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Abstract of Doctoral Dissertation of Academic Year 2024

A Study on Skill Externalizing Avatar to Extend Motor
Learning through Body Integration

Category: Science / Engineering

Summary

Transferring skills is important for preserving skills for future generations and for
training successors. In Japan, the number of technicians is aging, and a lack of
professional successors is becoming an issue. In addition, since skills are embedded
in the person’s physical senses, it is difficult to teach and learning is often time-
consuming. In order to solve these problems, the use of digital technology is
considered important, and it is necessary to show how to learn and acquire skills
as one’s own physical sensations.

Previous avatar and skill-learning systems were mainly designed for one-to-one
correspondence, where one person’s skill is transmitted to one person. In VR,
research on body integration, in which two people control one avatar, is revealing
about body perception and motor performance. This body integration might
be understood as an intermediate medium in motor transmission, which allows
us to extract and retain our abilities and absorb individual differences, such as
differences in size and use of the body. Furthermore, not only learning the skills
of others, but also learning self-skills on one’s own could be considered, and it is
possible to accelerate learning by editing and re-injecting own skills once retrieved.

Therefore, this study presents the concept of creating an intermediate medium
for storing skills and externalizing human physical skills to facilitate self-skill
learning. This study proposed and implemented a system that integrates two

motor data into one robotic avatar, which is called the skill externalizing avatar.
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Abstract

First, to investigate how skills are extracted through the skill externalizing
avatar and how skills are transferred to a real-world object, I evaluated the sys-
tem from psychological and cognitive perspectives. The results of the experiment
showed that participants were able to be embodied in the skill externalizing avatar
and that their performance was improved. This evaluation showed that external-
ized skills can be integrated into oneself through integration and that the use of
robotic avatars can be performed on real-world objects.

Based on these basic findings, this study investigated the effectiveness of the skill
externalizing avatar in actual motor learning. Two methods for motor learning
were used: integrating with own pre-recorded data and integrating with others’
data. The results showed that integrating with own data might affect the ease of
performing the task, due to the matching of movement characteristics and habits.
Also, it was found that participants had a preference for one of the integration
methods.

Grouping participants by preference showed that task performance was better
when they performed the task with their preferred integration method. It was
also suggested that participants who preferred their own data may prioritize their
own motor model, and participants who preferred the data of others may priori-
tize going to match with others. In addition, a method of integration appropriate
for each preference was created, which could potentially facilitate motor learning.
Presenting an integration method that adapts to the characteristics of the par-
ticipants would enable them to learn their own skills more smoothly, showing the

effectiveness of the skill externalization avatar.

Keywords:

cybernetic avatar, collaborative avatar, shared experience, collective ability
Keio University Graduate School of Media Design

Takayoshi Hagiwara
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ChHET 27/ —1koTZb>TWVWKEWVWSI 7 —RIhHdEEZOLNS,
TV RIVEM R A I IROREROECH L LT, FHICED &SRB AR
LZOPIIZDOVTIHEFLHAS IR o TR, 72, EHZ2EE T I, &
DR DFEEDPBEIZR DN, TIIZTIRVEME ANDS Z &2k b, SR
WATRABD EDITRBDTIEHROIEEZOND, TOBIZ, HiEZ2iETH DX,
HAOBEBHONG LD WoTz, HRODAF IV EZFEEHIELHDONHE I L
WD, ZTOEEZESHG TR URASITEIZBIETE S L5120, EH)
ZEOMEREFDDLIENTELDOTRREVWNEEZOSND,

T ZTAME TR, HfeE2ET A2 hREAE R0 ED, AMOHKE
BEDIMELZITS 2 & T, HODEBEFHEAL—XITTRI TN TES, &
WS AV T MERRT S, 295 UHEBAROERIZED, FrLVWEREDOA ~
AN —IVHEERREL, ZTOHEMNZRAREMN L & D & S RBENERRFAEL T
WBDNEHSIZT S, £/2, ABIOHEGEIXME % DHEKIZHOWTE D, KK
DFEVRARDHENFDENE WV o 2 HRDEERENTFEL, TNBFEHEHL <
LTWBERKRD 1 DEEEZOND, TD-D, Z5 UKz >T, —
EEREEZROH UL TEIICEHOTEE, BEZRUTEI LWL B L TEET
e\ otz, HREDOAMMEMD WEEIZ D, £72. BROMEMKREL, hEGAZE
TILIZLoT, —EDMIRIZINE D, FHEFRVP TR EEZOND, K
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3. RETFIE 3.1. av&7h

WH5E Tl Z ORIk %Z TREEAMEIL T N2 —] LER LT,

MROFREFEH I AT LIE, LADRS T ANE VS 1 LR TH o720, T
VEVEMOBAL L 5T, EHOEREEZ 1 ADEET L2 0o 2R, HD
BREZ HOBEFICHBAT I Vo REFE R oNDE, £72, Higz —~EBL
THEE, ThZ2EHFOBEL LTFET 21T1F, BRMET N NZ—%2 B0
WD ESIWZH/ABDZEWEELLEZONDS, £TI T, RAED1DE LT,
(BRE2MET S]] LW FEEHWSEZ 2 Lz, VREMMiZHWT, 1207
NR—% 2 ADEMES B & \WSHZE [6,7) AT RbNTH Y., HHHB—HL TV
% 556 DT R FARIEX SRFTE ROFEFE, EENT 4 —< V ADW LA S 2
o T\W5b, 7z, #HEBENOFEMRE M LT B2 84 BHHS IR - TV
B0, MEALU - HBE 2 RET 5 & WS BUSDOIISEIX 270 bhTwian,

T U7EREEIE. TNETVROHFZIFTIHRDbNTE 720, EHRO LS
WHEIZEAL T AERERRBUC IR T B Z R TERN, ZD72d, EHFIZE
JAERER, EBOMRIIN U THREEZRET LI L 2ABICT 5720, TRy
FEHWEE RS Y AT LARGEEN FELUL (M3.1), FHEFRTOREENEE
275 2 8T, KD ZRRBEIERHEEZ FE R R e F R 6ND, /2, VR
T NR — T DHKEEIZE TR, BRI 3 R RAARN &\ 5 72 0B
IR DWW TN S T WRWY, FIDED TR Y MEEICENTWIRVERE
Tl BEICT 2 AR, EHMizaRy FOREEZIER L TR RS A
WEWSEHAMMPEL L LEZOND, FEMETIEIHFENLVSE I LIZLBEA
LREDBE® —HOFER M T ICRNRDE I EDAEILRD L \Wo 722 2D 5
EEZLN, T UEEHII TS Z ik, SRy bEHWZREREEED? X
D —fRANZ R o T2 BRIRIC B I BRI 2R T 5 2 L1204 h s Z LR TE 5,
T, EBROBETOXAZ2%ET25Z 21280, BHEOHKBICEREIGHT 2
ZEMTELELDIIRDIE®, BRY MTAXR—IZ&>T, HANZDHILE
TFELUTWBEEDPRE D, HEHFATOHELHE LTS RELEEZ LN,

THIT, INETOGREEMIETIE, B2D 2 AOBMADRAIZERE YT
SNTEH, HEEDREPMTHEMIcE D, HOHBDHERZMELTEZ
LHREICR B L EZONS, BROHGOHEZ T —X L UTREFET 272 TRL,
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3. IREFIE 3.2, EEIFREFEH I BT AL UTORBENMML T NX —DES

T—ROHEREELER DI LR EOFEEITRD LV o REN BRI 5,
IHOUL7ZEIZX, ADS ANDEREZREZIT TR, BHADOEKEZHSHY
WHEATEZ LT, ZHOLPTIRHIG LTI EL, ZHOREMAD
HaDEREDM EARNSDTIERWhEEZS5NS,

”kur

\
gt

X 3.1 METNR=DF A=Y, (A) (B)2ATYTLZALIZ1I2OERY b
T ARl UTIFEE GRS, (C) B 5h UbilkE NEF— X LEE LT
ek 217725,

3.2. EFRREEFZICH T ZHREEERE L TORENEL
TINY —DESH

A & —HFEITHE 217705 2 & THEIZEEPMEE S N D L0 D AT [25] Y
HY., REBEAMEET N —I2BWTH SAFREOFH % (it & & 5 /REMEA S
5, INECOBEHFRETE S AT A, AEE DG UITHERT 25 0XH)
EERERTDHD, WHNARANIZE > THR=- T E2HDREDVERTH-7Z
M, INSIZHAPDOEE L IV VSN TH Y, FEEVZENIC RS, iK%l
BT, BEPEHSHIOSEREE L UTIVIAEN, ZOHE 217745
TVWADIFERZE VI BADPERL, 5 L EEEZITRADILEVRY T+ 7
IR 4 — RN ZIZDRDB L WS REE LTz, BEDRNEERP KD T4 7
T 4 — RNy ZONEENEE R EET B &0 D S TISE [18,19]) 226 H, TH L7
MRVBECDZ VIR TE S, /2. MARIITERICT — XS ITMAE L7
FCIREREEIT RS 2L TET, B HRZENTHELRDH D, BEEINRYE
BIZE OB NRBeEZLNS,
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3. RETIL 3.2. HEHYEEFE I BT L A L U TORBEIMELT XX —DEH

FREBET 5 Z 12 X BHEIMEALT N R —%& V7 E BRI IE, 3D
DFEVRDHZLEZONDS, 1 DIF, FEBIZ2 AN TIUVEA LITELET 5 Fik
ThHb, VTIVEA LA TIZ, BEWIZEEOMFIEL BRI 2 E AT b
nNapeEZLND, Tk, EBOLHDPRHREM L W o7z, WEIRIEAZ L,
WIZ—EDHE THIGTERVK S R E AW EHREEE ICAHATIERY
meEFZohd,

2DOHIE, 52 UDRRI NRBERBEIO T — & L DRLEG &\ S FIENE
Zohd, PILEVEREEZ ZIEICIE, BEEPB T BB S, UL, EE
R R RE 2 R o 2 AR A LA U CHBEFE 205 22 &2 5, I
RGO HFI NS BT LH D TILE A MIEETELZ LIRS\, £72, fi]
EHRUEBE N TERVDDP, GWEFNZETIEEEHD. VTR A LI
TNOEITHRD ZEVPRELRGEEH L, ) TIVEA LOE TIERASE T -
EVBMEIID 572D, YILEDEBEEBEFEHD S bO—HE2 I DFEIZTSHZ
TR0, RBE TR OYOE N DEBEBUR ICR ] ZHT 5 &\ o 72 2 & AR
2725,

3DOHIE, 5N UOHBINZHSEHEDBEDT — X LDEEG &\ D Fik
Ths, INETOHRMENETIE, 2 AOBIMERY TV RA LZ@ET S
FIER, BT — X @A T2FEVHVONTE 7/, FIRD2DO2DXSIZ, 2
ANDSIEDMET 2 Fikld, PIOEPFERNG L T 2HEEEICHEN TV A VER
Tld, REDEE L THREZTRI ZENTE, EHOMBRBIZBWTHHAT
horrEZONE, LML, T—XWEEUNRLIZHR o720, FEHEXRA IV
THEELEZDTELENRDD, TI T, HAHBDT—XRLEEL THFET S
T, RAIVIHBIWEGZIIRB I EX, A OREREEITE D TR L T
WABZDHEIGLR T KRB Vo2 e EZ6NS, /-, @tdklL-T—&IZ
HEREE2ZLZDZLHAEETHY, 2O UEMEEZITR-EZT—X2HSHY
WCHBATEZE T, FHEIMESIRLIENTELIOTR RN EEZISND,
IO LA OHBEDOHMEEPHSHEANOHEAIZ L > T, WL ESFEE
WIZBIT2HEN L —= 07, RN LRFEDMTRADDTEBRVNEEZS
ns,
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3. RETIL 3.3. FEEIMEALT N X — DG

ZOE51Z. B HESOEREZIMEMLL, HES VA M—LT5I LT, #H
U < RIRM BB D ATRRIZ 72 2 2 e G T & 5,

3.3. FEeENTELT7 /NS —DERE

AIFETIE, 2 DDEH ZEZEDOHEGTHA L, 1 200Ky b T NNX—IZHK
b 2 EHEREFE AT LKL (K3.2), RYAT LADHIEIILAT DR
> TTo72s BARY M TN —DEME (z,y,2) 1. BRY b7 —L &7
) N— DT & UL posrobot 1T DALEZ R T, MEISEFIERLIDFD
A& (posy) ITAEREDEIE (wpest) ZHUME L, HBIEHR 2 DFDALE (poss)
AERDME (wpesa) ZRUZMED R LEDETEIRE U7z, FRRIZ. T0tiopot 13 H
Ry N TNNR =D DEEE (roll, pitch, yaw) %R, EHKISEEER 1 OFO
[[#5 (rot,) ITEREDEEG (W) ZRUMEL, HEFHR 2 OFOEER (rotsy) I
EEDME (Wop) ZRUIZEOR L AEDLETEHE L, 22T, #HEFHRE X, &
IERY TIVEA LTEEL TV AE, 3 HINERINZT —XDfEDZ
LT, ZME2ANDV TR A LG, 2IE LA HINRE SN —x L
DG & Vo TZllABDLE N EETH 5,

POSrobot = DPOS1 * Wpost + POSs3 * Wpos2

TOtrobot = roty x Wrot1 T oty * Wrot2

AWFZETIE, FHENZEHEER L2 T — X L DA FIEB R Uz, T— X, #(E
LEDFDONE (v,y,2) &FHE (quaternion: z,y,z,w) TH O, RERFIT—X &L
Tiddk U7z, kX275 —RIFA ORI > THAE U2, poSrecorded & HA
INBEERT — X, posg \IHEEHE s THRAt IZBITE T —XDFDMEZ R
T, HEEE s X, RO FIRIX1.2%1.5) 2f8E U7z, fifkivo T — X (135
BUETH 2D, FARAADERIZMTEZITD T T, 1.2t DX S BT 5700
RO T — R ZEHHE L 72,

DPOSrecorded — DPOSst
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3. IRETFE 3.4. EE

BRY NTNR—%2HHOFAR KD, MEREEEZATREICT 272010k, @l
EMHFOEE) 2 FHRICERERT 27215 T <, K 0 EER, SRR 2R N T
2B EEFER, VT IVEA M2 NPEET BEITIE, #INRES L UTEls
MEOFOESEHEICEDREME T + — NNy 72 70 v =Wk
it U728 D7 + — RNy 7% 4R U7z (K13.3) UTIVEA LIZ2 NDOFKZR
BT EHAEICBTMET + — RNy 7iF, BEHEFOEHZ A A—VTEHIL
RRATNT = VAT EEZRIFT I L B BRI NTH D, Mgt
FRZ R T H-OICHETH S, IRIMET 1 —F Ny 73U TFTORTRE N
%, posy X, Wt IZB U 2BIELEDOFOMBEERL, At IZRRIZEDE2ERT, f
IZIEBLIE DRI wpos (FHAEH OALE D SKILEI G, amp[1/s] IZHBALRFFRYS 72 D
WCHEEDR 7 4 — RNy 7 ZHIRBTEL LD ITIRESINZEHRTH 5,

velocity = ||posiy1 — post||/At

feedback = amp x velocity * wy,s * sin (27 f1)

YA DB R AL 2 TTREIZ T 5728, BARY b 78K — DS YRR O
TV R—=FWO Iz, 2, 2TV wR—BBET SO0 VX T 2 —A
ZRIFL. TOBBICHIE LT v S—=2FT 5 Z & T, BEEVEBROIET
R 20 L FAROER Z AHEIZ L7z, 27V v 3—D 2 RKRDIFDM DEFHE grip,obo
FUTORNTEIND, gripy & grippe 1&. #EE £ 721350 T — X DI OM D
PREEE R T,

Er1Probot = ZI1Pp1 * Wrotl + 8T1Pp2 * Wrot2

3.4. &

EROTIA LIcEOE 2 00EFZFIFIZ 1 D0EARY b T ANX—IZEA L,
TEREZ TR ZENTEDV AT LR LR (M 34), BIEEOEHITFOH
O NI 7 RE RS Y = — DR AR E -V a YRy TTF Y VAT A
(OptiTrack PrimeX 13W, 12 cameras, 1280 x 1024 pixels, 240 fps, lens: 3.5mm
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3. IRETFE 3.4. EE

Wpo y Wrott Whos2, Wrot2
I—— I ———— ]
ibrotactile feedback based on velocity of participan -
||Pos Il Vibrotactile feedback based locity of participant p
Il Pos 1|
POSr = POS p1 X Wpost + POS p2 P ~
pos, rot., grip- rotr =rotp1 X Woti + rotpz Ve ‘
grip r = grip p1 X Wrott + grip p2 '
[

\\7 /“ Tactile feedback of the gripper on object touch \
Operator 1 (Recorded motion)
or
Operator 2

Operator 1

K32 ave STV, BEHEEZOEHAETMEL, 1200 Ry hTNNX—
WZEARALT A AT AREIR LT,

F/24) 12 & 0EHIL, D ZdDY 7 v 7 27 (Motive 3.0.0) DA-7z3 v
¥ a2 —4& (Alienware m17 R4, OS: Windows 10, CPU: Intel(R) Core i9-10980HK,
RAM: 32 GB, GPU: NVIDIA GeForce RTX 3080 Laptop) TMLELL 7=, i
X0, BADOFOMNEXLERZZEZ DI LT, TOMIIIHHLTHEARY b TN
R—%@r U7z, 7V vy X—0FBICIE, Vv =1 &T7xz—2A (K 3.5B)
ORI N, £z, BIEFOHEIMNDIAITIE, 7V v X — Ot
HmERR U,

3.4.1 ORy h7—

B34izaRy b7 =LV yN—2RY, E—YarFy I T Y RoxT
Bo72@8)7— &, ACavEa—XNTREIN, B8Ry h7—2L4 (xArm 7,
reach: 700 mm, DoF: 7, repeatability: 0.1 mm, maximum speed: 1 m/s) & 2
Y v 3— (xArm Gripper) Zflffl U7z, #E)T — XX NatNet SDK 4.0.0 T3
L. Python 3.7.2 CAEE L, xArm-Python-SDK 1.8.0 THRY 7 —AIZEEL
2o ZMERFZEHLLTHASERBIZORY b7 —ADF < £ TORELERIZH
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3. RETIL 3.4. 2

Visual feedback of the robot's movements

Hand movements captured by
motion capture system

Gripper openness sensing by
a bending sensor

Vibrotactile feedback when
the gripper contacts an object

Robot arm as intermediate medium

3.3 BHEAMEAL T NZ — L BEFH  ORRM, mARY N T ANX -2 HDDHIK
EUTHS ETHEL LD ERES2FER. MBINRES 2 TR,

240 ms 72 o 7z, SINE PRI EEHIZE P THEIBEZNE T AN TE
72, EBIIT R 2 - T EXRFEBRD X A7 CTIHHBIE 2 IR A He 701 & &l e 8
W37 biroTz, AR TIE,. TNFNOEEO K RE & (Wpost, Wpos2s Wrot1»
Wrot2) % AIEZRMFIZBVWTIX0.5 & U, B TIIHR L RB R DAL0 L L,
EIRFIF0E LTz, 7V v AN—DIRITIIADIEDOE 2B U 72FEH (tesa Sugru
(Wi ) a—EiR) Z2HL, PRICEMU 7z SOMET « — F Xy o
%R 720121 2 (Electret Condenser Microphone EM246ASS’ Y, Sensitivity:
-44+4 dB at 0.5 Hz, Impedance: 1.1 kQ2 +30%, S/N Ratio: 68 dB) ZH&IAA 72,

342 A9 7x—R

BEEDPORY NTNX—%2BET 572002001 VX7 2 —A&HFEL 7=,
12k, BEEOFOMEBELEEEZ N Ty XV Id 520D —h—k, IREfTE
7 7 F ax—X— (NIDEC Corporation Sprinter 7, Resonance frequency: 150+10
Hz) 578514 VR 72 —ATHYH, BIEZEDFORIZEE U7 (M3.5A), HEE)
T — R DFDALEDIFHNZL (At = 1/240s) D HEEZFIHR L, A7 T —flL
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3. IRETFE 3.4. EE

ADIEDFARZER L o
BREL>Y -5

B34 BRY FTNX—, (A) BRY bTNX =D (xArm 7). (B) 7V v
N—DIBl, FIFIZIZANDIRDIEEEL 78RO MIFTH O, FAILIA 79
BHAENTNS,

UTKRDMEZ S £IT f = 200Hz DIELE Z RIGZHFH L. FOH &L TW5
AT B U TOWBIREfT Y 7 F 2 T — X2 AW CGEE OB HRZ R U7,

£ 127V vy N—HlHADS >R T 2 —=ATHY, #if k> ¥ — (Spectra
Symbol FS-L-0055-253-ST) Z Wi L. #/EHEPBIEE AELETA V27 2 —
AZFATH e, Ry T ANX =T NI 727 ) v =S FAKIZFEF T 5 &
INTME L7z (M 35B), HRY 7 NX—=DF7 ) v R—IZHBEI N7z T 7
L0, URIZEMU-E ZOIREZEGEL, TOEHRETVAIVLVAIIVAIY
X — (RODE Wireless GO Series iii, Mic Input Frequency Range: 20 Hz-20 kHz,
Dynamic Range: 100 dBA, Latency: 6 ms) Ti(fZL7z, VA VLV ATV AIY
R =755 U IREMEHRIZ. KI35BITRT LI, FV v = V& —T z—
A D & NFE U FHE 73 1Z#58, U 72 e-Rubber (Drive voltage: 0 - 1.5 kV with
750 V as the center [89]) IZ X o THR U, 7V v N—WRIZEML L 72 RO il 5
25 Z 7T,
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3. RETFIE 3.5, FREMMEAL T N R — % FI W B RE R D A = X

capture marker
-

Vibrotactile feedback device

3.5 220DFT N1 A, (A) BMEOFOH)E %88 272 O FIE K~ —
H— R 7 « — RNy Z3EE,  (B) 27V v 8 — ORI & $5 A Dfils
RRTINA A,

3.5. RENTILT /NI —ZAWHEFREFEEDA =
AN

AV AT HIE, BMEOTOEH L IEOMBEAZE Ry b7 —L2xhEEsZ
YT, BOHESOME UTHEEE2T05 28 2RI LTz, HODEEE LB X
58T, K0fEEERfT Ve L, #HEEmREE 2 RET SO TH WS
FEAoND, £, MG T 556, MEHEFOETZMNET LI L1205, KE)
WX o TEDREHTFLENTWE 2 2HEMETE 50 LFARKIZ, TNZX—HEKD
HEABETHILTHHRTE, BFEEDOFHIIEDL SR E L5250 %
BT 208N DD, TDd, FTIIHEEIMEAT N X —EfEH OO L FRA
ZALIZDWT, BB 2T R o7z, 25 U7nH - BBHE k2Rt Z &
T, THZTHHBEMEMET ANZ =T L, Bt EEo Ry MEfEL 128023
2R AR T 55, BEENMER KRR D NITDOVWTHREEL 7=,

ANE DRIz I%, MADITE Z2BIERT 2721 CEEENICE T 2L KT D &
WHIT—=a—aYYRAT A0 BFEET D, Zhid, EEIFEHICHEET S
HREME [91] WRIBEINT WS, HDBRAZIZBEWTIEMARTIE %9 5 i % Bl
THILT, BIREHGOHESHEMIZRDEZ L (92 BHLNIHR>T WD, Z
SL7Zens, REOHEZ2BIEAETHD. I H5ITENE B DHRER
LLTHBEEI N TELHEIMEMT NX—TIE, K ORIREOTENIST & —
¥V ATOBEBFEREAENTRADDTIERVWNREEZ NS,
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B4E
REEANEIET NS —IC L B0 - 3R
MZALICE 9 % ERERIRET

3T, BARY FT7ANXR—=%EL T2 AOSMMEDES), $ U< IFEsL 7~
T—REMETBEFIEIIOWTEERZITF R -7z, ARy T ANX—%2FWVWHK
A BT A0 - BHINAERIZOWTIE, EFEHLRICE-TEST, IhH
ERGET BT IRY TR LIZBINE 2 Ne#MET2RERDH B, BE
FHETOREEIZE D, EREAMEAET ANR =D D DHKR IR D, 1 NTH
VEZRITIDGE L TED LS 0B N ERLT 200N VW 722 & 201
SN, HOHBDT —X L OMEI X 2 EEFEEEHICB 1) 2 AR 215
LNdLEZONG, £I T, SETOFELED I DDIREL LT, 1208FRY b
TNZ—=IZBME2 NZ) TIVEAL LI@ET SV AT LTHS [Collaborative
Avatar] #5377,

4.1. TEERTREB LA —Y~DOMRDOKRET

2 NDEEEN VR EZM DT NX—%FHWTY 7V XA LIZEET 5B, 17
By FARBR HRF A EDSFFARETH 5 Z L 1%, SBATHIE [6,7] DSBS 2R -
TWb, ZOEZRIFE, 7»&—«@%@&&%@%@@ RATINT #—< A
RV ER 25, FTIXEBROMAROLE - BALERFNTSLZ 2 EH
& L. Collaborative Avatar D% 3 HE 778> 7=, %‘ﬂﬂ% 133 HiE DRI
o565, 1HH3TS (B4, E124). 2HEH 284 (B 184, #oik7
%, WEE34). SHE30% (B34, K6t HEE14) Tholz, &
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4. FEAMEAL T N R =ik B
N - BRI BT A BRI ET 41. TERRZPBE U2 —F O RO

TOSMEFZEELRBNB KOCEERENZEL T\, REFERINCTA V74—
LARavEY MIEALKL, BROSMEFZARY b7 AR —DOEEIZENTY
BIEmRE & RTIZ7 D Collaborative Avatar Z#/E L 72, S35 1L IEH Z [V
7IREETORY F T NX—DEMIZIS, BRFIFORY F 7 ANX—0%AHNIC
S THERIT o 72, IZUOIZ, TNA ADFHE2IT R ->72d &, FEBRIZEMEL,
Collaborative Avatar #/ED A VA N Z 7 a vV &fi/8 o7z, 1V ANT I3
ik, EBOERELSNEPBHWIZHHTE 2REBTITR -7,

BEZ 2 NOME 2 ZNEN50%T DDEEG TG T 2 HIETITR -7z, S
FHIZFaRy b7 ANR =22 NO#EEZ R LEDELEHEETEHI L 2HURL T2,
SMFRZFE2LELGIZE» L, TN LEAKRICEREIFZ2 L NICE»T VS 1 v
ANZ I arREFRY, TNTNOEEPME SN0 Ry M7 AR =D
EOREEIIRD L 2R LUz, FRHZ, BREVPFZE»TEHE 2 U 7R
74— NV I DBRSEDOTFORIRRINDG Z e 28 Lz, £/, BRY
N TR =i D7)y N— PRI T & 2 O T « — KNy 7 BSNE
DIRIZIRRIND Z EHHERL 7=,

ZDH, BRFRFZSMENP S IZRABWANEICEEI L, & Llé L7 RE
THRY T NRX =W R AT 21712572, BRY N TNX—DHIZ
FABEROSNTZHRNTH Y Z (35 x 35 x 35 mm) ZHN6LIIBEIE, AR
TEIITHRLUZ, 70y 7% 3, AiEARZLE ZATAUKEZIXT A, KEE
%, ZMEOHE DANKMINLIRET, BERKDOX A 2fi/ho7z, Z0D
TS TR, RARE DB E I —YIKE NS, ShEDOFOAE & [HRAHT100%
K 7z,

RERIE 71212, SINZ I ZEAEROIT A FEREKE BERERIZET AT T
T—MI1PoTOTEMY) v i— b AT —VTRHZE LU,

e How much did you feel that your movements were applied to the robot arm
during the shared condition? (0%-100%; 0 is "I did not control the avatar
hand at all”; 100 is "I fully controlled the avatar hand”)

o [ felt as if the robot arm I saw was my arm (1 is ”Strongly disagree”; 7 is

”Strongly agree”)
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4. FEAMEAL T N R =ik B
N - ZRANA LI BT B B R Et 41. TERBRZBELU 2 —FAOREOKET

41.1 75— MEREER

B4 I EARERANCET 27 v — MEROE A N T L ERT, [TRAERE
E BRFE RO R IEIZZNTNTO L 6 TH o7z, V1T Y VDR SIERMR
EDFER, BASRMITBWTITAFRRIL50% (EBOKMEIS) X0 b ARICH
< (W(94) = 3667, p < .001, d = 0.831). HAKRFrARKIIFROFFEML LD EH
BIZEWZ EAVRI Nz (W(94) = 3787, p < .001, d = 0.934),

A 35 B 35
30 30
25 25

220

=)

o

515
10

5

o

0 10 20 30 40 50 60 70 80 90 100 0; 2 3 4 5 6 7
Sense of agency [%] Sense of body ownership

4.1 fIREREE SERAR, TRERZNETN 70 & 6,

BI4.1A £ 0, ERIZKME N TW =2 I1E OEHEGIE50%TH 5128 00
53, TNV EELFEINDG Z DRI N, [TAEREIL. AODERIZH
WTWARWEETH, 2 AORTITEEMP LA T N TWIIEEEFATRE (93] TH
%, Wegner 5%, ZIZFIXFEIZM 7B 2 R T, ZTOHERIZENZHDAD,
ZMEOFHVRE R Z BMEE TFEEINIMEL TVWBIRET, W ODEE
117 5 FEBRE TR o T2, BB EEOIRREA~Y RAVYTHE, ThE &
T3 EI2BADADEHDTERENEHES, BELTWBTICH LTI ARKE
BOFEHRINDZ L ZR Uz, £72, FEo7REET, VRZEMZ S T NNE—%1
NI RTEIZ L, BHOAZFPESREBTHIT A/ TREIERT S 2 8 [94]
MREINTWS, TDH, SEHOERDE DT, 7ay 7 2BH2 0 B —
HLUTBO, POHA2HBERY M7 ANR—2BETERIGE T, £ &< Gl
IhzeEZOND, IHI1T, 2 NOTHENEEI N TWIUX, 2 AHHEUE)
ERELTVWARVWE EPRLRIFHEZ L TVWIEATH, TAEKEN M ETSZ
E[95] AWRENTH Y, SEOFERIZZ S LmBEOMEELFRFLTWS,
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4. FEIMEAL T N Z =12 & B
DB - FRANZEALIC B S 2 SRS 4.2, BEBAMEMLT N Z -2 X 52— ) 7 1 LEBILE

SMFEDOHFIZIE, DI LHLOHE 2 EDZGEIT, BRY hTAX=DED
EORBEETIDEMAT 2 HD\\V 2, TOB BREIXATREZRR D 21# D
HEIZEDES LD ITHALD, BIZEDLT, SINE L XRR2FE IR 5E
LHotz, TOIURESBNMENSIE, [FEIEDLLEIC, HODPEMEL TV EEE
NEUSETNLUZ] EWD XY M2z, BfFICBIT 5 AR I ATy FIE,
IRF[EIHY (B & DIEIE) 72 I A~y F & 0 HAFH QS L RS 1D &\ 5 i 96
MBI Lo, 2 NOEEO—BUIMT A EREOEINCERLERTH D LH
Ao,

4.2. BENTFEILLTNNY—ICLB1—HEY) F 14 £1EE
R

K AT Lz #EFEOREBARE LTS BRIZB I 28R 2FR 5 7201247
IR o T2 T EEMR (97 128 W T, Collaborative Avatar 134743 F K& & F{RFTE &%
AR THD I L 2R, BEENILATERY b TN —2HIEL-G6 L
TERD0H - BRMERDPBISE I N, T ULBEN S, BREMMELT N & —
EHADHERD LIS ITRAB I LT, RAIBRGIT:D T &%, Bl L
5 EWRBRI NI,

T 2T HEAMEALT XX —DEHDDOHE L EIRE Z L ITMA T, Eitfex)
REUIFREZ ED I IURET 202 REAT 27D, XRATNTH =<V AD
ZAbZFHE U7z, AETIE LELOBIREE S £12. MERFOIT &AL RE L SEFTE
R&, BRAIEAT, HROEVE, EIFIZ 1 ATHRET 2GA LKL, RESFA5Z L
378K BAOZNRT 3= Y AFAET D WS iz LT, Zho z2itilid %
ZeZHWE U, KEONAEIZ, BHAN=F ¥ LY TV T 1 LRFCGE [98] 12
BVWTHREATH S,
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4. FEIMEAL T N Z =12 & B
DB - FRANZEALIC B S 2 SRS 4.2, BEBAMEMLT N Z -2 X 52— ) 7 1 LEBILE

4.2.1 &

20/ DM (BT 4, ZVE3 £, FEFE 22.95 %, SD = 0.89) A%, A
vI7x—AhLRNarverybh, ERAZECELL, EFBIISINU L, SMERIE.
JEATIRGE [6, 7) 12D EIE L 7z (effect size = 0.7, alpha = 0.05, power = 0.8,
G*Power 3.1 [99] 12 &K 2518). SMFITIEFERFGBRTICRH EFICETET7 V7 —
b [100] 24772 o7z, T OFER, 19L&, 1ADVEMESTH S Z L 2R L
Too ARFEBRIF. REOMEMEARZOARZHETEML 72,

4.2.2 FH&

H DB E DADNKMI N5 %M (Solo) & 2 ADSINHDEE) % 50%7 D&
L&t 55 (Integration) Z 3% U7z, FEEIMEALT N R — % &5 CHES
LEE. ZRA T DRRIFIZS OITNE D S RO ZSIEHRIL L5 &
THMEZRHERT 2720, SINFITIFAT T LIRMEWR U 72, A EATI
%% (1) #2F 129 5 & & 51T, Integration F=AFTIE. &5 5P DOSMEIZ F#AME
WD Z L& DTV — MERXP R T =< VANREIT D Z 2 HiRT 572
O, BHWZFEUNKREIGIZR S &5 50% 8 W EEZBE Uz, ®TOSINH I,
#&IZ Solo £ (Solol) Z47\ . Integration Zff %1778 > 724, & Solo i
(Solo2) &477 57z, Solo &&MFTIE. WADSMEMWR ALY %2477 >TWABHL B
5 DSBS REMEAT NZ—PRABNE S ICUTRTITED, FT7 A
N AZRBRMUI ) AXF Yy o) VT ANy RV EEITSH LT, HEOFED
Ry MEEOEDE I AWV E ST U, RTOSRMET, SMERSELVHHR
ABNWESFHFWHI—T T o TV,

4.2.3 FipE

ZINE IEREIMEAT N EZ —DELEB IS, 2D0D4 V27 2 —2 (X3.5)
R E TG L THREZT 0o, &7 TSINH R, Bl 7 N2 —oD
R HIZE W 3fHDOTR N T T 2 (35 x 35 x 35 mm) ZHHA, ZDOFRZH 5
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4. FEIMEAL T N Z =12 & B
DB - FRANZEALIC B S 2 SRS 4.2, BEBAMEMLT N Z -2 X 52— ) 7 1 LEBILE

(53 x 53 mm, 119 mm [FfE) OHICBE T &7z (K4.2), 32071y 7 DY

BENRT D7 L —LLOFHIX, §T20cm THo7z, ZORBMEIL, X
AV %TEETDHILERFUTEEZ DD, TO ETHREARR D R L A DIEMEIZ X
AT BATIRD EDIWTHBUREINTZ, 13T T 56T LIT, SIMF I TRAERERE
GHRAARBIZET AU TOT7 =M1 TOTEEY v h— AT —)LT
mE L7z,

e IARY N7 —LDHEIIHSDEZIZL-> TR ERIINAEZEDTH -
(1iE Te<Zz5Bbwv], 71 IFEFETHRCZESEAS])

o BELTW/AZaRY N7 —LWHLSDOHD X S 1ITE Uz (1% T2 &UR
Wi, 7 MFEFEICmECEL 5] )

ZORITE SEHED IR L, 3EIEHMA T RICEAAM, BEM, Pul X, i
THEUTFOT7 =M1 T7TDTEREY vy 71— NAT—)LTHZE LT,

o ORY N7 — LR EOREE L AR (A NV A, ALRE) &L
FULER? (L T&<EURW, 7Tk BEFMICEEU 5] )

e HARY M7 —AIFEDL SWEELXTNo72TI A7 (11 TIEFEICHEME

WL o Tz), T TIERICHRIEL I o 7] )

o BARY T —LADEMEIZEDOREPETL 22?7 (11 TR PUlETIdR
motl, TIE IEHICIEZ 572 )

o ZOFMEHFEIFEDL SN WEEWELZR2? (LIk T ffin7zL
BWEEok Tk TETHHnEVEE 7] )

204 1 D Solo Z&F 1 [ H., S5 2 @ Solo &4 1 [01H., Integration 5, &
hn& 1 @ Solo &4 2 [RIH., &h11#& 2 @ Solo M4 2 vl H DNEIZ T 72 - 7=,
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4. FEIMEAL T N Z =12 & B
DB - FRANZEALIC B S 2 SRS 4.2, BEBAMEMLT N Z -2 X 52— ) 7 1 LEBILE

Red block

/35 x 35 x 35 mm
200 mm* 200 mn’ 200 mm’

Frame
53 x 53 mm
119 mm interval
Robot arm
Blue curtain
Participant 2 ‘ Participant 1

B 42 FEEREy bT v T, SIEBERIMELT N -2 BEL, FnToy
2TV NR—THELULIV—LIZAND R AD 2118072, SMEITH—T T
Ton, EVICRZBRNEDIZL, BEiS VWK S IR I N,

4.2.4 RN EHRET

TR TOMENTIE RStudio & R (Version 4.1.2, The R Project for Statistical Com-
puting ®) & JASP (Version 0.16.0, ) TEEL 7z, TRTOTF— XL, EHFETIC
Shapiro-Wilk ¥E % FHW T IERIMEDOME 21T 572, T — XDIERDAEIZHE D
A (Shapiro-Wilk test, p >.05), XD & 5 —JulliE 28 Hr 21778\, RffflnZ%
HIBIZIE Holm 2 U7z, 7 — X DBEBIASE e WA (Shapiro-Wilk
test, p <.05). ART (Aligned Rank Transformation [101]) % FH\\7z —JulidiE 57 #
IR RATIRN, SRR D % E R IZ 1% Kenward-Roger @ H HEE L [102] 217785
7z Tukey IEEMH U7z, £72. 7 — X DBERDAEITRDRWEE (Shapiro-Wilk
test, p <.05). A7 ¥ v OIEAMMHEREZ FHWT 2 DOEOMEZHFHN, H
[EHE A (2 B 1) DR ER AR UL, RN RIRIZ KD ZIHAT ¢ v b2 HWTHRE

8) https://www.r-project.org/

9) https://jasp-stats.org/
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4. FEIMEAL T N Z =12 & B
DB - FRANZEALIC B S 2 SRS 4.2, BEBAMEMLT N Z -2 X 52— ) 7 1 LEBILE

INTz, T RXDPESBEE RIS, FREOERMES 2 S R WEE T E AR
MraEfribhrr ol

FEROFOITRHNZDOWT, ORI, ERORBIZES 3 MUaAL &5 1Y
L (Q3, Q1) ZRLTWA, FHO LTI Q3 72 5 MaM#F (IQR = Q3 —Q1)
D15 EUADEAEEZRT (Q3+1.5xIQR), FFRkIZ, Fe7iEQl—1.5xIQR
DHIPHN D e/ IME % 779,

4.2.5 7o — MNER

4347 AR BARAERIZ O WTOREZ RS, 3EOD K UIESEM
T LTz, T RIEIEERD AW 5 7272, Sind b O —JollE 2 E i
7oz, TORE, [TAFREIZOVWTEHRDO ESENE Sz (F(2, 38) =
4.030, p=.026, 72 = 0.175, X 4.3A), ZEHOMR, FXMAMICAEREIIR SN0
727525 7z (Solol-Integration: t(19) = 1.954, adj.p = .131, d = 0.485; Solo1-Solo2:
t(19) = 0.742, adj.p = .468, d = -0.112; Integration-Solo2: t(19) = 2.333, adj.p
=.093, d = -0.597), FIRRIZ, BRFTERIZ DO WTERO EZRIE SNz (F(2,
38) = 3.388, p = .044, 2 = 0.151, M 4.3B), ZHEILEDHKR, Solol A Solo2 &V
BRITNZIWZ EAVREI Nz (4(19) = 3.170, adj.p = .015, d = -0.550), % DAl
DM H B 721375 > 72 (Solol-Integration: t(19) = 2.019, adj.p = .116,
d = -0.440; Integration-Solo2: t(19) = 0.409, adj.p = .687, d = -0.110),

B 4.4, FBREAM EEIFIZOWTORREZRT, T — XITIER S A IT/KED R
Molzlz®, ART Z W —tllE D i 21778 o 72, T DFER, ER D F4)
RIZR S Nad o7z (FBAAM: F(2, 38) = 2.706, p = .080, n2 = 0.117, X 4.4A;
ELf: F(2, 38) = 0.589, p = .560, 7 = 0.022, ¥ 4.4B),

4512, B PUE S IZOWTORRE RS, 7T — XIFERIMITHD %
Molzlz, ART ZH W —illE S AT 21778072, T ORER. ERDER)
RiFRSNmh o7z (BEME: F(2, 38) = 1.238, p = .301, n? = 0.062, [¥ 4.5A; P
S F(2,38) = 2.730, p = .078, 2 = 0.095, [¥ 4.5B),
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4. FEIMEAL T N Z =12 & B
DB - FRANZEALIC B S 2 SRS 4.2, BEBAMEMLT N Z -2 X 52— ) 7 1 LEBILE

A B *
77 —— - T 7 -
6 26
& S
0 0]
& c
§5 55
< >
54 .8t
2 @ L
S3 — 63 —
n v 1
[
2 &2
1 Solol Integration Solo2 1 Solol Integration Solo2

1.3 TR SRR, RV AKIC & 2% BT 572 (Fp <.05).

4.2.6 FRIVINT4A#—T VR

BHREAMEMLT N R —IEIZ BB R AN T =< VAR ERIT 572012,
RATKRHE R AIEEZFHE Uz, K462, ZRATKHE R AT FEEIZDNT
DFER%Z/RT, Solol & Solo2 %, 2 ADSIZED T — X&KL, £5M4TD 31
DDLU ZFI LTz, R AKX, FREIMEMT NZ —Z2Eh LirdTHh 5,
BREDFNT Oy ZREPNS ETORMHEER L, FAZIHOT—XILIE
BRI DD 572728, ART ZHWz—tlilE At 21778 > 72, £ DfE
R ZATEKRIZOWTEHREO EMRLBE SNz (F(2, 18) = 21.458, p <.001, 7
= 0.517, ¥ 4.6A), Kenward-Roger (Z & % H HE AL %1778 o 7z Tukey &% H W
7= ZEH IR OFER, Integration & Solol & W HHRITH NI EAURI N (4(18)
= -6.039, adj.p <.001, d = -2.701), F7z. Solo2 I% Solol & W HLERE I N Z &
DRI N7z (4(18) = 5.218, adj.p <.001, d = 2.334), Integration & Solo2 {ZH &
33T o 7 (t(18) = -0.821, adj.p = .695, d = -0.367),

RAZKEEIE, FnT a7 E2EL ZOOBROFLEHFRNT O Y 7 DL ED
=27V FIE#EER LU, XRATEDT — ZXERDAE IS 7720, X
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4. FEIMEAL T N Z =12 & B
DB - FRANZEALIC B S 2 SRS 4.2, BEBAMEMLT N Z -2 X 52— ) 7 1 LEBILE

A B
7 7 -
6 - - 61 —— -
w
)]
5 °5
8 2
S 4 4
@ 3
(© sl
= 7]
3 §3 —
o
2 2 ’
1 Solol Integration Solo2 1 Solol Integration Solo2

X 4.4 FREIBfT &GELF, SMEEICERBRZIT R 1o 72,

Jod D D=l ED AN 21778 o7z, TORE, ZATEEIZDOWTERNDE
SRDE SNz (F(2, 18) = 4.121, p = .034, n2 = 0.314, ¥ 4.6B), ZHILED
fi %R, Integration & Solo2 & W HEREIZE NI LAREI N7z (8(9) = 3.389, adj.p
=.024, d = -0.908), % DMMDIMEMITH R LT D > 72 (Solol-Solo2: t(9) =
1.771, adj.p = .221, d = -0.456; Solol-Integration: t(9) = 1.124, adj.p = .290, d
= 0.452),

4.2.7 SMNE 2 AOEERHA

FREAMEAL T N R — % 8T 220014 2 NOEB) R % X 5 728, fast dynamic
time warping (Fast DTW [103]) Z&I# U7z, 7 — XX EMAE IS 2720, x5
Jad D D—TEES AT E2ITR o7z, ZTOFEE, BROEHRMPE SN (F(2,
18) = 463.043, p <.001, n2 = 0.981, ¥ 4.7), ZHELBKDHKEH, Integration I Solol
& Solo2 & W AREITARNZ EAVRI N7z (Solol: t(9) = 22.954, adj.p <.001, d =
10.348; Solo2: t(9) = 27.172, adj.p <.001, d = 12.343), Solol & Solo2 (ZH 7%
ElE 7 h o7 (4(9) = 1.209, adj.p = .257, d = -0.333).
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4. FEIMEAL T N Z =12 & B
DB - FRANZEALIC B S 2 SRS 4.2, BEBAMEMLT N Z -2 X 52— ) 7 1 LEBILE

A B
7 - - 7
6 6 -
25 5
& S
o4 c4
b o
c o
S3 3
2y —— — ¢ 27 —— ¢ —
1 Solol Integration Solo2 1 Solol Integration Solo2

X 4.5 EEMEERE X, SMORICERREXR1 277,

4.2.8 TAFTHAREI—-—HTE) F 4 ICDWVWTODOHEE

REIEAT - BN - Dol X - BIrE -V ) T 1 & U, Integration &fFIZH
5 ENS6ITNT T EREE OB 2Nz, TORER. 178 EAREE R
B IZ A DB R 57z (Spearman’s rank-order correlation p = -0.583, p
=.007, M 4.8A), F7z. [TAFEMREEEL, BEME, Dol 23RV IEOMHB D
o507z (#f: Spearman’s rank-order correlation p = 0.705, p <.001, [¥ 4.8B;
B/EME: Spearman’s rank-order correlation p = 0.834, p <.001, X 4.9A; P X
Spearman’s rank-order correlation p = 0.712, p <.001, ¥ 4.9B),

—Ji. Solol & Solo2 IZH 1} 247 A FEME L FZBHEAMIZIFMEEIEA o edh o7
(Spearman’s rank-order correlation p = -0.333, p = .152, [X| 4.10A; Spearman’s
rank-order correlation p = 0.021, p = .930, ¥ 4.10B),
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4. BREAMEALT N Z—I12 LB

DL - FRRIZAICBE T B AR MG 4.3. E%
A *kk B %
60 [ 20 I
50 '
, — 16
S
740 gl4
s | T g ——
E30 : T 210 T
Y4 O
© 20 —— 5 % L T
e = 26
10 4 —
2
0 Solol Integration Solo2 0 Solol Integration Solo2

X 46 XAZEEE X AVKEE, A7 KX ART 2{#H L 72 ANOVA &
Kenward-Roger @ H L% 1772 o 72 Tukey 1512 &K 2 2 EHIR 217785 72 (F**p
<.001), RAZHKEEILHRI LRI KB L ELIKZTR 72 (Fp <.01),

4.3. ER

4.3A 2RF K 512, Integration Zeff1%. Solo Zeff: & A5 D17 £ FARIE D E
U7z, 2k, 2 A\OHWEEER—BL TWAGEICTATWRENH LT 25
YN AT [6) 2 R T 5, M4A6BART LDIT, RATKEES M LT S HE
[FD38 5 7z, BEDOWMFHEE B e ERTThN, BEVWDOXA IV IhE-
722 T A ERBDEAD L eh o B RHZEEZ NS,

¥ 4.3B 23779 & 512, Solo 54 & A% D BAKF AR ER U 7z, HBEIMELT
NR—=1FZ, NEIOBPSOFEETOHHELRIU THHEDOR R Y b TH B, 4
FIZAMDOBi & 1385, aRy b7 AKX —2 KT 28546, AR
BBGETEH, BRIARLIERT S Z L [104 RENTEDL, BlET 254
LREARDODZ EVRIZEEZZOSND, KERTIE, ABOIE L IXRL L0520
HDBID A U T HREIMEAL 7 N R — 2 VT, BIEZH DEM U 72 E S & i
JIRX B LT, TRAEREEGERIEREZERIED I EDVRICR-722F
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4. FEIMEAL T N Z =12 & B
DL - FRRIZAICBE S B IR MG 4.3. BE

1.8
1_6’ kekok
1.4 .
—
=
£ 1.0
0 0.8
L
0.6
0.41

0.0

Solol Integration Solo2
X 4.7 S04 2 NOEEE, HV LK K B LEKRETR 572 (FFFp <.001),

Zohd, £, GEIAEROAERIZ, BEMELT N Z =2 Rk e LTH
DOEEREBIRATND Z LERBLTWVWS,

4.4A D3RS K 51T, Integration Z5F Tl Solo 5t & FISF D FRHIE faf & T &
olz, ZMEIX, Ry MEEIZENTWARWHLLE TH - 72728, Integration
FMTRIMEFOIEZZRB L LR SBIET ILERDH L Z 206, BEEMDE
¥ 5 LEZHNT, Integration {ETIEX, HFEZ YR — M5 XS ITEEZITR
SZENBHWVIZARTH D7D, BAAMPEML P EX 60, £D
MR, MOVEREE 2B 2 e TE, BIFIZOVWTHE T THI LW olz
EZohbd, £72. H4.6A DR T X DT, Integration 52 TIE R A 7 K 23 kA
TEHI 6, EBRURITNIER S RORRIDK- 72 Z & 3 AT AR I D72
NolzEZo6N5,

F72, B4.527R T K D12, Integration eff: TlX. Solo 52 & [FI5E DH#EMEME, P
BB EONTZ, 1 NTHERET 256, BoZ<zakry MM TERT S
BEDRD B, MEREBEWI—HOEHELHEFICIENRD I LA HREIZRD, E
JEIZNEELS ZENTERLEZOLND,
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4. FEIMEAL T N Z =12 & B
DL - FRRIZAICBE S B IR MG 4.3. BE

>
[os)

~

spearman rho = 0.705
p < 0.001
y = 0.710x + 0.757

(o))

Task load
(6]

w

Preference for use
N

1 2 3 4 5 6 7 1 2 3 4 5 6 7
Sense of Agency Sense of Agency

4.8 Integration AFIZH 1T BT A FMRBITN 9 2 38KIE AT £ L OFEEE, (A) 17
REREERRAM, (B) {TAEMREEZELE, FEHOFE T DR EEXMEZRT,

X14.6 & 0. Integration fTlx, X AZKEAEL, X AZKEEDHH ETS
ZEWIRI NIz, RATKEEIZDWTIE, Solo RMEDHE. 7Tuy 7% HEALE
IZE L B TR T XA I VIR LW WS ZEMBHIENTE D,
ZhiF1ATERY FE2EIELU TR A I 21772 07R1TNIER 5202 0D REEX,
FOMMP LT VIZEZHDTIERVWIEFEZ S5NS, — Integration 5o/ Tl,
FEEIL50% L ED OEFNR KM I N TWaeL TH, T LREUBEZICY L TE)
EZ1TH>Z 8T, HOOEMERU X228 E57Z10 TR, 7uyv 7 2iEL
BUZIEB HEWIZAHTFOEAEZBIET A Z 2I12& 0, MIPRHHENITE L L5
LEZ256N5, VREMIZBI2EAT NZ—W% [7] Tl AU HEIZf@H -
TY —F V7B T2 5B, 2 NAOEE KB G ZNZN 50%DHE, TN
R — L BEE EH G OEEDERN TS DI RDZEPHLNIR->TWDS, K
FERRTIXEZEBOBRY M T AR —Z2 WA, VR 2 & HERIC, £ D BEIfERN
LGESTHILT, RAIDBEZIZIRY, K0FERLETTEILENAREIIR -7
EEZHND,

E7-. HEOFOFEIIGUZMBEIRZ21TR 72720, BEFHIN LT <,
HE|ZPFRLU PRI N7 ERAOND, SHOERTIE, BHVOFOH EIIH
BHTERWES =T o THYONTED, KFFEBHFATINT VLR -72720, 1
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4. BREAMEALT N Z—I12 LB

DHR - BRI IZBE 9 B AR RRET 4.3. E%
A B
7 7
spearman rho = 0.834 spearman rho = 0.712
p < 0.001 p < 0.001
6{Y= 0.979x - 0.755 o o o L8 61y = 0.671x + 1.116
25
5 £
© (]
o4 E
s o
c O
83
2
1 1
1 2 3 4 5 6 7 1 2 3 4 5 6 7

Sense of Agency Sense of Agency

4.9 Integration AFIZH 1T BT A MBI I 2 E/ElE &t < OFEEE, (A) 17
REMREEEEME, (B) ITAERERERES, PFEHOR T 95N EHXE 2 RT,

Ry b T —LDFELAMNT, HFOEHZRNT ST 2 HEFIMTT7 4 —F Xy 7D
HTHoTz, TDID, HEPFHVTWEZDONEE>TWEDO0%2HEITES L
WHZliE, TOBROADDEHERIZEHELE2IDLEZIONDZD, ZOD
I RMTHBECORMFHE 2R L, X AT DETE AL - R fFRI T L
ZHEGLEZEEZ NS,

R A7 BFHEIZDWT L, Solol & DH#&IZ Integration S-fF 2 FE L 72728, ¥
BRIHIZ L D Solol & & D & Integration S2fF D A AL 22 o 72 A[REME DI H 5,
—7i. Integration &fF D772 0472 Solo2 S & DZEIIH S N8 D o 72728,
Integration S Tld, BAEEN R A IZHGEIZHEIGT 5 Z BN TE S HENELRD
B, ZAUTIE K D FEMRRSBETH B,

4.7 DRT & ST, Integration 2Tl Solo S:fF & 0 &, #EEH 2 A DEEH)
MW—H U7z, VR T NNX—% W% [105] T, BT 7 13X —DH & A
BEEDOE S ICHEREZDZEDRHLSNITHR>TWS, 43B HRT LD,
Integration 2 CIX BRI ERBAGERINTE D, SINEDOHEED T N — DY
BEZIT. 2 ANDEERKD —HLZEFEAONE, 2O ENH, SINEFIFN—
N —DEEE AR OEIEIZHD AA, AL LD & Ll e BRI NI,

Z OEFEIADERRIIIT b DR O, EEHMIZIT b E DR

41



4. BREAMEALT N Z—I12 LB

DL - FAEAGIZEE T B Bt 4.3. B2
A: Solo1 B: Solo2
7 7
6 6
50 e e e e 5
© ©
@© ©
o o
o4 o4
3 3
o ol
3 3
2 . . 2
spearman rho = -0.333 ‘
p =0.1516 p = 0.9300
1 1

1 2 3 4 5 6 1 2 3 4 5 6 7
Sense of Agency Sense of Agency

~

4.10 Solo RMHIZE T 217 A4 FMRBIZTX I 2FBMEAMDIHE, (A) Solol &t
(B) Solo2 &, &6 SICHMBIER S N eh o7z,

DNIZDWTIE, SRIOERERY S5k 5 Z L IFH LW, SEITH5E [106) T
Z. BAOEB L WIGT ST N —2RTWBEIZ, ZOTNX—Di# %D L
BEOTHEHTDEEKRZLEU B2 TR, GRPRLS Lo/ &L 5 Z L8
LMo TS, ZDEDIT, EAWIZIIEHAOEKE OFjz% L D>D, 4
UVEEINRELS THEHDDEEREZLIE U T ERENE WS 2RI 5720
SRIOFEFRIZBWTHMEGRNIHF L EE2 GDEI LB oNS, K46
MOENRT A=<V AEEELTWAZ b0 D, ke LTikBHEaMEE T
72DTRBEWREEFZS5ND,

[ 4.8A AURT & 512, Integration el Tld, TAFERBEIEMNT 5 &7 %Hﬁﬁ
DMETR U7z, — . Solo & Tk Z OFMBIIZE S Nd (1 4.10), #RIEME,
PHI I DOWTHLHERTH o7z SMEIZHKEZWHR U720, 2A®%%##
W5 (K47 T THAEREDRM EL, N=FF—2HfATE 5 & 23R
L7z Z &T, BAAMOBAX, BIEE, &, MEIOmEPEI s7eF X
5Nb, TOLET, RAINT =<V ARMET L e TCEL2D, I74AE
WRERH ETEE VI RYT A THRTI A= NNV IV —=TNRIEEZ SN,
—F. Solo b TlE, TOUL7T7 4= KNIV —=7WRZ 59, REEM X
TERERD S T T—HL TWAD TR ARWLW,LEEZ O6ND,
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SN 2 NDFER & EEO—BHTAEREEZFHKT LI L [6] XS T -
TW2h, REBRTIE, K48B & X4.9 &0, HBEERES, BEIIzO>VWTH
TRAFERBIEMEZ RTEIZ, FEMAE RS I LRI NI,

AERIZBITDHEE LT, SRS 253 - B2 1D 7 + —
RUARTHERIZED LS IZEb>TWEDN, WS ZenEFons, 4
FEgEm L CTWA 2D Ml 2k, BOBEWZ K> T2EEORND D 2 &
ZTEY, BMFHEENREZNTWAEIZIX, BEilNIciT2 5 54 & EERNICT
BOGENDHDEEZOND, Bl L X, Wbwd THFIZHFVR-T
HEZHET ) LWwWS, HPEZERL CHEEMICEIZZ28bELS52 LTS
WP, WEGRA T R EBZS5bE LD LB s TwARVnh, HF
DFEEFNZLE DOV TWARWDITTERWVL] 2WIRMEEBEITWS, I OERHRN
R EEHT MEdl EMPATED, HWIZHTFOI A Z2HE 5 L3 5)1%H
@< ZeT, BREUVTEFEOLRER NN T A = VADM EIZDR5EE
Zo6N5b, T UinfORAET PRI OWTIX, MEPBETH L, £z,
LHOHKRTIE, HIZIZEDZFELERIZ. BOOFOMEESCAHELZFEL, £
DL S5VDHEE L HTHEHHT D, &\ Ml B2y s 2 i3z
LAER, — /AT, BARY NEEETIEICIEZ S U2 E#RL R0 58
DT RBRERDH L, GREZMETEZ LIk 5T, 25 UMW OB)ED MR
DEMHFICERD Z EDARBIZR D EEZ 6N D, ZIUTiE & 0 3R fEt Hs
WETH B,

AKETIZ, 2 N\OBEZEOEFZ 1 DO RY FTNR—IZEET BV AT A
ZRIF L. TOLHE LA, THERIIOWTHRG U, ERENREO-OTFE
JBR &R AT 0 o 724G, 1T RAFEREE BRIEREZMRFT 52 B A[ETH
D (®4.3), N7+ —< Y ALALTEARENELNH S (K4.6) 2L EHSITL
720 BHERHISINE DOEBD 50% T D UK I e o720, B —E L T
WBZ e, 1 NTHIETDLDELE L TCRAY BITIRATZIENRY T4 7
T4 — RNy 7L ITRERECEGERIERICEELZGEZX - FERAOoND,
i, RAVWEMPEL R0, RAVBENAN LTI RBINS, &
AZAZMIELTETCVD L WS BEMTAFEREDR LIZORAD, FhiTk-o
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4. FEIMEAL T N Z =12 & B
DL - FRRIZAICBE S B IR MG 4.3. BE

T & D REEIICHBEAMEAL T N X — 2 BES 2 Z L THIRMMERPHM EL, &5
WHADEKRE UTHRWRT KRB I L TRAINT A= VAN ET S, &
WO XDV —=TRERLZDOTIERVWNREEZISNS, -, BEROEH.
IEGRN 72 A B 9 B 2 1178 o 720 T OEMED A D D BAKIZIEITIAA T,
MFELELDE TR AT 2TFRES T4 TR, BEBNZEELHTIICE
NEZENTED WS ARG RZHEG L ZH#m o TIETHD, TNE—
EHWEZaI RV —Ya v ilBI2EABNMRIIRZEEZOND, 25072
EMS, SETRRLZIVETMDS L, HEEMIET NZ—%2EBLTED &
SITHBEZ MENT B0, FEHRZHNG L UHEZ YD LS ITERT I 0
5 Z AT DWCEH, ML, TAMEIL U 72 BikERE 2 Bl A2 & > THD PMAET
52k, ORY PTARX—ZHNWEZ L TEMBFAONRIZEGARETH S Z
] ZmUTz,
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B 5 E
FEEANTEIL T /N — &N L 1= BE)E

EFEIET

4FTIE, PRI E U CTERAMEL T N R —% W20 - FREIZRIC
B9 2 BEEMET 2 1772V, TR EREC R EREMFFL OOV AT+ —<
VARFHTELI 2P SNIT L, HEEDIMEPEIMFT 2R & U 7HREIC
ERIGHRETH B Z 2 BR LTz, AFETIX, EBRUICHEBEAMEAL 7 N & — D3 EE) %
HIZEDOREEDR D2 DN DOVTHE T 2L 512, HAHKBEOIIMEIL L F
D IAAE NS 728 ULWEEIFRRE A H O FIEIZ DOV THEMET 2175,
FHEAMEALT NZ =2 A UEHOFEIE, FTVTVRA D2 NEEET
5HD0H5, LU, U TIVEA LG IZRFEXR G OHl#I 2 5\ D H Z4H
CEATED LIXRS WD, BEOEBFEEZH SN LOT— XL TE
SAPFERHTIERWPREEZ OGNS, TDH, FHHTIZFEHKL 723 E D7 —
REMETEFELRD D, ZOFETIEH, T X2k LR TOXA IV
WZMRTFET 5720, FIDEDRT —RIZEDLHEIZWL E\Wo o T — X BN EEMEZED
MHIZRDIENEZOSND, HIOEPERIZH LU TENTWIRWER DY
BWTIHEHTH B aHeER D 203, K DR FEH D12k, BRED
WX ZMH T2 EBBEILREEEZOND, T LTI LB HERES
HEEZ SN, FERIIZIEE R Y b OYEgER EXf@irEdiim LIz k> TL b ¥H
DRI AT IR Z B ATHEMED B 5,
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5. FKREAMELT NZ—% N LT

HEEE R TFIE 5.1. FBEDAEALIZ & B EE)FZ 12 BT 2 B RES
5.1. FEEOATTILICE 2 EEFEICEAT 2 EMBRET
5.1.1 BH

AEITIIHERENMEAL T NX —IZ L 5 #EEFHOFEL LT, BHAHHDOH 50
UoilkInzT —2 L& L. TOMREMRNTHI L2 HNE L7z, 2
RZEDT—REDOMETIE, HILEDPZTOEEORBPREILEL, 213V T
BREREBGOELIRENRDDLEAZONDS, —f, BHORCEZIZOWTIEAS
HEDOEHETILVOFIZTTIZMARAENT VWS 2D, XA I VIR W72
AT TIRBER L, FIHDO U T X RHn £ TORMEIR L 85 D TIER\\»
EEZOLND, X512, [AANORERRENHET ZEEDOLEICIE. BAHEOD
T—REDMED T PEEETHRVPTVWATREN S H 5,

Eo. EHEFEEHIE, KEGEIZE o TRESI NS (12, MrOEREZFE TS
BUZIE, (TESHEZEVET LV TEBAATRTHS, LrL, HEHRED
VARIZECTHEBEZFIZDITAI2IE, BOBRLIZZ ORHZET 5, £ZTA
VAT LTI, oD UOERINZATDT — XL DEADERIZ, ZOT—X
DELEEEZEET L TEEZHVS, ZCE 0, FEEOBEEBICET 5 EM AN
DU, KOIRINZFEGETRZ DTV EeEZONS, TS LEZHDD
F—RXEDEAIZ. HEXHD OFEREDOMEILZTREIZL, FHIZBWTINE
TOFETIEBONLGL>TZMEVENE EEZEZ NS,

AHiclk, HOHEDT—X@ET2Z L OEE ST 5720 DR
BETE LT, Bl X A0 24770 D FERREZGF Uiz, T—XED@AEICED. 1A
TR SEEDBERZ2MMZ L Z N TELEZNIIOVTERGT 57720, BIfEEE
T T D 2 MR RRETH Y, KRR SRITEZ LT, 1 AT
HUWRZAZ LB KD TG Lz, MURXAZ%1ANTIIRS5BE, BAEY
DF—REMETIHE, MADTF—R L& T 2I5ETHRZITR -T2, KE
BRIZ DWW T LA R ORE % 32T 72,

e l A\THUZRAZ 24755 0b, T—XREMMELIGEDHGNRR AT N
T A —< Y ANME LT 5,
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5. HHEAME(LT N2 — %A LT
ST B R T 5.1 FiEDIMEILIC & B BB EE T B i

o MADT—RLEMETEHAELIVE, HADT —X LEAET 2HEDHM,
HEE) D[RR S < 72 B,

o ADT—XLEIAETEEALIVE. HADT — X LEMATLHGED N,
RAT DRBIBAD LT85,

5.1.2 Zin&E

204 DS (HVE 15 44, 20 5 44, SEYA4ERR 32.47 1%, SD = 9.74) 23, 1 V7 * —
LARaveryob e, ERAEZFIZELZITHRWVWERIZZINU 72, 2INEHIZ.
JEATIRSE [6, 7] 1IZHEED EPRE L 7z (effect size = 0.7, alpha = 0.05, power = 0.8.
G*Power 3.1 [99] 12 & BE15), SINH I IXEBRBGBRTICH & FIcET 27 07—
b [100] 24772 57z, T DFER, 1I8HPEH &, 2H/DVERESTH D T L 2L
Too ARFEERIT, RZOMEZEZOARZHTEML 7,

5.1.3 &4

HADEEDANKIZ N5 5M: (Solo), HADEIZLH SN U ORLEKI NI
HOBEBGDT—2%50%9 DR LEDLES5M (Integrationgg ). HADEE & &
SR UOFRIFRI NIZMAD T — X % 50%F D/ LEahE 55M (Integrationoer)
ZBRE LT, MADT —2IE, FHANZEERUEREDT —XTH Y, TOH
HECHUT—XZM@HLUZ, BRY ME&RETEET . X227 ORI
SORITNEDFM RO ESMEHMU LS L T2H;EE LD, HoO0U
Ditk I N T — X LORARIZO R Y MAHBTH N TWS LS ITRABZ L
WE-oTRELLZD T2 Z 2 RT 5720, ZMEITIEXEL 5 DN EZHRL
Too SARIFATIISE [7) 2B LITT B L 61T, @A T 2% TIE. SE»T —
RDEL OMIZEBEMRES Z L IZXoTT U — MERP AT 4+ = VANE
b5 Z 2R d 5720, FUKBEIGIZHS X5 50%8 WS EZEEL T,
ETDOSINEIX. #F1IZ Solo & (Solopye) 21T\, B &AM Integration F&ff:
(Integrationgqs B U < 1& Integrationppe,) 21778272 &, H 5 1 DD Integration
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5. HEAMEALT AR — % A LT
ST T Ik 5.1 HAEDIMEILIT & 2 MBIEEIC BT 5 Sial

et (Integrationomer ® U < 1& Integrationges) 21772\ FHE Solo 524 (Solopest )
#1778 57z, Integration A DNEFIX, SIE T LIZAT VR —=NFT VU AE L 57,

5.1.4 144

STETHFE LTV vy N—HHADA V27 2 —RZDWT, X OLELLH)
EZAIREIC T 272D DR R %1778 > 72 (K5.1), FEORMARSGOMEEGEZ, #il)
U TEBLIFRT VY aA =& (GRHEEFGERT VY a XA —& TCQIGA2,
resistance: 10k Q| resistance tolerance: +10%, resistance taper: linear, power:
0.05W) TI172 95 KD ITEHE L 7z,

o, E—VarvFy IFYIATLIE VT MU T (Motive 3.0.1) D Ao
723 ¥ a—X& (FRONTIER FRGAH470, OS: Windows 10, CPU: Intel(R) Core
i7-10700F, RAM: 32 GB, GPU: NVIDIA Quadro P2200 GDDR5X 5 GB) Tl
Ulze E=Yard Yy 7F vy oI E#T—2F A—%y F7—2R
CEBRER SN TWA D3 ¥ a—& (FRONTIER FRGHZ790, OS: Windows
10, CPU: Intel(R) Core i9-13900KF, RAM: 64 GB, GPU: NVIDIA GeForce RTX
4080) N CTULEL X N7z,

B 51 RULZZY vy N N—HIIHDA V272 —A, RT ¥ aA—RIZEoT
PHPA DAEEAG 21772 5 6
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5. BREAMEIL T N X — & A L
BB T ik 5.1, BREDAME(LIC & B B3 BT 5 Skl

5.1.5 Fig&

ZMZIZARY b TANX—DB S EMICEI N FIZED | BEERTR - 72,
20DA VX7 z—A (X 3.5A: FDi# ﬁb7/#/&7ﬂ41 4 5.1) 2 H &
FUITHEE Uz, RERTIE, TR OAIZ L5 EHOER L FREMEEFAN
LoD TNy vT Y T LT, %@ﬁ«@%ﬁkmt5th—ﬁ@
A V27 2= A X BBENDIREIME T « — RNy ZI3HH U b o 72,

FATTEIE R BRY b T AR —DOFTHIZE W LEDRWTay 7 (Tay
2 A:15x15x 30 mm) 24, TOFAHCHE 70y 7 (7HY 7 B: 15x15x 15
mm) O EIZHER 5 XA 21778572 (K5.2), 22070 v 7 OEAFIEREIE 200mm
Tholz, 7Y 7 AX70y 7 BIZXULT45 EOMNEICRELZ, 2207
Oy ZIZIFIEEADPRE LDIZHZDITTED, ZIFITIXIOHNRES &5
LC7uy 2 a2FEE5E58R 07z, EHZ0EL LT, 7uy 27 Al-45%, 7
Ty 7 Bld4s EMEHIT TRIE L 72728, 7Jrvy 27 A%2lATY7 0y 7 BO RICHE
BEHEICIETEZ 0 ERIZBENRD > 72, ZTORBIMNE L. ATRERR D IEfEIZ X
AT {7785 K ITHRI NI,

RAY ZRIET HENZ, BARY b7 —LOHEICENS Z 2HWE U5 0FEE
DB &7 o7z, HAHREREITENZL ZATRAZ 24TR\, 70y 7 %3
B2 Z LI LT COFOMEmEFE 7V v N— DT — X 2Rk L 7=,
RITIER AT DIRINT A ETHOIE L, ZDFEkL 72T — X % Integrationge 5%
BTl UZ, 22200, 121 AT DA NI —LE2IES L, 200
TV MEHTERY b7 —AFEHBNIEIELU 7z, BIEOXA IV IR B LS
WL AT Y PHIEE =T EERIGS Uz, 2&EICE. 8&E5A07 2 MHT
Ty AREMA 15T NETTRY 7 BIZEESISIZHR L, I0
E, BBOMAT — X EEETHEIC, HEIBERA IVID-HTEH LT
B1-DERTHoTz, 72770, BT UHEMIIOHEMEERTFLDOTIERL, H
CETHRELUTRBEICEWTE S IREIZE DTz,

T — X egkfL. Solo &l THKKD X A 2 % 10 [14772 o 72 (Solopye)s 7 — X fL
BRIFEFERRDOA O /) —LFEE—TEZRR Lz, ZOB RA7DHGE %

EF2Z2HBNE LT, A bR/ —LFFT—RE8RED 1.5 5EH TR LU 72,
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5. BREAMEIL T N X — & A L
BB T ik 5.1, BREDAME(LIC & B B3 BT 5 Skl

Red block A /0\

15 x 15 x 30 mm B
. 45%
200 mm F

F’.\ Red block B

15x 15 x 15 mm

Robot arm

A

Participant 1

X 5.2 FEEty v7Twv T, BFEFZaRY hTAX—F2EEL, FunTovy
) wX—THFEL, 90 ERIZZETFROTay 70 FIZEEEX AT %17

ol

FDEH. 1Y MEBEF06THTHo 72, 10T THE. SNF X TAE
I, BRATA R, SRAAM, REIICETAUTDOT Y — Mz, 125707
BEY sy h— N A — )L THZE L 7=,

e UARY N7 —LDHEIIHDDEZIZL>TH ERIINAZEDTH -2
(Lix Te<ESBbwv], 71k BEFICHRCZESIES] )

o HELTCW/ZERY N7 —LADEHDDOBD LS IZE U (11k T2 EUR

7id TIEREICmSEL 5] )

.uﬁvb?-A&W%KE@EE@@%%ﬁ(zbvz,$§&8)%@D
FUER? (L T&<EURW, 7Tk BEMICEEU 5] )

o UARY MY —LADEEREORERET LAY (1IF I BRETIZR
Mmotzl, Tid TIEFICHREZ 572 )

AR LT, Y AT L—H LY T4 A7 —)b (SUS: System Usability Scale,
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5. BREAMEIL T N X — & A L
BB T ik 5.1, BREDAME(LIC & B B3 BT 5 Skl

[107)) (ICBEZE LIz, YATLI—FEY T4 A7 =)Lk, BiFmEsd 2128
TOBERIZ1I2S5 D58 vy h— b MAT— L THELRZ (1 T2<{FABLA
51 TR EET S ),

o TOVAT LEBEIMHLIZWERERU

o ZOVAT LITMBE EIZHEMEZ LU 7=

o ZDOVAT AFENRTVWEEL 2

o ZOVAT LAEMIITIFHEMIROY KR — b BB EZ LMo 7

o ZDOVATLITIEVAALBRKEEN S F<ELE-oTVWHLRELT

¢ ZOVATLITIEBEIFSBENELTEL LKL

o ZDOVATLADHNFIZIZWT WD ARTSIZHIZDITEEAD LU
¢ ZOVATALIFETEHHN IS WVWEIKU /-

o TOVATLEMNIHEDLHEELTWVD

¢ ZOVATLEMONAD END EFTIZFERI LWL h o7z

¥z, 2IEXEBHERAO A Y M ZEE TR L 2,

D%, BAOEESLHoNUORRINZHANDOT — X% 50%3 2 LEaDb
55 (Integrationggs) L HADEES & H SN U ORI NIMADT —X %
50%9 DR LG E 25 (Integrationge) CHRIBRD X X7 % Z 24 10 [0 9D
7725772, FMDIEFBIISMEZ LIZHT VR —=INT VA% E 572, Solop,. 54
CRBRIZ, A MB —AFRFT — RO L5 SR TRR U, 72, ik
N7 —ROMAERESRKIC 15 FHE U, 20K, SEOFHEICEHLE
HAET—ROFIE (MEELEY7ay 7 2L RA I VI E&bt) Fidfikbd
RIro Tz, 1038 FT# T, Solop,. & L HBRD T > r— MZRIEZE L7z, ZNZE N
DZATDIZIE 3 2 RO IR &2 3% 1T 72,

Z D, FE Solo 52 TRIFRD X A 27 % 10 [Bl47782 5 72 (Solopest)o 10 5 THE T
%, FERROT > — Mz L7z,

D, ERENRSINZIZH LU CHBETUTOEM 2177 - 7=,

e HNDT—REMADT —XTIE, EH5DHERRDRT o7z,
e HNDT —REMADT —RTlE, EH5DHPHEHSLEBAL TWS &KL
7= 5%

o1



5. HHEAME(LT N2 — %A LT
ST B R T 5.1 FiEDIMEILIC & B BB EE T B i

5.1.6 AT & RET

TRT O Google Colab'® ETHEIfET % Python 3.10.12 & R (Version 4.4.1,
The R Project for Statistical Computing) THEIMEL 7z, TRTDT — XL, fEHTET
12 Shapiro-Wilk #AE 2 W TIERMEDOKRIE 21578 o 72, T — X BIERDMAIZHES
5%it3 (Shapiro-Wilk test, p >.05). XIGD & % 38 21770\, RO ZL EH
BUZIE Holm EZEMHH U7z, 7 — X DEBIAAE ICED 7205 E (Shapiro-Wilk test,
p <.05). ART Z W72 80 21778\, SO E IRIZ 1E Kenward-Roger
DHEMHEEM ZIT2R 572 Tukey IEZEH U7, 612, T — XDV ERD G IZHED
72\ 54 (Shapiro-Wilk test, p <.05), AY7 ¥ > DIEAMAHBEREE FHWT 220
EOMEEZ P R7z, 72, BEREINICE T 2 RENEREIL, RN FEIC LS
ZHA7 4y FEAVWTIRESI N, T—20EBMEEZ RS T, FEEDESMN
Hi 7z TIRWIGE BB 2177208 h o 1z,

FERO TN DOWT, FHOFOMUEAFRAE, EROBIZE 3 ML &2 1Y
ML (Q3, Q1) ZRLTWA, FHO EOTIEQ3 2 5 M A#iFH (IQR = Q3—Q1)
D 15 GO AMEERT (Q3+1.5xIQR), FHEkIZ, FeZ i Ql—1.5xIQR
D HFHN D B /IME %2 R 9,

5.1.7 ER
TAEERRE BIRFRE R

5.3 1217 AR RIKE BIRFTARKIZ O W T DRERZ2 57T, TAERED T — &
FIERSAAITRED R P o 12720, ART Z W — & 21778 572, %
DfH, BHEO LB SNE (F(3, 57) = 28975, p <.001, 72 = 0.604, ]
5.3A), Kenward-Roger 2 & % HHEIEEL % 1T > 7z Tukey k% FI\W 72 L EH D
fEH, Integrationges I& Solopres Solopest & D HARITIERNZ EWRI N7z (4(57)
— 5.965, adj.p <.001, d = -1.886; t(57) = -5.909, adj.p <.001, d = -1.869). ¥
7=, Integrationger 1% Solopres Solopest & D HARIMENZ LRI Nz (4(57) =

10) https://colab.google/

52



5. BRBAMEALT N Z—% N LT
HEFE TR TR 5.1. FAEDAMEAGIT & 2 & BB S & SRS

-7.166, adj.p <.001, d = -2.266; t(57) = -7.110, adj.p <.001, d = -2.249), Z DAl
DM ERBIR LD 5 72 (Integrationges — Integrationoger: t(57) = -1.201,
adj.p = .629, d = -0.380; Solop;. — Solopes; t(57) = -0.056, adj.p = .999, d =
-0.0176).

GRFERRD T — ZIXIEB DA DR P2 72728, ART 2 A7z —xthliti&
DM AT IR o T2, T OFER, BEROEFRPA SN (F(3, 57) = 8.143, p
<.001, 775 = 0.300, X 5.3B), Kenward-Roger (Z &k % HHETEL% 1772 5 7= Tukey
HE WL EIEROFER, Solope & Solopre. Integrationges. Integrationogner
LD EEBITENZ EARENE (t(57) = 3.258, adj.p = 0099, d = 1.030; t(57)
= -3.179, adj.p = .0124, d = -1.005; £(57) = -4.805, adj.p <.001, d = -1.520),
Z DD SN B 78 72137892 5 72 (Integrationggs — Integrationpgme: t(57) =
-1.627, adj.p = .372, d = -0.514; Solop,, — Integrationgge t(57) = -1.547, adj.p =
417, d = -0.489; Solop,. — Integrationge t(57) = 0.079, adj.p = .999, d = 0.025),

A sksksk B kkk
[
bk ! sokok ok
| e | I |
7 o a7 B
=
o
o 6 g 6
c ‘ s
9]
= o
< > 5
5> - ° 3
0] m
(%] Y—
c S)
V 4 (e} o 44
w0 %)
L g
(9]
3 o 2] 3
2 2
: : = " 1 : : : }
Solopre Solopost Integrationseir Integrationother Solopre Solopost Integrationser Integrationother

5.3 1TREREE BIRFTERK, ART %Z{#H L7 ANOVA & Kenward-Roger D H
R 2 1T7R © 72 Tukey HRIZ K DL E K 217725 72 (F*p <.01, ¥**p <.001),
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5. BEEAMEILT NX—Z N LTz
HEFE TR TR 5.1. BAREDIMEALIT & 2 EE) 7B S & FEAERGT

mAAREIRES

B4 5.4 12 FRAAM L POE X IZOWTORRZ /R T, RAEAMERES DT —X
WEIEBRDHIZRED R o 72728, ART Z W — il &0 o 21778 >72, %
OFER, BROERIEA SN - 72 (FREIESM: F(3, 57) = 0.0165, p = .997,
n? <.001, [ 5.4A; PRIE S F(3, 57) = 0.226, p = .878, n2 = 0.012, B 5.4B),

A, o - B-,
6 61
51 5

B b=

o e

v 41 c4

[0} o

o o
3 31

& T T T 1 T +
Solopre Solopost Integrationseir Integrationother Solopre Solopost Integrationser Integrationother

2 5.4 SRR e PE X, RAFRICATRERAZIZL D o 72,

RATFLIA—HFEYTF4RAT—I

M55IZV AT L= ) T4 AT —)LIZDWTOREREZRT, Bk MHE
HDS>5H, GBEHOEMOAIT NS 1 251\W-EDDEE. 520 5EBEEHD
BEOAAT %25[\WbDDEEI 2R LADYE, 252U MEE2RAaT L LT,
T — ZALIEBA I S 72720, WHnd O O—mEEI N Z2 TR 572, T D
R, ENDEMHIER SN r o7 (F(3,57) = 0.694, p = 559, n? = 0.035),
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5. BRBAMEALT N Z—% N LT
HEFE TR TR 5.1. FAEDAMEAGIT & 2 & BB S & SRS

1001

751

501

SUS score

254

T T T T
Solopre Solopest Integrationses Integrationother

X 5.5 VATFLI—HYEYF 4 AT —)b, LUERICERRELZLED» ST,

REXEIE

B5.6 122 227 DRBEEIZONWTDOREREZ RS, TI T, ZAZDRMIZ, 7
Oy 27 A%270y 27 BOEIIEESIENTERI-25E (RENICEESZ
EMTERPSIGEZED). 70y 72 HBBICELTLUE > 2HBE0VwTH
METEHE LUz, T—XIIEHSHE DR o772, ART 2 H\W 7= — il &7
AN 21770 o7, TR, HROEHRITE S Ngmd o7 (F(3, 57) = 1.812,
p = .155, 2 = 0.087),

SIMEIAY MK B I —TDF51T4H > = KKEIE

EBRRIZSME AT R0 EMDS b, THADT — X EMADT =X TIE, &
LoDHABRORT o] ITNTEEEEZD LI, SMEEZINV—THTL
Tzo TORER, BT —ZBPRODXRT o EHELUESMENI AN, AT —
RIMWRYRT ol HELLSMEN 10 A, EB5THRWVWERE L LS
EWILANE Loz, ZDDB, HAT — AR DXRTRoz e mE LSIH L,
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5. BREAMEALT N2 — % L7z
BB T ik 5.1 HREDIMENLIC & MBS 5 itk

104

num of failures
w
|
|

24 PR E— PR E—

19 o

T T T T
Solopre Solopgst Integrationses Integrationoner

X 5.6 AR, SJMENICERREILRP -7,

AT =B DX T oz MELESMETI VT3 &2 Lz, K57
TIWV— T30 % U2 RIBIEBUZ DWW T ORER 2 /RS, 7 — XIEIER DA ITHED R
Mol ART Z W@ 21778 o7, T OREHR, RO ERR (F(3,
51) = 4.196, p = .0099, 12 = 0.198) . AHEAEM (F(3, 51) = 6.386, p <.001, 2
= 0.273) BR SN,

Kenward-Roger (2 & % HH T Z 1772 o 7z Tukey £ % AW 72 2 B LR DS R,
HRT — X000 0T o722 BEUSMEIZE W T, Integrationggs (& Solopye.
Solopesy & D BARIIDR NI EAVRI Nz (1(24) = -4.067, adj.p = .0023, d =
-1.917; £(24) = -3.028, adj.p = .027, d = -1.428), F7z. AT =X AP HPT
Mol A& LU ZSIFEIZEWT, Integrationogper 1§ Solopest Integrationges &
DB ETECHBNT EANRE NI (4(27) = -3.133, adj.p = .020, d = -1.401; £(27)
= -2.778, adj.p = .046, d = -1.242),

F 72, Integrationggs SRMHHIZEWT, HOT — X B3R DRI oz ME LS
MFIE, AT =P Tho7zeMEFELESMELVEARIIDLRNI &
PRI N7z (4(17) = 2.164, adj.p = .045, d = 0.994), Integrationoie FfF12H
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5. BRBAMEALT N Z—% N LT
HEFE TR TR 5.1. BAREDIMEALIT & 2 EE) 7B S & FEAERGT

WT, HAT—ZAR 00T oz L[AE LB IE . AT —XH% 0P
oL B LASNEL D LARIIS VI EARINA (4(17) = -2.832, adj.p
= 012, d = -1.300).

=
o
L

num of failures

o

o I Control Preference: Self
I Control Preference: Other

o [l N w £~y w o ~ © o
L L L L L L L L L

T T T T
Solopre Solopost Integrationseys Integrationother

B 5.7 ZMEDARAY MZEB TN —T 31247725 72 KRMEE, ART % /M
L 72 ANOVA & Kenward-Roger @ H HIE L% 1775 5 7z Tukey V512 & 5% H b
21772 > 72 (*p <.05. **p <.01),

EE & Jerk Index

X 5.8 IZHEE & Jerk Index IZDOWTDFERZ/RT, EB6HSIMEEHEDFD
HE) 2 b LT U TCEBEZITR o7z, BEIILATORIZREW. fE (2,y,2) & 30
WU, 2|HEHEZIMAZ ETEME Lz, 22T, JIFEE, TIiF 1R/ fTICHE

U7z 2 &R 9,
1 < dr3\ > dy3\ d=3\"
() () (%)

o7




5. BEEAMEILT NX—Z N LTz
HEFE TR TR 5.1. FAEDAMEAGIT & 2 & BB S & SRS

7 — ZIXIER DRI R o 727280, ART = W7 —tlil &M 21772 -
7zo TOREHE, ERDEHRIZR S NAh o7z (F(3,46.19) = 2.131, p = .109, n?
= 0.122, X 5.8A),

AN OEHIIEE DAL THLIHE 2 H/IMEL XS5 952 & [108] 341
SNTW5S, 7z, FHEHTOY —F v IEENCE T 2 HE 2 5/MET 2B €T
nqm%ﬁﬁ¢éhtw o ZHOULEHEEET VAL LT, 3IRLITBITSET

U [110,111] %, EEDOE S~ S DFEEE U CTESLUZEED I X M2 HWSF
% [112] 12D hf%ﬁ%#ﬁ@b%fméo$$Ti%ﬁﬂ%ﬂﬂﬂ%%k:bk
UTFORIZH > CTEHE U2 AT T % Jerk Index & U, JEHEBJDIE S X DFMii & L
7zo Jerk Index DEBA/NZI WIFE, HONREEHTHE I L2 RKT, TI T, ji
1& Jerk Index, TZ 1adfTIZE LR/, LIX 15UT COMER &, Ja?, Jy?, Jy?
R BT B HED 2R LT,

T5
ji=—

T
3 (Jaf + Jy; + J=7) dt

— ZFERD AR D Lo 727280, ART 2 H Wiz —J il & 73 8 i 2 17
BT, TORR, BHROEFRMNE S N7 (F(3, 46.28) = 5.738, p = .002, 77
= 0.271, ¥ 5.8B), Kenward-Roger {Z & % H HEIELL% 1778 - 72 Tukey % H W
7-Z E IR DAE R, Integrationpgner 1% Solopye & W HAERIZ/NS W EAVRI N
(£(45.9) = -4.098, adj.p <.001, d = -1.442),

SINE &8 T — 5 DEEREAM

B 5.9 IS N& L ik T — X D] ﬁﬂ%(nﬂmccomf®%%%ﬁﬁxﬁﬁ
PN WVIFE, 2 DDHEET—RXP—HLTWE I L%ERT, 7—XITEHDIMA
o 7272, Wad O Dt MEZITTHR o7z, T DKEE, Integrationgas F2 1%
Integrationger & D HEIZ/NIWIZ EDWRI N2 (4(16) = -7.587, p <.001, d =
22.207),
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5. BEEAMEILT NX—Z N LTz

HEEPEHRRTFE 5.1. FREDAMEALIT K B BT H 12 B3 2 HiERRET
A 2000 - Bl'oo_lell x
1600 -
0.751 .
“Z 1200 1 . ) . @
E ° 5 0.50 {
RS )
1
0.251
0.00

Solopre Solopost IntegrationseiIntegrationother Solopre Solopest Integrationseis Integrationotner

5.8 B & Jerk Index, ART Zf#ifH L 7z ANOVA & Kenward-Roger ® H H &
AL % 4778 o 7 Tukey R & 2 ZHE 21772 > 7 (*F*p <.001),

SINE LT — 9 DEHRBAEDRRIIZEL

B 5.10 (220 & EldR T — X OEBFRIM O RRINEIZ OV T DFER E R T,
i 5 7 L — LD sliding window (2 & 0, 1547 D&#E) 7 — X2 LT, DTW % &t
BU7z, RIREEEFERRIZ, BT =280 0oz & LZSNE L,
AT = XD XThoz e MELEZBMETI NV =T Rt %E Uiz, T—XFK
RO/ A XL EERTT2dD, BED10 7 L — LTI SERINL 72,
B 1% 95% A5 4 X[ (CT: Confidence Interval) 29, F7-. dHfifstEe U
T. ZEIRE (CV: Coefficient of Variation) ZF1H U7z, ZEIREUILL T DRI
o TEAE L, T T, o (3IEHERE, 2 13 FEHEHEEZRT,

CV =

SRS

KEE ERMER. RES, SUSICDWTORERE

Integrationges 52 & Integrationger SRAFIZH 1T 5 KM [EIEL & FREN AT, P
X, SUSOTvrr—bhAa7 e DOMEZFE,
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5. FKREAMELT NZ—% N LT

HEEPEHRRTFE 5.1. FREDAMEALIZ & B HEE) 7 2B 5 FERRES
400 1
sokok
350 1
3001
9]
& 2501
2
S 200+
()
S
= 150
5 1
100 1
501

T T
Integrationse Integrationother

5.9 BN L RlkT — X L OEEFEM (***p <.001),

Z DFER, Integrationggs S 125 1) B el [nl £ & FRAI B 1 (X8R W IE D AHEE
M 537z (Spearman’s rank-order correlation p = 0.715, p <.001, ¥ 5.11A),
Integrationoer g2 TlE, FHBIZR 5N 78h2 5 72 (Spearman’s rank-order corre-
lation p = 0.050, p = .833, X 5.11B),

¥ 7z, Integration SR TD Solo FAFIZH T B EALZ TR D728, Solopst
DAAT D5 Solopye & B \W-EZEFHE Uz, T ORER, LB EE L BRAAMIZ I
IEDOMEAMNRE 57z (Spearman’s rank-order correlation p = 0.478, p = .033,
5.12).

¥ 72, Integrationges & & Integrationomer 2212 B 1) 5 S0 & i X 12
XE DB R S N7z (Spearman’s rank-order correlation p = -0.696, p <.001,
5.13A; Spearman’s rank-order correlation p = -0.696, p <.001, ¥ 5.13B),

PRRIE ] & [FIBRIZ. Integration S&ERTH T D Solo 2B 1T 22 L Z TN DB 7=
&, Solopest DA AT M5 Solopye B \W-fEZFHE U 7-, TDREHE, L e
P X IZIXEOMEN R 5 7z (Spearman’s rank-order correlation p = -0.561, p
— 010, & 5.14),
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5. FKREAMELT NZ—% N LT

N 2% 53] — 3 PN - N 25351~ =
P H R TIR 5.1. FAEDAMEALIZ & % FHE) 2 E T3 5 ARG
Al.O- B 1.0
—— Control Preference: Self (CV = 0.360) —— Control Preference: Self (CV = 0.634)
0.9 Control Preference: Other (CV = 0.338) 0.9 Control Preference: Other (CV = 0.533)
0.8 0.8
0.71 0.7 1
0.6 0.6
E 0.5 E 0.57
o | o |
0.41 0.41 [\
; \ /
0.31 \ f 0.31 [
021 \ AV 021 | \/‘
0.1 0.1
0.0 5/ . - . . - 0.0 - - - . .
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Frame Frame

510 Shid L iddkT — & L OEEEIHDORERFZ A, (A) Integrationgqs 54
(B) Integrationoger 5. FEHER 713 95%CL,

¥ 72, Integrationgqs 5o & Integrationomer Sef-12 3 1) 5 LM EE & SUS 121
B OMBED R 5 N7z (Spearman’s rank-order correlation p = -0.488, p = .029,
5.15A; Spearman’s rank-order correlation p = -0.521, p = .019, ¥ 5.15B),

[AARIZ, Integration e Hi{% TD Solo /2 H 1T B ZALZ TR B 728, Solopest
DAAT D5 Solopye ZHI\WIMEZFFE LU 7-, ZTORER, KiEE e SUS I2IFa
DB R 5 172 (Spearman’s rank-order correlation p = -0.482, p = .031,
5.16).

SZmEIXAYV M

ZME X, BT I0RTR T T AT, TOEMETOIAY M2 HBZR
U77. Solop,e £METlE. AFD &S maxXy s %157,

o HMIDWEXELDT, POEZIDKEND -7,
o DELEMETCER NI LEEL oM, D ELLBETE O ERENA S
., Bo&HFEL WS SEEbLIZR - 7=,
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5. FKREAMELT NZ—% N LT

P H R TIR 5.1. BREDAMEAIT & & B 12 B9 & FERERGY
A 71 [ B 71 [ ] [
61 6 ° [} °
5 51 [ ] [ ] [ ] [ ]
° g /
© ©
] ]
< 41 ~ 4 ° °
n 0
@ ©
3 3 ° [] ° °
2 24 [ ]
spearman rho = 0.715 spearman rho = 0.050
p < 0.001 p =0.8333
y = 0.512x + 0.919 y = 0.085x + 3.909
1+& T T T T d 1 T T T T 1
0 2 4 6 8 10 0 2 4 6 8 10
Num of failures Num of failures

5.11 KEIE & AT DOMBI, (A) Integrationges 52, (B) Integrationoper
M, EEHOFIT BN EHEKEZ R,

o ERHHENHE L < 5 £ < OB BR o7,

o HTEZILIFELLS, MEITNIETESDLTEL LU,

« HADHENTRY b7 —AOH I KMINTND LB LEDTT — L0
BRI IR T <l ins,

7z, Solopest RETIE, ATFD LR Y hEFGL,

e HODEWEYDRA I VI TEINELZ &IIR#ELZ -7z, LrL, —E
TYANERBRLULZ LT, BOHSOATEET S Z L IZA U AL %K
U7z,

o BEIZENTEZTIRVWEELDD, EMICLZELTRAZ Z{TIRDITIERED R
WE U7z, 7z, Integration SefF TR EIL U 7245 R, SRR
THURY T —LDAEEZFETE 720, BNEPLD L o7z L&
U7z,

o MED D BEMEILIRL, MH 7B E DTN T E TEEDHEL H o 72,

o Y R— D o2 212&0 78y 7B HAIZIZL K Ro7z L WD IXE
U2 BN TV o728 S5, LML, ey 2 2REE5Z L 1IEEDS
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5. HHEAME(LT N2 — %A LT
ST B R T 5.1 FiEDIMEILIC & B BB EE T B i

Task load (Solopost — SOl0pre)

—4 1| spearman rho = 0.478
p = 0.0329
y = 0.296x + 0.002

-10 -8 -6 -4 -2 0 2 4 6 8 10
Num of failures (Solopgst — Solopre)

X 5.12 Solo SR I B 5 LM mE & SR E M OMRE, FEHDFIX 5%
XM 2R,

TEHLWEREU -,

o D 10 FHZHARTE S 728 0 OGNz B2 3 Z EAHPRR L o 7z
EREUTz, X EBEZTCLEVEHSDOEEDOBDE LU D016
T&7z, BROBiE WS L 0I%, B OB Z N L THEL TV B K5I
D, 7uv %k EFREQETRVEZICHDOBEO FTFEI 2R U TAN LA
otz T—=LATLEFLWHARVWEELHEU &S R&FE,

FIRDSMEZEIA Y MZEB TN =TT D55, BHOT—ZB3R DT o
72 & [0 U 72213 @ Integrationgee S/ IZHEWTIX, M RO LSRRI AV M %

1977,

o AVZIH—F =Y a VP e ) - FLT< 5D T, HERMZ
HETE7,

o KINL72& EDEMEN b 072728, FOMEADEY VT 1 T X W3
N, DAUFNRTVEIRTZ 5 72,

o Solope oM & D HEFBNIZE I U T o7, 7272, 7T —LDEEIZILE

63
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ST B R T 5.1 FiEDIMEILIC & B BB EE T B i

A

Comfort
IS

spearman rho = -0.696 spearman rho = -0.696

p < 0.001 p < 0.001

y = -0.523x + 7.263 y = -0.632x + 7.941

1 T T L T T e 1 T T T T \ g 1
0 2 4 6 8 10 0 2 4 6 8 10

Num of failures Num of failures

5.13 A & P X DR, (A) Integrationger 52/, (B) Integrationoper
M, EEHOFIT BN EHEKEZ R,

R R 5 728, A K OBIEIAE D DERMIFLES 21 3V I Tiibh3
L ENTHEMEL TV B BINE L EF U7z,

o WU BBASZ 78, BIEDSS & < > TV BB R o 7, JBBEE
FERDPTEHEL TVWD X DI L T2,

o Integrationome 52/ & 0 H HADE 5 7238 D DGATZE Z e &K U 7z,

F7z, AT =R DXT o 72 & [ L 72S 013 D Integrationggs S-12 5
WTIE, RO LS RaX Y s zfgz,

o HODBHAENHEINT VB LR KUz, Ml aigfEiZcEnwvw E, A4
DRAIVZTAY M A=) TERNVWI LIZHA D EZKL 2,

o MEDHBDT =X DI L5720, BIEOHBDEEDIES BRWEL
ZolzDTIv I ADMBIEH X VIKL oz hroTz,

o fHO/-L TIIMBREATHDZN, TURBEDRVWE [DOhAERS ]
[(ONLDERED] LD TS LFELT, MADRIIERIT & DO &
DX T7TYARINTWE] BIIADRLIEE 2, BIZORIMUTVWED 5,
T VR MAMIEFEA DN D E LR,
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5. HHEAME(LT N2 — %A LT
ST B R T 5.1 FiEDIMEILIC & B BB EE T B i

Comfort (Solopost — SOl0pre)

—4 1| spearman rho = -0.561
p = 0.0100
y = -0.337x + 0.318

-5 : : : : , : ; , , .
-10 -8 -6 -4 -2 0 2 4 6 8 10
Num of failures (Solopgst — Solopre)

X 5.14 Solo ZRAFHTZRIZ B 1T B Jelnl i & Pt X DB, PEHD W X 95% (5 HE
X[ %57,

o MEDBIEIZOVWTIIMERIEICTHET S L TEFSEETLIENTE
73, FERFEIEIZ DWW T IRRLER S N BB L T D EDH VL 2o 72,
¢ SETVYAPINTVWEHEE L, WIHEINTWD LS L EEH o7,

HOT — X000 T h o7z L [\ L 72201 D Integrationpme 2125 W T
. MR k> axy sz257k,

o HLXAIVIEZHBONH L, HEDIZHII L6, HEBEKLT S
HEEWH > 7=,

o MADENEZ L XA IV IZEDLE THHAEEZTRIERILE 72, HED
FEBRRMINZEDLD, ENIWXLZEERH D Z 572U 7=,

e TNFEFTOEMOFITBAA-—VEHN-FHEE L, lHOEX1 IV
PRI EWV EFS W o T,

o MIANLDT—REDMGIEI SICHEZERLVEH LW LKL 72,

o HDEAEIZ DD, HDNDEERDNDPETEHEN L VBN Z -
720 MR E SIZH UK CE R o/ & Uz, BozkE 7
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5. FKREAMELT NZ—% N LT

P H R TIR 5.1. FAEDAMEALIZ & % FHE) 2 E T3 5 ARG
A 100 - B 1004
[ ]
751
g g
) o
Q Q
0 v 504
wn %)
o) o)
wn n
25 1 o 254
spearman rho = -0.488 ° spearman rho = -0.521 [ ]
p = 0.0291 (] p = 0.0185
y = -4.971x + 84.922 y = -7.882x + 107.408 °
0 T T T T 1 0 T T T T )
0 2 4 6 8 10 0 2 4 6 8 10
Num of failures Num of failures

5.15 K% & SUS DFHRE, (A) Integrationggs 52/, (B) Integrationgper 55
e, BRI SN EHHEX [ 2 R T,

0w 7 z2E S BERTEL, BODHHDANGE T —LDHBRI DX vy
ANV N AT
T2, AT =X DT o7z L [AIE L7200 D Integrationopner 5412
BWTIE, LR &SR axy %257,

o 7—L%EN T DIFHIE (Integrationgar &) & D AL —XIZFH W/ L EU
Teo 2V VT TR IVIVEHBTOEEEEDIRVEL 252172,

e HODIDBLHEAND XTI GhERT o7,

o ERIZIZEANDES LBV IZEN NI LITEMBR AN EH > 7208, 7
VARINEZEITED, HRERRT SEOEH N T bl LP T <
ol MR ELRD ., T U TCOERKILD - 72D T, #ERMIZIX
HUSHEETE 2, ONIZ, BRI E ZAR3 7 YA MR H B LITdo
TEO#LLLREU 7,

o ENAHETHLZ LIZRIL TWAL, GV ZHAZRIZD <FEES
ZEMTE, BOOEAELZLE U DO EHARE LR FEFLH I N TE
5L T,
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ST B R T 5.1 FiEDIMEILIC & B BB EE T B i

1004

50

—504

SUS score (Solopgst — Solopre)

spearman rho = -0.482
p = 0.0314
y =-2.874x - 6.063

-100 : - - . . . . . . ,
-10 -8 -6 -4 -2 0 2 4 6 8 10
Num of failures (Solopost — SOlOpre)

B 5.16 Solo Z&FHi{2IZE 1T % KM & SUS DR, FEH O IX 95%E X
[l &R,

e URY M7 —L%2#ETEI A TEREDOY K- 2K UK, Fizvmy
7 %l S BRHZHEBRE R OBRIEZ & U 72,

5.1.8 ER

T AFEMREIL, Integrationgas S, Integrationowmer 524 & £ 12, Solo Zoff- & D
HELRB I EARI N (K 5.3A), Integration 5ef:H & Solo SfFRHINT IX A2 14
o7z, F7z. Integrationgg 521 & Integrationger SRFDHRIEIXZNZE N5
L4THY, VY A= bAT—VORRETH S 41IIH U T IRt REZ{T2-
TR, B 6B HERELEZLR P o2 (Integrationggr: t(19) = 1.648, p = .116;
Integrationogmer: t(19) = 0.0, p = 1.0)s Y 7V XA L2 2 NE@E T H0%% [7) T
. LATRAZ %247725 K0 HELET 5 /2T A FREDME T 9 5700, EERDH
BRBEIG LD EECERT LI EPRESNTVE, VT IVRA L2 AN
HT 256, BEVWZEHEOTBENTELZLTRAINRT A=< VANMH EL,
D ELMERETRATNS WS 7 4 — RNy 73T /BRI LIZ2his L
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FEAoNb, AEBRTIZ, T—RXITMHEFZTH > TWRWD, BHWIHEL
BV ENTET, TN THLDEFHNEDRERKMI N T NS
DOPZERFLUX T o770, Solo kb & D HITR/HFREBPETLEZEEZS
N5, £7z, TEDOHMELRDD, JIONDEIEZDNF0 5T H & L WBRED
Zolz] LWVWSIAAVEINRSE, T—REDRAIVIHEOH L I 03D 5
B, TRAEREIMET T 2WEMERHELEZX65NS, LU, Integration
FETIFELSEHIEDN AL ETH D, FEROEFKEESG KD 178 FRK
MERTZEVWS Z ISR ERONS,

ERATARIE, Solopey ZfENMBDZMEL D HE < ZNLSDSRMAICE 2
ZEMWREINT (K5.3B), 72, Integrationges 5off & Integrationoge S D H
REIFEBLSE4THoTz, VY A—PAT—VOHIYETH S 4125 LT 1FE
At MRRE & 4772 o 7245, Integrationggr S 12251372 <. Integrationogner 524 T
AR 72 o 72 (Integrationgge: t(19) = -0.148, p = .883; Integrationogper:
t(19) = -2.116, p = .048), Solop,s S:fFlE. BRY b7 —L#EERZ X712+ 5
Eh7zZ T, HEIREATOHRDEIIITHBAD LS TR S7-DTIERNNE
FEAHND, 7z, Integrationopme M TIE, HADORBHE L IERARZEHENAD,
MOBHEWIHHEZITRS L WVWo 2R TERP 72720, HODHE KL 5
TN R T-DTIRRVWILEEZOND,

A e PuE X SUS DA A TIFEMMIZEN RN LRI N (K 5.4,
5.5)o Integration RfFIZHEWTH, Solo b L FAETHE I Lk, T—X Ll
ETHZLICE o THRAAMPEE o720, EICE/ETE R Ro7zh &V
ZeNnEIDIZ<nwWEEZLNS,

R A7 DRIAIRIL, RN ED RN DRI Nz (K5.6), AEBRTDX
A&, MWL BET, KEWERS HS72d, 1 NTHTR D 2 L AWNEIC
BB EDITHKEI LT W, TDRD, ABETHERSINIZE DT, AT S &ITX
DRAINRT =XV ANAETE2DTIERONEEZEZ SN, FAMIZER
IR o Tz, SIFITIE, 4 OEERE P EB ORI L > T, MG T 57 —X
EEVRH D EEAZOND, £I T, ERRIISIE TR EBMD> 5, TH
BOT—=REMADT =X TE, EHoDHEBRORT o] 1T 5 HE
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2H LT, BMEZIINV—T31F U7 (K5.7), £DFER, Integrationgegs 5212
BWT, HADT—XRE@METDLBRDRTho 72 ERASME X MAD
T—REBETEHANPRORT N0/ EBERAZBME LD . KRB
B EDREINT, T2, Integrationppne RAFIZEWT, MADT— X LELE
TEARRORT N o BRSMEX. BROT —XRE@ET DR DX
T eBEZSMELV S, KINEBPD L5 RIS NIz,

ZINENOERMNIIFERF TRIZIT R o 72720, EBIIZ® DT WVWEKL, B
DR E —F U 72O RBEIBD DR 2o 72D, RIBEIEVBD R r 72720
PORTVWERELZDONITDONTIE, XD FEMZRME P BREIZ RS, 72, Solope
FZBWTIE, 2EDORERICARREIXRD > 720, BEMEANRH 5 Z LA
BRI N7z (6(17) =-2.029, p = .058, d = -0.932), MMADT—X LEET 55D
RORXTho72eBEZRBNEIE, BROT —REFETEHBP ORI o7z
EEZT-SMNE LD & RMEEDR DR BRBMERH D, WIS HDFEER A
I EBINTBHIEMMTEESMEIX. MAT—X LGS 2R EE NS 7%
K2R DHZEEZOND, SH ADT—&E UTHAL 7ZDIEER
FHDT—RTHYH, FREFORY b7 — LTIV ENT W, ZD7d,
HEIRERAID EFVSINEIL, LD EFVALEET 255D LML
TLBDZDTR BN EEZOND, /i, HEVENLTVWRVRINFIX, B
DFEFINT A=<V ALHENTETWDE EFVWADT—XEEATHLDE, /S
T4 —XVANEVEHPEHEDT —X E@AET 56D HMB., LT85
DTIEBVWREEZONS, LPL, TOU5HIZIEE 0 FEMABRENBEIZR S,

T2, HOT — 2B DX T h o722 EE L 72213 O Integrationggs 54125
WTik, NEBIER % LA TE 2], [Solop, &eff & 0 LEHIMNITHIIL 2T h -
2] LW oa AV R ERTWS, AT =200 00T 0 o7z ME LS
# D Integrationopper FMAIZHWTIE, THZD XD HEHER 2D X T EGbE
XIhotz), FEBMEOYR—M2ELZ] LWVozaA Y b2HFETWE, 25
U7SMEFEOEBE UTEH, B DOEY & —E U 7@l G 512 B W TIEFEM A3
k¥ eEZONS,

HADT—REMETZAP0D 0T D572 EZ-BNMEIZE VT, Integrationg
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S DT Solop,e Sefl. Solopes; G2 & D & KRMEIBD DR 705 Z LRI N
72o TATEXZTRSE0E, BAHEDOT — X L@AET 256D M0, VE3ERK
M LT 5 AREMEDN D 5, £/, TR ZER, HLHERFICENTET
W5 Solopesy & & D B, Integrationger D H P EBMEIER PPN Z EAVRE
N, BHADT —REMET DI L aBIFT2SMFIZENT, MEITLE 7 4 —
RUAMERRI B EEZOND, — T, Solope M & Solopes S A K
BT BADT —RL@MAETHHEADNT = VAR EIZ X 5FEHDRE
HEIZDOWTIE, REBRPSIIHS NI TERVWEEZONS, HADT—X L
DG ZEIFT 522 MEICL > T, EHFHICSWTEIESEHEDOT—X, BS
E0HEEFOVADT =&, E5 5 EDEAEDVIRNZDONE, FHEEZREL -5
BRAEGTROBENRHDEZEZOND,

HADT =R EEET D300 RT Do 72 LB Z 2B IZBE W T, Integrationger
FAED T Solopos SefF. Integrationge 5o & 0 & KA D075 Z &A?
MRENTz, AT =R EDOEZEFTE2SIMEIZL>T, BAT— XL At
ANTF =R BT EHEDI NN T A= VADNH ET B2 EX NS, KKK
Tl&, £ TOSMHE D Integrationgqs 52 & Integrationoer 524 %2 1778 o 7203, 3
HIZE > TEL ODDRMITIRE LU THEEZTR > 2B IOV TRGETT 6 5%
NhHdeEZOND,

RS IX, RN DR N EAVREI Nz (K5.8A), HEIDH S NI DIFEELE L
T HEEZEH LIZUTERMEL7Za A b (Jerk Index) Z G U 72455, Integrationogper
D73 Solope e & D B HARITNT VW LRI N (M5.8B), 2TDS
MEFE, BRY T — LABIEIZDOWTHILNETZ o 72720, EBROYIHB:FE TRisk L
EHADT—XL@MET 561, HEVDIFEOILBRERTIERD) > 72O TIERN
neFEZoNDE, —fH, MADT—RIEEBREDOT —XZ2MHHLTE D, EhE
WERAZ IR DENT W72, BoPREENTETED, TOT—X Ll
G925 L TEMEDEBLIF SN TRABEVWNEEZLND, TDT-
B, MITEREDEL, SNEEEYH BEENTEZEBTCOEADT—X %
FEkL, TOT—R LA T BAGEICED LD BREMAVPEIZDNIZONWT, &
IO RBEIZR B EEZ 5N,
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5. HHEAME(LT N2 — %A LT
ST B R T 5.1 FiEDIMEILIC & B BB EE T B i

ORy N7 —LaEETEISME LMAET 2T — X & OEHFRMZMHRT 572
S, DTW %5 U 72858, Integrationogner & D B Integrationges S/ D H DN
{5 ZEWRENT (K5.9), DTWIHEAVNS WIFZE 2 DD T — X DEAED
B\, ADT—REEET 2HEOAVNEHRFAPL P TR LEZS
N5, BADT—XRIZIZ, T TICHGOEHEORBRENEGENT VWSO, il
ANDT—=REDE T BEZONS, LU, FHTEZLIZED, 7oy
MG, BT Vo 1RITH TOREDPENTLUE S DTRBRVWNEEZS
ns,

Z I T, & L RiET — & L OEF R ORI ZE(LEFHHE L 72 (K 5.10),
T—=RZIE3 DD UDERTE DM, TNTNAHIME» S T 1y 7 A ZHAIN
{7z—=X, 7avy 7 AzHATOY 7 BIZEELZOIZHNT 7—X, 70 v
JAZRHUKRDOWIANEIZIRS 72 —XAThHbd, 70y Az, B XA
IV TIFHENELFE U RO THEIANI K 25 2 EDMERTE 5, 72, dHiioD
el e UCTEERE CV 25 L, SEIHIZN T 57— X DI S D & 2 XTI L
flil7z, ZDOMENKE VT E MU THIRICEBBPREVERZID L
MTE B, Integrationge 2fF Tk, HA T — X %3811 9 2 201# 1X CV = 0.360,
AT — X2 RIFTE3MMFHIXCV =0338 &b, ABREOEFH Loz, —
Ji. Integrationome S2fETld, HOT—X 2 RIF T 2SME X CV = 0.634, fil
ANTF =R 2B ETEBMEIECV =0533 720, AT —R2EFET E58NH
DFINRKEREF IR 572, £72. BRT — X Z2EIFT 2SMFD S DTW D
=W REL BT, BRT — X EEIFT 2S5FE. BHOHOMEEE TV
MEE->TELT., MAT—XD LD RHANERIZ L > TEDOHFENELINTL
ES5D0TRHBRVIEEZONS, —H., AT —XEEIFT 25N HHD
HOMEET IV EZELTEZE T, DIWDOY =7 REOELEZ2IZ 52 22T
EOTIERhEFEZONS, LHAL, SHOFEBRTIX, T—X & DO@MERIZ
HOOHEOHFHE (T—REHEDLDEDZONE I D) IZDOVWTHRE LR o772
. i 2 OFIWr CREFINCHR T 2 L S ITATEIL 2B IE AW Al REEA S T
SR, iz, MAT—RITFEIZEREDOT — X THEHEL T\, HIZFER
HEDT—REDHMEDRRP 217500, AOOTF—2 L0 HADT—% &
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5. BRBAMEALT N Z—% N LT
HEFE TR TR 5.2. BAREDIMEALIT & BRI 72 7 FIE R

DR RFT Do OPDBEJTERY, TDD, HEYOEHE T I % EL
TEHEDNEDIDIZDOVWTIK, T SITHREPMBRETH S,

Integrationges ZefF 2BV Tk, KBEEAEIT 21200 T, REEMH LA
TBH5ZEMRINZ (K5.11A), — /. Integrationome, F=fFIZHWTIL, FHEAIZR
SNED o7 (H5.11B), AFEERTIE, SIEIZRLEZIRL TV, ZD7D,
HABHHDOT—X L@ET 256, RREIHVPHEZ 2 L ZOEME2HSHS I
JEIEPT L, T TAMDPEE 2 — AT, IADT —XITH L TIE, KK
LTHEZDEMEDMEZHALMMIE B EL I LNTE LD, AMDEE
SRS TZDTIFRVWINEFEZONS, L7z, Pre & Post TD Solo 5 % i d
578, Solopest =D 5 Solop,e S % 5172 HER, Solopes A T D 2 i m £ A3
WA % & Solopesy =M TORRMAMAE L 785 T EWRI NIz (K5.12), Solopos
TR BRNIZIT R > TO AR ICE W TERBFEIEDA DR R 2T s,
HOLMERZRATIENTE L WIRENERT S EEXOND, TD LT, &
BB Z B2 T, BNTETWZEWSEENSDXLDEL, ARV E
EFoDTEBVWNEERZOND,

Integrationges 52/, Integrationoiner SRMAIZHEWT, KA HAEINT 51200
T, RESHPREADT B2 LRI Nz (K5.13), 72, Solopes ST D KA
B Z B & Solopes SR TOMRBE S AMEL 25 Z L ARSI N7z (B5.14), [FIBR
12, Integrationge 5. Integrationoiner SfHIZHEWT, L EIEAEINT 512D
NT, SUSAaTNEATE I eARINZ (K5.15), £72. Solope RMTD
RIEEANE 2 B & Solopes oM TD SUS A A7 AMEL 725 Z e RS iz (M
5.16), KEKEIHUL, P X P2—FLY T+ A3 TICBERL. D EL XRAT 21T
BRABIENENETNDAIT M EIEEEEZOND,

5.2. REDHELICK ZMRNLFBEFERT

ZZETORGTE Y. AWMATH DMEHCHEEE FE T DR VIR UE I
BV, Hfge B L, IMELZTEE 22T, ZOREEZSHL RS
BEBIETHIL2WREIC L, 2N &> CEBIEREEHE O R HD SN 51
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5. BRBAMEALT N Z—% N LT
HEFE TR TR 5.2. BAREDIMEALIT & BRI 72 7 FIE R

REMEABISR S NIz, 1 E TNz, NETOBRDPHL < BRICKH A 225 &
WO IR, BEEEAMEILT N R — &0 o TR R Bl Z & T A L — X7 B
FEEARICTHL DI, HOEBZHDHHIIHRALT —XORKEEZZE X
THHERMZEMT 5 Wo 2 EDRIRFHEIIR D EFZO6ND,

5.2.1 BB

AEiCIE, PRBAZ A UZESFEEHICE 5 L0 EMRRNERE, Bl
FREDA VA M=)V AL LTCOMBENEZBRET 22 2HME Uiz, 5.1HICE
WT, BT LEETOAPEHDDT — R EFETIGED /NI —< VAN
W ETE20TIERVE WS ZEBHS NI o7z, ZD ADEENE T IV /EE
B BEH ORI L > TEELRH LD TRV EEZSND, TIT, H
DDT—REDFAELMADT — X L OFEDZIFIZ LT, ED &SRB
MED S Z BT 5D RN,

5.1fiE COREMMENT LD, SMEDOEBUIL > T, HRDT — XL DlE %
BT 5TV =T, MADT—X & DG ZEIFT 257V —TIZHHEL T,
ENEN. BHADEH T DT —REMETIHAEDHN. ZRAINT = VA
NEETBEZEBHSL RS2, UL, T—XEDEAEDEIZIE, T—XIZ
BEOEDLEIITE VS EBURIIIT RO 72720, BNz EbE LS LTS
S L F 5 TRVWBIENREE > TWETRENERH 5, 72, AT —XIFE
BEDT—XTCHEEL T\, AT —RE@METEHRRATINT +—=<
VAME ETEZOMN, BIZEBREDOT —REEZIIRORT RO N7 D
EDXTERP o7z, 512, Jay I EEA FRIOTAY 70O EIZERS
EWVD T TNIR) —F U T RRAD BT IR o208, B E PSR-, B D
MEPRHEHR EDRENT U E > TOWAEAREMERH o7z, 25 L2 en6, bed
EDOBMEHNDEEOEFRENZE DX S RENDRHEDH, ED & S 72EHD
K dh B D&\ o 7z, FERER 7 B ek LSRRI 2R R 2 BH S M 37 5 728
WZIEHI R D - 7=,

ZD7d, AT —RIZEITE MAEDHEMRE] Z2L2D, V—F U IFXAT &
DLHHEFOWIEZ T TERBRENRHBRAIZTEHI LT, TORREHARE,
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5. BRBAMEALT N Z—% N LT
HEFE TR TR 5.2. BAREDIMEALIT & BRI 72 7 FIE R

NIZED, T2 DA L5 EHFHOMREZRT L LB IT, HADEBK
Mx2E L ICUEFEFEIDODVWTORBEZRTIENTEEZLEZLNE, TN
WREDZLIZL D, FREMEET NZ =2 N UBRBE I X 2 HEFEOE
AL EREZHS N T LI ENTE, KHRDOFIRTH D [HEEzRFT 5
AR L 2228 D2ED . ABOBSIREREDMEMNZITD T & T, HODHHEES
BEAL—RIZTD ] 2WS ZEeREMITEIND,

AREITIH, LD &S REHFEZREOSNENELLDT—X (HHDT — X,
ADTF—&) L OEE %2 B IFTEO0E2H ST E72DDEMEHG LT,
518 CEE Lz, 2 L8k T — &% L DEFH R DOKRINELDL S, THLEFN
DEFIZIZEADOEEE T LDEBRL TWEDTIERWNREEZSNE, T I T,
AREEERIZ DWW T AR DARGEE % 3L T 7=,

o HADTF—REEIIFTEANE HOOEHMETANLZELTES T, AL
R (MADT—Z) BABZLIZL>THEIILEI NS,

o MADT—RZBEIFTZ AL, HODOERETANLZELTED, I
W (fEADF—2) BA->THEEL THEEZITR D,

5.2.2 BE

204 DS (FVE16 44, 2V 444, EHIFH#R 30.95 %, SD = 9.29) 25, 1 7 # —
LARaveV IO e, ERABEICEAZITRVERIISIU 72, ShEHIL.
FEATISE [6, T) IZHED EPRIE U 72 (effect size = 0.7,alpha = 0.05, power = 0.8.
G*Power 3.1 [99] 12 & B 515)., SME ICIZEBRBEGINICHEFIZET 7 V7 —
N [100] 21772 57z, ZDFER, 20 4R ENERETH D I L MR L7z, AZE
Bk, REOMBZEROAREZMGFTELL 7=,

5.2.3 &4

5.1 HiDEER & FRRIZ, B OF)E DADKME N5 &M (Solo). HADEE & H
SMUOFEKINZHASEEDT — X% 50% 3 DR LEDE 25 (Integrationg,)-
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HAOEELHoMUOERINZMADT — X% 50%T DR LEDLYE 2 5%M4F
(Integrationpe:) ZiXE L7z, BTOZMAEIE, F1HIZ Solo 52f (Solopy,) %
7w, BODT—X %258k d 57 2 — X% A, 5 500 Integration 54
(Integrationgqs B U < 1& Integrationppe) 217782 7%2dH &, H 5 1 DD Integration
Gt (Integrationggmer ® U < & Integrationgee) Z 177224, F3E Solo & (Solopos)
%4772 57z, Integration FAFDIHFEIZ, ZMEZLIZAT VR —NT Vv A% L 5T,

HADEE & H o UDitikI NMADT — 2% 50%3 D& LahE 55040
(Integrationge:) (BT 2T —XD M AME] ZHRET 220D FHE 217745
7z FBEZED, TNTNREORL 2 5 NOB) & 2 FAfZiisk L7z, AT —
R fidk U722 B IXEBRIZIES MU R o7z, 2TDT —RIFXR AT L
HDEMMALUZ, HADEE 25li#Hd 57— ATDRXRAZ IR LT —4&
L. HHNCEEB L5 ADT =X LD DTW 258 L7z, ZOK, &H DTW D
AT HBMEN GEEIDELIL TW3B) T—XXmbdb A T7HE W GEEIVEML T
WRW) F=REBIRT L2, BMBIZE>TETDENRRBR->TLES D, Z
NEEET D720, A7 R —EDHF (120 < score < 170) IZAD T — X Z A
TR EUTERLUZ, HFIMIBAFHRERZTRD, TOMREZL LIZ, &2
I UBROEEE UTZ OHEPHZRE L7z, HFANICEBOBER D 55
Bl HRAE (145) ITERBIEWVWT — X &2 @R U7z, £72, £S5 L TH ZOHFHIZ
INESBRWSMEN 248D, FEANIZINE S LSBT — X %2 ZDETHEBREDN
fERG. FldkL. ADT—& & LT L 72,

5.2.4 ¥4t
5.1 i & [ARE DM % (i L 72,

5.2.5 Fixx
51Hi Rk, BMFIXa Ry b7 AKX =B HFAEMICEI» NI EGFIZHED

FOEBLIGOMEAZHEHT I VX2 7 — A2 FEFITHEE L -,
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LZMTTEME X, ORy T AR —OEIZEIPNEEY GRohTay 2.
35 x 35 x 105 mm) Z45M2 5\ DAL K ST U THE, BTIHICE W72 1D 7R
W7 By Z (TEYZ A 15x 15 x 30 mm) Z{lA, ZOFRIIZHB 70 Y 7 (7
0w 2 B: 15 x 15 x 15 mm) @ _LIZRE D X A7 2774572 (K 5.17), 22D 7
0y 7 OEAREEEE X 200mm T, 78 v 7 B h S REEY F cOBEMREHIL 100mm
Thotz, 7Y AIF70Y I BIZHULT4 EOMEICEHELZ, 220D
Oy ZWZIEIEHBAD RS XS IZHEDIFTED, SMBFZIZZOHIED LI
LT7By 72 REEDE2BURL7, EHZ0EE LT, 7uv 7 Ald45%, 7
0w 2 Bld4s BT CTREL 720, 7ay 2 Az2fHAT7ay 2 BO EIZE
BEEICIETEZ 0 ERIZBENRD -7, ZORBMEIEX, ATREARR D IEMEIZ X
AT %7785 K IZHRI NIz,

RAAZFE, 11 AT DX MR —AF2ESL, 207 MHTH
Ay N T —LIEHEWIEIELU 72, BIEDXA IV TR REEDI1Z, 157V
FHIZIRE=TEZES Lz, 2MEICE, BLXZ87U Y NHTTu Yy 7 A%
A, 1577 FHTT R Y 7 BIZEESEIDIZHR Lz, Tk, Bk ofti A
T—REMETHEIC, HEREERA I VIV T BELIICTE72DDBIRT
Holz, 72720, BT UBIEMIZZOREAEEZFLDTIERL, HLEFTHLZEL
TREIZEVWTH OHIREIZE YD, Ty 2 LKbo726, KL TH
KLTH, FEROMPMBEBIZEL, B8Ry M7 —L2Y81ET 2 FTRED L S ITH
mUTz, ARFEBRTIE, 5.1 HIOERE KL, X A7 IZET BRI ELS Lo7272
O, FRMETDOAPT ) —LAFOHAREBIIZLIE RN o7,

RA7 RS AENZ, ORy N7 —LADEEIZENS Z L 2 HIE Lz 305
EDOMEETIR o7z, HIREREIZEND &, Solo RMFTDXALZ % 10 [T
72572 (Solope)o 10 FRfTHE T4, SINH 134T AWK, BARFTA R, FREE M, B
WM, YATFLAI—HVEN T4 AT —NVIZET DT 5 — N AT, TV T —
FARIESIHIEFARTH -7z, £72. BHEAO I AV M 2LETRA Lz, %
D, FRRD R A7 %4770\, 70y 7 %2 F 52 L2 LT TOF D)
#Ehe 7V v =D T — X ZEER L7z, ZDEHKL 72T — X % Integrationgay
SMCHEALUZ, £72Z00, kL ZSMED T — X L HATZFHk L 72 AD

76



5. BHEEAMELT N X —&fr L7

HEE) P E R TR 5.2. FEEDAMEAIZ & 2 8h RN 70528 IR R
Red block A /0\ i
15 x 15 x 30 mm N | Obstacle
\4‘5[\100 mm 35 x 35 x 105 mm
200 mm .-

Front Red block B
15x15x 15 mm

Robot arm

A

Participant 1

X 517 Bty N7 v 7, SEIZORY b T ANX—ZEEL. BEEYE A
MOEDAL L SIZUTHELT, KT ay 22270 vX—CHE L, 90 EHlE X
HCFRRDOT Oy 7D FIZEEE R ALY 527 - 7,

T—XEDDTW %Z#%H L. Integrationgge st THHAT 2MAD T — X 2 P1E
U7,

ZTO®%, BROEELH O L OERINZANDT — X% 50%9 DR LED
55 (Integrationgy;) L HADEES L H S UHRLEkINIMADT —X %
50%9 DR LA S5 (Integrationppe:) THRBRD X A7 & 2 Z 4110 [8] 3D
ﬁtoto%@@ﬁ%iﬁm%”taﬁﬁya~ﬂﬁyx%aoto%Kﬁwﬁ
IBRETIZIZ L RIZY, T—XDADHEEBEL, LOLIBREHES2TET X7
@W%%%bto=®20@%#Ti\ﬂ%@@@T—ﬁtAbﬁfﬂlﬁ%
O EIITBUR Lz, £, RAT TV TOHAIZIET A AT VA 2ES, S0
%E?—&®$®ﬁ%t®1—&vvF%%KEUT“%T%X74&~%E$

7o ZMFEL T —ZXDEEHEINEWVT Y, A4 X—13EL., ALKERI N, B
m5i3%< FLRRINTZ, BMEZFITIE, RATZ T T I8k Z [T 2D,

7



5. BRBAMEALT N Z—% N LT
HEFE TR TR 5.2. BAREDIMEALIT & BRI 72 7 FIE R

PADUETEMTEATA X2 B ALKBERD LI ITHUR L7z, 10 3R1T#4 T 1.
Solopye M EFBRD T v — MZEZE L7z, ZNENDOZMAFDMIZIL 3 7 DK
RHE T T2,

Z D, FE Solo 52 THRIBRD X A2 % 10 [Al4772 5 72 (Solopest)o 10 FRATHE T
%, FAkDT 77— MZE&E U, 77— MORRITIZ, PANOERZEL,
HT — XA T — X 9% #IR L CTRIE L7z,

e HNDT—RXREMADT —RTIE, EHL6DHFDRRDRTHho7zh,
e HNDT—REMADT—ZTIX, EHL5DFHMPHELBLEBILTWS EEL
7= h,

5.2.6 fEATEHRET

518 FERTH - 7=,

5.2.7 fER
FBEIRRE BHFTER

5.18 IZfT A XK & BRI A KIZ OWTOREREZ RS, TAERBROTF—X&
WIEBDMAIZRED D > 72728, ART Z W z—nlilE& ¥t 21172 -7z, %
DGR, EROEHRAR 507z (F(3, 57) = 15.167, p <.001, n2 = 0.444, ¥
5.18A), Kenward-Roger (2 & % HHIETM %1773 o 7= Tukey &% F\W 7= £ H ELE
DGR, Integrationges 1F Solopres Solopest & D HAEEITMRNZ L AVRI N7z (4(57)
— -3.285, adj.p = .009, d = -1.039; t(57) = -3.289, adj.p = .009, d = -1.040), %
7z, Integrationggper 1% Solopres S0lopes; & D HARITAERNZ L ARI N7z (4(57) =
-5.646, adj.p <.001, d = -1.786; t(57) = -5.651, adj.p <.001, d = -1.787), % DAt
DEMFENITA R EILXRD > 72 (Integrationggs — Integrationome: t(57) = -2.362,
adj.p = .0964, d = -0.747; Solop,e — Solopegi: t(57) = 0.005, adj.p = 1.000, d =
0.001),
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FRFERERD T — R I ER DA Do 72728, ART % AW 72— ol & 7
B Z2iT o7z, TORER, BEROEMEILA SN (F(3, 57) = 5.762, p =
002, n7 = 0.233, X 5.18B), Kenward-Roger {2 & % H H I %2 4778 - 72 Tukey
HEE W2 E I DFER, Solopes: (X Solopre. Integrationpimer & 0 ® A I H
W EMRE NI (4(5T) = 2.666, adj.p = 048, d = 0.843; t(57) = -4.004, adj.p
— 001, d = -1.266),

Z DD ST A R 137%D o 72 (Integrationges — Integrationgge: t(57)
=-2.447, adj.p = .080, d = -0.774; Solop,. — Integrationper: t(57) =-1.338, adj.p
= .543, d = -0.423; Solopys; — Integrationge: t(57) = -1.557, adj.p = 411, d =
-0.492; Solop,. — Integrationgey: t(57) = 1.110, adj.p = .685, d = 0.351),

A B
EET] * ¥k
| r
*k *
| *ok
7 7
2
<
o
361 S 6
c
9] 2
o0 (@)
< >
“
o 5 '8 5
2 e
b s}
»n4 2 4
c
o}
n
3 o 3
2 o 2 —_— o [
Solopre Solopost Integrationse Integrationother Solopre Solopost Integrationse Integrationother

5.18 f1AFERIE L BIRFTE K, ART Zf#HMH L 7z ANOVA & Kenward-Roger
D HHEEML %1778 5 72 Tukey IKIZ X 2L HEIK 21778 o 72 (Fp <.05, ¥*p <.01,
kD < 001).

AR & RE S

B 5.19 IZRHIE M L PE S IZ DWW T ORERE2 R T, REMERDT — XIZIEHRSD
WD o 72720, ART Z Wz — B E D BN 21778 > 72, T ORGHE,
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O EMTIER S N o7z (F(3, 57) = 1672, p = 997, n? = 0.008, B 5.19A),

Pl X DT — RITIERD IR DR P o 727280, ART %2 AW 72— Bl iE 45 80
MraEiiie o7z, TR, BROEMRMLE SN (F(3, 57) = 2.762, p = .050,
n2 = 0.127, X 5.19B)., Kenward-Roger (2 & % FH HEELA 24772 > 72 Tukey 5%
W2 E L D5 R, Integrationgey 1% Solopre & D HAERIZEHWIZ EARI N
72 (t(57) = 2.838, adj.p = .031, d = 0.898), * DMDFMMITHE R R EEZLH -
7z (Integrationgegs — Integrationgmer: t(57) = -1.292, adj.p = .572, d = -0.408;
Solopesy — Integrationpgmer: t(57) = 0.456, adj.p = .968, d = 0.144; Solop,e —
Integrationogne: t(57) = 1.547, adj.p = .417, d = 0.489; Solopes; — Integrationgey:
t(57) = 1.748, adj.p = .309, d = 0.553; Solop,e — Solopest: t(57) = 1.091, adj.p =
697, d = 0.345).

A B

E: £s
5] i
o
S
i ° -
4 44

. . § T — .
Solopre S0l0post Integrationser Integrationogmer Solopre Solopest Integrationseir Integrationother

X 519 @AAEM & PE S, ART ZfH L7z ANOVA & Kenward-Roger O H Hi
JEE L& 1772 o Tz Tukey KIZ &K 2 ZEH I 21778 5 72 (*p <.05),

RAFLA—YEY T4 RT—)

52002 ATF L= ) F 4 AT —)LIZDWTORREZRT, T—XIXIE
BRI 7272, HGH O DO— i E TR 2178 > 72, TOFEHR, EK

80



5. BRBAMEALT N Z—% N LT
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DEFRIFR SNLA o7 (F(3,57) = 2.403, p = 077, 12 = 0.112),

100 1

751

50

SUS score

25 o

T T T T
Solopre Solopost Integrationses Integrationother

X 520 YATLI—YVE)F 1 AT —)b, FMRICEEREZLRI -7,

EE & Jerk Index

4 5.21 I[ZHERE & Jerk Index IZ DWW T DR EZRT, BEDT — XIXELD
ol Nnd v O—nllE RN 21778572, TORRE, ERODE
BERAH SN (F(3, 57) = 15.631, p <.001, 2 = 0.451, [ 5.21A), MSRB
(Modified Sequentially Rejective Bonferroni) % [113-115] (23D < £ & LR D
R, Integrationges (& Solopres Solopes & D HEARMITKE VI EARI N7z (£(10)
— 5451, adj.p <.001, d = 0.876; t(10) = 5.257, adj.p <.001, d = 0.779). F7=.
Integrationoer 1% Solopres Solopeg & W HAERICKEWI EARI N (4(10) =
4.244, adj.p <.001, d = 0.922; £(10) = 5.098, adj.p <.001, d = 0.839), Z DD
SMFNTHER 713720 5 72 (Solopre — Solopes: t(10) = 0.531, adj.p = .602, d =
0.101; Integrationges — Integrationpgher: t(10) = 1.066, adj.p = .600, d = 0.184;),

Jerk Index D7 — ZIXIER DA RO R P o 72728, ART % W 72— SCll & 7
M 2770 572, TOFER, BEROEHRITH S Nigd -7z (F(3, 57) = 0.927,
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p = 434, 112 = 0.047, [45.21B),

2
A 1500+ B.goer
| k%
o
¥k k
1250 1
2.44 o
1 [
o]
1000 o
% 50 T
= °
£ 750 <
< <
3 Sz
o
5001
061 ©
2501
0.0

S0l0pre S010post Integrationserr Integrationogher Solopre Solopost Integrationserr Integrationother

5.21 HE & Jerk Index, FEREIE MSRBIAIZ K 5L &K ZTT72 o 72 (F*p <.01,
*Ep <.001), Jerk Index (I &AMICAERRZEIT LN o 72,

EETE

522 12 X A7 DRBMEBUZ DOV T OFERZ/RT, BREHE THHOT—& &
ADT—=XTlL, EH5DHEBRDXRTHRo720] 18T 20EF%2E LI, &
M&E%ZITN—TH3F Uz, ZTORR, BAT—ZBXR DX IhrozemE LS
D11 A, AT =X BP0 T o RIELEZBIMENINE R STZ, T
NEHLIZ, BT —ZBR0XThozeRELEZSME L, AT =R
DT o7 HMELEZSMETIT V=TT % LT,

X 5.22A (X2 TOSIE DY, X 5.22B &S I#E DEIIZ X 5 70V —T 1)
EITIR o TAER D TH D, TZT, RAZOKRMIZ, 7uv s AzTuy s
BDLEIZEEDIENTELD>-5H (FENICEE2Z LN TER1 -2
BEAD) LEH L.

ETOBMED T — RIIEBRD MDD r o772, ART 2 W= —thliE
D ZITIR 572, TORE, BROEHMENA SN (F(3, 57) = 7.571, p
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<.001, n7 = 0.285, X 5.22A), Kenward-Roger (Z & % HHEE{EL %2177 - 7z Tukey
Ha W72 B IR OFE R, Integrationggs (& Solopye & W HAREIZARNZ L DR
SNz (8(57) =-3.897, adj.p = .001, d =-1.232), F7z. Integrationogper & Solope
L0 EEZITDBRNT EARE N (H(57) = -3.995, adj.p = 001, d = -1.263),
Z DD SN B 78 7221372 D2 5 7z (Integrationggs — Integrationgge: t(57) =
-0.098, adj.p = .999, d = -0.031; Solopes; — Integrationpgner: t(57) = -2.503, adj.p
= .070, d = -0.792; Solop,s; — Integrationge: t(57) = -2.405, adj.p = .088, d =
-0.761; Solopye — Solopesi: t(57) = -1.492, adj.p = .449, d = -0.472),

SINE DFEIFIZ XK BN — T3 2785 72T — RIFIERD G- 727280, R
BETIVIZEDBOMZTR o7z, ZTOREE. EBIFOERHE (F(1, 18) = 6.955,

= 017, 72 = 0.279), Z&MADOEZHR (F(3, 54) = 9.791, p <.001, n2 = 0.352), #H
FAEA (F(3, 54) = 6.934, p <.001, n? = 0.278, [¥ 5.22B) HH 5N,

Solopesy & Integrationge 12 B W T, BI1E O IZ 5T 2 M EN RN R SN
7= (F(1, 18) = 16.733, p <.001, 72 = 0.482; F(1, 18) = 13.897, p = .002, 7% =
0.436), Solopye & Integrationope: 2B WT, B OEIFIZ T 2 BAMEZNRIX
Ronamotz (F(1, 18) = 0.004, p = 953, n2 <.001; F(1, 18) = 0.356, p = .558,
n2 = 0.019),

HOT =233 DX T o/ mELEZSIMEIIEWT, FMEICHT 5 HHE
FRIRE SN (F(3,30) = 7.798, p <.001, n2 = 0.438), AT —X A% DY
o e LI L BIE I BT, Sl 2 MR AR 5 N7 (F(3, 24)
— 9.455, p <.001, n% = 0.542),

MSRBEIZHE DK L EIKE TR o72, £, HAT — XX DT o7z
BLUZIEICBWT, ZEILKRZ1T7 - 724558, Integrationgey (& Integrationoner
FDBERITDIRNZ EAVRI NI (£(10) = 4.543, adj.p = .006, d = 0.829), ¥
7z. Integrationgey (& Solop,e & D HAHRIZDBR NI ARSI N (£(10) = 4.122,
adj.p = .006, d = 1.996), F7z. Solopys I Solop,e & D HEARITDZLR NI EAVRE
N7z (£(10) = 3.081, adj.p = .035, d = 1.239), ZDMOLKMMICERERZEITR D>
7z (Solopy. — Integrationgger: t(10) = 2.472, adj.p = .099, d = 1.120; Solopes; —
Integrationge: t(10) = 1.401, adj.p = .380, d = 0.601; Solopes; — Integrationogper:
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£(10) = 0.430, adj.p = .676, d = 0.172;).

FRRIZ, AT —Z B0 0T oz e B L ZSINEICEWT, ZELKZT
7% o 724G, Integrationomer 1% S0lopres S0lopest. Integrationggs & 0 HHRIZA 7%
WZ EAURE N (4(10) = 4.025, adj.p = .013, d = 1.204; t(10) = 4.470, adj.p =
013, d = 1.909; t(10) = 3.098, adj.p = .015, d = 0.956), % DDOZMMIZHE
12721378752 o 7z (Solopes; — Integrationgey: t(10) = 2.375, adj.p = .135, d = 1.088;
Solop,. — Integrationge: t(10) = 1.500, adj.p = .344, d = 0.471; Solop,e — Solopest:
£(10) = 1.224, adj.p = .344, d = 0.509),

A o B
*% Il Control Preference: Self
I Control Preference: Other
| .
10 B I x
*k r
o *k |
Fokok *
- 1
84 o 10 o
3 3 9
1 *k
_5 7 o E el
& 6l & 81 o
Y Y=
© o 74 o
€ 1S
5 51 S5 64
z z
41 5
34 1
3 4
2 4
2 4
iy 14 o
- - - 0 . . — -
Solopre Solopest Integrationses Integrationother Solopre Solopgst Integrationses Integrationother

B 522 KRHEIE, (A) £®TOZSMEDF, ART 2fH L7~ ANOVA &
Kenward-Roger O HHE T %2 1772 > 72 Tukey 12 K 2 2 EILK 21772 572, (B)
SEIFIZ £ B2V — 7413, MSRB I & 3% EIEE T 72 (*p <.05, *p <.01,
kD < 001).

SNE ERET — 9 OESE M

B4 5.23 1224 LElskT — X DEBE L (DTW) IZ DO WTOFEREZRT, HD
INEWIEY, 20D T — AR —HLTWD I L2 RT, M52A1F2TOEH
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MO, X 5.23B 1XBINE DRBIFZ & 570V — T 24772 5 I KGR O
Tdh 5,

ETOBMEDET — RIFEMRDPHIE 72720, [Ind D Dt EZ2FT74% -
72, T DRER, Integrationgey o1& Integrationpmer & D BEIZ/NIWT & DR
SN (8(19) = -5.544, p <.001, d = -1.645),

SN DFEIFIZ X B TN — T3} 2T 5 72T — RIIIERD IR o 72720, R
BETMI L BN 2118572, TORER, FMFOEHE (F(1, 18) = 28.786,
p <.001, 2 = 0.615) AR S5 N7z,

A4OO 1 B 400 4 *okk

350 | | 3504
300 300 4

2504

N
a1
o

200

-
a1
o

150

DTW: mean distance
nN
o
o

DTW: mean distance

100

-

o

o
!

a1
o
!

50

I Control Preference: Self
I Control Preference: Other

0

Integrationseis Integrationother Integrationseie Integrationotner

5.23 S LFET — X L OEFFEM, (A) RTOSMEDFE, Hitd b
DtREEITIR o7z, (B) BIFIZ X7 V—=T 01, BAETTIVIZX 080
2T o7z, (F**p <.001),

SINE LT — 9 DEHRBAEDRRIIEL

5.24 IZF L kT — X OEBIFRI DR RANZEAIZ DOV T DOFRERZRT,
g5 7 L — A ®D sliding window (Z & 0, 1584TDEH) 7 — X2 LT, DTW %G
Bllo T—2RED /A XL 28820 Td, BED 10 7 L — LI
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MNOERINU 72 BEPE DX BN EXE 2 RT, £, FHlifsfRe LT, £H)
PRI G U 72,

Aoy Bio;
—— Control Preference: Self (CV = 0.369) —— Control Preference: Self (CV = 0.507)
0.9 1 Control Preference: Other (CV = 0.363) 0.9 1 Control Preference: Other (CV = 0.399)
0.8 0.8
0.7 4 0.7 1
0.6 0.6
E 0.5 E 0.5
[a) [a)
0.41 0.4 1
VAN
0.34 \\ /\ 0.3
\w/\ !
0.2 1 N 0.2
S——
0.1+4 0.1
0.0 — v T T T v 0.0 —F v y T T y
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Frame Frame

5.24 Shnd LEddkT — & L OEBEIHDORRFZA, (A) Integrationgas 54
(B) Integrationger gefe FEHE 1E 95%CL,

SMNEESMEBH D Pre RETOT—4% & OEEREHME

MG 5T — X DA TR, EREIZBWTEEEOH S H S OHE)
TF=REIZEDREHNT WS D2, X5.25 I8 TOSME &L Solopye
ZMETOSINEES L OEEFEIZ O VWTOREE RS, X5.25A 12 TOSNM
HOWYY, X 5.25B 1EBMH DEIFIZ L B 7N — T3 %4770 o IAEROETH
%, BETOBMEDT — RIFIERDMIHRE DR 572728, ART 2 H\W7=— st
BN Z2 TR o7z, ZTOFER, EROERERE SNz (F(2, 38) = 35.886, p
<.001, 2 = 0.654, B 5.25A), Kenward-Roger IZ & % H HEILAI% 177 > 7z Tukey
HEHWZZEIROFER, Solopes: (& Integrationgge. Integrationoiher & 0 HH
RIS WZ 2RI N (4(38) = 6.661, adj.p <.001, d = 2.110; £(38) = 7.864,
adj.p <.001, d = 2.490), *DMMDSMH/ITHRERZEIZRA 572 (4(38) = 1.202,
adj.p = .459, d = 0.380).
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SINE DFEIIZ KB TN — TR 27705727 — ZITER DA DR D > 72
728, ART Z H\W e — @& D i 21772 o 7=, £ DFER. =MD ERNER (F(3,
54) = 34.664, p <.001, n2 = 0.658, ¥ 5.25B) 23R 517z,

Kenward-Roger 12 & % HH Tl % 1772 o 7z Tukey i % F\W 72 2 B LI DGR,
HOT = 2B 0 XRT o7z [ L72S I IZ5 W T, Solopes: 13 Integrationge.
Integrationoger & D HARIT/NI W EARI N7z (4(20) = 4.524, adj.p <.001,
d = 1.929; t(20) = 6.123, adj.p <.001, d = 2.611), Z DO MIZHE R
(X727 5 7z (Integrationges — Integrationggme: t(20) = 1.599, adj.p = .269, d =
0.682),

FMAT =R T o7z L AE U772 IZE W T, Solopes: 1 Integrationgess
Integrationomer & ¥ HARIZ/INZ WI L ARSI N7z (£(20) = 4.783, adj.p <.001,
d = 2.255; t(20) = 5.213, adj.p <.001, d = 2.457), DM KA HREIRE
X727 5 7z (Integrationges — Integrationpgme: t(20) = 0.430, adj.p = .904, d =
0.203),

A400 ] B 4004 sk
*kk
3504 ‘ 350 4 kK
kK Fkk
3001 |—| 300 [
*kok
[0] —_— (0]
g g
< 2501 © 2501
= -
2 o
e ©
c c
200 o 200 4 o
8 o 8 o
€ © £ o
E 150 E 150
[a) [a)
1004 E— 100 1
o
50 50
Il Control Preference: Self
I Control Preference: Other
Solopost Integrationse Integrationother Solopest Integrationse Integrationother

5.25 BIE L BMEEE D Pre & TOTF —& L OESFEIM, (A) £ TOS
HED¥Y, (B) #IFIZ X270V —TF431F, ART %2 L 72 ANOVA & Kenward-
Roger D B HEEEI%Z 1772 o 72 Tukey IKIZ K 2 L E LK 2 {772 o 72, (F**p <.001),
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SMEESMEBED Pre R TDT—4 & D:EHRBAMDOERRIIEL

[ 5.26 12K &M TDOSINFE & Solop,. S TDOSMNFH H S & O #E) R I D iR
FZEALIZ DO W T DRERZ RS, 185 7 L — A D sliding window 12 & 0, 1&17D5&E
T — I/ LT, DTW 2318 L7z, T—ZKRBD /) A Rk BB T
B, BED 10 7 L — LIIEN 2 SBRAN U 72, B 1L 5% 5 X M 2 R T,

Ao Bio Cio

—— Control Preference: Self (CV = 0.466) —— Control Preference: Self (CV = 0.446) —— Control Preference: Self (CV = 0.424)
0.9 Control Preference: Other (CV = 0.417) 09 Control Preference: Other (CV = 0.343) 09 Control Preference: Other (CV = 0.397)

08 08 0.8
0.7 0.7

0.6

MW M

=

0.2

0.1 0.1

/
0.0 0.0
1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000

Frame Frame Frame

B 5.26 SN & 2MNE HE D Pre R TOT — X & OEH) A MO RRHZ 1L,
(A) Solopegs Zffs (B) Integrationger 52, (C) Integrationomer Zeffs FiEHIHR
7313 95%Cl,

SME ERET -9 EOEEEBIRARERE ST

B 5.27 122 LEl8kT — X E OMHBEMENPRKE 25 7 712DV T, SE
DEIIZ KD TN — TR 2700 T2fERE R T, ERE A L B1EDOZEN
RELSEND ZHh (ZNE /U TR M) (IS UTEEL 72, ED 0 1Z5aW
EFE, BMFE LB T —REDAXVPDRL, TITALRBIFET—RIZHLT
SIENERITLTEHNTED, XA FRAIRBZIEFET—RIIHLTSINENEN
THWTWEZ L 2RT, T—XIXEHRSAETHEDRD o772, ART 2 HW\ 7=z
— B AN 21T 78 o 7z, T OFER, EROERRIZE S Nikh o 7z (EE
F(1, 18) = 1.297, p = .270, n2 = 0.0672; §fF: F(1, 18) = 2.968, p = .102, n? =
0.142),
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300+

Il Control Preference: Self

I Control Preference: Other
[e]

o o
150

—1501

mean lag with maximum xcorr [frame]

-300

T T
Integrationse Integrationother

5.27 S Ltk T — X L OMBEMBENRKRE %2577, 2 (ZIFIZHL
THIEASIA) 25 LIZFHR L. SMEDBIFIZL S 7V —T R &5 o72, &
AR P =AY = Al

SZmEIXAYV M

ZINET. BB TI0RITRTTA2T LT, TOEETOI A Y M2 EHFEER
U7z, Solop,e M TlE, AFD LS %A N %1§7-,

o HUBERHENZMIIDL Vo KEPRBEIIAL—-RITEMTE
M, B EEOMID WE) X IZEHR Ui EFRCELS 2B TERD) 577,

o Fa—TRONLEIAFZTIEFTHLUSELU AL, ADOLIZFa—
TaEL & ZADEENRGE EICEL o 72,

o MIIKRERT Oy 7 REITAZZLIZEREZ LBV EI D> THEIL T\
B, BEPSIEHEVEBL LS THRITONE LS IZR o7,

F 72, Solopest F/IFTIE, ARD XS aAXA Y M 2K,

o ENTEDTHDD LI ITId o7t BlEH & AR TRERIT RPN,
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o T—XHHTDMITDH L TI0%HTDY TIVXA LTOHRIEHZEITZRD &,
FEETAR (EREICIZBE?) AL R o2& DT Uz, BN TET, 5%
CHIETETWRWEID D - 77,

o ~ATHVHMLDE, Gl 7— X CTIWOMEDOTIE, HAOHEEVERL L
U7z, HADVRET —XIZED XS ICHHET 0P ERINTWAZDIT
X UT, HO T MOEE TR TOERINCE D MOBERH D, X1
SV ERKBEDDVH - THL L o7,

o MDEEWRIT S TWVWIZEEDIEINRRXRATIZIZHRLRT o7z DITEL
%, MOEHEPREI>TVWB L EE, ZOHZIZELENX EFI VW LEHE
Z. THSITEEBI Vo TV,

FIRDBMEFEIA Y N2 TNV—=TRTD5H, BAT—XBPHXTH-o
72 & [0 U 722014 @ Integrationges S I2EWTIX, MTFD LSRRI AV M %

57,

o FOTUNKNINTANAY REFTIRHIZIND S K LR T o 72&d
UTze TRADZDNEND 5,

o FIEIIHARIE DAY 2T D 57208 A5 - lE - BT REDR A IV
TEEHDEMELTWB DR D P T h o7z,

o EFIZMVRT L, FLHADOHD XS ITEU SN, HADEEIIK U
BERIFLAE LD o772, BIBD XS ITEUoN-DZE -,

o HDFSRT — XTSI U D - 72 £ DI U 72D THll D\ @l 35
LWERE U7z, IADT—XLliead 2 L0 HMrRENARITR-oTL
F500b LN,

F7z, AT =D D XF o7z L HE L 72BN D Integrationges Zo:12 5
WTIE, RO LS axy bz,

o HDEMET — X DIED VHENSHEIZ LT Do 7203 Bl 8 0F 13 A B
SNTVWLEFEDIRE 5 7z,

o XV THLERWEINTVWAIHADEHEZIZH R—MINTHINTE I LD
5 LU Tz,
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o HADEEIZHAH D, MADFE L ELETVWEI L E LD V7 aRIE
CREU Tz, BLEWVWS TP WEEIZOWTIHEIILP IS ANV A2 H
FORU D o720, BEYZET-D 70y 72 HGKELREHEIZDON
TIEHENLL I ZEL -,

o HADFEHWHBIINT VWS, HFE2M-oTHOZALMREIFITFLEALR
Molz, U7, EFSHAOEE 2§l T & KR 5 7=,

BT — M0 0 0§ h o 7z LA L 72013 O Integrationope Zef12 BT
E. A FD&S5mary bz,

o BIEDRA IVIDNEDLIRVWERL 22T L NE o7z,

o HTFDENEIZEDLEIMBELD >T-OTHTFORIEDOXA I VT2 ML L
DALUHELUSE Uz, FIZT7uy 22l RA IV 725082008 L
Moz,

o KL EIZMBERENDSD, DL IZELETVWITIEIVWAZEZE X
5 L2175 7,

o BIELXTWERERUBRiE, LOS6WEIKU RO AENKELIK L2, B
DHFE DL AR, PPA MV AZKU T,

Fiz. AT — X R0 RFh o 72 L L2 SIE O Integrationome G2
BWTIE, UMFDO LS aA v h&fEx,

o HADEZENL TWB XD RERFIZZR o7z, LA UMMl /ElZa Ry b
T — LD R E U 2D, #HEPITHEESINTVWDS LI Ko7,

o D XA IVIDVHPDLIXERZTZD, TIIWXFRSI WD o7, K
MR TR, EF WP ZIZ THRIED <P TWVWAHDIZ,
T—=XDEWT] E\WozHAMEDH - 72,

o HETHARIZHEI CEIW 2T — L2 R TLKFRBEVWE KU (A5 0kiz &
BoTWEEDRBFICEHNZZ LICL2K[/HHbEIDL I BEDNT B),
o TUNHERINENOD, BISELELRMN Uz, 272, —EXA IV

MINTLES &, MORTDIFHEL -7,

91



5. BRBAMEALT N Z—% N LT
HEFE TR TR 5.2. BAREDIMEALIT & BRI 72 7 FIE R

5.2.8 ER

TR FMRIEIL, Integrationga S, Integrationgmer 525 & £ 12, Solo Zeff- & D
R RB T DRI NIz (K5.18A), Integration Zofi:ff & Solo SR M 1X 2 1%
Moty VY A—bAT—VOHRRMETH S 41238 LT LEA L BEZITR -
7o k5, Integrationges 22, Integrationoiner 5o/ HICHERIZE L 2B Z LR
I N7z (Integrationges: t(19) = 3.814, p = .001; Integrationpne: t(19) = 2.127,
p = .047),

(\2 - HlE - HETREDXA IVIIEFHSLEHMAELTWAABRRDXT o
721, MEFOBEO XA IV 72O Z WD UEHLUSE L) b wdaxy b
Mo, T—REDMEROITAERBIZOVWTIE, RAIDRA IV I PEEIC
RBEEZOND, T—RIFFBRLZROE £/ o772, VTIVEA L2 AN
DEIAEDE ST, BHWZHEEZITRI L WS eI ST, X4 IVFITX
VIMELD 2 Z DT RAFERBIETIC DA oeEZO6NE, — /T, £H556D
Integration & TH, HREL D IFERICEWTRAEREIERLL TED, EE
OEFLEEG LD BTA/FREMETTHE VWS IR o ho728F X
LNd, RERTIX, WREZRI TFT—ReG5bEEEDIZER LD, 24D
AVPECTHHNR—BULTE D, 1fThOEIfE2 MR {17725 2 & T, 17
REREEZMRT 2N TELZDOTIERVWRNEEZ OGNS,

EARFA T&IE, Solopesy SRMIZHE T, Solop,. 52t & Integrationogner 22 & D
brEREZEWRIN (K518B) VY A—FAT—IVOHIMETH S 412
KU T 1At ME 21772 o 72458, Integrationggs /A CTIXAERICELS BH I L
DRI N7z (6(19) = 3.053, p = .007), — . Integrationpme G2/ Tldk, ARER
S22 dn o 7= (1(19) = 0.893, p = .383),

aRy MEEICBWTIE, BEEPEX U ZEE GEottay—) CEEOHE
g (RS0 a ¥ —) ORIZHBED & VX BRI G EDVERFTRET H 5
Z & (116,117 BEInNT WD, 25 L7z ehs, FEEEERS —HL T
X, N TEHRIAE P ERARETH S Z & [118-120] AHS 2T/ > T
W5, Integrationges S/ TlEk, B HBOEXCHEEI ORI E D —HEHNE L 72
0. BRATAERROM EIZDRBo/zeEZ 65, 72, Solo 5l & DZENZR N
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Z & H 5, Integrationges SoAFTIE 1 A & A D AR A EAER T 5 Al REME AR
B X N7z, — . Integrationomer 52/ TlE. Solopes o & D HEKL, Vv H—h
AT = I)VDOHRMED S DERIRAS AL NI > T2, [TRAFREL FERRIZ,
SVIDAVPELBI LR, BHAOHES L BLRLGENRHEHI LT, E’ﬁi}jﬁﬁ
EPME R LD TIEERVWALEEZ LN D,

F 72, Solopesy SoAF Tl Solop Zoff & D HEERIZE W Z L AVRI N/, Integra-
tion e Tld, BRAERPD UK T 2MH A0 H 5708, £ DHRIZITIR D Solopest
ST, HEIZEZOEERL S KMINTWDE KU 5720, @< FHliE
NzeFZEzo6hs,

RIS & SUS DA 3 TIXEMRNZ N RN T AR I N7z (X5.19A, [X5.20),
Integration 2 IZBWTH, Solo ML HETHA I LIE, T—RE@METSZ
CIZE o TCRHBAMAEE o720, BIZHIETE R R o720 Vo2 A
LI iz weEZL6ND, 72, PUE XD A7 1L, Integrationgg S0 D3,
Solope ZefF & D HEREIZEH W LRI N (K5.19B), FEREIZHWR T, %
tﬁﬁ@%@i5ﬁ@D6hkLFﬂbﬁﬁ%éjtmot:thﬁ%éiﬁ
IZ., Integrationgqs S5 Tl H D DEHEDREUTILE W T — X LELE T 5 72D\ »
TSRO TRV NI EEZEZS5ND,

HEFEIZD\WT L, Integrationgqs Sef & Integrationoiner 22D S5, Solop,. 5&
fF& Solopes FMFE D HREL LD Z PRI N (KM5.21A), F7z, Jerk Index
IZ2WT i%%ﬁﬁﬁﬁ 2721378 r o 72 (K 5.21B), SEEAIZEITE) —F VIR A
7 |7 T, MET55EDHH E%}##/J\éb\ TIROLIFONREESITRDEI L
ﬁ‘ﬁﬂbﬁ‘kﬂofh\é RFEBRTI, %’5_’)& FTT7my ek HoTay
7kﬁﬁ%<‘_’.b‘9\z‘<’)7§‘@§mfﬁfi’a@ T—=REDRAIVINAVT
BRIZIZT —2izabEITnL, %b<iﬁoawaﬁﬁﬁ%$bﬁfbﬁﬁb
gL otz a%z 5%, — AT, EFRMLUZZBED I A N TH S Jerk Index iZ
DWTIEFMMIZZEIZR L, AEDEONITHD I EAWRBI N,

FKHEEUZ DWW T, 2 TOSINHE DY, Integrationggs 5214 & Integrationgper
FMEDSiM, Solopre FfE & D B ERIZARNZ EAVRI N (K 5.22A), SRR
B (7,97 TlE. LATT N =28 ET 2K 0B R AINT 5 =< VAN LT
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5ZENHSNIR-TH Y, EMFOBRY b T AR —IZEWTH FABKORIR
DN D A REMED RIB X 7z,

5.1 e Mk, EREE THSDOT —X LMADT =X TIE EH5DLHMXD
NI POl T BEEED LIT, BEE V-T2 U (K5.22B), %
DFER, HA T — X 238113 23014 1. Integrationggs M2 B WT, AT —X&
2N 5205 & 0 R DIR N EAVRE Nz, F 72, Integrationpgher
ZM & 0 B Integrationggs 2B W TERKEED D70 0B Z 2 BRI Nz, —
H. AT — X %2 ELFT 55015 1E, Integrationgqs S5 & D £ Integrationoiher 5
PAZBNWT R A D DR 725 T EDRIN2H, Integrationgper S H W
Tk, BT —RZ2E T E2SMELDEIIED >, BOEHOELFT 5T —
REMETBRMETIER, RAINT =<V ANDE BT B AR NREB I N7z,

HADT—RE2EIFTH2SMEIHLTIE, BOOEHETADRLELTHES
T AMNERIZE > THENELINE L WS ELT TV, LU, HOD
HEIETIDRLELTWVWARWE T 5 L, Integrationgs 22 & Integrationoher 2%
- TIXFERRIZ R IR BT 2 2 D TIZ W E X 55 D5, Integrationges o4
TIE LD 70, £ 72, Integrationges 52F & D & Integrationoner a2 D
TN EIER DL W\ 2 & DRI N2 D, Integrationopner 5o/ TILEIFIZ & B 2EM8
<, HADT—RE2EFTENL L Vo TMAD T —X %2 &IFST52MF XD
% Integrationgpner SRAFIZEWVWT NN T =X VAWE L 2D TIERWVWEEZ 5N
%, 2ZHOULZens, ANERIZE > TEIEBELI NS LW S REHTER DI
LFRFT AR D BN, BOOHEEETIUVELEL TWRVWDOTIERL, B
DHEBET NV EZERELTVWDEDTIERVWNLEEZSND,

DT — X % #IF$ 2SME N LT B OEBIETANLELTH D, 4
PERBA > THLEL TEEZITRD L WO IREEZ LT T2, Integrationggs
Mt & 0 B Integrationome: SefF D RELBEIBD DRV L2 5, IAD T — &
EWVWSHER DA > THLEL TERZITRA D AHMELRH S, Ll B
DTF—XHMNEK & UTIRZ S Z D TE, ZTDHAIX Integrationgys S & D
AFBEVDTRERVWPEEZONDS, MADT —X2& T 53ME X, HOO
HEIET N LIS, MBALEIZZ2ELELZ L] 2 FLTR5ILNTESL
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5. BRBAMEALT N Z—% N LT
HEFE TR TR 5.2. BAREDIMEALIT & BRI 72 7 FIE R

EZzoNnbd, T5L7Zero, AMERVPA-> TELEL TEEZTHRS LWV
IREUEI N LR T 2 Al gEME D D 523, HAODOHEEET IV L b BMAIZED
BEILERBEBETIOTERVWIREEZOND,

AREERTIE 5.1 HI L IZEZ D, Solope RAMMIZH T 5#IFIZ & 2 AEMAIEAS
N2> 7273, Solopesy RIFITHBWT, HAT — X2 EIFT 25 MEDFH, A
T—REE T HBME LD ERBEBD DR BB ZENREIN, £/, B
T — R EEIFT DS, Solope 5 £ D H Solopes FRAICHEWT, FKHlA]
BOPERIZDRLS o7z, SRIDE D% MREHIEETEBELIIZH -7 54
DIBUMBETHZLIZE>TEZLTWL] LWH XA TIE, HADT—X %
EIFL, B OEHE T IV EELET 2SIEDANEEPEAR T VO TIERWN
neEzohd, —HT, MMADTF—R%2EFTIHMNEIEX. A £ ED
BEIENTEDEEZON, L OEHR X7 XFEAADEN TV AR
TIEFEPEART VD TIERNALEZSNED, i & D FEf a2
BETH 5,

ZINFH sk T — X OEFFELY (DTW) 220V T, 2 TOHIHE O,
Integrationgeqs SefF D /A% Integrationger 50 & D HINS KRB Z EWRI N
(X 5.23A), F7z, SIEOBIFIZL BTNV —T 3T %TR-TMER, EH507
)V — 7% Integrationggs 54D 1573 Integrationgmer 52 L D H/NI B Z 2N
ARENTz (H5.23B), HADT —XIZIE, T TIZHZOEHET LAEENTL
5720, IADT—REDHE—HTELERONE, ZEMFOBBRINICIE. ATHER
RO TF—XEeEHELEDLEIBRLTWEL, ZTOETHASDT —XDAEDVEE N
—HLPTVEWS ZEiE, EEHRL RVOFETHEPREAEENTVWEDT
XRVWhEEZONDS, BIFICEBPETRONELR N, SHOXAID LS
WC—RRREE 2320 TIERL, BEEYEZBICTRY 22 A HlOTOy s
WERED LWL D0DT7 2 — X% FDO5EICIE,. TOREPENTLE -
TWAHDTIERWhEEZ NS,

Z T, 2 L EsRT — X L OEFFRIMORRIZAE R L 72 (K 5.24),
F—=RIZIE3 DD HERTE 203, TN ED S EEY 28T T 7y
JAZRMFEAIINWS 72—, TJay I AREATOY I BILEES72DICENT
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5. BRBAMEALT N Z—% N LT
HEFE TR TR 5.2. BAREDIMEALIT & BRI 72 7 FIE R

Tx—X, 70y 7 AzMLEDOHINEIIRS 72— X ThHb, 7THY T A
2O, B XA IV TREBMEDR U 2D THENNS 7325 Z LD HERT
&5, £z, iHMliOfEEE UTLEBREEZERE L, FHHEICINT 52T —XDIES
DEZHNANCEEE L 72, Z DMEAK E WIF ESEIIMEITH U THNIZZB K
SVWERZABZENTE S,

BERBUZ DWW, Integrationggs oM Tld, HA T — X 28I 53 4& 1%
CV = 0369, AT —XZEIF$T2SMEIXCV = 0363 &40, FARED
BH 72572, —H. Integrationowme S2fF Tld. H T — R 2 EIF T 5311 1
CV =0.507, AT —XZ2@IF T H2SMEXCV =039 &0, HRT— X%
BIFTA22MEDHAEVPKRERLE#R o7, 72, BHT — X2 EIFT 230#&
DFHMBDITW DY =TI R KEL o7z, 61T, MAT— X ZE LT 5200151,
BRMTOMEDENZH E D KERED R o T2,

Integrationoiher RMHIZHEWVWT, BT — X 2 E T H5SMEIX. T —X & I3HR
BREZHEEZLTVWS, ELARET—RIZEDLERZ VLS E LN TW
LDTIERVWIrEeEZONS, ZTD2H, DITWOE =27 D E L RE5DTIXRW
MEBZOND, RBEBIZBET 2EBRTHENZLSI1Z, HADT — X 2 &S
52MEZHDOEHET IV EELT L20OTRRVNPEEZXSNDS, TD=d,
Integrationger RAIZ B BMAD T — X L IZEE OFEIAD FHI0 | i % DEEF)
ETNUNELDE LI VEOEHNKREL LoD TRV EEZOLND,
o, MADT =R %2 EIFT55ME X, BAOEHET VLD EMET ST —
REEBRTDOTIERVNEEZONS, TD7ZH, Integrationgpe AT H W
T H Integrationges S/ LMEDEFH DK EIRDHFE DAL 7ZDTIEARWN
mEEZOND,

EZAETD SN & Solop,e S TOSMFE HE & OFEFBFEHIZOWT, £TD
S8 DIEIFIE, Solopes; S2AF D F5 753 Integrationge 5o & Integrationoger G2 £
DENIL D, ThbLERMLTWE Z 2RI NZ (X5.25A), £72. 20
BOFINZ XD TN =TT 24700 72ER, D 5D TN —TE Solopes St
D /i H¥ Integrationgegs 5/ & Integrationginer =t & D HINS KRB Z ARSI
7z (M5.25B), T—XELDMEIZL->T, ZEHAMOHDOH S L3NS &F
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5. BRBAMEALT N Z—% N LT
HEFE TR TR 5.2. BAREDIMEALIT & BRI 72 7 FIE R

ZoNd, HADT —REE T H2MESD, BIZFEAOBE 2T 50T
<, MBICE-2TTF—ReB{bE LI TEOTIIRVREEZONS, £
Tz, FEDOE)E 285 5 2 L CHEIMVFEIT S Z & [121,122) . HFEOH & %
AR T 2 KD BRI NG ATEH S VAT 5 2 & [123] 2 S 2
WZHoTED, Ry POEBEOHRE T+ — NNNw 22k oT, ZTOEEIZH]H
nraEtEdbFEZ NS,

E7-, BINE BT — 2 OEBE & FRIZ. BEMETOSNE L Solop &
HTcosinEB S & OEEFORRINZEZFHE L2 (K5.26), ZERBUZD
W, Solopest AT, BRT — X% #EIF T 520ME X CV = 0.466, AT —
REEIFTHBMEILCV = 0417 L7320, AT — R %2 &G T 5SMED /D
PRMEDEFNPNE K I o7z, F7-. Integrationgg M Tld. HY T — X % &4f
TE2SMEILCV = 0446, MMAT— X Z2&IF T H52MMEIZCV =0.343 £ 72D |
N T — R %8I3 22005 D HHMEDEEH/NX 7257z, Integrationger 57
Tk, BT — X 28T 23M#H 1L CV = 0424, AT — X 23843 5500
HIZCV =0.397 2720, AT — &R ZHEIFT 52H D FHHPMEDEEHIX X/
IRtz —Fi. DTW DY —ZIFMIAT — R 2 #IF T 2SMEDHBKEL
7 AEAIDE S,

HADT — X & i@ 53 MF1d, &R CEHRBDPHEVEMLTES
T, IDIENSLHANDEFHETIVEBLELTVEDOTERVYREEZONS,
7z, MMADT—RZEIFTESMEFIL, T RIS ELADBIZNWLS ZENT
EEDTIIBRVREEZOND, TDH, Solop, FMETOHINEHY OHET) &
FH2 D, DTW O — 2 R KE K LB, ZEREA/NS < 22 Hm A
LNTZDTIEHRVIREEZ NS,

SINFH LT — X L OMBEMBEPRKE RS T 712DV T, FEMIZERR
Motz (K5.27), UL, ET =7 F 755, Integrationoe 52125 W T,
H T — X &I T 52 MEF O AN, kT — XK U TSNE B S OEE) A%
T BMEANR SNz, Tz, MAT— X 2EFT EBMEBE DM, kT — X
X UCERES AN, 727080128, T205 T — X E DXL AN WD
Roniz, VT7NVRA L2 NOSMEN 12O Ry MI@lE U TEE2TR
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5. HHEAME(LT N2 — %A LT
ST B R T 5.3. EiEDIMEALIT & B 3B B Y T O S

i

EHETE) L7 40Y— (HFOMEIE/RT 2 X5 I12/7819 %) O&E %)
BZoNBBMEP VL ZEDPHSNIK>TWSE, 2507216, B
T—REE N T ZSME L) — X —, AT —REBIFTESMEEZ T+ 0T —
LI BN D B D TR WP EZ NS,

PEDZENS, BHADT—X DG LMADT — & & DOl DI IZ L
T, TNZTIRD &S RAJREMENEZ 5N 5,

o HAODTFT—REREIFT S AN, TNENDFEDOHDDHEEE TN 2BIT 5,

o HAXDT —REEIT 2 ANIE, BAIZB T2 EHDY — X —Flk %D,

o MMADTF—REBEIFTE AL TNENDROHPOHEHET VLD E, T—
REBEEEEOLEB I RIEBLT S,

o MADT—&%BIFT 2 A%, BEICBIT2EEHD T + 07 —FEE RO,

Y

5.3. FREEDHATEILICK 2ENEFFEFEDE
5.3.1 B®

1

aull

CZETOMBZEE AT, SHEIMELT N X — 2 HI W7 R R @ B 228 T
HBafREL, TOMREHEMT LI L2 HNE U, EFHT—X %2 L ITll4 D
EERFEZ I L, HHOARAZ Y == I Ko TESMFIHE L -@EFiEE
AL 8D, £, BRI NETIERTEEZ2IT0\V, FEEMRTOEE)
NI A=V ADEALZFANRD Z 2T, RETEROZLNE EERHFH TR LT
DA HEME & MRET U 72,

5.3.2 BREFEDEE

51, 52 i COERIERNS, MADT—XREEIET A5 ICBWT, BHOS
U IFMADF— R 258113 2501 Z L IEFOENBH B Z L BB N,
FDH, ETIFMADTF —X LG L TRITE2BETTRN. FOBEOSNNE OE
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5. HHESMENLT N2 — %S L
ST BT T 5.3. HAEDIMELIC & B3 B 7 B 8 T2k O S

BT —X%bLlZUT, THAOT — X&) & TADT — X58If] OSIN#HIZ
HTHZ U7 (X528), HE2MEHE LT — aa@ﬂAiﬁ%Miﬁét
DIZ, 2D & Wz, 1 DHIX. S LT — & & OEHFELY (DTW)
Thb, B523B&LD., 70y I 2GR 2L OEPRNDMEADLH D, H
DDT —REBEHT DBNEDFAVRKRENKREL LD I eWbhro7z, 2DH
TShNE LR T — X EOHAEMBEPRRE LD T THD, 52T LD, B
DT —REEIFTEIBIMEDTIN, FTMWT T AZHE, ThbbT—RIZRHL
TEIMEBOHDPET U CHMANRDZ Z e hbhr oz, £/, ZOfEH 5, H
DOT —REF T EHMEIX) —X—, MADT—XZ2RIFT EBMFIET +
07y —OEHRMEERF O ER Uz, LEL2DDEZ, 0~1 DHPIZY <y 7L,
RUT2TE b D2HEARAIT L U, ZOAATH05 U EOEEIZAS
DT —3E (V) — X =), 0.5 RiOGHEIFMADT —XEF (7407 —) LW
SHER Uz, £/, HEAIT2HEIZLT, UFDO &SI & b M D%
117 >7=,

score > 0.75: M) — & — (Strong leader)

e 0.75 > score > 0.5: 55\ Y — X' — (Weak leader)

0.5 > score > 0.25: 5\ 7 + 17 — (Weak follower)
e 0.25 > score: 77 # 17 — (Strong follower)

ZZFTCOHET, #HEBREE DTS I DL Ro 2, TNTENOK
HEOSMFILED & S A& FIEIC & > TEE)ZFH T 20D REDIZDONT
MET U7z, AT OFER2 S, VX —FEOSNEZESOEE 2EBET LI L
TTF—RIZHUTHRITUTEE, 7407 —RMEOSINE IXZ 0N TH 2 iaEM:
NESNZ, I T, %M%M@%%Kébﬁf‘E%®&%%é%%%?%:
LT, KOBRMIZEREZTRI ZENTELZDTRRVWREEZ OGNS, U —
R —RE D SINE I, Eﬁ@%%%ﬁ%?é#@ FEIIBWTIRBINEEEDE
FXMEEZHS L, T XOEGEEMNIESZ LT, HODEEILDDT—X
Oﬁb%%ﬁyb)\m&f*&)@/\—y VADREN S tb\oﬁia%%:_ptf:o FRRIZ, 7
07 =Rk DSME L, SN OB K ME S Z ML, $ITT — X OEIE LI
53T LT, SINEEEPREENICEIK 2 2EES Y, ZHEE2EDL I LT
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5. BREAMEALT N2 — % L7z
BB T ik 5.3. BEREDIMEALIC & % 30 2 B8 T4 D S

— . T~
_— HEZRAT —__
— (EREUIAT—YRERO 70Oy 7 Z RO DTW

< I
Start / // + ~—__Score<0.5
T R UMAT - RERO Z#TOEEREBEIRRE RS TY) 12—
T~

Solo-pre test — _—
T~ _—
T~ _—

T~ _—
—_ = T ~—_ —
BT — 4 &Rk ~ _—
— _—
Score = 0.51
Y

T

AMEEBRLE
2 * T T
TV EER _— BAT—5 075>Score 205 _— #AF—% "~ 0.25>Score
= — —~ (U= —(TAOT—E)
ﬂtA?O— g ERE 072 i
AT Score = 0.75y_ 0.5> Score = 0.25%
BWY—5 R || FLYU - BNTAOT M || BWT O 7 %t

X 528 HEEITF—XZ2H&IZU THDDOTF—XE] & hADT— XEIF] D
EIIIEAOYE |

EBLWINI AN Tz, BAND & S ITEBD & 2 FFEEL 72, U — & —kf
EOSIMEIZKMEEZFS U, 7407 —RlEOSINE XK BE S 2 BP 3 &
212 U7z (K5.29),

o M\ — X — (Strong leader) — ZH# : 7 —& = 25% : 75%

o 55\ — X — (Weak leader) - 1% : T—X = 40% : 60%

o W7 4+ B — (Weak follower) — ZMI% : 7—& = 60% : 40%
e 7+ 17 — (Strong follower) - &% : 7 —& = 75% : 25%

e V=X —REOSMEZEROT —X LG L. 7407 KOS X
MADT—RE@ETHILE Uiz, T2 £ TOYHE & #HE K BLE S OFRFETFIE
%, A CTHRRT DEEEMEM T N Z — % W RN B2 E TR e U,

5.3.3 BEFEICLDBMEDOHLEE

ARFEOFM D72, ETIEX5.2HTOERSIMNZIZH LT, EHT—X 15 H
DT —REG (V) =K —) LMMADT =X FEIF (70T —) ONFEEITIR - T,
52fiTOEBRSBMEIETTIIT V= NTELLDT =X Z2REIFT 50 %BEL
TWb7-0, ZOMEL DKL TR o7, RELIZHHEMER %2R T, preference
ESIFEDT > — N TEE U 7280, score IFFRREFIEIC K 2 BAKI 2 & 12 ff
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5. FKREAMELT NZ—% N LT

B P EER TR 5.3. FAEDAMEALIT & 2 R FL) 72 JE 8 78 TR D FEAE
BUWY—5 5t BWY —5—HiE BWT7AO7—H5iE BT O 45
T Y e
\) Q\ {/\’ "‘\»\‘
5 ) X
['\“\ 3 [ <

}/ “P ; (|
| 4 |
//)/\ / J
[ g | *

— — e——— Ce———

BADT—5  BmE BADT—5 & ADT—5 SE ADT—5 &
75% 25% 60% 40% 40% 60% 25% 75%

5.29 FEEAMEALT NZ — & HWELERT — X L DG IZ B 1T 2 HE) KM EE
R

AU A37, decision IXPIEIN/-0E2RT, ZOFMERNS, BEFEIZL
HYIENL. RS EDT v r— N THIE U EBITO@EIFE —ET 5 Z LR
XNz,

5.3.4 1REFEOFLM

HEAIT 2D LT, WY — X —%2SIHEKS 10, 14, W) —X— % Sh0E
FE52, BNT7 AT —2BINEBFST, 11, SV T A0 T —E2BMMERS 9 LIER
L. ZNENDOSIIEITH L CEERE /T8 o7, LEOHETIE RN T7 41
T — | RIS NBBMEBE RN o 2720, HIMEWSINEZ RN T A 0T —
EUTCERL 7z,

FERSEMIE, BDOEE DA I DM (Solo) &, T—XREEE L TH
B9 5% (Learning) & U7z, 2 TOSMNEF X, #]®IZ Solo & (Solop,.) 17T
N, T o — XA, FE Solo &4 (Solopest) 21T/ > 72, FHE T = —
AT, V=X —IZHHEI NS INE XS 2HOER TR LIZHDDT—X &,
TART—IIHEINISME LS 2HOFEBRTHHALZED LR UMAD T —
REFE LTz, 72770, HWT =R TR, DT —X L@a Lzgaon)
RE2RERD D, W) =X —IZ0EINZBMNE 14 DA, #E5RE LT Solopye
SMETRBICEII LT — 22O T =R UTHA L, HH, Fhix,
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5. FKREAMELT NZ—% N LT

EE) PR TR 5.3. FAEDAMEALIT & 2 R FL) 72 JE 8 78 TR D FEAE
participant | preference | dtw | xcorr lag | score decision
2 self 0.747 0.711 0.729 | Weak leader
3 self 0.377 0.411 0.394 | Weak follower
5) self 0.405 0.433 0.419 | Weak follower
8 self 0.353 0.696 0.524 | Weak leader
10 self 1.077 0.882 0.979 | Strong leader
12 self 0.533 0.525 0.529 | Weak leader
14 self 1.052 0.842 0.947 | Strong leader
17 self 0.516 0.36 0.438 | Weak follower
18 self 0.318 0.621 0.47 | Weak follower
19 self 0.478 0.629 0.553 | Weak leader
20 self 0.7 0.95 0.825 | Strong leader
1 other 0.371 0.453 0.412 | Weak follower
4 other 0.525 0.847 0.686 | Weak leader
6 other 0.394 0.432 0.413 | Weak follower
7 other 0.245 0.51 0.378 | Weak follower
9 other 0.512 0.278 0.395 | Weak follower
11 other 0.373 0.308 0.34 | Weak follower
13 other 0.96 0.967 0.963 | Strong leader
15 other 0.453 0.559 0.506 | Weak leader
16 other 0.32 0.493 0.407 | Weak follower

51 REFREIEIZ2ESOT —XE () —&X—) LMMADT — X #Elf (7 *
0 —) OR%E, preference IFSMMENT > — N TRIE UEE (BHT — X h
AT — &), score |FFRFETFIRIZ & 2 B ZZEEICMHEH L7237, decision &
HEI N EHERT,

102



5. BEEAMEILT NX—Z N LTz
HEFE TR TR 5.3. FAEDIMEALIT & D Rh RN 72 B 3 IR D FERE

FrizonWTld, 52fiE AR TH o7z, Fiz. SIEANBDD L+ ME )
ZHLUTWRWD, HEHIMTARDT, EVERRFTHEIC E D72,

R EIE

4 5.30 12 & 22 DRBERBUZ DWW T ORERZ /RS, Y —X—2 L7 41
7 — 1D 241, Solop,e 52 & D B Solopesy RAFITEWTEBEB AR U7z, —
i WY =X —1 2550 =& —_ §5\\ T % 107 =& Solopye 5 & D B Solopes
ZMIZ B WTREEDEI L 72, £72, HW) =KX= H 0T 07 —%FR<
S 1%, Learning 512 B W THREE A A U 7=,

I strong leader
I strong leader2
=3 weak leader
[ strong follower1
10+ BB strong follower2
3 weak follower

Num of failures
[}

Solopre Solopost Learning

X 5.30 & TOSHNE D&M AIEL,

& & Jerk Index

X 5.31 1282, [X5.3217 Jerk Index D\W T DFER%Z /RT, ZNFN. AlZSM
FHZE,. BiRY =X =707 —D2DZHHEUEROEETH S, Solopre
ML D E Solopesy F=MNZHENWT, RN HEE DA T MDD 5 Z & H3E
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5. HEAMEALT AR — % A LT
ST R T 5.3. HEAEOAMEALIC X B3 RAZ TN ¥ T 1 0 S

KINTz, £72. Jerk Index IZDWTIk, BIME T LITIXSDENDH S Z LA
wgIN-,

HEILEBOWE S S DIRETH 508, {LMTEET 5 e, MfFrEsIzoN
B DN SR RoTLED EERAOLND, £I T, FkfTTOHE L Jerk
Index ZFME L. EREAEZEL TOZEFHE L (K5.33), T Z TlE. Solop
ZME & D E Solopesy RMFITH WV TRIAIE DA U7z N Y — X — 2 LFRN T
07— 1DHIEHUZ, ZTDRER, Solope M4 5. Solopesy ST T,
& Jerk Index 23EA U CWL AR 57z, 72, Jerk Index (2 2DWTIE,
Solop,e £ & U B Solopes ST B NWT, BALDMEE K E K RBMHADE SN
Tzo D720, 5282 H T 2EBTD, [FUSMNEDHEE L Jerk Index DIk
SAREELUTOEMEFE L (K5.34), 50 — X — 21X Integrationgg 54
TDT —RX, BT A+ 17— 1% Integrationosher =AM TD T — X % Learning 54
U7z, TDRER, Solope &MED 5. Solopes RAITHIF T, HFE D BN LW
(EIERNTACY g

A 1500, B 1500
1250 4 1250
o
1000 4 1000
'} ° e = =
o @ o
2 o ﬂ 2 L T
.g 750 A g 750 4
< 5s©° <
(] ©0° (]
- -
500 500 q
Bl strong leaderl
B strong leader2
250 m weak leader 2501
I strong follower1
B strong follower2 BN leader
0 weak follower I follower
Solopre Solopest Learning Solopre Solopest Learning

X 5.31 #E, (A) 2®TOSMETL, (B) V—X—& 7407 —TF,
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5. BHEEAMELT N X —&fr L7

ST R T 5.3, FHEDIMENLIC & 2 H) 72 BB A D H Al
Ao e B.,en
AL oF

B strong leader

0.6 I strong leader2 0.6 4
3 weak leader
I strong follower1
B strong follower2 BN leader
3 weak follower I follower
0.0 T T T 0.0 T T T
Solopre Solopost Learning Solopre Solopost Learning

5.32 Jerk Index, (A) 2TOZMEZL, (B) V=KX= 7407 =T,

SME ERHET — 5 L DESR A

[ 5.35 122 L EddkT — X & OEHBEHIZ OV T DR REZRT, B 5.35A 1
ZMEZ e, M535BIX) =X = 7407 =02 DML -KERDEHTH
%, HM535BTiE7 407 —DAMFEMIE 22 EANE S n7zn . B 5.35A
TRV T AT —22RWVWT, V=X —2DEIIKEL BN ELBBIRINT,

SINE &8 T — 9 DEEREAMEDRFRIIEL

53612 =X =270 7 —THELFEE Lz, SE LT — X LD
BRI ORI ZLIZ DOV T OFEREZRT, 85 7 L — AD sliding window 12 &
C1AfTOEH T — X LT DTW 25HE L, E L, T—XEKED /A

IZE BB T2, RED 10 7 L — LB SBRANLU 72, EIHERD
TN EEXME R, £72, FMIfERE LT, ZERBZFEL -
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5. BEEAMEILT NX—Z N LTz
HEFE TR TR 5.3. FAEDIMEALIT & D Rh RN 72 B 3 IR D FERE

A 15007 ‘ B, e |

—e— strong leader2 —— strong leader2
—=— strong follower1 —— strong follower1

1250 1
2.4
— 181
K 3
= ©
E 750] £
< X
[ (]
- —1.24
500
250 061
Solo, Learning Solo Solo Learning Solo
re Post Pre Post
i A AP A i N »
< L) /i) L <« I I »
ol wolrr ——1i "+ 0 — ————
13 5 7 91113151719 21 23 25 27 30 1 3 5 7 9 11131517 19 21 23 25 27 30

trial trial

X 5.33 EEZ2@EL TORERE L Jerk Index DZAl, Solopys Sef:1Z T Solop,e Seftt:
£ 0B RBEEAED Ui — X =2 W7 407 — 10147 D, (A) B
£, (B) Jerk Index,

SMNEESMEB D Pre RETOT—4 & OEEREHME

X 5.37 IZ&1# L ZHEBH D Pre A TO T — X & OEFFEHIZ DWW T D
Rerd, ME3TARBZMEZ L, KM53TBRY —X—L 7507 =D 2275
UGB DOFEIITH B, Solopest Sl 1. Learning 5fF &K 0 £ FEANE L 225
fE RN R SNz, F72. Learning R/MAIZEWVWT, 7407 =D AN —X =% D
& AN E < B HAA R S vz,

SINEESMEEED Pre £ETOT—4% & DESRBAMDORERIIZL

53812 —X =, 7407 —THELEE L, SNELSNEBSD Pre
FETOT —& & OEFH RGP ORRIIZ IO VWTORREZ RS, {5 7L —24
® sliding window (Z & 0, 13447 DHEE) 7 — XK LT, DTW 258 U7z, T —
ARED ) A XL B8 %R T2, BED 10 7 L — LIIENTH SR 72,
B L BN EHX M %2 RS, F7z, FHlifEEE e LT, ZERBEHEL =,

106



5. BEEAMEILT NX—Z N LTz

B P EER TR 5.3. FAEDAMEALIT & 2 R FL) 72 JE 8 78 TR D FEAE
A 1500 | Bsosen |
—e— strong leader2 —e— strong leader2
—=— strong follower1 —— strong follower1
1250 4
2.4

Jerk [m/s3]
Jerk Index

N \‘/\“/
750 1 w/ >V<§A

124
500 1

0.6 1
250 ; .
Solo, Learning Solo Solo Learning Solo

re Post Pre Post
i A AP A i N »
< L) /i) L <« I I »
,,,,,,,,,,,,,, wolrr ——1i "+ 0 — ————
13 5 7 91113151719 21 23 25 27 30 1 3 5 7 9 11131517 19 21 23 25 27 30

trial trial

[ 5.34 5.28i12 351 2 FEhE B L TORE L Jerk Index DZAL, Solopes FRMHIZT
%m%%#;b%%WEﬁﬁM$b#ﬁwu— — 2 NI AR T — 1D 147
D, Learning /1%, 5\ — &X' — 2 X Integrationggs S TDF— &, 507 +
0 7 — 1 1% Integrationogper 7|<141T®T—§? & U7, (A) B, (B) Jerk Index,

L& LRET —F EOREEBAIRAERE S

4 5.39 122N L ElEkT — X L OHBEMBEANRKRE 85 T 712DV TORER%Z
R, HMB535AFBMET L, K535BIR) —X—2 7407 —02DIZH8L
TAERDOEITH D, ERE A L, BEOBBNKREEKNDS ZiHh (&
U TCHIEZAR) IS UTEHE L, @2 0IEWIEY, S ik —x L
DAV PR, TITRRDIEET = RIH L TEMERLITLTEHWTSE D,
RAFTALBRDIEFEET—RIZH U TSMENENTEH T WS I L 2KRT, T+
07 —DHNR) =R —=—L0ETF =X U TENTE R E S N-,

5.3.5 EI

RIERUI BN & 21 B o 78, DB T IIRE TR TORMAIC X
BIEN Do L X 5ND (H5.30), KAERTIE, U —X—FEOSIH L

107



5. BRBAMEALT N Z—% N LT
HEFE TR TR

5.3. FAEDIMEALIT & D Rh RN 72 B 3 IR D FERE

A 200
3501

300 -

DTW: mean distance
- - nN N
o a1 o (6]
o o o o

il

B 400
350

300+

DTW: mean distance
- — N N
o (&) o o
o o o o

o
o
L

I leader
I follower

T
Learning

T
Learning

X 5.35 2N LildkT — X L OEHFEW, (A) 2ToOSMEITL, (B) V—XK—
7 xay—"TYH,

DDT—REMET DDLU, ERGFMEEH -T2, VWY —X—1¢&
WY =X —k, 52 TR LIZADOT—RE@ME L, UL, 2Ok
T—=RERATITEN TR WA OE D Th > 72, £/, BHNY —X—1
EFIWY — X =X, Solop,e MRl CTHRIXEE D DR MEFD D 572, Z D720,
52fiTHLREZEVEATHZOIZEEL ST, AERTIFEFAZENLTHRY
BMTOT—X @A LI LT, FHPELZRP--OTIERVWREEZ SN
%, —H. WU —=X—=21% I5ULEZENTOWRVEHBOT—XIZEIEToh
BV RIRERT 5720, RFEFRTIT72 5 72 Solopre F=AFITHWT, HEIZE
LT —X2HADT =X UTHA LR, TOFEE. Solopes SfFIZHWTHk
EEDED Uz, 20728 hs, BRAEHBDOT—X LG L THEEZ2ITR
BRI, BIMBOEEELENR RN T A= VAILEDLETT—X2HH L, &
FOREBTFETLZILDAEETHILERAOND, /2, 7417 —HFARKIZ,
EREMEERIUICT 5720528 THALZMADT —X @A L7z, T+
07 —0 24 08ERHZHHA LM ADT — X%, HERERXRAZIZIENTED,
A=A EWEZR TR > Tz, —F, 5V T7 A 0T =D EE RN U 724

108



5 BBEAMELT S X — %A LT
ST BT T 5.3. HEREDIMEALIZ £ 5 %) R 7 388 B TR O KA

—— Type: Leader (CV = 0.414)
—— Type: Follower (CV = 0.430)

1.254

1.00
E 0.75 1
[a)

0.50 1

0.25 1

0 1000 2000 3000 4000 5000
Frame

X536 V—X—, 7407 —THHELEHLE, SNE LT — X & OiES)
[EHA DR RSN ZE AL, HEBHE D 1 95%Cl,

DT —RiE, RATZBERIIEINTEMN, HEDAL—ATIERVEEZITHR-T
Wiz, 52 HIZHBITBMADT —XIE, SME & H o0 Uik N EHROMA
DT —REDEFFZ Z DL TN L, —EDOHPANIZINE 25 D% ERL T
Wiz HWT7 A BT =R EEZXATZITENT W57z, BHRD/N N7+ —<
VAL —EDHAZH BMADT — XGRS N2, REBRTIE 528 I2H0
THIREEEDEATLBETH 51220, T—EZWBBIEDOHD DT +—< >
AP SN, FEPEE RN -DTIERVWNAEEZSND, TDH, HAD
T—REEIFT HEADHE T A 0T —FREOSNMZF B NTE, HAORHD
REBIZHLU M ADT —R @G L, FHETHILAEHETHILERAOND,
Solopest AT BT, Solopye &Mt & 0 HEE WA T 2RV E SN (K
531), BMMEHEBZ LSO EIEH DD, RIRMEARA D D, FEPHEA T
W3 e#EZ5N5, Jerk Index IZ2WTIE, Solopes 5o & Solop,e S TIAME
IR oNah o7 (M5.32), £/, KBEEDEAD USINEDAIZDONT,
R 28 U CRITOED IZ DN BEE & Jerk Index DZALZ AR 72HE R, Solopest

109



5. BEEAMEILT NX—Z N LTz

HEFE TR TR 5.3. FAEDIMEALIT & D Rh RN 72 B 3 IR D FERE
A4oo 1 B 4004
Bl strong leaderl Il leader
B strong leader2 B follower
3504 [0 weak leader 350
Il strong follower1
B strong follower2
0 weak follower

300 -

DTW: mean distance
— — nN N
o a1 o (6]
o o o o
(o]

a
o
!

[e}e]

I

DTW: mean distance
N
o
o

e

300+

N

A

o
L

-
A
o

-
o
o

o
o
L

—

=

.y

T
Solopost

T
Learning

T
Solopost

T
Learning

B 5.37 ZhE L SMEEH D Pre £ TOT — X L DEFHFEM, (A) ®TDZ
M&EZe, (B) V—X—27+87—T¥EH,

DT TR L T AR R SNz (5.33), HiRD 728, 5.2 fiTOEER
B BRILBIMEDT — X ZHE L 2 A, Solopes FMITHITT, HEHE
D72 MER AR 57z (K5.34), AERTIE, FATEZMEVIRTIZONT, B
P OSPMZR>TED, THIIHIEL TRBEIEABDLTWDEZ ens, 8
WEATWED TR WhEEZSND, 72, Jerk Index (2D W T, Solopye
ZM LD E Solopes MDA, HENKESWVEIE RSN, $R U 7ZEE Tk
&k o T, #FEHEN LR TEIOTREVWREEZONS, LAL, KERDA
Tk, MEUVALZEFERORLODP, BTV IBEUIT R Iz L5%H
DNDEJIHBDIF SN2, AR IICHEURITEMEVIEL 22 ER L O
MW BETH 5,

Learning 512812201 & 7 — X L O#EBEA X, 7+ 07 —KED A D
m L RBMEAMN R SNz (K5.35), £/, V—X—& 740U —THHELFEEL
7. SN LR T — X L OEB R ORERMNZE(IZ, KELEN WA
btz (M5.36), EBoH, BHOOEERIEIZE S T — X LElE U272 EH)H
flizER oz EZONE, 2D 6, RULEZFETFRIEX. 20T

110



5. FKREAMELT NZ—% N LT

P H R TIR 5.3. BIHEDAMEALIT & & %) A 70 B 23 T 1k D F2GE
A150- B 150+
—— Type: Leader (CV = 0.384) —— Type: Leader (CV = 0.489)
—— Type: Follower (CV = 0.537) —— Type: Follower (CV = 0.537)
1.254 1.254
1.00 1.00
E 0.751 E 0.754
[a)] [a)]
0.50 4 0.50 1
0.254 0.254
0.00 — T T T T T 0.00 — T T T T T
0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
Frame Frame
538 V—X—t7x0n7—CHRMULFEI LR, SI&ELSINEBSD Pre 5

o7 — 2 & OEHFRPADKRRFIZAL, (A) Solopes; 2. (B) Learning 5/,
HEFEIHE 73 1% 95%CLL

NOEHBRFELG-oTWEEFERI N5,

ZME LS IMEEH D Pre /M TOF— X & OEHFMAIX, Learning 5t & 0
% Solopess FAFD S ENMEMA AR S5 7z (K15.37), 7z, Learning SfFI2H W
T, 7487 —FEOSMED AN —X—FEDOSNH L 0 L EEHFET 2
fEm RN R SNz, £/, V=KX= 7407 —THHELEHLZSNE L SME
HE® Pre 5 TO T — & & OEFEIADIERINZALIZ DWTIX, #IHANE D S FE
EYRBTTT Oy 7 AZHAIINWS 72—, Jav 2 AREATOY 7 B
TR L7ZDIZHHPT 7 —RZBWT, 7407 —FEOSMED /R — X —
FE D2 & 0 HEIAD R A2 R & N7z (15.38). HHE D Solop,, 5&
e DEIIRTRE LW DI, YN TOEDOMEE L IFRLHEE2 LT
Wb EEZOND, RNEBCHEZ O EGhED ., YIIOED L I3RRD,
SDRAT %S ELATRD EOBEFHIZEBILLTWEEEZONSE, 25072
ENo, BYIBRMEFEEHWTRAZ 217745 21280, SMEFEANDOES)
WAL, FHEEDLZENTEL2DOTIFRVWNEEZ OGNS,

111



5. BEEAMEILT NX—Z N LTz

B P EER TR 5.3. FAEDAMEALIT & 2 R FL) 72 JE 8 78 TR D FEAE
A 3001 B 300
BN strong leaderl B leader
Il strong leader2
[ weak leader B follower
— I strong follower1 —
1) I strong follower2 (9]
g 30 weak follower g
& 1501 o & 1509
T T
o o
o o
x x
g g
I L I
€ S © 13
= =
2 B
o o0
° °
c -1501 g c -1501
1] ©
Q Q
€ €
-300 T -300 T
Learning Learning

B 5.39 2% LElEkT — & L OMBEMEPRKRE 25 77, Zih (ZMFIZH U
THIRAM) 26 LIZEHE, (A) ®TOSMNMETEL, (B) V—X—& 7407 —T

i,

SINE L sk T — X L OMBEMENERAL 25T 7%, 7407 —FEOSN
HOFM) —X—FEDOSME LD H, 7— KB/ L CEI K HAPR SNz (X
5.39)e 7z, V=X —FEOSMEEZT —XITEVEIEEZLTEY, HAEHSOD
T—REDHEO-HESEVREVWEEZONDS, 70T KOS MNES.
W T A BT — 1 SNI R T — X L DB 2O —HEA VA E WAL R SNz,

112



5. FEEMEAL T NEZ—% A LT
HEE PR RFIR 5.4. RKEDF & o

54. REDX &

ARETIX, BEZFOHEE LD OSNPUORMRINZT—XZ2 1200 Ry v TN
R—IZEAET BV AT LRFARL, BAAROEBEMET, B X ORRNER)
HFEORRIZODVWTHE Lz, HABESDBED T —X EMADBED T — X
EHWT, ThEne@ls T 2800 0EH L L2 AN, TR L@ls
THEMFITBWT, RREEDHS 12, BODTF— X @A T 5580407
WEBHFETEZ e bhrotz, £/, HODT — X & ORE %2 EIF$ 520
He, MADT —R DG % EIFTEBMETHPNDE I EZRL, EDLD
BRBMENEL S ZBIFTEDPIIDOVTHRE Lz, ZOME, ThAFNh0E
E—HT DM TRAZ 4TS BIZ, RBEIEDBES Z & hbhro7z, T
DEF % & 0 IR 2720, F—X & OHEBFRG O R RINE(LZFHEL -
EHR, HAOT—XL@AET 52 8 %2E& T 522 ME X, DTW O - KE
., EDEEH KREL BB ebhrolz, £/, MADT—XEEIET B L
BT 5 2ME L, REETOMEDOEEH £ D Z e r Tz, FHETOS
N OEBNRHE & LEE T 5 728, Solop,, S & OEBFRIMHDORERSIZ L 2 FHHE L
AER, BADTF—RL@ET 2 I L 2B TH2MEIX. FMAMTOMEDLEH
WZHE DB otz . MADTF—REGEET S L E2EFTEBINE
X, DTW O =27 PKEVW—FHT, [EOZHNINS K Rotz, BFHELT—X
COMBEMHEIRARE 255 7 2HBE LR, HOOT —R@eT5Z 0%
BT ABMEEXT =R U THRITLUTEE, ADTF—Xe@ET 52 %
BIF T 52 ME LT — X/ U CGERT 28 SR edvbhrotz, 2OIL
Do, HODTF—RE2E T 55ME XY — X -tz Rb, ADT— & %%
W3 a2MEE 7407 —REE2FoOLEZI 5N 5,

F—REDMEDEIIZ, BADT—R AT 5 L 2T 22ME L. H
FOHFIZFF> TWESEBIET IV ZELT 5O TIERVWhrEEZONS, HUXA
7. FAUBEZA»> THOB & 28T 256 TH, 204 A —TUF 25 HH)
BB XA IV TR D, ZTD72d, MADT—XLEET 255 LB EH
—HURNWIBRELL REDTIERVWIREEZONS, UL, HOOEEIET
WU NARNTHELEEZON, HEIBERAZIVENTEZEBIZBITEK

113



5. FEEMEAL T NEZ—% A LT
HEE PR RFIR 5.4. RKEDF & o

BRHEIZBVWTIE, FEHEEDAR 7 4=V A% M LIS 5068ERDH 5,
MADT —R AT HZ L E2E T HBMEIX. HOOEBHETILLD S,
F—REB{OEDZILEBETIOTRBRVIEEZONS, HxDHEE)1 A —
VWEHoTH, RAZE S FLFITTHILEBRELTT—RE2EHR LI LT,
BEN U P TVWIERMEOLEINS KRB I NI 572D TIEBR VWAL
Ezond, £, NTBEORER» SAMBIHA TR 2 Z 2 FHIL, #)k
Wik & B EDIHHBT LI ENTEEL 0S5, WEHET IV [125] L EIEN S £
DEFD, MADT—RLEIET S L 2EIFTHBMEIEX. 25 ULFHIPH
BOMENEL, WHET NV EZRZRIZHRIEE I ENTEL5DOTIERVPLEE
ALd,
INETORMRZEREZ T, EEIMEALT NE —Z W72 R s 2 F
BaRREL, ZTOMREFGEEL 72, SIHEOHEE T — X% 212, W) —X—,
WY —X—, W7 AraT—, W7 AT K oE L, TNFNoRHM
TG OER) S E &2 FHHET 2 2 WS FIEZRELEZ, TOME. —Ho
ML, BRI NZ@EFECLD, FEVECTREP R SNz, BOERLD
MEIZ LD, BINEOEBRFMER T 4 =<V RTHICEBL LT 5, TD=d,
HHLRERTOHBRT — R @A LK 2D TR, BODHEEN N7 3 —< VR
PHEHEGWIZE T, BIIT—X2mfOREBIZEHRT LI LT, KRN
BREBIZOBRPBBEDTIERREEZONS, /2, VWY =KX= 7107 —
X2 AT DR o0, ZO2ADMIZE R AT INT = VARFEEELE D
FFET 5, AERTIEENENOHEEFEIC L2 FEHOEBEZHS 0T 57
., WHMER D EITIR 5 720, EBRICIZERN R 7T - a VB FHET 5%
Z 61, FIUG U T-@A O KIEI G T 2 E T VALK EIC RS, Fiz,
FEBEDIZONT, HMEKE G22I T L Vol BINRFHRLEET
Hbd, oz, V—K—, 7407 —OFREIZH LT, HIZIXTHNT7 17—
F O EDOEERKMEEE B, BT A0 Y —IZRBIIONTRMEED B
DEERPIZHR o TV, L \Wo BT Y = 70 EE) KIE & %2 J% 9 5 DTl
WEREEHWS Z 2T, RN FEHIZ OV E DR H B, KEIFTHIRRL
7B T BREAMEAL T N R — & W R B A E B E RIS B B R DA

114



5. BEEAMEILT NX—Z N LTz
HEFE TR TR 5.5. KEIZH T Bl & 54 DG

RERRULZD, SSICWRREZHRITTWSBREDRD DL EEZO5ND,

5.5. AEICHEITBHMNESERDERH

AFIZBT 2L, FEVEAZ—BOSINHE & TN DSINEFIZDOWT,
ZDERFMP, EOXDIFEREWET LI L TEEPECDONE VW72 8
NEIFoNG, EEHFHIIB TR E2MET 2HEEE LT, HEOES NI D
T H B HEE & Jerk Index 2 Wz, FEPHEATE ST, ZAZIZERLTY
ROWEETIE, BENE LR, FEHELPTEEOEIICIESDEND DM,
FETHIZONTAL=RIZHE>TW EEZ, ITNSDOBEERA L, -,
RADNT =3 Vv ADFEE L Tld, RIREEREZRAL 72, —HOSMNE T
PO ZHRA L 22206, REROXAZIZBEWTIE, Zho DEE%
AW ET D DIREOZUERH L EZ oD, UL, BIEDIERE X XH)
HHEL S & Ll U 7 B3R D28 b, R AZIZE L 2. KGR, F—2 &0
P27 22, Bk Wo 72 ERIZE | FHATER TOMENEND EEZ 5N 5,
E7-. EHT—XOATIEZRL, SIEEESOLEZEER L, 178EREP
RADIIKT R, BAMNBICEEL2 5222 E260N5, 20
o1z, B—DRELZITTCIERLEENIIRHFTSZ T, AOEEFHIZET
DHfREE D, FREZIMEAL L THEE T BROR RN R FIRII DD 5 Z & D3
HToEs,

. YTy b7y TTHEBERE 275720, Tay 72 A,
D7y IDEIZFEEDLENVDI XAV EZHA L, TOXATTEH U
EORENALTTREDNIZ DWW TIX, ST > TV, T 9 U7 AR % jE s
TEHHHEP, NRETAHERBIIUTOEMLZTE-IHBERDHLEEZ S5NS,

o WREIF 7Y Wr 2 HEE X L7\
o KELHMAREMEZ DN
o K% %l 2 & 224 B AR TIZ 7

Iho DBz 8RR LT, PIAIXHIEZPHZE, e vwo7ze D
METOoND, £z, T UEBRITMPREEN BTS20, SIRREIEIC

115



5. BEEAMEILT NX—Z N LTz
HEFE TR TR 5.5. KEIZH T Bl & 54 DG

EoTEIMMNLET DI L HEHIIBVWTHRNTHLEEZSNS, HENA
HPATIE, AT THXZYS, XFE2HEL LV ZEECHMIETELLHE RS
. R R ERE S W T K EAM AR E I S MG e Z L R TE S, — 4
T, AKR=Y (BFHRPT =A% E) X, FRRWZHWT 2 L 2612, SHMHEF
ZEDLETHEEZEZDIBENDH D, B2z Ve DNE <, GO HPH
HeZEZ5N5, UL, IRTOAR=YDHEIGAA & WD b Tk,
ZIXHEKIZBI 2 =T vwol, —MOBMEIXEME R L, @IGTE 58
M 5,

F7o. BIEMRATII L D EHRELERAVHET 22 L2, HHENEL R
522 T, HAPES ZLDTEREHRMEZA LI LEEZOoNSE, KERTIL,
FREAMEAL T N R — DS 2 R TR AT TR EWVWIHET 4 — RNy 7 DH
EHEMALEZ, UL, T—XOEENIG U ZHREBE 7 + — K Xw 7% Uz E
BN ZBRICIRRTEZ L, HODXT—R L EOREHNT WS D02 ESH
WWEoTRRTEZIL Vo Tz, T4 = NNy I 2FEFIRRTEHILT, &
BHREE D ORI Z FIWr S 5 Z LB ATREIZR D . HHEREEAN DT IR E %
WD DB ZLIZDHN 5 Z R TE 5,

FERMAE I L 2B EZHICBEWT, SMEOEERM (V- X —F/-id7 0
T =) Ko CTHEIOKME G ZHHET 5L WD FEEZRELZN, 2 ORI
DVWTHILIIMFADVRBETH D, SHF E72137 — X QMBI LRE G IZHRKT
5% B/NT25%& U, Wil KREWE 2 IZNS WEIZERE LR o 72, 3,
KBEEPET E25E. 1 NTHEEEGRIBELDOENBNIZ L, KT
KMEIGMET E 256, FEEMEZEHMIETUE S &\ o 2tz PR g
512D TH->7z, LML, F£B5.1Dscore lZlE. LIZNRDIEW., TRbBNLD
VY — X =Rk 2 RO ME DGFENERTE S, 25 LSFITIE, Kt
G2 I T HES AN TRAEVWAEEZSNS, DR RNY) — X —
IZiE, AR OREFEL DV BEFORKMEIGZ I SIZFITHI LT, HOME
W LMHE B, T— X & OEIC & 2 HFAK e, FE OB E 2D
ANBIZDDIRIZS 7 T 5 EeWFTE S, 2770, MMETET—20H
EF 0 EFLRVWEAEY, HAOEHORE,P oM T STV A5G ITITHR L

116



5. BEEAMEILT NX—Z N LTz
HEFE TR TR 5.5. KEIZH T Bl & 54 DG

IRAEAREMEDN DD, ZTDID, HOEIREFLEHPEAZEBTCOT — &%, HEE
DENWT =R THBILNEEZLEZ LN, T—XERNOBIZIZINS 25
TOMENDH L, £z, Y EFTHEBKMEAZ TS CEFEVEC DN, BHA
DEEDESITEUHEEZEDADZ DN DOWTEMRAPBEIZR S,

E7z, REBRTIEESR LT —ROEHIITHRDT, T—XDXA IV IHHIE
HFEITRORNP o7z, BMEXT —REEFEE2EDLEDL LD ITHREI N0,
T—REDEIDERATEZS EFLENIED I LIZEBEZATTVWEZEEZS
Nd, ZOEIBHSBNDBIZZEPEATNHS, WS FEHEAIEIX HoHRE
EERDEN U AR FHREDR DL > TV EERABRIMICBE VWA THE L EZS
Nad, —hH, KEBRTIXEH LU o720, FdE L 0EDEZBFHT S &
THEZITHRI LW FELEAET 5, ZOTHEIT, FEUMOYLE XSG
MORBEIZERD DGEITBWVWT, R—ZAF71 V56 —HHIHEDL N)LIZE
THE RT3 ICEHTH S Z e TcE 5,

FER ARG U2, 1 NCTHEEEIMEE T N Z — 2 BE T 2586 &£ Dt
BIIIT R o TV, TR =2 N IR WEHTOEIIZDOWTIEEb R o7,
HLHTOREE, TNANX =20 U2REBTIE, RO, HEHIK S R 5 &
EZ o, HEEMELT NX —IZ X5 FEPSINEB S ICEORERE L2525
DPIZDOWVTEH, I ORIMHADBEIZNRD, £/, EBRIZFH U -HENHS
HEIZHE T DOV TWEDNIZDOWTIX, EGTOMKE & 512, HEEMELT N
R —TODFEHFBDFEREEAT DN T 4 =< VALBDRBEIZRL 2 EZ 5N,
SO FEFHBUILS KRB - 72RIT, BEEEAL T N Z —2 H W22 E %247
RIS T2 NE L IR LT, EOREEBOERER TR > TWDHD0, HE
HUD AR E T85> 7B E RS FHE/RORBIZESE Z 2N TEL2D00E Vo Tz,
RN HIZET 2 eI H2EIT0 5, — /T, FiNZH 1T % da Vinci Surgical
System %, NVIDIA #t:, Tesla ftD AFIT Ry bD & 512, HMOFKEIZ L D iE
PEEEP TRy ML COEENE R THEEZ SN, 25 LERRIZBWTIE
TR =% UCTHDAAEERED /DR LT <, FHIZBWTHHRNT
HEENHRTE S, SBREBLIVEHEDOGWT NX =0 AT N —DE K
DR EEZON, THUETAR—2H LU THEZMTEZ itk 5%

117



5. BEEAMEILT NX—Z N LTz
HEFE TR TR 5.5. KEIZH T Bl & 54 DG

MG TEBHPFANILLNE Z LW TE B,

A2 TG U 72 B BEAMEAL T N Z — 2 W IE, VT IVRA L1 AD
HEj L. HOb UL IMBADESHFT -2 1 200Ky N7 NR—IZ@EadT5 &
WS, —RRFRIRRIL R A S NG, EHZFET BRI, AEE L EEED
FRREER FRDHEN G, ZERII—HT L 0D Z LRI SR, TD7d,
Fiexa 7 —X & UTHMEIL LB O TE KBURIZ &K - T, EB ORI L I3REE L
7o E ZEANDGHRITH O W IREZ MR L., HAOBKEHRE Z D TE 54
WMOTNR—%NTZLIZLD, ZFHETHPOBRRE L UTZOHEZHGIZA
YAN=NVT B ENARIZIR D, T LB IRDEKREZIRING 5 Z LN TE,
HIDIAATHEDFEHO LR T IRHEILDO LR T IILHELGRLLEZION
%, ¥z, —EEEIPSIOHETILIZL>T, TOFREOANEZBIKIZHSY
DEMERMERT DI ENTEL LD RD, ZNILD, HAOEFOZ T —(&
EZTFRVWPTLTEHILR, HOHGOMEORME2HRH#TAZ LT, AC
DIREZEDMEET D WS Z e AT 5,

UEDZENS, 3ETIHERLZIVE T DSOS, HOOEREFEZ AL —X
AT D & WD Z BT DWTEMET, Mt U, AMEL U 72 HiBE % 8 2 A D
PG Ui F 2R U, [f% OEFRFEIC X > TEEFEZYIVEZ S Z
T, KOERNLREREFZHIZORPHAEEMEZRT I LN TEREEZ NS,

118



B 6=F

i i

RElE, COEIBTEEHNDG Z L THRFREREZ D Z N TELDD,
SEHREEZEDHBICHD AL I N TELZDN, &\ RS - FHiIcs 1
LHEE MR T B I 2HME Uiz, 2RI LT, Bzt LU THD IR A
T2 ZEWRPIZDRDIB DT RN E WS EREZHRT, Hlx DEEITHEDI W
TED IR 1TRIGEPERE > TV HEREBEOMMEILZITR W, ZDEREE R
9252 LN TELHEEARZ BT, SMELLU S EREREZ I ATEOH LW
FHFEEZRRL, ZTORMNER L FENRZHOSNI Lz, ZThoDRIR%Z
FIHLT, MADOEREZ A ANSFES LCHSOHEEZADPHSICH
BAT DFEERE - FRLU, EHERTYEHICB T 5EHMEEZMHERL -,

1 ETIIFEHRE LT, HEEREETAZ L ICBIF 8L, FYRIVHEE A
WBIEDHEBEFEFIRIIDOVWTERE L, EROFREFEFEIZOVWTIE, B
Ry b7 — LI & o TRBE OEIMEZ FIOE ITIRETS 5 SiEP. VR 2 HWTH
MEDHMTHAET 25D, HEOENELZHAOESICEHET 2 HENH D Z
&R, BLEAISE A 28I TR L 72, 72, HEERRAO SR WTE D, 1k
FEDENRARD N ST DEN &\ o Tz RO R 2 RIS 2 7212, —EERE
EFNMOHEUTRFELTBL ZEPHEHETREH RN EER L, TNO6DEENS,
ez AT 2R 255D 2/EY . EMRDOGEREREEZILEET D L2V D
o ML U B IRERE RO AL Z 2 & B, U\ EEIR e E R A 12
MU, TOREZHSNITT B I L 2MFTEDSE L ED T,

2ETIIE T, SRR T 2RO 72 A h = X L & EEOH Y
VAT LIZOWT, BEMSLE & B IR L 72, FE R EET S ERITIE, RY
T4 TT 14— RNy i L — #1778 D L\ o AR EIN R RS

119



6. Fham

5720, THho 2 AFERICHED ZEWNEETIERVRE WS REEEZ L TW5
WMz R Uz, £z, EBEOV AT LE LT, VR ZHWTEFRARL 74 5 Ak
GEIERT D FERME 7 1 — KRN 7 2RTDHTELRH D, T35 LBERD
RRIZK DN T =V ARZEEPMEET D REMEDRIBINT VWS Z L ZRL
72 THIT, BRY b EHAWZBEEMLE T, ERTOEE{LE, iR
DHREIZZ D DDH B I 2R U7z, FHEEDOER & U T & —#IZi77% 5
T EFEFEN, BETEVREMBD 1207 NX—% 2 AR —FIZHRIET S0l
BERE VS HENEEL TH O, EENT =<V ADM EXRFEEIZHEN D
BAREMEDRIBI N T VWD Z & 2 B 2 2 TRER U 72, & 5 U 7= B st
EHEZT, BRZEET 5 20D FEIZAD S AANDMHEZEDMIZEH D A
BREHZ SNDDTIERVD, L WHIE-EBFT, BBV TEHEREELZE
KT LA 05 D& L, HEFEEZEHIIOWTHRE 21785 20D
e B ARWETHR S ke Uz,

3E T, EMFUT B 2 EENRE D 72D DA D 3 > & 7 MER & #%
a0z, RMXEBELUTHWAZORY b7 NZ—2HWEV AT L% [
BEAMELT N R —] L EFE Uz, EREEMEMALL., Thz2BERORBEL L THEYE
T2I1E, PR R EBERP T NZ =2 HADHED L S IZEK U 5 Z LW HE
e EZ, FRAED 12 UT, [BRZMET 5] LW FEEHWE, £
. ZTNETDOVRINZ—2HWZEAETIE R, EERORY P 7 N&X—
ZFAVWTEBORKETOR A Z2%ETHI LIk, BEOHKBEICEELHT
HZEDNTEEES1IIRBLEHIZ, BRY NTANRXR=IZL 5T, HOVZ DY
WEELTWABELRE D, FEMATOERA LT RELEZZ, 5
2, 2252 NAOEADREA7Z T, HEEDRSPMmTEMzc L. BAH
GDOHAREEMEILT B L EHREIZR D & W HEHEET, AN S5 AT E
REETTHRL, HOOHBZHADHEIZEHBRATE L WS FiE2iERLE, 20
W&, HOHEBOHEHERZ2 T - X U TIRET 2713, T—X20OHE
HEEEZ DI LR EDIELRITRD LV o RENATREIC RS, £/, HA
HEOHEBEOHEIDIAAIZL>T, ZEHOLPTIXHEL LT INMEL, #
BORIRILP A DOFEED [ LK NE D TIER W e \Wo iz, HREAMEIL T N

120



6. Fham

R—DEHFEERUTI,

4FETIX, HREAMEALT NZ =128 508 - BRAWERIZDOWTHS2IZT
B2, ETIEVTNRA LIIBMNE 2 NG T 2RI X6 217755 72,
FREAMMEAL T XX —DHR DH R EBIRG D, 1| NTHAEZIT R S 56 & R
LTEDLD BB ERLTE2DNE Vo722 2SI L, MEALL
FRE L OENGIZ & 2 EBHRE AR ICB 2 HBAIR 2B 2 2HWE Uiz, VY
TNEA LT 2 N2fE T 2BOEE KREES1X50%T D& Lz, 3HMOTE
ZiB LT 95 AMERBR L. EREROMEKEGIX50%THDDIZHEDL ST, 50%
FOELZHPDEESAKMINT VR LK LEZ L, HRDOEAKLEL 5L W0
SBEL, FRTRETHDI 2SI U, £72, 1 NTEET 254 & g
UT. HEEEMEET NX —DHEFP L O ZEL, AL—ABEEL 2 T & H¥H
WINL BT, MEREBOIEI PLELUTEENTELZ L VWS IA YV MR
2o TNOOBIREREZ T, MAROITAEREE GIRFTARR, REEM, #
EME, BUFIZ 1 ATEMET 256 2L, RESTAREI LT R, ZAIN
TA—= Y ARBEETEEVWIRFHELT, NS EFMMTEZIEE2HKE L
FERETIR o7z, T OFER, 1T AEMRR L BRFTE R FER e T, RAIERN,
EME. #UFIE 1 ACEIET 2 HELHE, SHILRAINT =V ADH ET
HZEEHEONIZLZ, TOULZens, BRERIETEZIZE-T, HS
DOEFEDHREIIB D ZHFIZERD LN TELDOTIIR VN EERLZ,
5ETIE, 4T TOREBNLMAE S 212, HEEMEL T N Z —12 X 5 EF) Y
WZOWT, HOHBDOH SN UDRHINZT — X BLOMADT—X LEET
LZFEEZAVT, TOEEZHSPIZ U, LT —2eBMEEZ Y TLEA A
MG THEVATLAERMEL, ARDT—RX LA T 25501 EE M EET
2%, MARDO AR AT ORBEENBDT S L a2 R U, 2, 2#H
ICIRBIFT AT — X (ADDT—ZAMMBADT —R) Bd5 L 2R, TNEH
DBEIFTET—REMETE2HED TN RIAT DRBEIHPWAT S L ERL
Too I0IT, EHOFRMPRZRERITHTLZZ LIZE D, HHDT — X % &4
THEERMFIZADOHIZHZEHET NV EZELL, MADT — X Z23EIF T 5500
HIXHDOEHET LI D HMALEDLELE I L E2ERTIOTIIRVRE NS

121



6. Fham

Fe Ulz, 2O UHIRZBEE AT, SERAMEL T N & —Z Fl 7o S R I 7
B FEEREL, TOMREEIEL 2, SNEOEF T —X&2E LIz, J—
K=, 7xa U —RHICOBE L. T ORI TRIEG I O EE) K E] & %
L THFE 2T FIRERE U, —HOSMIH K, BRELAZTFRIIL-T
FZEPVEO REMEPBS S N, K ORRNZZEE I ZIFHEDNT +—<
VAU THMET 2T — X2 EHT 5 I L0, HEKMEGEZBRICLIE
5ZEMBELNSIERE U,

DIRIZARRD 3 DDFR 2 F L DB,

EHRDRREEGET DENEILT Y —%FAFE L., HEOHEERYIAA%
AeEIC L7

AT L FREE Y AT LIE, BRY T ANXR—2HWzZ 2T, %
HROFERICH U CHEBIGHT A2 EAARETHI I L, 1 ADOGH LU T
BENRLZEUVRAIN T A= VARMET B h o6, EAMOHE TRERE
MMEZEFFD, £72. HOOBKREZLEZUBZENTE, RAIRT = VAL
M EdT2HEeHIZ. BHROOHEOMERBD ZHFIZERLIILNTELHLEER
S, BMAHHZEERIICEETE S eIz, WO U THEE2T RS> 25T
REIZ %, EFROORY N7 NR—I12 & 2 BIKEE T HEORRE T O0H - 32
MAERZHSPZU, EEOIEILE WO ERERLZZ LAY TH 5,

AELCLIREZBDICHBIRAT 2FEE TOWRDOREE

BEiL R E DT — 2 L@E L., TOEEEZFEIT L L VWO FEITINE
THEFELED, BADT — X 258k UESHEICHEAT 2 Z L O %2 Ke
U7=RIEZnNE Tz, HHRE EV, HODT —X L D& 2 MAD T —
REDMEIZDWTEEDPFET DI EDVRIN, BETEIT—RE@MET Y
BDHMRAINT =< VADNM ETBI 2R U, 2, BREHNS, £
NTENZRIFT 2BIME DR EEZR L2 8T, BREAIC & 5 EHFREFY
DEED & 0 SR 72 FHARRIZ DR Z e BT E 3,

122



6. Fham

AR LAEREZFE T 2EADERFEICH CLREFEDRRE

SNEOHEFFMEIZ L > T, METET -2 22U 0 &R, TOEFHKMES %
FEET D &V S FIRIEHHRMER S W T TR, T & > TEEPED W EEME
eRUIZEid, SROESHKEFEAMRICVELZEX S, TN TOEEKEE
FEOLSIZ, BE2RATEMS, BRT DL Vo TR TEZL, FHER2s
TBHIEILDRRNRFEFERRE L2 &k MBI Tmd, £
ZARIET B & WS HEDRRIZ DB Z e TE B,

PLED &SIz, AgECIREMTIZB VT AMO S EEREE2MELL,. %
B LA VA =T BFHEL UTHAIMEL T NZ—D#FEH - BB LV
MEEZ TR o720 ARV AT LT XK 2FHMADPHMEIZ 25 Z 212X 0 FZEXHK
W A, LV o BT EICB I D HRMEENAREIC R b B2 65, 7
EPRRIC L > THEEZIMES T2 AREERNBE SN2 22 6, HIZIEEHE D)
EEEBVPOMEDLNMITITEATOEERZ, LoEHHcERTES LItk
5EWolz, FEHRHEOKNELEMREIGFTE 5, /2. AMHEOREEZ T — X
b U TIRAFFTREZ: THREZ T 0 N 2B T 5 Z & T KRR OflFIZ it b
TIZ, HEEE A VANV THIEDAEIIRLIEEZOSND, Uk, H
IZHHE DD E I DE S E D THADZBEN LD, BlOEERMOYLE
NHZBZ IR ZEET S, E\Woz Ay NBRHGTE S, X512, FRED
R A REIC e 2 T, BEARSZBLANIFEE TP, BHEE
DEEDEZZWELZSEVDD, E\WolzZ bhdk5iikhd, Z0K
W bndZ T, MORRIZEDETCT—R2HMELEZY, EHLAEZLVTED
EETED LR, AREFIEZ AR HH % A2 Z W fFTE 5,

AWZETIE, TNETIHMERAD Z DL < BERITITIEHEZ2 29 2 GARE7Z
RO T WIS KB ZMEL L, BRZMAE TSI TENEZIMD AL W
IFHUWBERZFR U7z, 2T kD, HREFHICE T D I5EaEIg O Hi 72 72 70 B9
& UTHET 27213 T, EROEREEFIEUNOBEREAE E N, EED
BUGIZ B 28R HEe LCRBT 2 Z e IfFTE 5, £72. HAWKIEH
BTERVERHO TWEBEOFED, AFRIZI>THAETEL LIRS

123



6. Fham

EWVWSHIFIZEML, AFDREIIPHEBEFEOMLA, FHIIHTE2EFEZXHZDE
DEEZDAHMEDD D, SBRITAMIEORRZIGH L., TNX—2 N L 7-HHE
BEREOTFIER, L ORRARFEGIE BIUOENSICET 2 AL - F251,
TEOERIZET 25521772522 T, VRPERY hOE RNV EGLRICE
BT NR—aF R —Ya VIZDOWTHE 278> T\, 61T, v ER
DFHETO X AP0, HADOEGEL U THIZDWTWBRIZE T 2 D21,
SREEIZB T BT OBIRME &\ o 72, BRA A BEME ARSI E D FEAE L T
Wb, INSDMFEEHEMET DI & T, AFEHEEE KX D ESEET L & HIT,
DEEFEIT TN Z EICEHBNT 5,

124



e Tanaka, Y., Katagiri, T., Yukawa, H., Nishimura, T., Tanada, R., Ogura, I.,
Hagiwara, T. and Minamizawa, K. (2022). Sensorimotor Control Sharing
With Vibrotactile Feedback for Body Integration Through Avatar Robot.
IEEFE Robotics and Automation Letters, 7(4), 9509-9516.

o MIRFES, %), VUM IE AL, Mz, Ho T, MEEK (2022). BAY b
TNR— %l U e S ARG D < BN, BAAN=F vy LU 7Y T+
TR, 27(4), 435-446. (ARFRSIIAE LR XD 4 HEZRE L TV D)

e Hapuarachchi, H., Hagiwara, T., Ganesh, G., and Kitazaki, M. (2023).
Effect of connection induced upper body movements on embodiment towards
a limb controlled by another during virtual co-embodiment. PLoS One,
18(1): e0278022.

e Hashiura, K., Hagiwara, T., Barbareschi, G., Wakisaka, S. and Minamizawa,
K. (2024). “Together with Who?” Recognizing Partners during Collabora-
tive Avatar Manipulation. ACM Transactions on Applied Perception, 21(4),
1-16.

REREBAR

e Hagiwara, T., Katagiri, T., Yukawa, H., Ogura, 1., Tanada, R., Nishimura,
T., Tanaka, Y. and Minamizawa. K. (2021). Collaborative Avatar Platform
for Collective Human Expertise. SIGGRAPH Asia 2021 Emerging Tech-

125



6. Fham

nologies, Tokyo, Japan, 14-17 December 2024.

e Mitsubori, N., Hagiwara, T., Wakisaka, S. and Minamizawa, K. (2022).
Moving Interaction by Controlling Yourself in Virtual Space. ICAT-EGVE
(Posters and Demos), 39-40, November 30 - December 3 2022.

NERFER

o FIRPERR, Fiadhig, LiIYE, HAHE, EEFE K (2021). ohy b7 NK—
2N U BERAEIT B 1) 2 EE A ORERE. HAN—=F v L) 7Y 5+
PR 26 [ K42, 3D2-6, online, 12-14 September 2021.

o MIHSE -, Frfithis, INakY, PurtiEA, %), kRS, MEZFA, HoH
i (2021). ©RY b T ANR—%2 N LGRS ITE T 2ERELEGOME. &5
22 [IGHHIEBIHIH T 2 AT LA VT 7 L —3 a VM2 (SICE SI),
online, 15-17 December 2021.

o /NEH, Frii¥hE, WIHSEE, FENIEAE, B, RS, MR, HbH
i (2021). BRY 7N X—2 N UZHREAEIIBIT2I 707X 50HE
A 22 mFHIEBHIHYEAE Y AT LA VT2 L — 3 VRS (SICE
SI), online, 15-17 December 2021.

o RMER, HH—E, HpHE, FEME—, FMEZFAN (2022). BINAAS v F v
WL BERHO Ry N TR —EEIZET A RBNRE — 28 - BlEIc &
5 ERE REBIE—. AABWFE SR T 2 A - Ah bo=2 Z#EE
2022 (ROBOMECH), fLi5, Ab#Ei&E, 1-4 June 2022.

o VttIE/E, )11, #RIRPES, FIEEZA, HA M (2022). SRS BE R Y b
TNR =B BET 4 — NN 7 & AW E B8 A O, H AR
RURT 4 7 A - A b= 7 A5EE 2022 (ROBOMECH), AL, At
18, 1-4 June 2022.

o R[S, &I, HAP T, MEEEAR (2022). BREEG 7 N X —I12 & 5 Hi#
ZEREAIZIIT 72 b T4 T, HEAN=F ¥ )LY 7V T 1 F2H 27 MK
22, 3F3-4, ALIR, b¥E, 12-14 September 2022.

126



6. Fham

o JIMRSENE, HRIRE, Iy O, #IRES, HAhHT, ISHRAKRR (2023). £
HHEERRY b7 — A0 ANGitfEic s i 2 L EEE) EARER . BRG]
Bl 40 [0 k2=, BfE, ALiEE, 7-9 September 2023.

o DS LM, H L, HBBEE, FRESR, LiFA% (2024). A VAT A
A FeAA USRI & 2 MR D HEGR - BIRRGIHE 7OV OMET. 2E2-11, H
AN=F v )L )TV T 1 FRE 29 AR, &R, B 11-13 September
2024.

o WIRFES, )16, I, H i, MEF A (2024). BRY b7 NX—
ZEUZEHOT — X EOMEIC X 2 EE)ZH IS 2 FHNMET. 3D1-03,
HAN—=F v )L 7V T 1 FRE 29 FKE, AR, BHl, 11-13 September
2024.

o MBVHIEN, BH—HE, FIRMES, WG FE, EEFR (2024). @MESFAKIZE
J A ERREREE ) — X =y TOERE. 3D1-09, HAN=F v L) 7Y

T A FRE 2 MR, HiliE, BH, 11-13 September 2024.

—_—

XTq47
e 2AT—ODHKREEITERY NV AT LADHZ D% E]. Newswitch, H T

T35/, https://newswitch.jp/p/30201 (2021 4E 12 A 27 H).
o THIIRIIHT ESX 5, TASOGARE. BUZZMAFF, BEMIKEES, https://youtu.be/6U-

nh-POyuU (2022 45 H 27 H).
¢ 3DDHEKE2ANTHIEEKR-V=—CSL, oREDRA&Y AT A, HFIT
SEHTH], https:/ /www.nikkan.co.jp/articles /view /642799 (2022 4£7 H 18 H).

AT
o HHIVE, FEEE R, W)Y, RS (2022). EHEANZLZERY FTA
R —HEY 2T L, RO PCT/JP2022/033027

127



6. KL

o MR, KIREE, Hrhhil, B)IDE (2024). BIMERE, HIMGELT T
27 . PCT/JP2024/000472

128



At e

BERANRFREREAT + 7T A VISR OREZREIRIT I, ARHED F 5
BHE L UTIELNRRD? SRR L FRiZ2 LT Wiz 72 & £ U7z, AFM4).
FEEEFBITEN TR o 2RI, FEHE L TOOMEZ, D DAZEEIA
ATZTRaY 2 NOEDS, TATTORMBIGIE MHEEZ<DANTHONPDXPT
{IZZABFHERYE, ZL DI 2 HATWIEZFE L2, 2021 £D SIGGRAPH
Asia Emerging Technologies ~D#FEDERIZ &, Collaborative Avatar % & 5 &5
RUZAE L DIZDOWT, RES ETHMIETCWAELZEE L, TR
DTOAY T b, WHEASMEIETWEE, LR AL DDDY D RIEIL W]
WERDIENTEE LR,

BEERBRERFGEA T « 77 V1 VIR OMEFBEEIRICIE, AL
DEHEZFEZITTWAEEZE, KigXOHEZ B U TREBHEEIZRD F L,
RO FHAPEIZ D WTHR A RBERfREEZ W72\ 721 T, RT3 L <
WIZMEOLZ B EELRERME W2 E, KORVERXIIRS L5128 L
TWZE & U, lEERsCERIX, ROF T EKEE > TV o7 T
TE UCoEBRIIA»] 2EMLTWEZEZW/ZE T, HXDEFEOFTINE
FEZBEDITIRD, HEIZL TV Z N TEE U,

BEERARFRFGEA T 4 7 7 VA1 VIHER O MBRAER X, R0
HlIAE L U TSRS R ERE S DYIE 2o 727213 T, Vg
ETHE L TCWEEZEE Uz, RIFRTIREL VAT LIZDOWT, Fifiy 7@l
RPHE DI e Z2REBEL TWEEZE, MEPERDIEL X, EHD D X3 I A0
EUEUL, &7, lEE UTHDOMSEZ R HEEOLHERXZ2RL TWE
g, FHBECABERANIBVWTENSZHBLUTHRTHIILENTEE L

i E LERZOHP BIERRITIE, ELEE AT Y2 5 A E S ET

129



HEE

W22 &, RO SR FERRT — X O, SRR RS OIEEB D
FU7z, B4, MMEEO—HZ2BED L TEBRZIETTWEZEZWEZZEEHD,
BILUWHRETEIZZRIGW W22 8, HIZRIIIDIT T\ W22 & T,
FEITTHIENTEE LR, 2. AELERXOREIEL LT, #FEOHH X X0
R Z NS 270D Z K DIIEE WZZEE L,

SHERAMTRI AR F O IGARRBEIT X, 28, ELREOR» SR O fRE %
ULTW2 &, DEYMERRD LY Z O, X OMEFERELL DI L
ZFIEE TV EE Uz, FAOWIZEE & U TOREXMEZITIEFIZKE R
BEEZTWEEE, SHBOMEEE L TOFRENICBWTHEERIEH 20
U7z, E7z. AL ORAIE L UT, EEREERPMITER»SEZE X 5N 56
X, XODHEVWRBEZEZ TWEZE X U,

MXHEZEROERKIZIE, 2 UEBEOBERHEEZ L TVWEEEEL
T2o DO L ET,

BERFARFRFZEA T 4 7 7 V1 VI ER QIR S R BIBUT &, R
FE2HEIRD 6, BHBEIZMEDHEmE S TWEZE, AT EZTWEEZEE
U7zs EBRIZDOWT, Bx 727 RANA A2 W72\W2721 TR, FifammE
IRRDEBRIZ DN B LD EEZ L TWEEZEE LT

2R TERFZOGNBBICIE, LA LR R 5L R T RNA 2%
W77 &, KSR DOMRIZBFE-S T WS E U, EERIZOWT, R4 RF
EERRRENEZZE, ZHMNCEDSE Z N TEZ LA,

INSDIEE, 7 RN 2R L TOD S L 9,

MHRERE M R E AT OEEH—EX A, #5E%E OB Td % KDDI &L
DOA/ME X AITIiX, BRICB T R— M OWMRIZETAIER,. 7 N1 A28
Z\WEREEE LR, KA ULTHEIT TR, AUREL LTHHIZEFR—
VavEEDEIZIENTEELE, ZD2ADRWARITIUE, FAOWFSIXERATL L
FHATUZ, RYITEHLUTVET,

HERTERZOUNEAZ A, FlAHES A, MIHZEZ A, MEBZ AL
Embodied Media @ Yulan Ju (Kiku) & AlZi&, Collaborative Avatar DFiFE% ¥
R—bFLTWEEZE, KROEBEHT 2B DRI RESMEHIZZRD LU,

130



HEE

585 OB TH &» 5 SHAE MM SO BRI S A A 4L S H i 587
B &£ U Embodied Media DHTHE S A, HREKFOREHER T AITIE, R4 74
BEDHTELDIERRT RNA R 2 WEEE LA, JIOBEIXA, SAHZ
X A, PEIHEAZE X A, Lucas Ogasawara S A, KRB S A, AHGHEH X AT,
M DER PRI ETTEH ETOYR—F, 7RSI ZAZHEE U2, HERIZ
BHORERL X7,

ROEBRIZIIMEEINTO /B ED, BILLWHEZLDHIZBMLTWEEE
F U7z, BRRO THicn &k 0 L 9,

BRI, R EA, R BIAL T & 23F LU T N FKIRITEEHE L
E S I

131



%

1]

% X M

Ungyeon Yang and Gerard Jounghyun Kim. Implementation and eval-
uation of “just follow me” : An immersive, vr-based, motion-training
system. Presence, Vol. 11, No. 3, pp. 304-323, 2002. doi:10.1162/
105474602317473240.

Hiroki Kawasaki, Hiroyuki lizuka, Shin Okamoto, Hideyuki Ando, and Taro
Maeda. Collaboration and skill transmission by first-person perspective
view sharing system. In 19th International Symposium in Robot and Human

Interactive Communication, pp. 125-131. IEEE, September 2010.

Hitoshi Kawasaki, Sohei Wakisaka, Hiroto Saito, Atsushi Hiyama, and
Masahiko Inami. A system for augmenting humans’ ability to learn kendama
tricks through virtual reality training. In Proceedings of the Augmented Hu-
mans International Conference 2022, AHs 22, pp. 152-161. ACM, April
2022.

Chenguang Yang, Peidong Liang, Arash Ajoudani, Zhijun Li, and Antonio
Bicchi. Development of a robotic teaching interface for human to human
skill transfer. In 2016 IEEE/RSJ International Conference on Intelligent
Robots and Systems (IROS), pp. 710-716. IEEE, October 2016.

MHD Yamen Saraiji, Tomoya Sasaki, Reo Matsumura, Kouta Minamizawa,
and Masahiko Inami. Fusion: Full body surrogacy for collaborative commu-
nication. In ACM SIGGRAPH 2018 Emerging Technologies, SIGGRAPH
18. ACM, 2018. URL: https://doi.org/10.1145/3214907.3214912,
doi:10.1145/3214907.3214912.

132


http://dx.doi.org/10.1162/105474602317473240
http://dx.doi.org/10.1162/105474602317473240
https://doi.org/10.1145/3214907.3214912
http://dx.doi.org/10.1145/3214907.3214912

23 3Lk

(6]

8]

Rebecca Fribourg, Nami Ogawa, Ludovic Hoyet, Ferran Argelaguet, Takuji
Narumi, Michitaka Hirose, and Anatole Lécuyer. Virtual co-embodiment:
Evaluation of the sense of agency while sharing the control of a virtual body
among two individuals. IEEE Transactions on Visualization and Computer
Graphics, Vol. 27, No. 10, pp. 4023-4038, 2021. doi:10.1109/TVCG.2020.
2999197.

Takayoshi Hagiwara, Gowrishankar Ganesh, Maki Sugimoto, Masahiko In-
ami, and Michiteru Kitazaki. Individuals prioritize the reach straight-
ness and hand jerk of a shared avatar over their own.  iScience,
Vol. 23, No. 12, p. 101732, 2020. URL: https://www.sciencedirect.
com/science/article/pii/S2589004220309299, doi:https://doi.org/
10.1016/j.1sci.2020.101732.

Yuki Kishita, Hiroshi Ueda, and Makio Kashino. Eye and head movements
of elite baseball players in real batting. Frontiers in Sports and Active
Liwving, Vol. 2, , 2020. URL: https://www.frontiersin.org/articles/
10.3389/fspor.2020.00003, doi:10.3389/fspor.2020.00003.

Satoshi Saga, Kevin Vlack, Hiroyuki Kajimoto, and Susumu Tachi. Haptic
video. In ACM SIGGRAPH 2005 Emerging Technologies, SIGGRAPH 05,
p. 7-es. ACM, 2005. URL: https://doi.org/10.1145/1187297.1187305,
doi:10.1145/1187297.1187305.

Jack A Adams. A closed-loop theory of motor learning. J. Mot. Behav.,
Vol. 3, No. 2, pp. 111-149, June 1971.

Richard A Magill. Motor Learning and Control: Concepts and Applications.
2004.

Daniel B Willingham. A neuropsychological theory of motor skill learning.
Psychol. Rev., Vol. 105, No. 3, pp. 558-584, July 1998.

133


http://dx.doi.org/10.1109/TVCG.2020.2999197
http://dx.doi.org/10.1109/TVCG.2020.2999197
https://www.sciencedirect.com/science/article/pii/S2589004220309299
https://www.sciencedirect.com/science/article/pii/S2589004220309299
http://dx.doi.org/https://doi.org/10.1016/j.isci.2020.101732
http://dx.doi.org/https://doi.org/10.1016/j.isci.2020.101732
https://www.frontiersin.org/articles/10.3389/fspor.2020.00003
https://www.frontiersin.org/articles/10.3389/fspor.2020.00003
http://dx.doi.org/10.3389/fspor.2020.00003
https://doi.org/10.1145/1187297.1187305
http://dx.doi.org/10.1145/1187297.1187305

23 3Lk

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Julien Doyon and Habib Benali. Reorganization and plasticity in the adult
brain during learning of motor skills. Curr. Opin. Neurobiol., Vol. 15, No. 2,

pp. 161-167, April 2005.

Timothy D Lee, Stephan P Swinnen, and Deborah J Serrien. Cognitive
effort and motor learning. Quest, Vol. 46, No. 3, pp. 328-344, August 1994.

Mark A Guadagnoli and Timothy D Lee. Challenge point: a framework for
conceptualizing the effects of various practice conditions in motor learning.
J. Mot. Behav., Vol. 36, No. 2, pp. 212-224, June 2004.

Rebecca Lewthwaite and Gabriele Wulf. Grand challenge for movement
science and sport psychology: embracing the social-cognitive-affective-motor

nature of motor behavior. Front. Psychol., Vol. 1, p. 42, August 2010.

Gabriele Wulf. Attentional focus and motor learning: a review of 15 years.

Int. Rev. Sport Exerc. Psychol., Vol. 6, No. 1, pp. 77-104, September 2013.

Olof Rosenqvist and Oskar Nordstrom Skans. Confidence enhanced perfor-
mance? — the causal effects of success on future performance in professional
golf tournaments. J. Fcon. Behav. Organ., Vol. 117, pp. 281-295, September
2015.

Rokhsareh Badami, Mohammad VaezMousavi, Gabriele Wulf, and Mahdi
Namagzizadeh. Feedback about more accurate versus less accurate trials:
differential effects on self-confidence and activation. Res. ). Fxerc. Sport,

Vol. 83, No. 2, pp. 196-203, June 2012.

Esmaeel Saemi, Jared M Porter, Ahmad Ghotbi-Varzaneh, Mehdi Zarghami,
and Farzad Maleki. Knowledge of results after relatively good trials en-
hances self-efficacy and motor learning. Psychol. Sport Exerc., Vol. 13, No. 4,
pp. 378-382, July 2012.

134



23 3Lk

[21]

[22]

23]

[24]

[25]

28]

Albert Bandura. Self-efficacy: toward a unifying theory of behavioral
change. Psychol. Rev., Vol. 84, No. 2, pp. 191-215, March 1977.

David Stevens, David I Anderson, Nicholas J O’Dwyer, and
A Mark Williams. Does self-efficacy mediate transfer effects in the
learning of easy and difficult motor skills?  Conscious. Cogn., Vol. 21,

No. 3, pp. 1122-1128, September 2012.

Luigi A M Pascua, Gabriele Wulf, and Rebecca Lewthwaite. Additive bene-
fits of external focus and enhanced performance expectancy for motor learn-

ing. J. Sports Sci., Vol. 33, No. 1, pp. 5866, 2015.

Gabriele Wulf and Rebecca Lewthwaite. Optimizing performance through
intrinsic motivation and attention for learning: The OPTIMAL theory of
motor learning. Psychon. Bull. Rev., Vol. 23, No. 5, pp. 1382-1414, October
2016.

Carolina Granados and Gabriele Wulf. Enhancing motor learning through
dyad practice: contributions of observation and dialogue. Res. Q. Exerc.

Sport, Vol. 78, No. 3, pp. 197-203, June 2007.

Wayne L Shebilskem, J Wesley Regian, Winfred Arthur, and Jeffrey A Jor-
dan. A dyadic protocol for training complex skills. Hum. Factors, Vol. 34,
No. 3, pp. 369-374, June 1992.

Charles H Shea, Gabriele Wulf, and Chad Whitacre. Enhancing training
efficiency and effectiveness through the use of dyad training. J. Mot. Behav.,
Vol. 31, No. 2, pp. 119-125, June 1999.

Nancy H McNevin, Gabriele Wulf, and Christine Carlson. Effects of atten-
tional focus, self-control, and dyad training on motor learning: implications
for physical rehabilitation. Phys. Ther., Vol. 80, No. 4, pp. 373-385, April
2000.

135



23 3Lk

[29]

[30]

[31]

32]

[34]

[35]

[36]

Larry R Squire and Stuart M Zola. Structure and function of declarative and
nondeclarative memory systems. Proc. Natl. Acad. Sci. U. S. A., Vol. 93,
No. 24, pp. 13515-13522, November 1996.

Rachel M Brown and Edwin M Robertson. Off-line processing: reciprocal

interactions between declarative and procedural memories. J. Neurosci.,

Vol. 27, No. 39, pp. 10468-10475, September 2007.

Neechi Mosha and Edwin M Robertson. Unstable memories create a high-
level representation that enables learning transfer. Curr. Biol., Vol. 26,

No. 1, pp. 100-105, January 2016.

Yasuyoshi Yokokohji, Ralph L Hollis, Takeo Kanade, Kazuyuki Henmi, and
Tsuneo Yoshikawa. Toward machine mediated training of motor skills. skill
transfer from human to human via virtual environment. In Proceedings
5th IEEFE International Workshop on Robot and Human Communication.
RO-MAN’96 TSUKUBA, pp. 32-37. IEEE, 1996.

Daniel J Scott, Patricia C Bergen, Robert V Rege, Royce Laycock, Seifu T
Tesfay, James R Valentine, David M Euhus, Rohan D Jeyarajah, William M
Thompson, and Daniel B Jones. Laparoscopic training on bench models:

better and more cost effective than operating room experience? J. Am.

Coll. Surg., Vol. 191, No. 3, pp. 272-283, September 2000.

Jessica K Witt, Sally A Linkenauger, and Dennis R Proffitt. Get me out
of this slump! visual illusions improve sports performance. Psychol. Sci.,
Vol. 23, No. 4, pp. 397-399, April 2012.

Guillaume Chauvel, Gabriele Wulf, and Frangois Maquestiaux. Visual illu-
sions can facilitate sport skill learning. Psychon. Bull. Rev., Vol. 22, No. 3,
pp. 717-721, June 2015.

Teodor P Grantcharov, V B Kristiansen, Jorgen Bendix, L Bardram,

J Rosenberg, and Peter Funch-Jensen. Randomized clinical trial of vir-

136



23 3Lk

[38]

[39]

[40]

[41]

[42]

tual reality simulation for laparoscopic skills training. Br. J. Surg., Vol. 91,
No. 2, pp. 146-150, February 2004.

Gunnar Ahlberg, Rolf Hultcrantz, Edgar Jaramillo, Annika Lindblom, and
Dag Arvidsson. Virtual reality colonoscopy simulation: a compulsory prac-
tice for the future colonoscopist? Endoscopy, Vol. 37, No. 12, pp. 1198-1204,
December 2005.

Ryo Kikuuwe and Tsuneo Yoshikawa. Haptic display device with fin-
gertip presser for motion/force teaching to human. In Proceedings 2001
ICRA. IEEE International Conference on Robotics and Automation (Cat.
No.01CH37164), Vol. 1, pp. 868-873 vol.1. IEEE, 2001.

Kazuyuki Henmi and Tsuneo Yoshikawa. Virtual lesson and its applica-
tion to virtual calligraphy system. In Proceedings. 1998 IEEE International
Conference on Robotics and Automation (Cat. No.98CH36146), Vol. 2, pp.
1275-1280 vol.2. IEEE, 1998.

Simone Kager, Asif Hussain, Adele Cherpin, Alejandro Melendez-Calderon,
Atsushi Takagi, Satoshi Endo, Etienne Burdet, Sandra Hirche, Marcelo H
Ang, and Domenico Campolo. The effect of skill level matching in dyadic
interaction on learning of a tracing task. IEFEE Int. Conf. Rehabil. Robot.,
Vol. 2019, pp. 824-829, June 2019.

Jonathan Douissard, Monika E. Hagen, and P. Morel. The da Vinci Sur-
gical System, pp. 13-27. Springer International Publishing, Cham, 2019.
URL: https://doi.org/10.1007/978-3-030-17223-7_3, doi:10.1007/
978-3-030-17223-7_3.

Sergio Maeso, Mercedes Reza, Julio A Mayol, Juan A Blasco, Mercedes
Guerra, Elena Andradas, and Maria N Plana. Efficacy of the da vinci

surgical system in abdominal surgery compared with that of laparoscopy: A

137


https://doi.org/10.1007/978-3-030-17223-7_3
http://dx.doi.org/10.1007/978-3-030-17223-7_3
http://dx.doi.org/10.1007/978-3-030-17223-7_3

23 3Lk

[45]

[47]

systematic review and Meta-Analysis. Annals of Surgery, Vol. 252, No. 2,
2010.

Susumu Tachi, Yasuyuki Inoue, and Fumihiro Kato. Telesar vi: Telex-
istence surrogate anthropomorphic robot vi.  International Journal of
Humanoid Robotics, Vol. 17, No. 05, p. 2050019, 2020. URL: https:
//doi.org/10.1142/5021984362050019X, arXiv:https://doi.org/10.
1142/5021984362050019X, doi:10.1142/5021984362050019X.

Masahiro Shiomi, Kodai Shatani, Takashi Minato, and Hiroshi Ishiguro.
How should a robot react before people’s touch?: Modeling a pre-touch

reaction distance for a robot’s face. IEEE Robotics and Automation Letters,

Vol. 3, No. 4, pp. 3773-3780, 2018. doi:10.1109/LRA.2018.2856303.

Federico Parietti and Harry H. Asada. Dynamic analysis and state esti-
mation for wearable robotic limbs subject to human-induced disturbances.
In 2013 IEEE International Conference on Robotics and Automation, pp.
38803887, 2013. doi:10.1109/ICRA.2013.6631123.

Gionata Salvietti, Irfan Hussain, and Domenico Prattichizzo. The Robotic
Sixth Finger: A Wearable Compensatory Tool to Regain Grasping Capa-
bilities in Paretic Hands, pp. 423-437. Springer International Publishing,
Cham, 2018. URL: https://doi.org/10.1007/978-3-319-51532-8_26,
doi:10.1007/978-3-319-51532-8_26.

Kohei Umezawa, Yuta Suzuki, Gowrishankar Ganesh, and Yoichi Miyawaki.
Bodily ownership of an independent supernumerary limb: an exploratory

study. Scientific Reports, Vol. 12, No. 1, p. 2339, February 2022.

Tomoya Sasaki, MHD Yamen Saraiji, Charith Lasantha Fernando, Kouta
Minamizawa, and Masahiko Inami. Metalimbs: Metamorphosis for multiple

arms interaction using artificial limbs. In ACM SIGGRAPH 2017 Posters,

138


https://doi.org/10.1142/S021984362050019X
https://doi.org/10.1142/S021984362050019X
http://arxiv.org/abs/https://doi.org/10.1142/S021984362050019X
http://arxiv.org/abs/https://doi.org/10.1142/S021984362050019X
http://dx.doi.org/10.1142/S021984362050019X
http://dx.doi.org/10.1109/LRA.2018.2856303
http://dx.doi.org/10.1109/ICRA.2013.6631123
https://doi.org/10.1007/978-3-319-51532-8_26
http://dx.doi.org/10.1007/978-3-319-51532-8_26

23 3Lk

[50]

[51]

[52]

[53]

SIGGRAPH ’17. ACM, 2017. URL: https://doi.org/10.1145/3102163.
3102166, doi:10.1145/3102163.3102166.

Madeline Balaam, Stefan Rennick Egglestone, Geraldine Fitzpatrick, Tom
Rodden, Ann-Marie Hughes, Anna Wilkinson, Thomas Nind, Lesley Ax-
elrod, Eric Harris, lan Ricketts, Susan Mawson, and Jane Burridge. Mo-
tivating mobility: Designing for lived motivation in stroke rehabilitation.
In Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems, CHI "11, p. 3073-3082. ACM, 2011. URL: https://doi.org/10.
1145/1978942.1979397, doi:10.1145/1978942.1979397.

Lena Mamykina, Elizabeth Mynatt, Patricia Davidson, and Daniel Green-
blatt.  Mahi: Investigation of social scaffolding for reflective think-
ing in diabetes management. In Proceedings of the SIGCHI Conference
on Human Factors in Computing Systems, CHI 08, p. 477-486. ACM,
2008. URL: https://doi.org/10.1145/1357054.1357131, doi:10.1145/
1357054.1357131.

Bonnie A. Nardi, Heinrich Schwarz, Allan Kuchinsky, Robert Leichner,
Steve Whittaker, and Robert Sclabassi. Turning away from talking heads:
the use of video-as-data in neurosurgery. In Proceedings of the INTERACT
93 and CHI ’93 Conference on Human Factors in Computing Systems, CHI
93, p. 327-334. ACM, 1993. URL: https://doi.org/10.1145/169059.
169261, doi:10.1145/169059.169261.

Robert E. Kraut, Mark D. Miller, and Jane Siegel. Collaboration in per-
formance of physical tasks: effects on outcomes and communication. In
Proceedings of the 1996 ACM Conference on Computer Supported Coopera-
tive Work, CSCW ’96, p. 57-66. ACM, 1996. URL: https://doi.org/10.
1145/240080.240190, doi:10.1145/240080.240190.

David J. Roberts, Arturo S. Garcia, Janki Dodiya, Robin Wolff, Allen J.

139


https://doi.org/10.1145/3102163.3102166
https://doi.org/10.1145/3102163.3102166
http://dx.doi.org/10.1145/3102163.3102166
https://doi.org/10.1145/1978942.1979397
https://doi.org/10.1145/1978942.1979397
http://dx.doi.org/10.1145/1978942.1979397
https://doi.org/10.1145/1357054.1357131
http://dx.doi.org/10.1145/1357054.1357131
http://dx.doi.org/10.1145/1357054.1357131
https://doi.org/10.1145/169059.169261
https://doi.org/10.1145/169059.169261
http://dx.doi.org/10.1145/169059.169261
https://doi.org/10.1145/240080.240190
https://doi.org/10.1145/240080.240190
http://dx.doi.org/10.1145/240080.240190

23 3Lk

[54]

[56]

[57]

Fairchild, and Terrence Fernando. Collaborative telepresence workspaces
for space operation and science. In 2015 IEEE Virtual Reality (VR), pp.
275276, 2015. doi:10.1109/VR.2015.7223402.

Carmine Elvezio, Mengu Sukan, Ohan Oda, Steven Feiner, and Barbara
Tversky. Remote collaboration in ar and vr using virtual replicas. In ACM
SIGGRAPH 2017 VR Village, SIGGRAPH ’17. ACM, 2017. URL: https:
//doi.org/10.1145/3089269.3089281, doi:10.1145/3089269.3089281.

Bob G. Witmer and Michael J. Singer. Measuring Presence in Vir-
tual Environments: A Presence Questionnaire. Presence: Teleoperators
and Virtual Environments, Vol. 7, No. 3, pp. 225-240, 06 1998. URL:
https://doi.org/10.1162/105474698565686, arXiv:https://direct.
mit.edu/pvar/article-pdf/7/3/225/1836425/105474698565686 .pdf,
doi:10.1162/105474698565686.

Jiazhi Ou, Susan R. Fussell, Xilin Chen, Leslie D. Setlock, and Jie Yang.
Gestural communication over video stream: supporting multimodal inter-
action for remote collaborative physical tasks. In Proceedings of the 5th
International Conference on Multimodal Interfaces, ICMI 03, p. 242-249.
ACM, 2003. URL: https://doi.org/10.1145/958432.958477, doi:10.
1145/958432.958477.

Susanna Nilsson, Bjorn Johansson, and Arne Jonsson. Using ar to support
cross-organisational collaboration in dynamic tasks. In 2009 8th IEEE In-
ternational Symposium on Mized and Augmented Reality, pp. 3—12, 2009.
doi:10.1109/ISMAR.2009.5336522.

Tzung-Jin Lin, Henry Been-Lirn Duh, Nai Li, Hung-Yuan Wang, and
Chin-Chung Tsai. An investigation of learners’ collaborative knowledge
construction performances and behavior patterns in an augmented real-

ity simulation system. Computers ¢ Education, Vol. 68, pp. 314-321,

140


http://dx.doi.org/10.1109/VR.2015.7223402
https://doi.org/10.1145/3089269.3089281
https://doi.org/10.1145/3089269.3089281
http://dx.doi.org/10.1145/3089269.3089281
https://doi.org/10.1162/105474698565686
http://arxiv.org/abs/https://direct.mit.edu/pvar/article-pdf/7/3/225/1836425/105474698565686.pdf
http://arxiv.org/abs/https://direct.mit.edu/pvar/article-pdf/7/3/225/1836425/105474698565686.pdf
http://dx.doi.org/10.1162/105474698565686
https://doi.org/10.1145/958432.958477
http://dx.doi.org/10.1145/958432.958477
http://dx.doi.org/10.1145/958432.958477
http://dx.doi.org/10.1109/ISMAR.2009.5336522

23 3Lk

[59]

[60]

[61]

[62]

[63]

2013. URL: https://www.sciencedirect.com/science/article/pii/
S0360131513001322, doi:https://doi.org/10.1016/j.compedu.2013.
05.011.

Hiroyuki lizuka, Daisuke Kondo, Hiroki Kawasaki, Hideyuki Ando, and
Taro Maeda. Coordinated behavior between visually coupled dyads. In
Proceedings of the 2nd Augmented Human International Conference, AH
'11. ACM, 2011. URL: https://doi.org/10.1145/1959826.1959849,
doi:10.1145/1959826.1959849.

Shunichi Kasahara, Mitsuhito Ando, Kiyoshi Suganuma, and Jun Reki-
moto. Parallel eyes: Exploring human capability and behaviors with par-
alleled first person view sharing. In Proceedings of the 2016 CHI Confer-
ence on Human Factors in Computing Systems, CHI ’16, p. 1561-1572.
ACM, 2016. URL: https://doi.org/10.1145/2858036.2858495, doi:
10.1145/2858036.2858495.

Jun Nishida and Kenji Suzuki. Biosync: A paired wearable device for
blending kinesthetic experience. In Proceedings of the 2017 CHI Confer-
ence on Human Factors in Computing Systems, CHI ’17, p. 3316-3327.
ACM, 2017. URL: https://doi.org/10.1145/3025453.3025829, doi:
10.1145/3025453.3025829.

Hideyuki Nakanishi, Kazuaki Tanaka, and Yuya Wada. Remote handshak-
ing: touch enhances video-mediated social telepresence. In Proceedings of
the SIGCHI Conference on Human Factors in Computing Systems, CHI "14,
p. 2143-2152. ACM, 2014. URL: https://doi.org/10.1145/2556288.
2557169, doi:10.1145/2556288.2557169.

Daniel Leithinger, Sean Follmer, Alex Olwal, and Hiroshi Ishii. Physical
telepresence: shape capture and display for embodied, computer-mediated

remote collaboration. In Proceedings of the 27th Annual ACM Symposium

141


https://www.sciencedirect.com/science/article/pii/S0360131513001322
https://www.sciencedirect.com/science/article/pii/S0360131513001322
http://dx.doi.org/https://doi.org/10.1016/j.compedu.2013.05.011
http://dx.doi.org/https://doi.org/10.1016/j.compedu.2013.05.011
https://doi.org/10.1145/1959826.1959849
http://dx.doi.org/10.1145/1959826.1959849
https://doi.org/10.1145/2858036.2858495
http://dx.doi.org/10.1145/2858036.2858495
http://dx.doi.org/10.1145/2858036.2858495
https://doi.org/10.1145/3025453.3025829
http://dx.doi.org/10.1145/3025453.3025829
http://dx.doi.org/10.1145/3025453.3025829
https://doi.org/10.1145/2556288.2557169
https://doi.org/10.1145/2556288.2557169
http://dx.doi.org/10.1145/2556288.2557169

23 3Lk

[64]

[65]

[66]

[68]

on User Interface Software and Technology, UIST 14, p. 461-470. ACM,
2014. URL: https://doi.org/10.1145/2642918.2647377, doi:10.1145/
2642918.2647377.

Kazuki Katayama, Maria Pozzi, Yoshihiro Tanaka, Kouta Minamizawa,
and Domenico Prattichizzo. Shared haptic perception for human-robot col-
laboration. In Ilana Nisky, Jess Hartcher-O’Brien, Michaél Wiertlewski,
and Jeroen Smeets, editors, Haptics: Science, Technology, Applications,
pp. 536-544, Cham, 2020. Springer International Publishing. doi:https:
//doi.org/10.1007/978-3-030-58147-3_59.

Mahdi Khoramshahi and Aude Billard. A dynamical system approach to
task-adaptation in physical human-robot interaction. Autonomous Robots,

Vol. 43, No. 4, pp. 927-946, April 2019.

Luka Peternel, Nikos Tsagarakis, and Arash Ajoudani. A human-robot co-
manipulation approach based on human sensorimotor information. [EEFE
Transactions on Neural Systems and Rehabilitation Engineering, Vol. 25,

No. 7, pp. 811-822, 2017. doi:10.1109/TNSRE.2017 .2694553.

Daniel M Wolpert, Jorn Diedrichsen, and J Randall Flanagan. Principles
of sensorimotor learning. Nature Reviews Neuroscience, Vol. 12, No. 12, pp.
739-751, December 2011.

David W. Franklin and Daniel M. Wolpert. = Computational mecha-
nisms of sensorimotor control. Neuron, Vol. 72, No. 3, pp. 425-442,
2011. URL: https://www.sciencedirect.com/science/article/pii/
50896627311008919, doi:https://doi.org/10.1016/j.neuron.2011.
10.006.

Gowrishankar Ganesh and Etienne Burdet. Motor planning explains hu-

man behaviour in tasks with multiple solutions. Robotics and Autonomous

142


https://doi.org/10.1145/2642918.2647377
http://dx.doi.org/10.1145/2642918.2647377
http://dx.doi.org/10.1145/2642918.2647377
http://dx.doi.org/https://doi.org/10.1007/978-3-030-58147-3_59
http://dx.doi.org/https://doi.org/10.1007/978-3-030-58147-3_59
http://dx.doi.org/10.1109/TNSRE.2017.2694553
https://www.sciencedirect.com/science/article/pii/S0896627311008919
https://www.sciencedirect.com/science/article/pii/S0896627311008919
http://dx.doi.org/https://doi.org/10.1016/j.neuron.2011.10.006
http://dx.doi.org/https://doi.org/10.1016/j.neuron.2011.10.006

23 CHk

[72]

73]

Systems, Vol. 61, No. 4, pp. 362-368, 2013. Models and Technolo-
gies for Multi-modal Skill Training. URL: https://www.sciencedirect.
com/science/article/pii/S0921889012001790, doi:https://doi.org/
10.1016/j.robot.2012.09.024.

Jorn Diedrichsen, Olivier White, Darren Newman, and Niall Lally. Use-
dependent and error-based learning of motor behaviors. Journal of Neu-
roscience, Vol. 30, No. 15, pp. 5159-5166, 2010. URL: https://www.
jneurosci.org/content/30/15/5159, arXiv:https://www.jneurosci.
org/content/30/15/5159.full.pdf, doi:10.1523/JNEUROSCI.5406-09.
2010.

Gowrishankar. Ganesh, Masahiko. Haruno, Mitsuo. Kawato, and Etienne.
Burdet. Motor memory and local minimization of error and effort, not
global optimization, determine motor behavior. Journal of Neurophysiol-
ogy, Vol. 104, No. 1, pp. 382-390, 2010. PMID: 20484533. URL: https:
//doi.org/10.1152/jn.01058.2009, arXiv:https://doi.org/10.1152/
jn.01058.2009, doi:10.1152/jn.01058.2009.

Mattia Gallotti and Chris D. Frith.  Social cognition in the we-
mode. Trends in Cognitive Sciences, Vol. 17, No. 4, pp. 160-
165, 2013. URL: https://www.sciencedirect.com/science/article/
pii/S1364661313000417, doi:https://doi.org/10.1016/j.tics.2013.
02.002.

Gowrishankar. Ganesh, Atsushi. Takagi, Rieko. Osu, Toshinori.
Yoshioka, Mitsuo. Kawato, and Etienne. Burdet. Two is bet-
ter than one: Physical interactions improve motor performance
in humans.  Scientific Reports, Vol. 4, p. 3824, 01 2014. URL:
https://www.proquest.com/scholarly-journals/two-is-better-

than-one-physical-interactions/docview/1897802821/se-2.

143


https://www.sciencedirect.com/science/article/pii/S0921889012001790
https://www.sciencedirect.com/science/article/pii/S0921889012001790
http://dx.doi.org/https://doi.org/10.1016/j.robot.2012.09.024
http://dx.doi.org/https://doi.org/10.1016/j.robot.2012.09.024
https://www.jneurosci.org/content/30/15/5159
https://www.jneurosci.org/content/30/15/5159
http://arxiv.org/abs/https://www.jneurosci.org/content/30/15/5159.full.pdf
http://arxiv.org/abs/https://www.jneurosci.org/content/30/15/5159.full.pdf
http://dx.doi.org/10.1523/JNEUROSCI.5406-09.2010
http://dx.doi.org/10.1523/JNEUROSCI.5406-09.2010
https://doi.org/10.1152/jn.01058.2009
https://doi.org/10.1152/jn.01058.2009
http://arxiv.org/abs/https://doi.org/10.1152/jn.01058.2009
http://arxiv.org/abs/https://doi.org/10.1152/jn.01058.2009
http://dx.doi.org/10.1152/jn.01058.2009
https://www.sciencedirect.com/science/article/pii/S1364661313000417
https://www.sciencedirect.com/science/article/pii/S1364661313000417
http://dx.doi.org/https://doi.org/10.1016/j.tics.2013.02.002
http://dx.doi.org/https://doi.org/10.1016/j.tics.2013.02.002
https://www.proquest.com/scholarly-journals/two-is-better-than-one-physical-interactions/docview/1897802821/se-2
https://www.proquest.com/scholarly-journals/two-is-better-than-one-physical-interactions/docview/1897802821/se-2

23 3Lk

[74]

[76]

[77]

Atsushi Takagi, Gowrishankar Ganesh, Toshinori Yoshioka, Mitsuo Kawato,
and Etienne Burdet. Physically interacting individuals estimate the part-
ner’s goal to enhance their movements. Nature Human Behaviour, Vol. 1,
No. 3, p. 0054, March 2017.

Atsushi Takagi, Masaya Hirashima, Daichi Nozaki, and Etienne Bur-
det. Individuals physically interacting in a group rapidly coordinate their
movement by estimating the collective goal. eLife, Vol. 8, p. e41328,
feb 2019. URL: https://doi.org/10.7554/elLife.41328, doi:10.7554/
elLife.41328.

Matteo Candidi, Arianna Curioni, Francesco Donnarumma, Lucia Maria
Sacheli, and Giovanni Pezzulo. Interactional leader-follower sensorimotor
communication strategies during repetitive joint actions. J. R. Soc. Inter-

face, Vol. 12, No. 110, p. 0644, September 2015.

Lucia Maria Sacheli, Emmanuele Tidoni, Enea Francesco Pavone, Salva-
tore Maria Aglioti, and Matteo Candidi. Kinematics fingerprints of leader
and follower role-taking during cooperative joint actions. Fzp. Brain Res.,
Vol. 226, No. 4, pp. 473-486, May 2013.

Merle T Fairhurst, Petr Janata, and Peter E Keller. Leading the follower: an
fMRI investigation of dynamic cooperativity and leader-follower strategies

in synchronization with an adaptive virtual partner. Neuroimage, Vol. 84,
pp- 688-697, January 2014.

Giacomo Novembre, Zoe Mitsopoulos, and Peter E Keller. Empathic per-

spective taking promotes interpersonal coordination through music. Sci.

Rep., Vol. 9, No. 1, p. 12255, August 2019.

Ryo Takizawa, Takayoshi Hagiwara, Adrien Verhulst, Masaaki Fukuoka,
Michiteru Kitazaki, and Maki Sugimoto. Dynamic shared limbs: An

adaptive shared body control method using emg sensors. In Proceedings

144


https://doi.org/10.7554/eLife.41328
http://dx.doi.org/10.7554/eLife.41328
http://dx.doi.org/10.7554/eLife.41328

23 3Lk

[81]

[82]

[83]

[84]

[85]

of the Augmented Humans International Conference 2021, AHs ’21, p.
10-18. ACM, 2021. URL: https://doi.org/10.1145/3458709.3458932,
doi:10.1145/3458709.3458932.

Shaun Gallagher. Philosophical conceptions of the self: implica-
tions for cognitive science. Trends in Cognitive Sciences, Vol. 4,
No. 1, pp. 14-21, 2000. URL: https://www.sciencedirect.com/
science/article/pii/S1364661399014175, doi:https://doi.org/10.
1016/51364-6613(99)01417-5.

Harin Hapuarachchi and Michiteru Kitazaki. Knowing the intention behind
limb movements of a partner increases embodiment towards the limb of joint

avatar. Scientific Reports, Vol. 12, No. 1, p. 11453, July 2022.

Harin Hapuarachchi, Takayoshi Hagiwara, Gowrishankar Ganesh, and Mi-
chiteru Kitazaki. Effect of connection induced upper body movements
on embodiment towards a limb controlled by another during virtual co-
embodiment. PLOS ONE, Vol. 18, No. 1, pp. 1-22, 01 2023. URL: https://
doi.org/10.1371/journal.pone.0278022, doi:10.1371/journal.pone.
0278022.

Daiki Kodama, Takato Mizuho, Yuji Hatada, Takuji Narumi, and Michitaka
Hirose. Effects of collaborative training using virtual co-embodiment on
motor skill learning. IEEE Transactions on Visualization and Computer
Graphics, Vol. 29, No. 5, pp. 2304-2314, 2023. doi:10.1109/TVCG.2023.
3247112.

Haruto Takita, Yuji Hatada, Takuji Narumi, and Michitaka Hirose. Ef-
fects of virtual co-embodiment on declarative memory-based motor skill
learning. In ACM Symposium on Applied Perception 2023, SAP ’23.
ACM, 2023. URL: https://doi.org/10.1145/3605495.3605797, doi:
10.1145/3605495.3605797.

145


https://doi.org/10.1145/3458709.3458932
http://dx.doi.org/10.1145/3458709.3458932
https://www.sciencedirect.com/science/article/pii/S1364661399014175
https://www.sciencedirect.com/science/article/pii/S1364661399014175
http://dx.doi.org/https://doi.org/10.1016/S1364-6613(99)01417-5
http://dx.doi.org/https://doi.org/10.1016/S1364-6613(99)01417-5
https://doi.org/10.1371/journal.pone.0278022
https://doi.org/10.1371/journal.pone.0278022
http://dx.doi.org/10.1371/journal.pone.0278022
http://dx.doi.org/10.1371/journal.pone.0278022
http://dx.doi.org/10.1109/TVCG.2023.3247112
http://dx.doi.org/10.1109/TVCG.2023.3247112
https://doi.org/10.1145/3605495.3605797
http://dx.doi.org/10.1145/3605495.3605797
http://dx.doi.org/10.1145/3605495.3605797

23 3Lk

[36]

[33]

[91]

[92]

Daiki Kodama, Takato Mizuho, Yuji Hatada, Takuji Narumi, and Michi-
taka Hirose. Enhancing the sense of agency by transitional weight con-
trol in virtual co-embodiment. In 2022 IEEE International Symposium
on Mized and Augmented Reality (ISMAR), pp. 278-286, 2022. doi:
10.1109/ISMAR55827.2022.00043.

Yasunobu Katsumata, Yasuyuki Inoue, Satoshi Toriumi, Hiroki Ishimoto,
Harin Hapuarachchi, and Michiteru Kitazaki. Shared avatar for hand move-
ment imitation: Subjective and behavioral analyses. IEEFE Access, Vol. 11,

pp. 96710-96717, 2023. doi:10.1109/ACCESS.2023.3312179.

Yoshihiro Tanaka, Takumi Katagiri, Hikari Yukawa, Takumi Nishimura,
Ryohei Tanada, [tsuki Ogura, Takayoshi Hagiwara, and Kouta Minamizawa.
Sensorimotor control sharing with vibrotactile feedback for body integration
through avatar robot. IEEE Robotics and Automation Letters, Vol. 7, No. 4,
pp. 9509-9516, 2022. doi:10.1109/LRA.2022.3191191.

Tadatoshi Kurogi, Yuji Yonehara, Roshan Lalintha Peiris, Takeshi Fuji-
wara, and Kouta Minamizawa. Haptic plaster: Soft, thin, light and flex-
ible haptic display using dea composed of slide-ring material for daily
life. In ACM SIGGRAPH 2019 Emerging Technologies, SIGGRAPH ’19.
ACM, 2019. URL: https://doi.org/10.1145/3305367.3327983, doi:
10.1145/3305367 .3327983.

Giacomo Rizzolatti, Luciano Fadiga, Vittorio Gallese, and Leonardo Fo-

gassi. Premotor cortex and the recognition of motor actions. Brain Res.

Cogn. Brain Res., Vol. 3, No. 2, pp. 131-141, March 1996.

Giacomo Rizzolatti and Laila Craighero. The mirror-neuron system. Annu.

Rev. Neurosci., Vol. 27, pp. 169-192, 2004.

Andrew A G Mattar and Paul L. Gribble. Motor learning by observing.
Neuron, Vol. 46, No. 1, pp. 153-160, April 2005.

146


http://dx.doi.org/10.1109/ISMAR55827.2022.00043
http://dx.doi.org/10.1109/ISMAR55827.2022.00043
http://dx.doi.org/10.1109/ACCESS.2023.3312179
http://dx.doi.org/10.1109/LRA.2022.3191191
https://doi.org/10.1145/3305367.3327983
http://dx.doi.org/10.1145/3305367.3327983
http://dx.doi.org/10.1145/3305367.3327983

23 3Lk

93]

[94]

[95]

[96]

[97]

Daniel M. Wegner, Betsy Sparrow, and Lea Winerman. Vicarious agency:
Experiencing control over the movements of others. Journal of Personality
and Social Psychology, Vol. 86, No. 6, p. 838-848, 2004. doi:https://doi.
org/10.1037/0022-3514.86.6.838.

Elena Kokkinara, Konstantina Kilteni, Kristopher J. Blom, and Mel Slater.
First person perspective of seated participants over a walking virtual body
leads to illusory agency over the walking. Scientific Reports, Vol. 6, p. 28879,
2016. doi:https://doi.org/10.1038/srep28879.

John A. Dewey, Elisabeth Pacherie, and Guenther Knoblich. The phe-
nomenology of controlling a moving object with another person. Cognition,
Vol. 132, No. 3, pp. 383-397, 2014. URL: https://www.sciencedirect.
com/science/article/pii/S0010027714000857, doi:https://doi.org/
10.1016/j.cognition.2014.05.002.

Chloé Farrer, M. Bouchereau, Marc Jeannerod, and Nicolas Franck. Effect
of distorted visual feedback on the sense of agency. Behavioural Neurology,
Vol. 19, No. 1-2, pp. 53-57, 2008. URL: https://doi.org/10.1155/2008/
425267, doi:10.1155/2008/425267.

Takayoshi Hagiwara, Takumi Katagiri, Hikari Yukawa, Itsuki Ogura, Ryohei
Tanada, Takumi Nishimura, Yoshihiro Tanaka, and Kouta Minamizawa.
Collaborative avatar platform for collective human expertise. In SIG-
GRAPH Asia 2021 Emerging Technologies, SA 21 Emerging Technolo-
gies. ACM, 2021. URL: https://doi.org/10.1145/3476122.3484841,
doi:10.1145/3476122.3484841.

IR RS, B, PN IEA, MHESEE, B, EEER ahRy b7
R — 7%l U7 BRI G T E D BRI, HAN—F vy LI TV T 1R
A SCAE, Vol. 27, No. 4, pp. 435446, 2022. doi:10.18974/tvrsj.27.4_435.

147


http://dx.doi.org/https://doi.org/10.1037/0022-3514.86.6.838
http://dx.doi.org/https://doi.org/10.1037/0022-3514.86.6.838
http://dx.doi.org/https://doi.org/10.1038/srep28879
https://www.sciencedirect.com/science/article/pii/S0010027714000857
https://www.sciencedirect.com/science/article/pii/S0010027714000857
http://dx.doi.org/https://doi.org/10.1016/j.cognition.2014.05.002
http://dx.doi.org/https://doi.org/10.1016/j.cognition.2014.05.002
https://doi.org/10.1155/2008/425267
https://doi.org/10.1155/2008/425267
http://dx.doi.org/10.1155/2008/425267
https://doi.org/10.1145/3476122.3484841
http://dx.doi.org/10.1145/3476122.3484841
http://dx.doi.org/10.18974/tvrsj.27.4_435

23 3Lk

[99]

100]

[101]

[102]

103]

[104]

[105]

Franz Faul, Edgar Erdfelder, Axel Buchner, and Albert-Georg Lang. Statis-
tical power analyses using G*Power 3.1: tests for correlation and regression
analyses. Behav. Res. Methods, Vol. 41, No. 4, pp. 1149-1160, November
2009.

Stanley Coren. The Left-hander Syndrome: The Causes and Consequences
of Left-handedness. Vintage Books, 1993. URL: https://books.google.
to/books?id=DKREHaP_954C.

Jacob O. Wobbrock, Leah Findlater, Darren Gergle, and James J. Higgins.
The aligned rank transform for nonparametric factorial analyses using only
anova procedures. In Proceedings of the SIGCHI Conference on Human Fac-
tors in Computing Systems, CHI "11, p. 143-146. ACM, 2011. URL: https:
//doi.org/10.1145/1978942.1978963, doi:10.1145/1978942.1978963.

Michael G. Kenward and James H. Roger. Small sample inference for fixed
effects from restricted maximum likelihood. Biometrics, Vol. 53, No. 3, pp.

983-997, 1997. URL: http://www. jstor.org/stable/2533558.

Stan Salvador and Philip Ka-Fai Chan. Fastdtw: Toward accurate dynamic

time warping in linear time and space. 2004.

Laura Aymerich-Franch, Damien Petit, Gowrishankar Ganesh, and
Abderrahmane Kheddar. Object touch by a humanoid robot avatar
induces haptic sensation in the real hand. Journal of Computer-
Mediated Communication, Vol. 22, No. 4, pp. 215-230, 2017. URL:
https://onlinelibrary.wiley.com/doi/abs/10.1111/jcc4.12188,
arXiv:https://onlinelibrary.wiley.com/doi/pdf/10.1111/jcc4.
12188, doi:https://doi.org/10.1111/jcc4.12188.

Dalila Burin, Konstantina Kilteni, Marco Rabuffetti, Mel Slater, and
Lorenzo Pia. Body ownership increases the interference between ob-

served and executed movements. PLOS ONE, Vol. 14, No. 1, pp. 1-

148


https://books.google.to/books?id=DKREHaP_954C
https://books.google.to/books?id=DKREHaP_954C
https://doi.org/10.1145/1978942.1978963
https://doi.org/10.1145/1978942.1978963
http://dx.doi.org/10.1145/1978942.1978963
http://www.jstor.org/stable/2533558
https://onlinelibrary.wiley.com/doi/abs/10.1111/jcc4.12188
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1111/jcc4.12188
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1111/jcc4.12188
http://dx.doi.org/https://doi.org/10.1111/jcc4.12188

23 3Lk

[106]

107]

[108]

109

[110]

[111]

[112]

16, 01 2019. URL: https://doi.org/10.1371/journal.pone.0209899,
doi:10.1371/journal.pone.0209899.

Shunichi Kasahara, Keina Konno, Richi Owaki, Tsubasa Nishi, Akiko
Takeshita, Takayuki Ito, Shoko Kasuga, and Junichi Ushiba. Malleable
embodiment: Changing sense of embodiment by spatial-temporal defor-
mation of virtual human body. In Proceedings of the 2017 CHI Confer-
ence on Human Factors in Computing Systems, CHI '17, p. 6438-6448.
ACM, 2017. URL: https://doi.org/10.1145/3025453.3025962, doi:
10.1145/3025453.3025962.

John Brooke. Sus: A quick and dirty usability scale. Usability Fval. Ind.,
Vol. 189, , 11 1995.

Neville Hogan. An organizing principle for a class of voluntary movements.
J. Neurosci., Vol. 4, No. 11, pp. 27452754, November 1984.

Tamar Flash and Neville Hogan. The coordination of arm movements: an
experimentally confirmed mathematical model. J. Neurosci., Vol. 5, No. 7,

pp. 1688-1703, July 1985.

Kenji Takada, Kohtaro Yashiro, and Masato Takagi. Reliability and sen-
sitivity of jerk-cost measurement for evaluating irregularity of chewing jaw

movements. Physiol. Meas., Vol. 27, No. 7, pp. 609-622, July 2006.

Domenico Formica, Maurizio Petrarca, Stefano Rossi, Loredana Zollo, Euge-
nio Guglielmelli, and Paolo Cappa. Shoulder motor performance assessment
in the sagittal plane in children with hemiplegia during single joint pointing

tasks. Biomed. Eng. Online, Vol. 13, No. 1, p. 106, July 2014.

Shigeru Kitazawa. Quantitative evaluation of reaching movements in cats
with and without cerebellar lesions using normalized integral of jerk. Role

of the cerebellum and basal ganglia in voluntary movement, 1993.

149


https://doi.org/10.1371/journal.pone.0209899
http://dx.doi.org/10.1371/journal.pone.0209899
https://doi.org/10.1145/3025453.3025962
http://dx.doi.org/10.1145/3025453.3025962
http://dx.doi.org/10.1145/3025453.3025962

23 3Lk

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

Juliet Popper Shaffer. Modified sequentially rejective multiple test proce-
dures. J. Am. Stat. Assoc., Vol. 81, No. 395, p. 826, September 1986.

Jeffrey Lee Rasmussen. Algorithm for shaffer’S multiple comparison tests.

Educ. Psychol. Meas., Vol. 53, No. 2, pp. 329-335, June 1993.

John R Donoghue. Implementing shaffer’ s multiple comparison procedure
for a large number of groups. In Recent Developments in Multiple Com-
parison Procedures, Lecture notes-monograph series, pp. 1-23. Institute of

Mathematical Statistics, Beachwood, Ohio, USA, 2004.

Maryam Alimardani, Shuichi Nishio, and Hiroshi Ishiguro. Humanlike robot
hands controlled by brain activity arouse illusion of ownership in operators.
Sci. Rep., Vol. 3, No. 1, p. 2396, 2013.

Maryam Alimardani, Shuichi Nishio, and Hiroshi Ishiguro. BCI-
teleoperated androids; a study of embodiment and its effect on motor im-

agery learning. In 2015 IEEE 19th International Conference on Intelligent
Engineering Systems (INES), pp. 347-352. IEEE, September 2015.

Manos Tsakiris, Gita Prabhu, and Patrick Haggard. Having a body versus
moving your body: How agency structures body-ownership. Conscious.
Cogn., Vol. 15, No. 2, pp. 423-432, June 2006.

Timothy Dummer, Alexandra Picot-Annand, Tristan Neal, and Chris
Moore. Movement and the rubber hand illusion. Perception, Vol. 38, No. 2,
pp. 271280, 2009.

Antonella Maselli and Mel Slater. The building blocks of the full body
ownership illusion. Front. Hum. Neurosci., Vol. 7, p. 83, March 2013.

Jean Jacques Temprado and Michel Laurent. Attentional load associated

with performing and stabilizing a between-persons coordination of rhythmic

150



23 3Lk

[122]

[123]

[124]

[125]

limb movements. Acta Psychol. (Amst.), Vol. 115, No. 1, pp. 1-16, January
2004.

Michael J Richardson, Kerry L Marsh, Robert W Isenhower, Justin R L
Goodman, and R C Schmidt. Rocking together: dynamics of intentional
and unintentional interpersonal coordination. Hum. Mov. Sci., Vol. 26,

No. 6, pp. 867-891, December 2007.

Kyongsik Yun, Katsumi Watanabe, and Shinsuke Shimojo. Interpersonal
body and neural synchronization as a marker of implicit social interaction.

Sci. Rep., Vol. 2, No. 1, p. 959, December 2012.

Kenta Hashiura, Takayoshi Hagiwara, Giulia Barbareschi, Sohei Wakisaka,
and Kouta Minamizawa. “together with who?” recognizing partners during
collaborative avatar manipulation. ACM Trans. Appl. Percept., Vol. 21,
No. 4, pp. 1-16, October 2024.

Mitsuo Kawato. Internal models for motor control and trajectory planning.

Curr. Opin. Neurobiol., Vol. 9, No. 6, pp. 718-727, December 1999.

151



	序論
	技能伝承における課題
	技能のデジタル化
	現在の運動技能学習システム
	本研究の目的

	関連研究
	運動技能学習に関する認知的メカニズム
	技能学習に関するシステム
	ロボットによる運動伝送と学習支援
	感覚運動共有
	協調作業におけるタスクパフォーマンス
	VR空間での身体融合と運動学習
	本研究が扱う領域

	提案手法
	コンセプト
	運動技能学習における中間媒体としての技能外在化アバターの意義
	技能外在化アバターの設計
	装置
	ロボットアーム
	インタフェース

	技能外在化アバターを用いた運動技能学習のメカニズム

	技能外在化アバターによる心理・認知変化に関する基礎的検討
	デモ展示を通じたユーザへの効果の検討
	アンケート結果と考察

	技能外在化アバターによるユーザビリティと運動変容
	参加者
	条件
	手続き
	解析と統計
	アンケート結果
	タスクパフォーマンス
	参加者2人の運動同期
	行為主体感とユーザビリティについての相関

	考察

	技能外在化アバターを介した運動学習提示手法
	技能の外在化による運動学習に関する基礎検討
	目的
	参加者
	条件
	機材
	手続き
	解析と統計
	結果
	考察

	技能の外在化による効果的な学習手法提示
	目的
	参加者
	条件
	機材
	手続き
	解析と統計
	結果
	考察

	技能の外在化による効果的な運動学習手法の実証
	目的
	提案手法の定義
	提案手法による参加者の分類
	提案手法の評価
	考察

	本章のまとめ
	本章における制約と今後の展開

	結論
	謝辞
	参考文献

