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Sense of Agency during Playing Video Game - A
Relationship between Attention and Sense of
Agency

AKINOBU SAKATA'® MASAAKI KUNIGAMI' ATSUSHI YOSHIKAWA'
MASAYUKI YAMAMURA! TAKAO TERANO?

Abstract: The purpose of this study is confirming the hypothesis that the change of attention and the change of sense
of agency occur simultaneously in a situation where the sense of agency changes dynamically. It is possible to improve
the playing experience by measuring the player's sense of movement. At present, there is no method for measuring
the sense of agency in a situation where the sense of agency can change dynamically, such as a video game playing
experience. So far, it has been pointed out that by measuring attention, it is possible to grasp the sense of agency. To
date, there are few studies that confirmed the relationship between the sense of agency and attention in situations
where the sense of agency can change dynamically. Therefore, in this study, we used a dual task method consisting of
a synchronization tapping task and Dot controlling task. Participants' attention was measured by predictive tapping
rates when performing a synchronized tapping task. At the end of each trial, the participants' sense of agency was
measured using the nine-point scale. Based on the relationship between attention and sense of agency in previous
studies, we hypothesized that the phenomenon that the evaluation value of sense of agency decreases and the
phenomenon that the occurrence rate of predictive tapping decreases would occur simultaneously. 14 graduate
students participated in the experiment. The explanatory variables in the two-way experiment were response time to
keyboard input and inter-stimulus onset interval. Trials were performed three times for each condition and performed
in random order. As a result of the analysis, no correlation was found between the sense of independence and attention.

Keywords: Sense of Agency, Attention, Dual-task Method, Synchronized tapping task.

(©2020 Information Processing Society of Japan 1



IPSJ SIG Technical Report

1. [XCHIC

AW AL, BB K (Sense of Agency, SoA) 73E)
BT DT A — 2% T LA THKRBRICEBNT, &
B2 b & EB BREOZ LR RIFFIZ R X 5 &0 5 G %
BAET 52 L THD. EE LI, BRAEOZOO—ERD
B THD[1]. SoA &1, BIESNEDHNPASEHICK
STHERIENTZHDOE LW EHZIET2]. EBE2E
IR T AT AL T2 T, MEAHE L THET 2721
DOEEFE L EMFRELE LGRS (BlxiE, B
THEDOBFRIZE ST R T AN (BlEE) 08, RIA 10
HIRORRF A BT 2R, BT 475 —LD07 LAY E
T AT DHERFEE D TR T 2R T, BEEOHK

BBEFICHESHT &8 H D) 25, AL TITFEMS & 5.

SoA MENIZEAL LIF D RUUZEIT 5 SoA ZiiET D
WOMIMENEE > TWB[3]. KD SoA DOFMTIEIC
1%, SoA ZHI/RAIZFHHIT 2 Fik &, BFERAICEHAIT 2 Fik
ERH D, JIEILEH CHEICE SV (eg [4][5]) T,
BB VLIS (Sensory Attenuation, SA) (e.g. [6]) % FHIE
& L7 JiEse, BEM7e#4A (Intentional Binding, IB) %5
e Li-hik (eg[7) Thb.

HEFRD SoA DFHUTIETIE, SoA MBI LGS IR
WICEIT D, EEFED SoA ZFHAT 2 Z LIZNETH 5
[3]. #AZICEMMAFEFICBEDREICOVWTHES
W5 L, (EEE2PHS e meErH 5[3]. SA X 1B
&Rz SoA OFHUITEE, W bR 7 — K
v 7 PEGICRME S AW EFE T THVLWLND LD TH
Z72%, BEYEOEIRSS — LD T LA DX 572, SoA M)
A LA 2 RBUCE A 32 & & 238 L [3].

T X, SoA BEWINZEAL LI DRI N T, HEEEF
B35 Z & TRIBMIC SoA ZEHIITE A AREMENRH B & &
Z 5. TOMRPL, FEENE EEREOLER T 7 AT
T HAHEMENR B B[5][8]720THD. Wen b b, RO TIE
Z L TWA[3].

HEE & SoA ODRRZM~NT-ZNETONETIE, —E#
BEGTICBWT, HiEERER 2 fioTceh &Y
B A7 DIERDT=DIE Sy SN D M aRE, 774~
B A7 DT IT S SoA NELTHHENLE S LN
HEREINTWD (g [5]8]). LNLZARNRD, ZihbOifse
TUE, TEEERBEED X AT OIEIZEF LTE D #Hn
% E WD BIEMIDRILZ T > T, LLERENE 2, ABF
Z2TlE, SoA NEIMICEL LSRR EZRMT S EEZD
NHERZ A7 EHEH LT, (EEEERNZ 7Y T
B2 SoA LIEEOBMRE ST 5.

Fex it [SoA NEICEIL LG ET A —2% T LA
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T AHEBRICEBNT, EROEA & EB) L RIEOE LSRR
WCEED ] EWIRMEZS T, LTS, ZoREMEHDE
BEDHT . AMIZA O OTEIZ BRI 2602 RF[9].
TR OERIZITEEREZ ML L T2 RN H 5[10]. 18
W77 4 — Ry 7 OFIEIE, SoA KT SE 2R %
Ffo[l1]. BLEEBNEZ D L, WIROE)E &k HIgE L
Bl 5D 2 L BEETRISGRLI-EEA, MIEOBRIEIHEH
FHR T 4 — Ry 72 DR GRIERR) 2 E< 5
L, EEFRIZEL D —EOITENCRIT 2 WE0E) & 2B
THREMREL 25, 2oL X, BERO-DOEEREE W
FLTHRMNELS 2D B 2065, SoA X, Tl &8s
DB LTz & ZDESORE ST L TR E H[14]. SoA
DERT v 2NTEBERTHT 5. U haxEedd e, IE
FERFIN RS 2D &, BRELE L TORMAELS Y, Of
BT, S)OANME T 5 & TN

Fex L, BROMERERGET 272D DOFERE Lz, 203k
BRClX, Wen 5 23B%E L7z The Dot controlling task [4][5]% F
W, BRI T 4 — RNy 7 OIIEA TR 72 5 AL
DEOOREBERBEBLSEDLI L L, BERR L HEIT
IKRORBICHABIRAR S B 2 M EFED DT, B b, £
TG LEBR A BT 5 2 LIXTEh o,

2. BEMR

Hon H1%, BB X DR AMD SoA DAERK T v & R
WIS L L EMHENDIZ8]. ML OERTIE, ERSME
X, BEWRORWHEEL ST 2 BRSNS T M
Kok, £, ZOBEELET 50 L FFIZ, &
Fift & ORI S NIoARF &9 L, PCE=% OHHE =T
A=V 3Bk D WA D D E VD X AZITH Y #te
IolEiES -, RSB OREERELZRIET 2720,
HEERERE T EICRE S O HFEOHAHE SR
7. EBRBINED SoA ZEMAET B2, RZ U FENLHR
—LIBEON A3 % & CoREREIIR A 3 FEEA (100, 400, 700 ms)
BE L7, EBROFER, Hon O IXREMELEN 100ms T, M
O, FEMARREWRMEIZB N T, SoA BN 2D 2 & &%
R U7z Hon b, MREMIREMRN D, HED SoA ITH
WAL AR

Wen X, EBRSMNEICL 2EEL ZORERO LR L 3
T g = A IS TR O HERR Ol 5 2k B R
DR MR LE LIZ[S]. ERSMEL, BFFE2FEEL
I35, PC I EEBET 247 Y27 NOBEN M %
WD X oI Nz, ERBINEIL 2 DO N—T1T5
Fon. HARTIE, —EREOM, A7V FEES
FEBEH WD L ERSMEIEE I NI, BIORETIL,
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Tzl N TXBREIRBONIICED D L 5 ERBINEIX
KIS Nz, ERBNEZOTFEERBELBIET D720, EB
SINENFET 2 BT OEBNTIE SN, EROMEE, B
TR 2 <, WMAMDELEITIBNT, SoA DEENKT
THZEERLT.

INBOWETIE, WFEEFEITEED SoA DA RUEEIC
52 DB EHENO D120, B0 EBRREE ZBRBINEIC
H 2 TREMAMEZ RO I EREBRE 2TV A v L. #3537
BE, ERBMEDFED X AT T HERICHLE L
DYEEIN SoA I 5 2 DB E MO TV e\, RIFFE T,
HEE FEAREABIMNIZE L LB SRRV T, ERBmE
BRI B2 ER L, ZOBOERSNEOEE
L SoA DRERZEND D T & Rl AT,

3. RERAE

31 A2 v ELTREEAVERAIFE

Z O/, Miyake 528V EEFHIOHEIEIZOWT
AT A[12]. Miyake B, EEERZ LI & 5T
VAT LDOIFIEEFEND BT, 2 OS5 T TORE#
v B THBEORITRAEDE N R Lz, £, N&#ET
X, EBRBMFICEM Y Y EL VEOLE R MEET.
M ST, EBVEEEHWT, R 2 v v 75 (—
WE A7) LHFELERE (ZRkF R7) 2 ERBINEICH
FRPATCHUY MR E W7o, “HHEE LIS, 5T o8
(—RZAT) OFATEFEFFIZ, LOBE (CkX A7) %
M LItk oT, —REZ AT OFITICHERIEFED S A
T DD RAERE S 2D S D EBR TR & TH D [13s).
FER SN X HGE LIS EICE Y Mo T, RO 72T
TR SN HFEEZR D I L U —P L g6, #5610,
ERBINMFINZL DV =P Lo, U—=F T AT D
FHL—TICABMENT D Z L2 L. FHRL—T~A
izt 5Z 80k, R v e JiE T2 A4 2 v
7 % TRIT A X 29 DRI > A7 Mt A EERL
SRS, R Z > vy ZBEICRIT D RO X L &L X
HHIERANRE D Z LR ST,

FEROFER, 1SI 23 1800ms LA EOFFAIZIBWT, M &t
B2 PRIRZR 2 v B o 7 OFAERN, NFHICEITHE
0 HIEL< 72572, Miyake Hid, Z OBIGN I & 72 HH %,
HEEERZ LE L TR AT LOME ), BiEDR
BIC Ko THHIT NI D LR LT, 2F 0, WEEFRO
TR 5 > B 7 ORAERDFELGD, HEEORFFOT-HIZ
VL INZEETHD LB L.

AHFFETIE, Miyake b OEBRIEICHK S E, ERSINE
WE =Ty NDOF R #FATT DI DI ENHERE
%, FRREITCTBIT SN DR Y » B2 7B OB THGE
DOEEZ S LICFHAIL7-.

32 F@EERY
(1) Dot controlling task
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Dot controlling task 1%, Wen & OHFZE[4][5] TRV Bz 3
BRRETH L. ZOBREDO R, TE=FICFKRIND 2K
S EE—ERE CEET S Ky NOET M E ¥ —R
— RTHEEL, EMEOBEMAICBE ST 2L THD.
EBRBMEOX—Z2 LIRS Ry MBKIETHET, 32
DIFIEE— K (100, 400,700ms) 23db o7z, ZALH OHIEIZ
Wen DOWFFE[ANZHERL U CHE STz, BIERH O R S 134
TR T—HL TV
(2 RPEYEVITEE

EBRBINFIZE 2 DR, AENICERI NS
N AFERE OB ZNC R S TR L a2 & (F
M7 B HE) ThD. RY U EHTOICETAZELEE
ZHAW. EBRCHM L ISHIE, 450,900, 1800, 3600ms @
ATEH TH 7. Miyake 513 ISI DFEA 1800ms L D /M X\
FPHCIERM & v v THEOZT O OIZEENMEDN
723, 1800ms £ R L OVEAL L D K& WHEIPH CITERER
FREZATICEH S & HERE L72[12]. AL Tk 2 ik
vy, 1800ms DT 1800ms D#iFH TR ¥EA HE L7z, ISIiZ
FRITHNT—E LWz, & F RO 1T 100ms, &
HEUT 500HZ, FIEITE R Z RIS D Z &N TED
W e K& SICREL, T3 TORIT, EBRBINE cihm L
L7
33 HHE
(1) Dot controlling task

FEEABE LTS LT —21%, RIT25%T LIZERIC
FERBINEFIZEIE L ERT D2EH) EREDORA a7 Th o7,
FERBINEIL, EITHAOBREAR THLEE O Ny b
LT, BOOBST@IZEINT I ENTERED%E, 9
EIECE 2D KO RIE S iz
(2 R#2vEVITHRE

FEpAm LTS LT — &Ik, BRI
Zl(Stimulus Onset), % » &2 7 O B#ARZ] (Tap Onset) T
Sfc. BEET D5 v v 7 ORI R Bk A B3 2 R
LT, Zy BT L ERB OB REZ O RREZE
(Synchronization Error, SE) % fi#Afr O%f 5 & L7=.

Stimulus Onset  Stimulus Onset

1S1(n)
o —————— »
» time
Tap Onset Tap Onset
+ *
ITHn)
ey
» time
IS1: Inter Stimulus-enset Interval

1 2y v 7L EREoRHMZIEFEGEEZR LR
Figure 1 Illustration of temporal relationship between tapping

and auditory stimulus.
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34 ERBRSME

BRINEF DN 14 4 O RFFEAENFERICSIM LT, B
b DONEYEERE 25.7 ik T o 72 (SD=4.29,22~37 %) . *E
BriY, R LERFOMIBEAZOKRB LG TERI N, &
TOEBRBMENLERILDA T+ —L Rarkr b
o =y

arphone & Earmuff Electric circuit board
= n

Manitor

Input device
with a button —

2 EBRBINENFZ2ODX A7 2T D%
F L.
Figure 2 Illustration of.
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REBRTIE, ERBIMFITH LT 2 >OF A7 24T L
THOAMETe L SR L, DATICHIT 238y X7 L&k
SL7-. FEBRI %5 A%, Dot controlling task & F2Hi9~ % 7=
DoarR—xr b1 &, AY Yy 7 EEERT D
DA R—R b 2 THRENTND., aR—x
Ml EarvFR—xrh2Ev Y T —7 L THERI N,
YT NBECHAEILT —F R EZETEL LI L.

2 R—3> b 11%, DELL-Latitude 7280 (OS: Windows10
Home Edition 64bit) Z/~— RU =7 & LTRHA L. EHS
Jnz A% Dot controlling task (CHZ W #lETr Z L3 TE S L 5,
Unity 2019.2.0f1 2 AWCGUI 77V Z1Efk L7=. EBREM
FHiFa o RN—x P 12#BET 2L T, av A —F b2
ZHBEANCHIET 2 2 LT E .

ayR—x b 2, WHV VI AR—FRarea—%
@ Raspberry pi 3 Model B+ (OS: Raspbian GNU/Linux 9.9

Stretch, LAF RPI3 & IERR)ZNN— R =7 & LTHHLE.

RPI3 IR DAL Z A X v 7 & i3 D HERE & AR & LA
L i 9 A EkfE & 5. Raspbian L THEITEN D, FHIIY
DHERRZ A IV T ERZ AR L OB OREL 25+ 2 7
0277 A%, CH+ERETIER &S, RPIBIX, HHlA4
B RIEEE & GPIO B 286 H LTS, ko~
17T M J o THRIRBEIFE OBEZ HIFH# L 7.

FAREI 1T Texas Instruments B> o FIVERSE X A <
NESS5P[] & AW TRt &SNz, £72, ERBIMNFEOR & A
LERHT 7DD AN EEEFR L., R 2Lz
BCEBRIE S mE CIREN T 2 B & T &2 L7
WEH, Fr &) IRt R L. ASEEOW T
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Z A IXRPI3 ® GPIO v & EXRMICHER STz, ATk
EOM )74 o DEEDIREE (High level or Low level) 13,
FRoOTu I Mo THES .

36 FwE

PLTFIZ, EBROFHE LFHEICHOWTELER L. Dot
controlling task O FHi X 1L, Wen b OWFIL[4]ESEIZ LTz,
R > vy 7O FHi X X, Miyake HOWF5E[12]% 5
iz L.

F9, ERBINAIT 1,920X1,080 ©° 7 /L OREEED 27
A > F LCD & =45 50cm BN TICED Sz, &
WCEBRSINF L EFEREICE L G A= T 7=, 2 2T,
FEBRSINE LR 2 SOMEZ AT L CTRTT D& &,
K EBRIREOZIT O FIEIZOW TR S .

WIZ, KBRS 1 Dot controlling task DO#FE % L7z, =
BRSINE TIRAE 72 L DS & IBAEREF A 300ms D5 T%
NEN 3 BT o8 Liz[4]. %EOSRML FOME TIx, %
BznElL, Ry haId— LS Tl10 BUNTEE SE
HNBHET, 0K LUHEE L[4

BEOMK, EROLFET7 = — BT LT, EREIL, B
FERERT (100,400,700ms) & ISI (450,900, 1800, 3600ms)
ETOMAE (12 k%) ZRkoi-. EBRBMEIL, KED
L3 EIFTORITARBRL, AR T363ITE 7 ¥ AR
FBTCRT S, £8TIE, ERBIMED PC DA—AF
— &9 & CRMA L7z, BRAAEZ I E R E I B
REN, ERBMFITSHNLEFH L TR &Lz, &)
1TBtE 2D 10 BZICHEE 2 Ky h2A3FE R &4, Dot
controlling task 23BHAA L7, BmER)H 30 BEFET 2
T, Ny MABEMAIZEEL LY A7 3RS
7. BEATOREIZ, ERTOVEEIZRT 2 #EE) EREDO A 2
7 % FRSINAE XEE U BRI 40 R TR T L.

4. R

4.1 EEREHEBEOME

F 5D SoA OFEATE DB A X 31~ Lz, AEHI
TE T ICECE BT OFS R, SoA O FEAIE O FEEIfEIC %
5 MR AE O R 3R 7= (F(1, 41) =1396, p < .01, 7
p>=1.86). FtEILIROFER, WERIIEALELY 100 ms OFE & 400
ms OREDR], 400 ms OFEL 700 ms OFEDORE, 100 ms DEE
& 700 ms OFEDOMIHZ 7203588 & AL72 (Tukey’s HSD
testt A FAL, p<0.01). BILEOFFHNEL 2 5H1TE, SoA
OFMEDEHEAME T T DM E R Lz, 1SI OFEZHRE
IR b7 no 7= (F(L,41)=4.23,p=121,1p2=.01). %ZH
ER bR LR ho T,
42 FEEORHE

FLMED NA OFHEEK 3 1ZR L. RAEHE —Johid
BB ORET, NA RAROFHMHEICH T 2 R E D
TR REFRD Stz (F(1,13)=4.85, p<.05, 1,2 =.27). L L,
EHIBIC LY, FERREED 3 SDSMEDRICEITRD &
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N7anyo 7= (Tukey’'s HSD test: p<.05). — 5T, NA AR D
MBI IS D ERRITRD Sz (F(L, 13) =38.5,p
<.0.001, np? =.75). WERERIE & 1SI OO EAEMITRRD 5
niainot= (FQ, 13) =.392, ne? = .03). Hf4 Ll TL H Lk
ZF i Uiz, BAESEA 100ms D & X, ISI D73 450 ms
L 3600ms DL, 900ms & 3600 ms DEJIZ, F 7= RERIZ,
PEAESAAS 400 ms D & &, ISI DSAEDS 450 ms & 3600 ms
DRI, 900 ms & 3600 ms DEIZ, & L CRIESMEN 700
ms D& &, ISI D5 450ms & 3600ms D &, 900 ms
& 3600 ms OIZH B R ZENGRD Hiv7z (Tukey’s HSD test:
FNZE L, p<.001, p<.01, p<.001, p<.001, p<.001, p<.01). F 7=,
NA ZEAEROFHMEE SoA DOFEHIEO KO FEBIRIR TR
DIV DT,

- ISlatme |
| I5=000ms)
0 151=18000mm )
. J 1S 3000 ms)
-
: R
X ‘ o
B
|
0o Aco 100
Delay In response (ms)
3 AHBED SoA FFAMA.
Figure 3 Illustration of comparison of SoA ratings.
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Figure 4 Illustration of comparison of average NA occurrence

rate.
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5. &

FEEROFRER G, FFMBIEIFEEOE b s 2R &7
Mole. ZDwH, SoA PEIFNCZELT 2RI NT, &
B O b LB B AREOZ LN FRIRFC R & 5 &\ 5 Bg0T
EEnolz. ZOfERN S, Dot controlling task % 24T
DI OEEEREL Y)Y, [FRSE T COUB S D R & >
VL TRED T DR TLIITIZ & A L Lo
7=, #4595 &, Dot controlling task DT D 7= DIEEE
FIXMHTE DIEE /N E Do LR TE 5. EBRBNH
73 Dot controlling task #1479 DO 7 1€ 2%, HR
OEEEABE LD ORICEE S THETHFMEEDTH
—ZIRETHL, AROBIE ZHIE L7220 bt & Hr
L7eZA I 7 TR—0EEHL, R%ZICHLOITHO
FEREZFTMMT 2 LW WNAMEDHRVIKLIZEEX BN
5. ZO—HEOT BERAR, Xy T DD ORERIA >
AT LAOBEEHE LR RO OESELTEXD
A &, EBRBINENFRITHICAREBRET HHEEN
BT mREMETH D . EBRBINFIZ L D F—AR— NHE(E
%, —EIMBE L X —%2 W T 256 b HIUE, PEIRIC
F—ZBOIBELHT L TAHRDOETHMEZRESTHIZ b
5. EHo0RIEFIEEZTRAT 2003, ERSINEFEOER
WHETHD. EOFEEEICEA LZGEE, fidko 7 m
TR A FERERNATE RS L2 D), AROE
EEBET DO DEENEITEN LIV TEEFIT D &
Exbhbd. —JT, AiEOFEEBCEALESEE, #
DN/ D RN B 5. FREDFERBINE~DA 4
Ea—Th, F—HELNEELZ) Thine XTI
BRI ERDZ A I 7O FRIKEIZEVDRHTW S TR
MR D LRI E PNz, SO FERORIL, EBHRBIN
FOTEFOIXLSE2MFT L LREET L THD.

6. fHA

AR CHL, EHEERESBNICE LT T AT — A
BT AT HERBRICIBNT, EEOE(LL SoA DEALHIFH
BRI & 5 LW D G E RRAEZ ATz, KA RREET 512
®7--7T, Dot controlling task &[R4 v &2 7 - THEAL
Stz “EFEEZ FAVTC, Dot controlling task D347 D 7=
OOREBEREY, THNRY v B 7 OREREIRIRICE
MU 7. EBROFKE SR, Dot controlling task DALERIZ 51T 5 SoA
OEAGIFBR SN2 b OO, FEEOZALIFER S 7, B
BRIZGED Bz o7z, SoA DE{IZRE L THEENES
\ZIBRET 2 ERIRE A BT 272 L, EBRSINE 0170
Eo 02T 5 LRESBRITHEDLERH D EE X
bhd.
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