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Gaze fixation improves the stability of expert juggling
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Abstract
® LT OEEA BRI T, T A S— R ) —E R 3 R H A —RE4THY, &
RENVEDIZH DX EMRAELT-.
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Introduction
o IR AEERICBI T HHFZE (B BRI T2 A hOFME) 1, =F A S—Re ) —E AR T dm
(ZRITDUEDENE BN L.
® RN FTOD [ E AR T B O B AR B S B AR A R o T,
> BIRE, Dx 7V ZIEIFLOEBMER, MR T DERIBHROBND.
® Austin (1976) (%, 3R — VAR —REHMERFT 57201, FHROKK) 26mm 2@ T, THAJE
WOR—NERHZENEETHLEFRLEE (Fig.1).
® Huys and Beek (2002) 12k2¢, / —EAD V¥ 7T —I13 A <R — /L OTE ATV M &
TERRETAZZ D, DFD, R—/VIECHEFICHR TR DBl S5 LaRmgLTz.
> IR AN—MIEARRNCERR E T2 RE D, BEESED.
> [RIRHC=F AN —NIZOEHE RIS ELZEHHY, Z IR —/LOENEICBET 5.
o EHIOEEICETLHEOHPID 1 DIZIRKIESR), HOWFIERE T AT A TELLMAID D
(e.g., Beek and Lewbel 1995; Huys and Beek 2002).
> REGEBOBRKIE, =FAR—bOBENTIADERIEIZLDLDOTHY, HEICEDTT—
2l DL, DTV T ERR RS E LI L2 W HEIC T .
> FEEOHEMNIT, =X A= IRREIICETOR—VICEREZMITLHIEE25H TR
(Cavanagh and Alvarez 2005), {5 %2> 7 DX E A2 PR 5.
o K DOBRNLOHIIL, TBERDEEMRET OEEN T YV 7 DONRT F—~ AR
HIOTIEEBERTHOTII RS, K0TV EE O LD D TH D,
® L, SV E L/ ERALE P o0 [ E L e EE A3 ) B3 27e61E, MADIEMES L L3 57245.
> EUTEIE, RS AREIEA B L COllE s “visual pivot (B OFER]) ~A 4%
#3208 Lz (Williams and Davids 1998; see also Shulman et al. 1979).
®  EATHIZEIL, =X ANR—bDTX T T L TGRSO ZEN L.
> KEFZRIE, /B RDOVN S T X A RO LT B G T A R T AT e
LEENSTHEINDLDN, EINE L B DO ERRET 5.
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Method
Participants
® (EF1L4EET)TXAN—RELE/—ER54 (3 NDFBMEL 2 ADE) NEBRICSINLT-.
> IXAN—NILEL TS AL LB A —RRTED, /—ERL 15BN 3R —/L T
A —R N TER.
® BN E 19~35 ik (¥ 25 1) ThD.
® THXAN—FBAL/—EAIANERIETH T FRVITLEFX).
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Experimental setup
® U AFHNAZ N EESEL720IT, BMEBIIRERBNA—T VDRI THLWY, 730, Bk
N T EFERL LB (Fig.2).
> BT b cRLE.
> 2, FrLOBRREEREZEDLDOTIIZR.
® AT —RFPZEH T4 —7 v ROAREOER 10mm O E) 3@ S 4m OFROEEND =%
DR THDLINT.
> EEHIARA U ROALEE, IRFE O HH AT 0.25, 0.40, 2.00m BN 7-ALE Th-o7.
® 2 HDNAAE—RAATRHBES NI
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B NELIROMITNLE 3 DN 3 i~ — A — 207,
> MAT, ~yRAURIZED, 3 D~ —I—nMfiTbii.
> 2BDOFTNTIYIAAT T — I — DN EEHZT.
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Procedure
® BRI oT, BT AN EA RO DT OICHITE 2D H O @S2l E Lz,
&  ZINFEITETOERSM: FFEDE T L&) T 3R — AW AT —RET5I9TRDBI.
> BERZIREI LR WRAETH I AT — & T o7,
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Data analysis
®  FOYMNIE L~ — I — BB DI ORI 72BN D E TS
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® ~URASURDOET 0.05m 23 TEEHEKE (2 i) OFEAELLT-.
> EIinb, BATH A (y ), KPR E (x dil) L7z
® 3 RILThARF Yy FONEAMEL, ) AR 222 R T
> ERENOTFTEHMIL, 2 RIOMIKLUTfERE LA DOT, LD TEELE.
Statistics
® TIXAN—hE/)—ERTENEN, 0.25, 0.40, 2.00m DOEER AL N BI- 54, B A EHIL
PRSI CHARBED XS D E 3Gl E L7z,
® /—ER(0.25, 0.40, 2.00m D5, 2 SOEMFTUNIRBEA R THZ LN TE o7,
> BEARAL N TR AT HTEDITER TERD ST T —HIT DWW THIED T,

Results
Task performance
® Tablel I, FERIFICBI DR —INEEELLEHKEZRLTRY, =FA/—he /) —ERATIIT
=N APDTIRVEIZEE TR TND.
> IXRN—NIETOLRMEIRUIN, (TAME 0.25m i TRIERERLT-.
> 0.26m FRFITTV YT T —I2lo T, BB UTVRETTRVERAR A M Ch o7z,
J—BA1E, 0.25m §:FE 2.00m FFTIOERKLT-.
Fig.3 1%, 2 TOFRMICBITHTF AR~ e/ — R 2XD, TBEEBITH AN T HR—L 0D
R (R ) 7R LTV,
> IXAN—ERRALIZAR = O — BV, BRI DRA <R DITEN THEINLT-.
> —FT, /BRI, BRI Lo TR :Wb IRBNADT.
® TFig.4 %, TFXFANR—RE/—E R T D, ETCORMICBITDLIA KT D 3 IRITLTONE
LT,
> TFXF AR/ —ERL 0.40m ST, HIRISEVLE TR — VO RA X vy F 2 To
TUW5 (toss/experts: #4) = - 5.24; p = 0.0063 [ P..;; = 0.0253]; toss/novices: #4) = -
6.42; p=0.0030 [P,,;; = 0.017]; Fig. 4b; catch/experts: #4) = - 8.71; P,.;; = 0.00096
[P+ =0.017]; catch/novices: #8) = - 4.60; P =0.010 [P,,;; = 0.0253]; Fig. 4e).
® THXZNN—FTWRIE, BATHRNCEITDF vy F OZEMBYELOEAY 0.40m SRAFDRFL, BEH
ZRRHI LW IC T, AEI/NED o7z (H4) = - 4.84; p=0.0084 [P, =0.017]; Fig. 5e).
®  2.00m FMFORFL, EEHZFREIL72WREHZ AT, ACEH FIZB W TUEL DERH BT/ NSDo
7=, (4) = - 5.93, p=0.0040 [P.,;; =0.017]; Fig. 5d).
® iEE, 0.40m FIICHEWTHRDIEICFENELK ¥ 7V 732 — 0 OEIEICBEL T,
> B RIIZO L MEHIE e 5T
0 FyuFTAMNEDIESHEE/NSTIERNEHRAEL.
> ATOHMIZBWTH Yy T THMEDIXL DXL, MATHESCI) — AT 5 E DX
DEL(R— VD) IHERH DXL SE DM A GO TR ES.
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0.40m Z:AEIE, BATHMIZIIT DA T HALE LYY — R $ D3R E O /5T, B AR L5
TRZHERTHEICEL2EZ 0V NESho7(p = 0.024 and p = 0.019, respectively [P, =
0.017]; Fig. 6a).
> BTXICRTAF Yy T TAMEOIELDZORAE, EFRO 2 SOEROMAGHHEICL
ST T HIEETET 5.
> 2.00m §MFClHE, EROIIRAEEIT RSN oT.
> KEFMZBTLF vy T THMEDIELOEXORANL, NMARF v T XA 7L
UASSYit = LA e Y iAok £ N SN @ 5 A RNt N /- RN

Discussion

AW T, 708, X ANR—RDOTV YT T =K R — V& DO TS, $uEOEA F (THA)
ERHR T DA H DD E RFELTZ.
B EFTOEE L, HEEB ORI EZ R R 2.
> TV EB OIS S ERE O LW RAD EfENEE T — DEEE ATREICT 5.
> RELFERIL, EBOa—TF 107, HOHNVTEEAD =X LI > TGEENGHE O
EELT-HT.
EOOZFDBLRIZENT, =X A—MT, BEHARTSNOZLTTr—~ RIZBER L6
S (i vy F T HIELDE NS0T .
> 0.40m &ETIE, FIEROIEL TR vy FROhRE T 7.
<> BET IO ORIE, 0.40m OAFEREE LD XY, BiEOEFT ORI e
<, HICFOEMEZRIZIB T DRI ZALIC LD TREME 2 PERR 22 LT TER,
> I, BEAREI LR OWSRUETIE, ERROIIRT IV T B = DAL IR o T
DIEENAETS.
> 2.00m F{ECOAETMIZBITHIELDEDORNL, ALK vy F DA EITE D3 Teh
STDT, B EFTOE E I &L TRtz R~ L.
J—E AL, BRDE E (2L > ThARLF Yo FOEL SN T D583 o7
> AR A U IREOWGACIII A — RERRIIS TN, KOG Tl L.
$ HFELLARWEROE EIZ/ 7 4 — < U AE IR FEE D056 LivZe.
AN T, Px 7V 7 %28 T 50 ICNAMIEES O JK '8 (Draganski et al. 2004;
Driemeyer et al. 2008) <C#FATAZED H'E (Scholz et al. 2009) BN KEL/IRDIENRIBS N
TWA.
> BBHTEENSHERICESGEE G EICEE & 435 — )7 (g 2008 Born and
Tootell 1992), WIMAIEENITIR DB XL LB ZOBE DI —FT 4 ZIZBET S
(Crawford et al. 2011).
BAFEBERTHI0Ca—T 4 7T 52 N00M8EKIE, BROFTE-> 78179 (Crawford
et al. 2011).
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S U CTHE O /3% 17 “visual pivot
ZLDAR—=VNZEBNT, TF A =T, /BRI Z D (e.g., de Oliveira et al.

2008; Janelle et al. 2000; Vickers 1996).
> UV, kR FE R e THEMEA RN D )72 AR —Y ThHD.
> SRIOFREEIL, BEOMNRERHRTILIZEN AR =Y DOHLR I B W TEBE AL -5

TEERIBLTNS.
IR 7R R B T DR v T —DENE B LY B BZESEDONEINL, 4% OFHERE

THD.

Fig. 2 Cartoon of the experimental setup, showing the lever, fishing
line, and bead used to present the fixation point in front of the

Fig. 1 Schematic representation of the 3-ball cascade juggling
participant

pattem
Table 1 Number of drops for the experts and novices [Mean (SD)]
Novices Experts
Free viewing 0.6 (0.9) 0(0)
Fixation at 0.25 m 3(0) 14 (0.6)
Fixation at 0.40 m 0.4 (0.6) 0 (0
Fixation at 2.00 m 1.2 (1.3) 0(0)

Maximum number of drops for any condition is 3
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Unconstrained Viewing

Fixation @ 0.25 m

Fixation @ 0.40 m

Fixation @ 2.00 m
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Fig. 3 Exemplary ball trajectories (front and top views) in the first trial for each fixation condition of one expert and one novice juggler. The
corresponding hand trajectories are also depicted in gray in the from views: for clarity. these are omitted in the top views
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Fig. 4 Average of the toss positions (Xq.. Y. and 7. top panels)
and catch positions (Xoach. Yescn. and Zoyo: bottom panels) for
unconstrained viewing (UV) and for fixation at 0.25, 0.40, and 2.00 m
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Fig. 5 Average standard deviations (5D) of the toss positions (X,
Yiews. and Zyo0 top panels) and catch positions (Xoaon, Youcn and
Zesent bottom panels) as a function of the experimental conditions and
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right is positive; ¥: depth direction, forward is positive; Z: vertical
direction, up is positive). Error bars indicate standard errors,
Significant effects are indicated by an asterisk
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Fig. 6 Follow-up analyses of the significant effects of fixation on
juggling variability of experts. a Standard deviation (SD) of catch
position in depth (¥, ach. in m), toss position in depth (Ve in m), toss
height (Z,, in m), release velocity in depth (Vio.y, in m/s), and the
flight time (Tgign, in s) for unconstrained viewing and fixation at
0.40 m. b SD of lateral catch position (X.yen, in m), lateral toss
position (Xy,, in m), Zs (in m), lateral release velocity (Viys.x, in
m/s), and Tqign, (in s) for unconstrained viewing and fixation at
2.00 m. P values of the respective effects of fixation are indicated
above the bars
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