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In order to examine how the voluntary inspiration—expiration circle affect the effects of visual attention
on target detection task, we conducted two experiment in which observers attended to the target location
or non target location in terms of the cost-benefit method (Posner, 1980). In the experiments, observers
performed target detection task during or after inspiration, or expiration. In the first experiment, a visual
cue was presented to attract endogenous visual attention, or exogenous visual attention, while in the
second experiment, visual cues were presented to attract both endogenous and exogenous attention. We
found advantages of inspiration with the exogenous attention task, but advantages of expiration with the
endogenous attention task. We discussed the implications of these results for appropriate respiratory
control in the competitive sports.
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Fig. 1. Diagram of a sequence during single trial to attract exogenous visual attention in Experiment 1 (valid

condition).
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Fig. 2. Diagram of a sequence during single trial to attract endogenous visual attention in Experiment 1 (valid

condition).
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Fig. 3.  The average of the reaction time for each

condition from the exogenous visual attention task in
Experiment 1. Error bars show 95% confidence
intervals.
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Fig. 4.  The error rate for each condition from the

exogenous visual attention task in Experiment 1.

- 72 (p<.05). 3HKEDOKZHAEMICE L T
13, A&z —Fn, WEKITPIIL
P&, PRI 2 5t & D i - 72 (p<.05).
ISR, IEER « DEBBO F L —
KA T8tz EARLTNS

W DR E 5 A 3 2 7 DRI R TR R
ZREUSRETT 2720, ks & —B&Ho
BOBEEE D25y (FI#%, Fig. 5), A~—8kb:&
oMo KGR 0 245 (82K, Fig. 6)
xRz, SOA100ms TR EH & Etk, I
Bz om S AEICTHE LR »n#s shik
A%, SOA800ms TIIFIfF430 0 & FEICTEH:
53T M, 0 SHEICTEREL
728513 SOA100ms DI R ZITB N T D AR
Hohi.
WRMTERICB T 2R LT ZhICD
WTHM x 7 1 2 2 7 xSOA D 3 HR DD R
LD d 58BN 21T - 72, FIFRICBIL T,
&4 327 [F(1,15)=12.347, p<0.005, 7,=0.451]
& SOA [F(1, 15)=12.520, p<0.005, 11, =0.455]
DFNRDOANFET, =hZEh, BREFDT
DI & D, SOA100ms @ /551 SOA800ms &
DFEMBRE - 7o, HRICBEL TR, FRE
IALHIEEA [F(1, 15)=6.342, p<0.05, 7,=0.297]

30
during
after
20
- 104
E
E
|2 0
1]
o
=10
=20

-30
inspirétion expiréﬁon inspirétion expirétion
S
conditions
Fig. 5. The average of the benefit, which was

defined by the difference in reaction time between the
valid and neutral conditions for each condition in the
exogenous visual attention task in Experiment 1.
Error bars show 95% confidence intervals.

30
[] during
B after
20
10
w
E
% 0
o
V]
-10-
-20-
-30 . - T - . J n = . T = - T .
inspiration  expiration  inspiration  expiration
100ms . 800ms
conditions
Fig. 6.  The average of the cost, which was defined

by the difference in reaction time between the neutral
and invalid conditions for each condition in the
exogenous visual attention task in Experiment 1.
Error bars show 95% confidence intervals.

DHISHEET, RO FBRE X KETIHE
Thoto. ZHEMIZ, 74207 ESOADK
H{E H [F(1, 15)=13.463, p<0.005, 15, =0.473]
DHAHETH 12, TOKHAEMIZBT % Ryan



400
L] walid
invalid
B neutral
m
£ 350
]
E
|_
c
o
|
3
&£ 3004
“during after during after during after during after
inspiration  expiration  inspiration  expiration
400ms . 800ms
Conditions
Fig. 7.  The average of the reaction time for each

condition from the endogenous visual attention task
in Experiment 1. Error bars show 95% confidence

intervals.

LD ZHLERGE L, MR DIRAK A SOA800ms
ML D SOAI00ms FETEOREL LB &
(p<.05), SOA100ms DR AIEN H K O IR
BRICKELBB T EaR LI (p<05). Tho
ORI EHRITBIT B ATkE R, PPIRALAEIC
LOTHELSAMEMNEONE OO, HEKIZIE
BOBNEFETH S EART, EEMNRE X
ikt (—BGMtE, A—8%t) ov—7y
MERIERIE, HEAMGE S N8 h - o4
e LT, ALY RATEDEL X5
FhHBEZA S, Fi, WO RIS
K OFEBRE L, HRWNS 125 0258
DoNIEbEDD, T BT RO LS
72, RO 7 Ny F— VR RS
VARRSY el

222 ARNEE

RIS O TR, BE &, &%k
DEEFRITOFEYN 52 SD 2 WA 5T — 5 %
HIER U 7c (R D 5.4%). PRI O RIGK
M (Fig. 7) IZB L T D 4 BN BT, i
B4 [F(2,30)=9.0343, p<.001, 7,=0.376] &
SOA [F(1,15)=47.218, p<.001, 15,=0.759] ® &
R, BLAH x 71 4 xSOA [F(2, 30)=4.360,

10

[] valid
M invalid
neutral
8 4
~ 61
&
[
=
S o4
(2
i ]
2
0 4
during after during after during after during after
inspiration  expiration  inspiration  expiration
400ms 800ms
Conditions
Fig. 8.  The error rate for each condition from the

endogenous visual attention task in Experiment 1.

p<.05,1;=0.225] DX HAEAMHETH - 1.
ZOE»OERE, KHERTAETIRED -
7. RyaniE D Z EHHE R, MM x EES
H:xSOA DX HAEMIZEI LT, SOA 800ms @
WS TOA—E M EM2 5 &L D &ML LTS
% (p<.005) 73, Mo F~<T OB L T
d, HEEAMOBMIEMEMREIFTET, ~—
MO ISR DM 2 %D 2 h & 0 HE
ICEWI EER UK (p<.001). SOA @ F5)H
WCBA LTI, ARRINTEEZVE & FIBE, 800ms S
HORICREHE NS 5 —HOF&ME X D E» - i
(p<.001). EEERFOTEHRIIOVTIE, A
— MO RKIBHE R D 2 S th & D FEICE D
T EhvRani (p<.005).

Fig. 8ic 5 —# %/, Uiz, fifH (B « If
B)x 54 3 v 7 (PR« FRRER) x R4
(—3 « A—F - P)xSOA (400 ms-800ms)
DBMENA LRGN AT 7L A, B
BRIHME, KHAEMEERD SNEhote, &
NoOFERIE, IEER - JOCRFEO b L —F
FIMWEImotcl EERLTNS,

Flf3 (Fig. 9) MO S TEHET 2 2 L idh -
728, & (Fig. 10) 1Z, SOA800ms D W &
VUSNDOTXTOEMTON S A ZITTEE L 7.
AR, NRENEEORG EHLE NG &,



30 O o
ring
B after
20
- 10
E
=
u;g 0 T o
il B =
o
=104
=20
-30 . . ! . . ! . . B ! . s ! N
inspiration  expiration inspiration  expiration
400ms " 800ms
conditions
Fig. 9. The average of the benefit, which was

defined by the difference in reaction time between the
valid and neutral conditions for each condition in the
endogenous visual attention task in Experiment 1.
Error bars show 95% confidence intervals.

50

[] during
M after
40
30
w
E |
5 204
o
(v
104 (
0
-10 T T T T
inspiration  expiration inspiration expiration
400ms . 800ms
conditions

Fig. 10. The average of the cost, which was defined
by the difference in reaction time between the neutral
and invalid conditions for each condition in the
endogenous visual attention task in Experiment 1.
Error bars show 95% confidence intervals.

HREFIC L BREREO/NES - 7ehs, 8
RiFEODRED 7o, NRHFEEITLBFIHE
HEkzhENITBELT, x4 307 x
SOA D3ROV IR LD & 2535530 247 -

fo. MBI L TR, M xSOA © &2 HAEH
D HMHETH - 72 [F(1, 15)=7.060, p<0.05,
7;=0.320]. Ryanik® % & HEHE 13, SOA
400ms KMFETHRE X VIR OFEARKE N
LR L7 (p<.05). KL T, LM
EYAI VDR ANERDANHETH - 72
[F(1,15)=5.785, p<0.05, 1,=0.278]. % & I
BARE L, R, MR X O RE OEANKE
{1552 &, WETEMERZIZERS X 0K
MRELDBIEERLIZ(p<.05). Zho5D
WNFMIEEIC 3 1 5 TG & HRITBET 5 04T kE
B, MR & S FHERRIEE S I
Sz &, HRIPERAHEICL STHREICED
L, LrsBEOHTNLVEETHSL I L
Zmlic, ThookRiy, HEMEEShx
M (BEM, A—EEMN) 05 —47 vy ME
FWFRE, P& LT, MR OJ K
B&o, WMo kit k o, L 75516
MIAd 5 EARLTWAS, M X O IR
AP KRE SR EABE SN, 77 ILdb
TP IRO K578, WREIERO T KN v T —
PAEG oI ARAC NS A

B& 2

FER1 TR, ARNEEENRNEE LT,
R & N 7o fh (—BG A, A—8%)
Dy =47y MERBERIE, AL &L
T, WPRPOTPIFREL O SEL R0 T
TR L Ty, FIFPHENKE I
BUIEWSEENEL > T, T8bb, ¥ —
7y MERRIERE, ARMEEICBIL T, W
BOHMIEE & DAL B BMEMMSH - 72Dkt
L, WHRMEEICELTE, RO LBKE X
D5 72 B ASERD Shic,

FER2 T, SRR ENRNEEOW
DATET BEEREICENT, FROMHEP S
A 3V T DNERIC & B HETEIEHALEL O g 4
flicE D &2 BRBERIFTorEEH Lz, 5t
REFEENRIEFEENEBITI—7 v bO
M E B LIcEE, b0 EAHKTH- 12
Ba, RIS OFEE IR ALHIC & - T

3. %



BAZTBDIEAHI MDD

EoITE, BEAR—VIZBLTS, NIEW
B AT TS D EFR BALE I FIIC
EEAMMPES I &L - T, HTEAERTELT S
TENDD. DX RGE, BHELOZE LT
WALFHIZ & > TRBEEZIT D155 2 NF
MR % N 7oAl & IR 75 5 A0l R
ZALERE S & BTSRRI R S h e B,
Wo fc A, & DSEITRIR D AL I SR SRR
M Eh, 2otk W, WIRIITHERZ W
Fohzkiicnmsstnmontns”. &
D& HIT, WNRINEEENRNEENZNEN
B BMEIT O BRIET, =7y ME
BORREIIERD T A 2 v 7 RED LD ITHE
RIET OMF T

KB 1 TIRF00 0 -1 LT SOA400 ms
TWNFMEE, SOA100ms THFRMFFD 7 —
7y MEBRNOFELBIRSED ohic. 20
7o, KER2 T, WRWNIEE, SARMEEN
§ =47y MERITEBE G285 TR E 5 —
7y POHDSOADHAARDLEEH W, 7
bbb, NRMITEREZWS 2 HWEERT %
KEZHR Ui, REFERISH L TSOA300 ms
THRMITEEETI DT 2O RS OEL
%, SOA400ms TEAEL SHDOPENIZ Y —
7y bR LT,

Cue (50ms)

300ms

Cue (50ms)

500ms

e ﬁ

Fig. 11.

3.1 A&k

3.1.1 EEBSmE

164 (%, K74,
21.6350) MBM U, 5 b 7AMEER 1 O
FEEH LT, 2REMMER, F/REFHBEL
T AR LT,
3.1.2 EBEELRE

FER1 & LEEE 0, ARNEZEOT
EhORIBE LT, FhR1THEMLATNE
EARE O T 0 fliH A, NRMITEEOFBD
DRI E LT, KB THMLNREIEER
OO AEFER L. =7y FbFE
BR1 & U A L.
3.1.3 FkE

T 1142

21 &M UWPEWR 2 7o, 2RI 410
WEHRND 47T vy 7 TRERS Wiz, FBRSINE

34470y 7 ORI, WRERIZODHTOH
IREZAT T BRI R E BIG U 7.
BRITOHENE Fig. 111TR L, #ITORW]
IZ [Ready?| EFREh, FEBMEN AR —
RF =g LRI E NI, AXR—X
F—HI LD 5 500ms DEBIEDH, NFEIIEE
DOFMMHY ELTORMMN50ms PRI e,
KFIFRRD 5 SOA300ms D b &, FRFEMTEE
OFHHM D &L THOREIN50ms HIERE N
SOA 100ms THEADHD EL LMY —47 v

Reaction
Target

Diagram of a sequence during single trial to attract exogenous visual attention in Experiment 2 (valid
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Fig. 12. 'The average of the reaction time for each
condition from the endogenous visual attention task
in Experiment 2. Error bars show 95% confidence
intervals.
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Fig. 13. The average of the benefit in terms of
exogenous visual attention, which was defined by the
difference in reaction time between the valid and
neutral conditions for exogenous visual attention in
Experiment 2. Error bars show 95% confidence

intervals.
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Fig. 14. The average of the cost in terms of
exogenous visual attention, which was defined by the
difference in reaction time between the valid and
neutral conditions for exogenous visual attention in
Experiment 2. Error bars show 95% confidence

intervals.
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Fig. 15. The average of the benefit in terms of
endogenous visual attention, which was defined by
the difference in reaction time between the valid and
neutral conditions for endogenous visual attention in
Experiment 2. Error bars show 95% confidence

intervals.
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Fig. 16. The average of the cost in terms of
endogenous visual attention, which was defined by
the difference in reaction time between the valid and
neutral conditions for endogenous visual attention in
Experiment 2. Error bars show 95% confidence
intervals.
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