5 —E2.L 3.0OBEEZITH.
6. ETOEFEZKEZI-%Z, 1HAE 2EHFERZ ZZ7IZBWTHPEOREN, BAFRISEND
Do HDVERZAT .

&>
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Fig. 5-7 Position of Electrode

In Experiment 1, using a biosensor and SSQ.

As for the procedure, after gaining consent for experiment to subjects,

1. Place the electrode in two places.

2. Measure the ECG of 3 minutes of subjects who are in a natural state.

3. After completion of measurement, wear HMD and do the experimental task for 3 minutes. Measure
ECG during that time.

4.  After completing the experiment task, subjects answer SSQ, and take a sufficient break.

5. Then change the conditions, and repeat steps 2 and 3.

6. After finishing all the operations, ask questions as to whether there is a difference in tired eyes or

body, and operation feeling in the first and second experiment tasks.

5.3 BB 1 f5 R

Result of experiment 1

KFHEEES~OHFBELAROL L, 2 TOERSINEILIERT — X OELMEICET LA
BB Lz,

FERSINE 1L 1820 i DEFE R K FA 15 A 14, T 1)TH Y, 14 AN VRIKERZ L7-Z &
N7, 1T AT VRIKBRZ 1, 2 [IRRERER L7-Z ERdH 7=, Fig. 5-8 IXFEBR L TWHIREETH
5.
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Fig. 5-8 Experiment 1

Fehii L7z VE Gefif & IR TFESRITIT 3 2 RS IN#E H0U 3 Table 5-3 (27”777, Subjects 1L FEHR S
MEZHTHY, T1, T2 &M ZEN L TEHZIT> 7RI TH 5.

Table 5-3 Number of subjects in the experiment 1

Subjects (n) T1 T2
6 1A 2A
3 1B 1C
3 2B 2C
3 2C 1B

TR AT o7 fER, ECG 7 —Z 13l Omv 2 KL U CRgk s s 23, 15 At LEn <
3 [EEHI 21T 572 ECG & — % 134T Fig. 5-9 O X 9 Bl Ttk ST,
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MNWI;! M wmmmuntl'mttmmnm lwl“*'l !W””‘Wiln“” (T

Mlltum\‘lWlllvllHWlMllWWHIH‘WW /Wﬂl Il HHHH\I(f‘mHmli\M‘Nlillm\\W‘ﬂNmntlhimlumlnuh ° ;

v

bk a BOBA48FO(84C @ 100Hz AR AN ARZ AN

OrsE A
®  OVERVIEW WINDOW [

Fig. 5-9 Abnormal data

F 72, Table 5-4 (3B 1 128175 SSQ DFERTHSH. S DINIERSME, 1005 16 DFID
BUEIXEIETHY, 03 T2 L), 123 TRREE), 228 THEE), 328 R4 &R,

Table 5-4 Result of SSQ in the experiment 1
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S Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 QI0 QI QI2 QI3 Ql4 Q15 Qlé6
10 0 0 0 0 1 0 0 0 0 0 1 0 0 0 0 0
11 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
11 0 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0
12 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0
12 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0
13 2 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0
13 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
14 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 1
15 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
15 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0

EE% O BRI, #ERISEWVIID 50 & W ) BRI T B [EIZ L LT, VEZ&IETIT,
& EWIRLNHoTE.
® VEI DI 5 BN T2,
® VE2 [IHFMEN Lo T,
® VEl DI ) »NENT-.
Yo A RS Fm, B TESA T,
& EWIALNoT.
® Method BIZR D607,
LW mE ARG,

L

The university ethics application was approved and so all participants signed an agreement about the
anonymity of their experimental data.
Subjects were 15 healthy students aged 18 to 20 years (male 14, female 1), 14 had never experienced VR
and 1 had very limited experience (once or twice).
As a result of experiment 1, all ECG data was not normally recorded.
As an answer to questions about feeling tired in the experiment, in conditions of VE,
No difference was seen.
VE 1 got tired.
VE 2 has a large amount of information.
VE 1 got tired.
Also, conditions of Method
® No difference was seen.
® Method B was hard to see.

54 RER2 DAL

Method of experiment 2

FhR 2 TIX, FEBR 1 CAEEREBUOPDRRERMELTE LD, Ak E AW, SSQ @
HEANTEEREZITY. FIEE LTIE, EBRSINEICEROKE G-,
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HMD % #:35 &+, 3 M OERY 27 #{Thd%.

EBRH A7 #& T, SSQIZHIZ S, +o2iKkzlmoE 5.
TOR%GMEZELL, b9 —F 1.& 2.08EEZ1TH.

ETOREEKZ %, 1EEE 2R ERY A7 2BV THREROEN, BIERICEN
DD NVERIEITD.

A wnh e

In Experiment 2, using only SSQ without biological sensor because unfortunately ECG sensor obtained
abnormal values in Experiment 1.

As for the procedure, after gaining consent for experiment from subjects,

1.  Wear HMD and do the experimental task for 3 minutes.

2. After completing the experiment task, answer SSQ, and take a sufficient break.

3. Then change the conditions, and repeat steps 1 and 2.

4.  After finishing all the operations, ask questions as to whether there is a difference in tired eyes or

body, and operation feeling in the first and second experiment tasks.

5.5 RER 2 R

Result of experiment 2

KEMEEES~OHELAROL L, ETOERSBINEIIERT — X OELMEICET A
BElCEA L.

FERSZ N 1X 18 —20 ik DRERE e K74 21 AN(F 20, ZZ H)TH Y, 9 AD VRIKERZ L7=Z &
N7, 11 NIX VRIKBRZ 1, 2[RERBRLI-Z L RnH -7,

Fehii L7z VE Gefif & IR TFESRIFIT 3 2 RS IN#EHH0E Table 5-5 (27777, Subjects L FHR S
mEHTHY, T, T2 IEEMZEH L CGGHIZ{To 2RI TH 5.

Table 5-5 Number of subjects in the experiment 2

Subjects (n) Tl T2
5 1A 1C
5 2A 2B
2 1B 2B
2 2C 1C
1 1C 2B
5 2C 1B
1 2A 1A

F 7z, Table 5-6 135EHR 2 1255175 SSQ DFERTHH. S DINIERSMETHY, FEER 12
SRENT L6 NOHTFT RN 7 LTS, 1035 16 DINOEEIXEIZETHY, 02 2Ly,
123 THRRE ), 228 THRBEE), 3% TR 2.
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Table 5-6:Result of SSQ in experiment 2

Q Q3 Q4 Q5 Q Q7 Q8 Q9 Q10 QI QI2 QI3 Q14 Q15 Q16

Q1

16
16
17
17
18
18
19
19
20
20
21

21

22
22
23

23

24
24
25

25

26
26
27
27
28

28

29
29
30
30
31

31

32
32
33
33
34
34
35

35

32
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S QI Q Q3 Q4 Q5 Q Q7 Q8 Q9 QI0 QI QI2 QI3 Ql4 QI5 Ql6
36 0 0 1 1 0 0 0 0 1 0 0 0 0 0
36 0 0 1 0 0 0 0 0 1 0 0 0 0 0

FR%E O AR ORE I, BERISEWNTH D00 L W O BERIICKT 5% & LT, VEERETI,

L

-

BEWIR LN o Tz,

VE1 DI 9 NRaFbEN o7
VE2 DI 9 NRaFbEN o7,
VE2 [ IfEMEN L < JEh .
VE2 I[ZH DN BT,

SRR, £, BRI T,

EWITR SN0 o T

(Method A & tt_T)Method C DIF 9 NRFFHHEL o7z,
(Method C & X T)Method A DIF 9 NRFFHHEL e o7z,
(Method A & tE~_T)Method C DIE 9 2NEFEIL 720> o 7.
Method B IZ RS 60 7z,

Method B 1T 6 <, (KE RESENTREND DTN,

LW o B ATz,

The university ethics application was approved and so all participants signed an agreement about the

anonymity of their experimental data.

Subjects were 21 healthy students aged 18 to 20 years (male 20, female 1), 9 had never experienced VR

and 11 had very limited experience (once or twice).

As answers to questions about feeling tired in the experiment, in conditions of VE,

No difference was seen.

VE 1 was bad feeling.

VE 2 was bad feeling.

VE 2 got tired of the amount of information.

VE 2 was tired from the eyes.

Also, conditions of Method,

No difference was seen

Method C was bad feeling (compared to Method A).

Method A was bad feeling (compared to Method C).

Method C had no sense of incongruity (compared to Method A).

Method B was hard to see.

Method B is hard to see, and I got tired because I needed to move my body physically
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FoE  FHE

Evaluation

EETHEONET—Z2EHOCTEMtiZITY. LarL, AR5 —%THD ECGIZoOWT, B
IRAE, EERH X7 1, EBRH A7 2 ICBWTCENTNEFERWE CRESNTEBY, EBRsing
N, EBRBIMEB O FIZBWTHET 2 2 LR TERPoT. FD7=®, SSQ &1 & L 7=

.

R
Y

The data obtained in the experiment was evaluated. However, ECG biological data was recorded as
abnormal waveforms in natural state, experiment task 1, and experiment task 2, and it was subsequently

not possible to compare between subjects. Therefore, only SSQ was evaluated.

6.1 Simulation Sickness Questionnaire

SSQ MEMAEFIEL LT, BIEHATHD 7L, TRE), THE), EL) o 4BHE, 05
L3kl TRaTEE 2D, £7-, BT HE THD 16 THH % Nausea, Oculomotor, Disorientation
D3IODY TATHEL, FHAINEELZ 52, EREEEHITLILICLD, K27 T AT D
A a7 ZFH9 %. NauseaScore(NS)IFZHNEFIIZ 9.54 $#+F, Oculomotor Score(OS)IXANEFIIZ 7.58
Z T, Disorientation Score(DS)IX 13.92 Z#hF 5. £ LT, 3 2D/ 7 ADOEM%Z & L &b,
3.74 HMNTF 7= D Total Score(TS) & 72V, VRO EIEE KOS Z LN TE 5. Table 6-1
IXSSQ D 16 HEIWZKTHK 7 T ADMEED A THD. ZiLh 4 DOEADIT SN EIT,
F.72 % Simulator Sickness =° VR B DHFFEIZIBVNT, SSQ T — 4 ZotH Ll 2 720 D EHK
THD.

Table 6-1 Weights for symptoms

Weights for Symptoms

Symptoms Nausea Oculomotor Disorientation
General discomfort 1 1 0
Fatigue 0 1 0
Headache 0 1 0
Eye strain 0 1 0
Difficulty focusing 0 1 1
Salivation increasing 1 0 0
Sweating 1 0 0
Nausea 1 0 1
Difficulty concentrating 1 1 0
Fullness of the Head 0 0 1
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Weights for Symptoms

Symptoms Nausea Oculomotor Disorientation
Blurred vision 0 1 1
Dizziness with eyes open 0 0 1
Dizziness with eyes closed 0 0 1
Vertigo 0 0 1
Stomach awareness 1 0 0
Burping 1 0 0

The calculation method of SSQ is important and is detailed in [5]. To summarize, give four scores of
None, Mild, Moderate, Severe as answer items with scores of 0 to 3. In addition, divide the 16 items, which
are question items, into three classes of Nausea, Oculomotor, Disorientation, give weights to each item,
multiply them by constants, and calculate scores for each class. Nausea Score (NS) multiplies the weighted
sum by 9.54 times, the Oculomotor Score (OS) multiplies the weighted sum by 7.58 and the Disorientation
Score (DS) multiplies by 13.92. Then, the weighted sum of the three classes is added up and multiplied by
3.74 which becomes Total Score (TS), and the severity of VR sickness can be obtained. These four weighted
values are constants for calculating and comparing the SSQ data in different Simulator Sickness and VR
sickness research.

6.2 Nausea Score

SSQ d NS IZHIF 5 VE Gl L B FIESRME O BT 21T - 72,

TAM=12)I2F T 5 A2 2 7 OIFEEE 12.72(SD=18.41), 1B(n=12)i% 9.54(SD=10.30), 1C(n=12)i%
8.75(SD=15.80) , 2A(n=12) I& 10.34(SD=16.27) , 2B(n=12) I& 4.79(SD=7.29) , 2C(n=12) I%
10.34(SD=21.14) C& > 7=. Table 6-2 & Fig. 6-1 [ NS (2B B &tk z r~d . K5&MCo0
T 2 BRYEERE B OB 24T > TofE R, AEARETR ONRD o7, £72, Table6-3 1L571K
ST ORERZ R,

Table 6-2 Mean and S.D.(NS)

S.D. (Standard

VE Method n Mean o
Deviation)
1 A 12 12.72 18.41
1 B 12 9.54 10.30
1 C 12 8.75 15.80
2 A 12 10.34 16.27
2 B 12 4.77 7.29
2 C 12 10.34 21.14
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Fig. 6-1 Mean of NS(n=72)
Table 6-3 Analysis of variance(NS)
S.V (source of SS (sum of df (degree of MS (mean square) F
variance) squares) freedom)

VE(2) 61.94 1 61.94 .23 ns

Method(3) 230.06 2 115.03 43 ns

VE X Method 123.88 2 61.94 .23 ns

subj 17512.15 66 265.34
Total 17928.02 71 +p<.10 *p<.05 **p<.01

Variance analysis of VE condition and Method condition in NS of SSQ was carried out. As a result of
two-way ANOVA to analyze the conditions of 1A, 1B, 1C, 2A, 2B and 2C, there were no significant

differences between the two conditions.

6.3 Oculomotor Score

SSQ @ OS 28I 5 VE G/ & B FIEGM O Bt 1T - 7=,

TA=12)I2B ) 5 A a7 OFH)IE 18.32(SD=19.44), 1B(n=12)i% 8.84(SD=10.65), 1C(n=12)i%
12.63(SD=17.04) , 2A(n=12) IT 13.27(SD=12.81), 2B(n=12) 1% 8.21(SD=10.92), 2C(n=12) I%
17.06(SD=26.46) Cd& > 7=. Table 6-4 & Fig. 6-2 I NS ([ZHF 5 & iz r~d . K&Mco0
T2 ERERE OB AT o TofE R, ARERETRAONRD o7z, £72, Table6-5 13571
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I ORER AT
Table 6-4 Mean and S.D.(OS)
VE Method n Mean S.D.
1 A 12 18.32 19.44
1 B 12 8.84 10.65
1 C 12 12.63 17.04
2 A 12 13.27 12.81
2 B 12 8.21 10.92
2 C 12 17.06 26.46
25
20
15
bt
3
“ 10
| ' .
0
1A(n=12) 1B(n=12) 1C(n=12) 2A(n=12) 2B(n=12) 2C(n=12)
Conditions
Fig. 6-2 Mean of OS(n=72)
Table 6-5 Analysis of variance(OS)
S.V SS df MS F
VE(2) 3.19 1 3.19 .01 ns
Method(3) 748.53 2 374.27 1.17 ns
VE X Method 269.73 2 134.86 42 ns
subj 21182.26 66 320.94
Total 22203.70 71 +p<.10 *p<.05 **p<.01

Variance analysis of VE condition and Method condition in OS of SSQ was carried out. As a result of
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two-way ANOVA to analyze the conditions of 1A, 1B, 1C, 2A, 2B and 2C, there were no significant
differences between the two conditions.

6.4 Disorientation Score

SSQ ® DS 1T 5 VE &l L B FIESRIE OB 21T > 72,

TA=12)I23B1F 5 A 27 OFH)T 23.20(SD=29.16), 1B(n=12)i% 12.76(SD=18.38), 1C(n=12)i%
25.52(SD=28.88), 2A(n=12) I% 24.36(SD=24.85), 2B(n=12) 1% 13.92(SD=16.07), 2C(n=12) %
25.52(SD=34.02) Cd > 7=. Table 6-6 & Fig. 6-3 X NS (281 5 &k ar~d. &&Mticon
T2 ERBERE OB AT o TofE R, ARRETR N RD o7z, £72, Table6-7 1L53H
ST ORERZ R,

Table 6-6 Mean and S.D.(DS)

VE Method n Mean S.D.
1 A 12 23.20 29.16
1 B 12 12.76 18.38
1 C 12 25.52 28.88
2 A 12 24.36 24.85
2 B 12 13.92 16.07
2 C 12 25.52 34.02
30
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Fig. 6-3 Mean of DS(n=72)
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Table 6-7 Analysis of variance(DS)

SV SS df MS F
VE(2) 10.77 1 10.77 .01 ns
Method(3) 2082.99 2 1041.49 1.41 ns
VE X Method 5.38 2 2.69 .00 ns
subj 48667.66 66 737.39
Total 50766.80 71 +p<.10 *p<.05 **p<.01

Variance analysis of VE condition and Method condition in DS of SSQ was carried out. As a result of
two-way ANOVA to analyze the conditions of 1A, 1B, 1C, 2A, 2B and 2C, there were no significant
differences between the two conditions.

6.5 Total Score

SSQ ® TS ITHIF 5 VE Geff LB FIESRM O &21T - 7.

TAM=12)IC BT 5 A2 37 OFEHIE 20.26(SD=28.82), 1B(n=12)i% 11.53(SD=11.57), 1C(n=12)i%
16.52(SD=21.78) , 2A(n=12) % 17.14(SD=17.64), 2B(n=12) 1% 96.62(SD=10.18), 2C(n=12) I&
19.32(SD=29.48) Cd& ~7=. Table 6-8 & Fig. 6-4 |Z NS (25T 5 ¥ & ik ar~d . K&Mzo0
T2 ERERE OB AT o 1o iR, ARERETRLONRD o7, £72, Table6-9 13538
ST ORERZ R,

Table 6-8 Mean and S.D.(TS)

VE Method n Mean S.D.
1 A 12 20.26 23.82
1 B 12 11.53 11.57
1 C 12 16.52 21.78
2 A 12 17.14 17.64
2 B 12 9.66 10.18
2 C 12 19.32 29.48
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Fig. 6-4 Mean of TS(n=72)

Table 6-9 Analysis of variance(TS)

S.V SS df MS F
VE(2) 9.52 1 9.52 .02 ns
Method(3) 959.32 2 479.66 1.07 ns
VE X Method 116.95 2 58.48 13 ns
subj 29517.33 66 447.23
Total 30603.12 71 +p<.10 *p<.05 **p<.01

Variance analysis of VE condition and Method condition in TS of SSQ was carried out. As a result of
two-way ANOVA to analyze the conditions of 1A, 1B, 1C, 2A, 2B and 2C, there were no significant
differences between the two conditions.
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BIE EE

Consideration

FEBRCH72 SSQ DT — X Z FLITFHl 21T > 7= R, £ D SSQ A a7 1B W T LA
BEAIR LN o7, UL, SSQ DFAITIZBIT DN KE L, MAZENRKE VL
HTHDHENIZENEXLND. LL, BETFIESFFICBIT 28 AT OFE 2T 5
&, Method B & KB L 7= 3B & NFE D SSQ A =2 7L NS, 08, DS, TS D4 TIZEV T Method
A LHEANTIERVWEZ R L TWA. —J7 Method C 1%, Method A, B & HE_THZFEHIC L 5 7%
TR LN -T2, ZNHDZ ED S, Method BIZMEAZENH 5728, VR B 28 <1 5 %)
BB H D LB 2 B, Method C 1X VR PO OB R I/ EE X HvD. F72, VE FIFEIC
BIFAEAaT OFEELETHE, OS & DS T VE2 DA 7 BMENIZ VEl D AT %
B> TWD 2y, BRAEAHPFHLINTH 2729, [HFMEICK D VR O OREISEWIT RV EE X
bhd.

WIZ, VRO ORETFIEE L THER S DEHF X 5. Method BIZEBWTEIENE LD
I%, FieldofView DEAEAITHI Z & T, XU a Z M5 ENTEXENLELEEZD. A
RICE DT v a L, FL A X0 BRI 2 32R LT BRI Th 570, BE)
BRI A HIRT 2 Z LI Ko THMZ O T2 &6 TR v a VOBELIR 72072
EEZHND. MethodCIZDOWT, 233D EIICERELTMEICRENWIFTT V=7 B
HZEWCEY, BEBINTSHZETVREFWVORERENTNZONDDTIERWNEEZD. Zh
SO ENG, FURE~OREL, BELINME~DOA TV =7 FOREE WD B2 &R
(2, Fig. -1 DX DR AT FROAT V=7 MaeFRRT 5H 2 & T VR B OB Al CTld /s
WhEEZSD.

Fig. 7-1 Glasses

As a result of evaluations based on the SSQ data obtained in the experiment, no statistically significant
difference was found in any SSQ score. It can be considered that individual differences are large because
variance in each score of SSQ is large. However, comparing the average of scores in the Method condition,
SSQ score of subjects who experienced Method B showed lower scores than that of Method A in all of NS,
OS, DS and TS. On the other hand, Method C did not show any difference by average as compared with
Method A and B. From these facts, Method B, although has individual differences, seems to have an effect
of reducing VR sickness, and Method C has no effect of reducing VR Sickness. In addition, comparing the
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average of each score in the VE condition, the score of VE2 is slightly higher than the score of VE1 in OS
and DS, but it is within the error range. Therefore, it is considered that there is no difference in the degree
of VR Sickness due to the information volume.

Next, to consider what is necessary as reducing methods of VR Sickness. It is considered that the effect
was seen in Method B because it is able to reduce Vection by controlling Field of View. Visual vision is
considered to be advantageous because it is more effective to present the stimulus to the peripheral visual
field rather than the central visual field. Therefore, it is considered reducing the magnitude of the Vection
by reducing the stimulus by limiting the peripheral visual field during movement. Moreover, about Method
C, it is considered that displaying the nose can reduce the occurrence of VR Sickness because there is an
object (i.e the nose) in a stable position. From these facts, an idea based on the effect of peripheral visual
field and deploying the object in a stable position, it is suggested that it is possible to reduce VR Sickness
by displaying virtual objects through virtual glasses (see Fig. 7-1).
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POE 5

Conclusion

ARFFE T, VR BrO OB T4 E3E L2 VE IZBWTEED VR i & 72 D5 RL O] &
PEHGEEM 24TV, K0 R e B T E Ot 21T o 72

Bonzbol LT, SSQ %Mz VR BV OB TF1ED Gl 2179 Z L A T& 72, VE
M, BTFIESM L BICHEIF R BB EIIR DN o 7o), B TFIESMETH D Field of
View ODEEIZOWCIEZD OFENA LN, £ LT, BEFDO VR OO TEE FIC—
® VR BV OB FIED B R E 1T 7.

KA E LT, ERMEIORNE EBRT VA VB AR D ThoTomn B bnd. ErbE o
AMFIZOUWNT, ABFFETIE Bitalino @ EDA ¥ & ECG oV ORIFFFHAZ AFEE LTz
23, FEEYIC Bitalino @ ECG B VOB O & 72 - 7. Mz T, ECG & Y NIEH 725080
TERWEWIRENREA L. 25O W, ikt ¥ & L GEE L 72 Bitalino (r)evolution
Freestyle Kit BLE T& %723, Bluetooth4.0 Xt/ Td» 25 BLE /N— 2 > TlI—2D & % T LA #H)
YEH4*, Bluetooth 2.0 %I TdH D BL /N— 3  THIUTER OB Y REHET S L) Z &n
Gpinode. Fiz, BIKIZOWTANY RAA REITH 5 Freestyle Kit Tid72 <, FHRIZ EDA X° ECG
ROV TN TOIIATM T THOA TV D Board Kit #1RETH Z & TR TE - LEX
5. EBRT WA DN, AR 2 O VE &L 3 FEOBMFIESF O A 6 S THER
BiToTo. 22T, ERBINEFIIT HEM40F D Y TIZoWT, 1[EIE & 2 BHOFHCTEE
D Z SRNEHIIZE DY T==, 1EAICIA, 2EABIC2A &9 VE $:04% EiE L 7= E5k
ZNE HWIUE, 1 EIRIC 2A, 2 BIEIC 2C &V ) BFESRME 256 L - ERSINE WS,
ZD72, FHHIZIB W TERSIMENTHE AT 52 LN TERLRY, ERSIMER To L
TIEANBB AR+ Th otz FZRT VA OB TRHMI O FIERHNVENTh 72720, ERT
YA L Z2ITHIBITITRD T NT —Z & ATV WER E &2 B, WYIRERT A 2175 4
ERHD.

BEL LT, AERICL > THONIEAR L E S EEE 2, 2VR72 VR RO OBIEFIED
ozl 2 & L bis, MELEATAEAT V=7 FOBHEOFHHATV V.

In this research, ‘anxiety’ as a proxy for mild VR Sickness was measured, compared and evaluated in
VEs which implemented the reducing methods of VR Sickness, and also studied more effective reducing
methods of VR Sickness. As a result, it was possible to compare and evaluate the VR sickness reduction
method by using SSQ. There was no statistically significant difference in both VE condition and Method
condition, but the influence was observed on controlling Field of View which is Method condition. In
addition, reducing methods of VR Sickness based on existing reducing methods of VR Sickness were
devised.

Upon reflection, it is considered that the development of the experimental materials and the experimental
design were not enough. Regarding the deficiencies of experimental materials, this research aimed to use
Bitalino's EDA sensor and ECG sensor at the same time, but finally it was only Bitalino ECG sensor. In
addition, the problem that ECG sensor could not perform normal recording had occurred. These are Bitalino
(r) evolution Freestyle Kit BLE selected as a biological sensor, but in the BLE version compliant with
Bluetooth 4.0, it operates only one sensor. If it is the BL version, which is compliant with Bluetooth 2.0,
the multiple sensor operates. In addition, it is considered that the problem of the circuit was solved by
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selecting Board Kit in which sensors such as EDA and ECG are soldered in advance, rather than hand-made
Freestyle Kit.

Regarding the experimental design, a total of 6 conditions about two VE conditions and three Method
conditions in this time were experimented. At that time, assignment of conditions to experiment subjects
was allocated so that duplication did not occur in the first and second measurements. Therefore, some
subjects not only performed VE condition of 1 A for the first time and 2 A second time, but also some subjects
performed the Method condition of 2A for the first time and 2C at the second time. For this reason, the
research could not compare within the subjects in the evaluation, and there were not enough number of
subjects for comparison among the subjects. Since the method of evaluation was not clear at the stage of
experimental design, when conducting experimental design, it is necessary to explicitly and exactly
determine the data that the researcher wants to obtain and the experiments wants to perform, and to
subsequently design appropriate experiments.

As a future prospect, based on the findings and reflections obtained in these experiments, research about
effective reducing methods of VR Sickness will be continued, and subsequently measure the effect of a

customized glasses type object.
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