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SUMMARY OF DISSERTATION

Title :

Research on Avatar Communication in Real Space Based on Psychological Considerations

(Abstract)

With the advancement of avatar technology, it has become possible to build human relationships
through avatars. In the future, just as users currently own accounts on social media and build various
human relationships through them, it is expected that an avatar society will emerge, where
individuals own avatars and engage in human relationships and activities through them. In this
context, users can communicate and build relationships in virtual spaces like the metaverse, where
both parties interact with a level of equality as CG avatars. On the other hand, recent advancements
in research and development have also focused on avatars used in real space, such as robot avatars
and AR-displayed avatars. This has led to situations where communication occurs between a
physical person and an avatar in real space. However, how human relationships are formed in such
real space avatar communication has not yet been sufficiently discussed.

In face-to-face communication between people, we are usually aware of the person we are
talking to, and there is no remote user to complicate things. However, in the case of avatars, there
may be a remote user operating the avatar. In other words, when an on-site user is face-to-face with
an avatar, there is a difference in awareness as to whether they are building a relationship with the
avatar itself or with a remote user operating the avatar. There is also a difference in the awareness
of remote users, whether they are building a relationship with the awareness that they themselves
are communicating with the other person, or whether they are building a relationship with the
awareness that the avatar itself is communicating with the other person. In short, in the case of
avatar communication in the real world, there are two possible relationships: the relationship
between the on-site user and the remote user (person-to-person relationship), or the relationship
between the on-site user and the avatar itself (person-to-avatar relationship). This difference in user
awareness is different from the construction of human relationships between people in the real
space, and can be said to be the construction of unique human relationships in avatar
communication. By evaluating, analyzing and understanding the construction of human
relationships in avatar communication, we can discuss how relationships should be constructed in
the future avatar society, and we can also expect the development of a novel avatar based on these
insights gained. Therefore, this study focused on the formation of human relationships in avatar
communication within real space, conducted evaluation and analysis, and aimed to develop a novel
avatar based on the insights gained.

In Chapter 1, we describe the background and purpose of this study, the trends in avatar
technology, and the structure of this thesis.




In Chapter 2, we developed an immersive robot avatar and evaluated and analyzed the
awareness of remote users using it, and discussed the results. It was found that by using the
immersive robot avatar that had been developed, the remote user felt as if they themselves were
communicating with the on-site user by transferring into the robot, while the on-site user felt as if
they were communicating with the robot itself. In other words, it was shown that the remote user
could build a relationship with the on-site user anonymously, without being influenced by various
attributes or identities such as appearance, gender, or age, and it was thought that further
applications could be expected.

In Chapter 3, we evaluated and analyzed the awareness of on-site users who were face-to-face
with avatars. With regard to the awareness of on-site users, it was found that changing the
appearance of the avatar and whether or not it has a physical entity can change the awareness of the
communication partner. Specifically, it was found that when the avatar has only a physical entity,
the on-site user's awareness is directed towards the avatar itself, and when the appearance is that of
an AR avatar of a remote user, the awareness is directed towards the remote user. In short, it was
found that it is also possible to direct the awareness of on-site users towards remote users and to
build relationships with them.

In Chapter 4, we evaluated the effects of avatar shapes on the awareness and physical
movements of users. We found that the avatars used (penguin-shaped and smoke-shaped) had the
effect of unconsciously changing the behavior of remote users. Even the smoke-shaped avatar,
which does not look like a living thing, was able to change the behavior of remote users, suggesting
the possibility of using various avatar shapes.

The above discussion in Chapters 2 to 4 suggested the advantages of allowing remote users to
build relationships with on-site users anonymously, and the potential for using various avatar
shapes. Based on these insights gained, in Chapter 5 we developed a novel avatar called the "loT
avatar," which can communicate by anthropomorphizing various objects in the real space as avatars.
From the evaluation experiment, it was found that the on-site user felt as if they were
communicating with the object itself, while the remote user felt as if they had become the object
and were communicating with the other person. This means the [oT avatar we developed can be
used to build relationships with users in the field as various objects, without being constrained by
some attributes and identities of the remote user, such as their appearance, gender, age, and physical
body. Furthermore, it is possible to turn various objects in various places into [oT avatars, and we
can expect to see the effective use of an avatar society in everyday life and in times of disaster.

Understanding the unique psychology, behavior, and relationship-building associated with the
use of various avatars is crucial for life in an avatar society and requires continued research and
discussion. In an avatar society, it is considered necessary to replace and discuss traditional
psychological frameworks such as psychology within the context of avatars. Therefore, a systematic
approach to psychology in an avatar society, referred to as "Avatar Psychology," is proposed.
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FAFE L miE@fiRE Rl o Ry F 7 N4 Th Y, EiEREEIRIET 221t y,
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DAL, #EBBEEOFIECANP TR ERRR LA Ry b TN X M5 - F
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LESSERSIET 2. $4bb, HOHHEOF TR IO FITH L TDH HK
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70vavigEBHRETH Y, A GHEPERE COEMBAMF I T3, L
LAV S, BRI - Ry FTANZOHGERICEIE S X5 REE, Thb
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2.1.2 YR TF LggEt

ARECIRET 20Ky P 720 ave 7 M, PC ECuRy P T NX%25E
PR ET 2D Tidal, BHOHERZDOuRy b T AARICEVES X5 RIEE
TEETIHAR e Ry b T ANXTH S, Thbb, BEL—FiFaRy b TN
Z2DOHTHRAZHREERE - AMRBRE LTRALRSLRZ2 28 TE, %
72, Ao BHOEfFoERZz e Ry BRI TE, HEICHKIETE 52 & 2 EK
T3, L7z2>T, RV AT LATIHROBERER LI /-,

CHOHEEBOEERD XS icHBIce Ry F 0B ERE B0 2 RS (BhEREE
s Bl nwHa%E 360 EHHICHEALLZLEOL R 2 Z &8 Tx 2168 ((HEHRE

CEELAWZ LR HBICEET C L 3T X 2 HERE (FRERHEAR)
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60], vARy FT N L LTOEMIZAIRETH 5 &% 2, AW Tl Pepper % £
L7, ¥£72, AzureKinect DRT 4 b 7 v ¥ v ZHRERHRH L, 2 —3F DR
D 3 RICHAEIER % IS, = —FHH OBIE L Pepper DB % @B & & 2 %5t
L7,

Kz, WHEMREICE VLTI, 360 EA 2 F THETAV (RICOH) ¢ HMD (Oculus
Quest 2) ZHAWVT, —HEATD 360 EHHARMEAHMEZERTE 2 X5
IR L 7=,

FEEHRREIC B VT, Pepper X7 ¥ AT =2 o HEFEEH T AL 7
STHEY, 2—FOFEZZDOETIHNT LI LB TELRVED, 2—FDOFEEZ~
A7 CHIRELTF AT —XICEWL 72 £ T, Pepper 2355635 2 & T, HHIC
hd B ko IcEKEHL 7.
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2.1.3 7aba47

AR THAE L7 v b 24 TDL 2T AR %K 2-2 1TRT. KRy 2T A
BT, = —% 2 AzureKinect DEIICY. D&, FT 4 F T v F v 7 EEICX 2
— VOB O ZRITEEEHR IS S 5. [X2-3 1%, AzureKinect IZ X 5 KT
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BRI L T, PCICHEMER I NI~4 7 (=L 22 HS-MCO6BK) THL
X4, WebSpeechAPIIC X Y FF R+ F— R I X, HTTPEEIC X b ¥
—NNEOLND, = NICELNTZHHE DT F A 7 — X Choregraphe % i U
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PC L CETAREY — v Zoom DidGHEFEEEZ FH\W T2 —¥fllo PC LiEFL,
HrHEEHNL 7.

HEICBI L T, Pepper DHIEEDAIE IC THETAV % 7 — 7 CHLY 1 (¥ 2-
4), THETAV 2O B LY T2 4 L0 360 MG % 7 — 4 v Y v Unity
TR L7727 7V — a2 vIic XY, Oculus Quest2 ICHEE T 5 2 & THBL 7=,
HARIIIC Unity NICERA 7Y = 7 b ZER L, THETAV 220 HUS L7z T £
A LD 360 FEMRZRE D 515 5. Unity N T2 — 32 OEROWNH 2> SR % R
52 ET, 360 EHHAHEALTMPBERCTCE S, 207 7Y 7 — a % Oculus
Quest 2 HICE AV FF 52 LT, 2—H3 HMD # L ICHRG O JEE % H B Iic 7R
T LATREL %, THETAV ICIE, m—AABECHB b — e LT, ¥
BeLCT&E72r 747 v LIELLAN CHlifg 3 % 720 O NERRED D > TH D,
YTNZA LD 360 EMKREZIRRT 52 L0 TE 3, iﬁﬁ%mi, FEERI I [FH]
CEMIN DRI &2 OEE % @ k@i & #E LFER%ZIT5 2 &I L7z72%, THETAV
DM LAN BSHELZMHL Ve b 24 7 %ﬁaﬁ%tf:.
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2.1.5 HRERFER

KEFER X 2-7, R221RT, X2-7DL T —— (IEHERFEZRT.

[ *x x:p<0.01 *:p<0.05

FiiE
N

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Qmn

74— hEB

2-7 AR TRy P T oNRIC K B ERERR

%22 WAM B Ry b TR K 3 REER BET— %)

T (YRS p (i ()

5N DHfR Ql 630  (1.22)

7] = & Q2 560  (1.23) = 0.020
Q3 435 (1.95)

HEEZERK

SR E R Q4 555 (1.39) = 0.006
Q5 4.05 (1.82)

la=g—2 v D . .

a r—vavo | Q6 500 (1.56) = 0.003

Led & Q7 3.40  (1.57)

By (R IR Q8 480 (1.36)

T B F AR Q9 545 (1.23)

mhEDRK Q10 470 (1.69)

B{ER e Qll 510 (1.48)
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T, Q6L Q7IL2oWnTliE, Qo DHSHAEVHFLaIa=F—vavivTw
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2 7.

T, MEANEDA Vv ET 7y avE ) fTE, [Robject] [85,86]¢ W9
WE&235 5. Robject 1X, HEAENTRE2L T2V vk y + ZldS &2 720558
oRy bTHEH, FFEELTE, HlzE, Jy7Boue Ry 227+ [Lumos),
~A78ouRY =27 b [Whimbo| 2SFAFEINANLIRNICA v 2T 7 ay
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LTWw3[8788]. 2% v, miky F ZMAAATZHMHME AL DT, 2RI
AVvRIT 7 aVvPARETH LT LRI NT WS, —J, RfFECTRET 2
0T 7 321%, ORI o e Ry Tl 72 LTHEALL, 208
TANtala=F—vavds Thbbd, ERMICHE2-FREZ1DYZ
DYNC T2 o 7DD X 5 RERZER L, FHlRneEfaR s, B0 AL & o)
R EFEala=r—vavaERRTILEHBEL WS,

Z DM DBHENIE L LT, AnlbdAEANEDaTIa=F— 3V EARIC
T 5734 X [Pechat] 3% 5[89,90]. Pechat X, B\ < 2 HICHD T o7z
REVMMODRAC AT NARATHY, A=+ 7+ VR ETEET LI LT, A
WS BABLSRoT0BE2D L) nER 21T 5. Pechat @ F BEREIE A
E—NTH DD, KRFETHEHT 2 0T 7T NZ T34 RITIZ 360 EH X T, <4
7, AC—APEHINTE, 2070, BEBEHICWwE 2 —%F, 10T 73
DA THMEZ B ns, TmeffioTCFoBicwndANtalia=Fr—rayv
LB ENTES,

F72, 10T 754 AONEFOIR 2 Fi v CRAEEZ, HAHEEZH WA CG ¥+ 7
7 2 CKRIT 2 0T T NZXOMERTHLNTWB[91]. LELAaErL, KT
RETZI0T 7 X1E, CGEAVWTT N2 % KT 20 TIEARL, EEHOPY
HikZz T "2 LCANMET 2 0o 8i7-ave 7 MTh 5.

5.1.2 IoT ZINZT/INA R

AKX, FBRD T 7 "420avy2 7 M 2EBHT 3720110, K5210R8T
EIBRIT T ANRTANARERFKE L2, £F, 10T ToNK T 54 A ORERBEER I,
Raspberry Pi 4 model B, /N Bluetooth A ¥ — 77 (Wireless Ultra Mini Speaker), 360
FE7 A Z (VR 220 Camera), /N USB ~ 4 7 T E N T3, ToT 784 T
A ZHEDORT 4 1%, H92mm, B 63mm, H X 38mmTH Y, F7 4 HiKIL,
3D 7Y Y RICX > TCPLA EMEFHOCTER I NS, COOT TANXT N4 A%
A eWNc O fF T2 2 8 TloT 7 N4 & LEIMRT S, &k, 10T T NZ%ZHL
CTala=r—vavTiERET—¥IE, HMD (Meta Quest 3) % F\> T AR
BTIrodboe L, £72, T T X TN RICBWTIE, 20775 2=x
— A ERFEETLILIEZONLD, TI/Fa2ax—X7%ET IoT TNET
NAZAREEZE S L, VAERA~EBA L O TIEAR L, T4 ZAAKRA~E
WM AREEERE 2 SN0 FEEL o 7z,
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] VR220 Camera
Raspberry Pi 4 .

Wireless Ultra
Mini Speaker

l' : .
-

USB microphone |-

X 5-2 IoT 782 F 54 ZDRERK

5. 1.3 IREVAT LMERA

5-31C, AW TIRET B 0T T X DY AT LR AZ RS, KXY XA F LT
I, WebRTC 7*7 v + 7 #+— 24 SDK T&» % SkyWay ZfHH L, IoT 7-¥& 7 ¥
ARELPCOY TNEA LCTHEHEEEZITY, G RCMEROEZEZITI v X
7Lk L7z, HMD TOEAREDOHEICE WTIX, PC 2RIET 2 HH KM
% PC IcHEhi E N/ HMD ~Hi 1§25 2 & THEL 7=

BRI 72 ToT 72 784 2 & PC DV T & 4 LERE@EE IO T,
SkyWay SDK Z i LilifS 32720 D Web 7 7V 7 —v a v 2{ERL /2. 4,
53ICRTEIIC, T TNXTFNALZLPCIE, FNENT T UH T Web 7
TV =y avEL. Web 770 7=y avo7ul g M3y — NITRF S
M, HTTPSHEIC X D 10T 72 T N4 R L PC DT 77 H TiikiAtr. IoT 7
NRREFNRA 2L PCRDEER, FEBIED 291 P2PlEfEZ W TEEI AT
5. R, T TRXTANAZAKRPPC TRENEN Web 77V 77— 3 VT,
SkyWay SDK I X D ERE N7 P2P a2l o=V —v a v —L2% AL TEAN
YT N4 LERRESTE 5,

KD 2T LDEEICOWT, ToT T NZ T A4 ATHHE I NZEF & 360
FEMMSIZ, P2P 2 3 2= —2a v —LA%AHLT, PCHIO Web 7 7 U 7 —
a vVANIMEI NS, HFEIE, PCICER I N HMD DAY —hhbHjd 5,
MefRICBI L Clk, PC o Web 77 7 — v 3 Y INICELE X N7z A-Frame 1T X
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D, EHLNTE T 360 MG %2 KERICKR Y {11, HMD TR AMUEZ R 5 v X7
L& L7, PCIICl, Roland #:® Roland VT-4 % i\ T, &L —HF DEHE D
B PBRE L —F~DFFEEWT 4 — F Ny 7™M Tbhd., Egr—F o
Flx, Web7 7V 47— 32X, Roland VT4 Ikt & = FHfi~ A4 7 THL
BINFEEBRINS, BfIN-ERI—FOEE L, [oT 7TZ T 54 &I
EEIN, 0T TRXT AL 2R —Aick W iihiadn3. [FHERC, PC fllT
IZ, Roland VT4 ICHEHE I N BMA Y =N O @B —F~Y T X 4 LT
a2 ERE%E 74— NNy 2735, 75, Roland VT4 IC X Y AHax n 5 &5
X, Ry FEXF ¥ 72740 K 52 EL, Roland VI-4 THODO Y Yy F& 7 #
N=v & B, Ba—VFotr ) Fromted Bhsgme Lz, 77,
W e NS FRE I B WL, (SITIEIEIL 05 72,

HTTPS A HTTPS
360MEIRR + P | 360REMMR + B
HMD [ webapp € ] p2p Web
(A-Frame) ! Communication ! > eb app
E|mEhiEss | Room L EMEhIEERE ——
= < |[PC_4 : ! loT Z/W5F)A R
- ¢ | |
e | Roland VT-4 WebRTC
1Y ZE;’/ (Skyway SDK)
(e

BRERDI A —RI\Y O (UTZILIA1L)

53 IRET B 10T 7T NZ DY AT LK

5.1.4 LhE S R T LDERET

5-4 12, FHEEROK-0ICH WS, ZhE TR LZ/ERD 1oT 7
NEDY AT LERATRT. ORI AT LICBWTD, LY X7 4 LRk
IZ, SkyWay SDK Z{HH L, 10T 7T NX T N4 2 & PCHY T X4 LTl
BEIToTCnaE, ZOVAT LTI, [oT 7TNX T4 XD 1 A 7% Raspberry
Pi Camera V2 (Hiff : 62.2X488° ) 2MEA SN, ZDH X T CTHS I - Mg
IZ, PC~EfEINPCOE=X TR Z R 2 A7 L LT3, 10T 73K
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T/\/fX#%HR INTERIE, PC ~EfEE N, PC DR =063 hH

R — Y HTiE, PC D~ A 7 CEFZ—FOFRZHIGL, loT 7% T
/\/ka_ﬂéfaéffﬂ/, T 7T XZTANA ZADAE — AL —F o4+ JFn
DEBHTIENS.

Pl ki, coltizy 27 4ClE, @EE=—31 HMD Z{#f+< 3 PC Lk

DIEFABREE T, 10T 7N & %4> Lﬁi@—@l FLHSHBDERECcala=yr
—Yavdd, BMREOEFBEEICE T, IZITEBEIX R - 7.

HTTPS H—)¢ HTTPS
G + S5 i : S + Si=
. p =1 | p2p : =1
) Web app ' Communication ! > Web app
A= . Room | @m —
mm1—y LPC | ! loT )\ 97 )\A X
o |
WebRTC
(Skyway SDK)

5-4 T 2T L DOFERK

5.1.5 FHIEER

AREEICHEWT, IoT 7K ICT 3L LT, REBHRNTE L D ANIcfEib
NTWBEKRTA FKR—F, FTE2EELZ. FLT, 8L 27 L0 ME%EE
i3 %72 10 NO#ERE ot UFEMmsEsR (i1, FEhx2) 21f7-o7-.

CEER 1 WEBRERIOT 7T ANZENAE LI I 2=y —2a vy EiTH
cEER2 0 WERE R T 7T 2N LCHEOANL Il 2= —2a vy & (T
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51.6 KB 1: loT7N2 LD EAIZIa=r—>3ay

KE1 ClE, #HBEEDP T 7 N2eNEILala=r—vavyaiT)EH%E
1T 72 (4 5-5).

(a) IoT 7% (K74 FE—F)

loT 77)\55 )81 X

(b) IoT 7% (F7)
B5-5 IoT 7 "&b aIa=y—3ayvd blaEokkt
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EE 1 icowTlE, HloffEIC» 2 EEE GERT—) 23, 1oT 7% %40

LG, g ala=r—vaviird. K74 bFR—FoEEICE, #HHEE
ICIEHAT7 A PR —FICHRICEZARLF 7L bR —Fetala=r—vav
ZiToCTh botz, EEEFIX, F7A4 FPR—=—FICARVEY, gL ala=7
—vavrid, Iz [ RvcEINELLLTCo20E ] BREDEFT A
R—=FIRDEo72L5RFESH Lz, FTOHAE, &Y T% 7 v
LY, F7/7%ELEY LABLENTEaIa=sr—vavE{ToTh
oz, MRS, EEREFIIFTICAD EDALD, flziE, HEoF (F7 ./ 7)
FECEZ VX RERSLAPLHHRE L ala = —vavi Lotz
#5-11C, Bl oL 2R, EREHFICBELTE, d74 PR—FH
T AR EEA (VT) 32508, P78 TEE2EREAR (V) 3 %544,
R A P R=FPETHEZEFRALEL v (No-VT) &, F 725563/ & &4
L 72 (No-VT) e L7z, VT &0 5&1E 513 fiofREy 27 4,
No-VT D&M D5E1E 514 HiOKY AT L TH 5. VT D5, No-VT D5k
O EMIE I WG S ic T v XL e L.

% 5-1 EE 1 0FEBREH

IoT 78Z D TAZAT BY)
VT "YAPE—F, F7
No-VT K7 A FKR—=F, V7T

FhR 1 TOFHMIC OV TIX, ZNENOEBEAK TIRIC, R521CRT TV
F—trBEZFELTOS o7k, Tvr—1riE, TEEDOY v - FRE (.24 %
2B, 22258 b, 3:HFEVZHS bRV, 48568 b 02w,
5002989, 62589, TIHEFEICEIRY) TiMighiz, Tvr—1to
Ql, Q2 i, WHEtaI2a=7— a v L ThWEEETHEDD, Eigr—H
Laia=d—vav L Tw3EETHL200% BT 5720, NOEMEE
L7z, Q3 1%, Wicxt LT ARMEZEL 220, Q4 BZFIHEMRZRIS 7 v — b
L7
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#52 FEB1o7vryr—FEHE

Ql EFL—F Tl ALPHKE I 2= —va v LT3 EELL
Q2 WHETCIE R ERLI— Y aia=r—vavlTnaeiEklx
Q3 VHMAEIC NEMEZ KL 72

Q4 TDOVAT LEFFHL W

5. 1.7 REx 1 D#ER

5-6, £ 53 IKHEFELBOFE (VT, No-VT) B 5 LR, X 5-7,
KS-4IPofEHE (X774 FF—=F, F7) BT 2EFEREZRT. X 5-6
57 DT T — N — IR E L RS,

¥9, QUoYHkt aIa=r—vav il TwaeELErIcELT, &5
ZHDOHFE (VT, No-VT) , MOMEGFT7 4 bR —F, F7) &R OB
#iTo7-. ZOfER, EEABROFEORNTCIIAERE (p=0.016) TH -7z,
5-6 DX 9T, QI (VT) DFHMiiZfEss 5 ##2, Q1 (No-VT) X W HEICHEHW
Ml fe o7z, 2F Y, VIO WT, AR I 27—y a v LT
WRRKERER T Z 2 L RRB AN —JTT, 57X, QlickiT3, ¥
OfFfE (K74 FF—F, F7) KL TIX, 74 bR—FEFTLDMEICH
BEmiEW (p=0453) RN H 5 7.

RiC, QOERLI—YEaIa=F—va VLT3 IHICEKLZ,ITEL
T, HRZBoAHE (VT, No-VT) , Yo+ 74 FF—F, FTZETFIC
D RITo 7. ZDFEE, M5-6DX 512, Q2 (VI) & Q2 (No-VT) DR
TliE, Q2 (No-VT) PHEICE 2 #MRE<0.001)ic/ro7z, T, EHiF
—HFDOF Y FALDE (No-VT) THE/-ORULFERTHLEE 2D, T,
X5-7X9, QickiFd, VofEE (F74 FFR—F, F7) KBAL T, F
7APR=FLFTEOMICAEREREVIIR N2 572 (p=0.573).

72, Q1 (VT) & Q2 (VT) @, Q1 (No-VT) & Q2 (No-VT) DfH, k¥
WTtREICK D L 72, K 5-6 X9, Q1 (V) & Q2 (VT) @ffl (p<0.001),
Q1 (No-VT) & Q2 (No-VT) Dff] (p=0.028) ICHEELRENLR LN,

S2F VL ED QL Q2 DFERHLS, VI OE&MET, Ea—+Tixnl, WA
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Reaia=r—vav I Tw3EEL X VEKL IR 0H 5 2 & HRE
I N7,

Q3 DYIAMIC A ZE L7z 0IHEICBIL T, HFELOFE (VT, No-
VT) , MOEE(F 7 A P R—=F, FZRFICL 20802172, X 5-6
XY, VT & No-VT OfJIcHEE R (p=1.000) 13#2>72. VT, No-VT D5
fre DA DfEIE 5 2 A, MRABEZECCwafRE ko7, iz, 7
APKR=FLFT7LOMICHAEEZ (p=0.508) F7ar o7z (X5-7).

QADZDY AT LEMMA Lz VADHBEICENTYH, RSB ZIT S
& VT, No-VT OEICHE 7% (p=1.000) 1£7:<, VT, No-VT DL R
T4 TIRERPELONZ. Q(AILBNThH, FTVAMKR=FEFTLORICDE
B (p=0.673) kb o7 (X 5-7).

UEDFERLS, #E 274 (VD) IKBWT, XoYHEKLa I 227 —
avLlTWaXHKEL IRIWERH Y, 72, AEHEICEIL TR
TWABERE o7, Tbb, INOLDOEL AL E VI HT, BEL X
7L (VT) OEMERRE S .
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B vt [] Novr

* *%:p<0.01, *:p<0.05

Q2 Q3
7 vr—hIER

X 5-6 5E&1 D VT & No-VT IZ B F % EEafkt 5

W&o rF —r Or7

Q1 Q2 Q3 Q4
7 o4r— REH
X5-7 EE1DFTLEART A FFR— FICHIT 3 EERGER
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53 KB 1D VT & No-VT i 3BT 2 FEHE R T — %)

HREEOHE T (Rl 22) p 8 GrHELHT)
Ql VT 525 (1.25) »=0016
No-VT 425 (1.21)
Q2 VT 345 (1.19) 1 <0.001
No-VT 5.05 (1.00)
Q3 VT 5.05 (1.39) = 1,000
No-VT 505 (1.39)
Q4 VT 4.95 (1.47) = 1000
No-VT 4.95 (1.43)

K54 EB1OFT LRI A4 FEF—FicBF2ERER BUET — %)

YiofEE Ty (BEHER A2 p i GrEGHT)
Ql A7 4 bAR—F 4.60 (1.39) p=0.453
1Sy 490 (1.25)
Q2 F74FFR-F 435 (1.35) p=0.573
F7 4.15 (1.39)
F7 490 (1.37)
Q4 7 A FAE=F 4.85 (1.50) 0,673
F7 5.05 (1.39)
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Tvr—hiCBIFsHMEKETDOa X v P REREDO—H 2 L ICERET 5.

<VT %>

FT7TEDRe VYKL, WH»272 (Vv 2ZL7Y, FTOR-FLE
FL72Y). EAF— L THEfizr (WIHEE-CREEmMZKZ L) ICRET 2
&, AIHEZEOLB RO LI BRERLE L.

FT7A P A= FICEOEZHNBLCOWTT AL IALL R TELZLEHAD -
7o b Lz n»Td,

MERNZGDro7c ZiCdh 5 —HF > TS NTARMELRKL 7.

- FABREDLD LRINCYEKRE 2 I 2= —va v L TWE X HICKL 7.

- FOEPEDLoIRET [{FCo720n] EEDNEE, F74 FKR—-FIC
i<z it LR H o7z,

<No-VT 5>
FVIAVREPERBTOHBBCOERICHIRLH Y Z 51K L, w74
FR=F2OLERBTEHDOT, BEDY ET— P TOXBL VEESGEREZKL 72,
FT74ADRMICHBA v E—T v RBOHLE L.

NI WBFIADVEIKRET, Blostbic, FiEEIRCHEET S L X
z2DTIEEBLVE L.

L PRIEER S b BT EEL T AR b AN AN T B,
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51.8 FE 2: [oT 7N\ AR ZNLEBBEOANEDIS 2 =r— 3y

EER 2 1ICOoWTIE, BERES T 7 322 AL C, BHHicw 3 ERRE L a3 2
=r—vavikirs. ToOF, #E GERT—¥) 1, HoEEDS loT 7
ZENLTC, EBFLaIa=r—2aviiTy. F74 FF— FoBEEICIE,
WERFICIZ R T A P R—FIchYVZoT, EBELaIa=r—vavxf{To
Th oot EBEIER, K74 P F—-FICHHICEEZARLFT 4 P R—FEa
las T —vaviitoz, FTOHEEICE, #RERIFTICAhD 25T, FEiR
Hlala=r—vavi{tToThbbol. EElX, F7%2 /v 27L7%=Y, F
T2 7%BILEVLEBL N TEala=r—vavi{Tor.

#5-51C, K2 oREEN 2R, EREHFICBEL L, d7 A4 PR—- R
TR BRI, ERL - ~ERERE T 4 — PNy 23550 (VTD), F
TOGET R A ERARL, BRI — P ~EWRER 7 4 — PNy 75 350 (VTD),
FT7A MR- FRETEE2EELEE T, B2 —F~D 74 —F"v2dhL
BmOEE (No-VT), FT7 TRz ERLIHeE T, ERz—¥F~D7 14 —FX
v 7 Lawgetf (No-VT) & L7z, VT O&4DgE&, 513 HioREs 27
LTH Y HERH X HMD Z# Y (4 5-8), No-VT DAL, 5.1.4 8ok
WY AT LTH ) HERE L PC ZHEHLZ (K5-9). &k, VI DEMH, No-VT
DM DOEREIEIZERE L icT v AL L, M5101% w74 FK—FT
D VT+HMD O ¥ AT LICEF 5 0T 7200 OHEBURTH 5. [X5-10 D
£ 91T, HMD I X 2% ABREIC L Y, SHEEHRE LTIoT 7 N2 Dtk (k7
A P R—=FOBIR) »B—HfER T 3.

% 5-5 FEE 2 o EBLM

0T 7 NZ DY AT L TAZAT B
VT + HMD F7APR—=F, F7
No-VT + PC Fx74 PR—=F, V7
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€ 5-9 No-VIT +PCov 27 L(5.14 iy 25 L)
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X510 x74 FRE—=FTDOVT+HMD O 2T LIBT3 10T 7N & O Sk
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FEBR 2 OFHIIC DO WThH, TNENDOERZMFETIRIC, KS-6 ITRnTT v 7
—FCHELTCY o, Ty —hid, TEBOY vy —FRE (1.2 %5
Bbw, 22258bhwv, 3:5F 0 258bhwv, 48b02d0nzkhn, 5:¢
2Zo85, 62285, TIEHICEIREY) TRz, Ty —F D Ql,
Q2 i, MEE HHFELaI2a=r—va v L TwW3EETHIDH, BHOBEHS
PHHFEaIalrr—va VLT3 EETHLIOZHIKT 5720, HOH
MZEFER L7z, Q3 1, Mk E2EEEKL %22, Q4 IFIHABEREM S 7 v
Jg—hrE L.

#£5-6 EB207 v —FHEHE

Ql. Ao HE CR AL WHEKSIHT Ltz Ia=r—va v LT3 LKL
Q2. MHEKTRALCHPHIPMHT ala=r—sav L Tw3 A LL
Q3. HIHE WHIRICR »72 X 5 I L 72

Q4. TOVATLEHMAL ZW»

5.1.9 BR 2 D#ER

4 5-11, £ 5-71C10T T NZ DY A5 24 (VI+HMD, No-VT+PC) iICHF 3
FERFEIR, X15-12, RS5O (K74 FAR—F, F7) ICE1) 5 EhEH
RBrnd. Ks5-11, K5-12 D15 —— 3R Z RS,

TT,QIOYEAERPHTFLaIa=r—va vy LTnd &L Z2ICBL T,
0T 732 DY A5 2 (VI+HMD, No-VT+PC) , Y offH(F7 4 FF—F, F
T WIS E 2T o 72, Z DFER, 0T T AZ DY 2T LD T TIREE
(p<0.001) THo7. K511 DXHic, Q1 (VI+HMD) DM, Q1 (No-
VT+PC) XV EEICEHL 2D, i 5 ko=, Thbb, REL AT L
(VI+HMD) T, MHESHF L 2 I2a=r -2 a v LTWARERZKL T
WBZEDIRENS K512 XY, QlickTE, YMOREE (F74 FR-F,
F7) KL TiE, A7A4 FPR=FEFT7TLOMICERRE, (p=0914) 1Z 7
LNTRD o7z,

RIT, QOHMHEMMHTFE I a=r—va vy LT3R UL
T, BEZfOFHE (VT, No-VT+PC) , Yol (K7 A FF—F, F7) %
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R I8t ziTo7-. K511 DX 51iC, Q2 (VT) & Q2 (No-VT+PC) D[]
TlE, Q2 (No-VT+PC) 2EEICE K & 3R (@p=0.005)¢ 7t > 72, K 5-12 & b,
QIicBF 3, YofEE (K74 bF—F, F7) KBELTIE, &F74 bF—F
LT LOMICHERERE: (p=0.743) IR ONLH o7,

%72, Q1 (VI+HMD) & Q2 (VT+HMD) D[], Q1 (No-VT+PC) & Q2 (No-
VT+PC) OIC BT ¢ BUEIC X Y i L 72, Q1 (VI+HMD) & Q2 (VT+HMD)
DRNCIZ, BAELRENRLAR» o7 (p=0.150). Q2 (VI+HMD) (%, {7’ 4.5
ZFTED, “CbbEbF ARV EVIFHEICA - —J7, Q1 (No-VT+PC)
& Q2 (No-VT+PC) DT A E &2 (p<0.001) 237 5472, Q2 (No-VT +PC)
DFHIIE, AEICE EA 5 #B A, No-VI+PC D5fF<id, BoHI BT &
12—y avV I TLRIREEZRLETHWE I Ennh 5.

Q3 DYEKICIR 572 X S IR U 722 DHHIKEL T, 0T 7TXZ DY AT A

(VT+HMD, No-VT+PC) , ¥ofEfE (F7 4 bFR—F, F7) ZRTICHE
Wr&4T - 72. VI+HMD D &fETlE, X 5 2%, No-VI+PC DALV EE
ICEHi 3@ < 722 72 (p < 0.001). 2V, YHKICR>ZEREEZELCOLNTWD
ZEDWRBEINZ, —HT, F7A4 PR—=FEFT EDMICiE, HEZE (p=0.648)
3707 (X 5-12).

QU DZDVATLENHLZZV2OIHBICEWTY, [oT TNXZD Y AT L

(VT+HMD, No-VT+PC) , ¥ofEfE (F7 4 bFR—F, F7) ZRTICHE
W %47 o 72. VI+HMD D5AFETIE, No-VT+PC D5t X » HEICHHIi 25 < 7=
D (p=0.040), FIFHERICBEHL CTRY T4 7R 12 BN, T2, 4 ITH
WTh, F7A4 FR—FEFT7LOMICbERELRE (p=1.000) 1375 -7 (X
5-12).

LI Eo#ERLAS, RE 2724 (VI+HMD) I X b, =Eiaa—+i, WHK
TRV EY, ZOYHEPHTF L aIa=r—va vy L Twgbn ) EE LK
LTCWabZEDBghol:.
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B vT+HMD [] No-VT+PC
* %:p<0.01, *:p<0.05

*

J A 1

FiE
N

Q1 Q2 Q3 Q4
7 vr— hIER
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K7 4.85 (1.23)
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