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(B Rt R &b O H2E R, Bi A 210023)

A A ) 25 B B R AR e, e S AR S SR e R 2, AR~ T, e
¥ 240°, MfFELiER HEE R 3 Mazsh KT, $OKBENLES 1A DY E o 2R 1) T BRI 4
1] B A B8 — BObE AR 22, T A AR GE ~7 2] 2H AN 320K ) S o B 4 R R 7 5 A 55 3 A A K
R BRG0P 28 57 o IXUEWTE i Py S AR (A 27 > st il DU AR 1 1 R b O 28 [ 3RAE, 52
T 23 1) PR IR S 4™ R A ) DA 04 S 8 A5 R b

AR, ARG, 2km; 2SEE; 1)
B842

el

Xof R AR =4S (] AT, SRAE A LR
B RARNT T A C 7S DGR 2 OCE 2 A b 5]
KERHL, SR, IR R BRSO
RhRIAT A #B 75 B H 3K .0 (egocentric) 75 [H] ¢ & 1)
RAES B S8 . G AIAN, B PO )RR
S HAT RSS2 GE S, — BAR RIS
FE, AT A0 23 (B R AEAE TG L 4E HF (Avraamides &
Kelly, 2008; Burgess, 2006; Easton & Sholl, 1995),
FERETETRATICIZ 2Z B T S A e 1 R A& M B
L2 (alocentric), TEXANFAFHELEH, YA ML
R X T IR v %) G Al A S BR  h 1 (R
VUl | D5 A5 ) RAE, X — WSR3 T R
25 B0 R (4, McNamara, Rump, & Werner, 2003;
Mou, McNamara, Valiquette, & Rump, 2004; Roskos-
Ewoldsen, McNamara, Shelton, & Carr, 1998; Shelton
& McNamara, 2001),

fH2, fEicto RS § Fe O iR AE 2R
WA LB, N, — 072 GR S Bk 5L R TR
KF, (EREMTREIRIAT . BREM B, Bk
e IA Ry, FAAETEICIZ T A RAETTAE HE PR
LBy, nT gEZ [ 3R o 9 (Waller & Hodgson,
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2006; Wang, 2012), Wang (2012) M #a R i%, fE1E—
Bl E P o0 59 28 (] P B8 (snapshot), B 1T LR AE7E
B —RE A I 20 WL J3 R o 3 1) J) RO, 7
ZIE RS TG S b, W3 AT LR I 3 02 3R AT,
RO S NN VA R R AN A o N U
fic (align) ke BRAF M Fr Ay A R PO HOER . B,
XAHRAE AT 5 A TG S HF TG, RZ, W
R I G A3 AR A E TR J2 T, R4,
BEERFIZRAE, WAZUA AN (8] W7 A S8 B i A5 552
Fro TR RO Z G, a5 2 ff I AR 4 8
VA AT T AW B RAE, — EEE A R
W (WL EE A 10]), B AZ AR IR . Wang tAh,
PP RS 0 RN R O RAE, AT LL3E I 25 #4125 355X
(the configuration error paradigm) ¥ i 47 ¥ %
(Wang & Spelke, 2000).

TE—A WA 25 h i 22 u =, Bl Ses )
Wi R TR, REE ERE, Ha—A 8%/
(£ BE (BT 45 1), B0 R e 2l 28 K 1) (K 1) 5%
Yo FEPIFNSEAETS, Bl ol dE & A IR v 47
B TERFRET, THEAE WA AP AR R fA R R 22
TEPIRI bR AE 2 o QR Bl RE A HE A R AIE & 1
ML E, SATE 4 PRI M IR 220 0°, X 2Lff
FERZE bR E2E R 000 WEARBHAATE 2 H O 24l
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F18 A5 4 ) (Ll 2 = LR 1 5 L SR ) AH 22 -80°),
I RAELRIUE T PRIAI A XS O R WFRE, IEAds m)
YR FA B R 25 22 R G B (L AN ) & 14 1
AL R 2210 -80°), (HESHIRZEATIIR Y 00, AR
PRTR] AR G 2R B RAEA TG, I8 A4 7] 2% 4 14
(R Ff LR ZE AN R GUw A T2 s 84k, IR 4454
WRE R T 0% PPN RT XS OC 2R R AL B 1 MT,
SERR IR 22K o X T BN 0 SRR Y e H R
ORAEKYL, BE— PRI A S A T A AR R
fit, —B#ilizgl, 52 e i m A
Pik- AR, B TIHHHEE - DR2EAR R
AR, PR, WA ] R X OC FR 23 B A A T SR B
B2, Wk — Hpkm, PR- 1R ) O R Z H
WeIR, PRI AR G Rt — DA 22, IRMAE 4SS
P22 I, K ) 5 (A 45 FA 158 2 H K ) iy B 35 3
(R H B RE 1] 2500 ) o X — R BEAT 3] T R ST 5E 4
P50 32 (Mou, McNamara, Rump, & Xiao, 2006;
Sargent, Dopkins, Philbeck, & Chichka, 2010;
Sargent, Dopkins, Philbeck, & Modarres, 2008;
Waller & Hodgson, 2006; Wang & Spelke, 2000;
Xiao, Mou, & McNamara, 2009)., iz Wlfa & 1Y @ Fe b
o2 (R BRERAE, X R 58 A RAE AT L) 46 FRAE EL
AR, Wi, &SEERA S S ERE 2,
PR ]S 23 5 M AR 1 $E ORI AR, SR AE 2 A 152
72 b, S K 19 A S 0 45 R R 25 AN (RDBCA 28 1]
RUBL) o

S Wang 6 TEaE H 3o a5 ] P B pd ik
RS FARH 24, (RS RS Do Wt
FERHE SUTE TAAAE AR E (1038 B RAE . BR THRE
(1) 1 e As A RAEZAh, PREE o 23 (8] SRAE [A] 4
OO 2K 7] 11T I 4548 1R 22 AN 48 (Wang, 2012; Wang &
Spelke, 2000, 2002) . #45 H0 & AE T8 H B L gyl —
sk, TR SR ] RAE T WA TA] A AR XA
R, RELRAZRIESTAH A B OB, H
I, B [RIREA S R A R 22 .l A — R
Sk, RS R REE 2 A F O miEE R
B FAE, Xiao fil Chen (2012)1E B T e 19 H 3
HLO A PR BB AATE . TR, Bl 7E—4
KNS E], 350 b i 28 R 2 R s R B AL
BEAYORL, F AR5, WA A i iR

Z9a gk, FEE LN Z G, WA SA
— 2P 3 SR AE TR IR BR R rhuc R AE (10,
I — i1 e — S AR AR X T At AR 1Y 23 ) G
"o ZJ5, WA ) Hb—A P [8] 58 A
57 ‘B ) W I 328 (Judgment of Relevant Direction,
JRD). JRD ML SR AL R AR AE A, X B,
IHHE W C”, Ay i ek i PR B O R (A
Roskos-Ewoldsen et al., 1998; Shelton & McNamara,
2001; Waller & Hodgson, 2006). %55 & FH, i 2H #k
I IRD 145 G AT X 5], HJ2 3 51 A0 41 A7
PN, T [R)20 A 2R R R, T B2 R
AR IR R o 33X U B I 2 Y PR
HUOHRBA 225, HF S 345 TRE M B
T AU RAE, T[R4 RAS R AR E B B3R
HLGRAE

H FR e 23 ] P R & Y 4 R I T e A0
¢ (Diwadkar & McNamara, 1997; Shelton &
McNamara, 1997), Wang Fil Spelke (2000, 2002)- 4
MY FRIE I B FR s [ R B AR AT B —
FETE R B Aesi & T R BRI e, 7EBE S
sl AR, ATER IR X sk P IR, R I
Yrst SPUREAT UL . SOBAEAT B e AR
FECRL A 5 1] S U1 37 55t b DA At 7y T 551 B e B
HER . {HJ2 Wang (2012) 785 1Y B8 b itk 47
THJE, A X AR E Y A F 0 A [ SRR %
A B TR0, 3685 b A AT ] — o J% v 38 1
AfLAARAS o X FP AR 5 T BB S 13 (the functional
equivalence hypothesis, e.g., Loomis, Klatzky,
Avraamides, Lippa, & Golledge, 2007)—%(. MifiE%
BB BEIN Ry, 8 A R o 38 T A 1Y 2 [A] R AEAE
Urae FEARE R o R R TR AT 25 [A] FRAE Y
I ETIEA, HEESE . Al A KRR
(proprioception)® 4&iEiH, [FAEfAE 15 I 7E D) fik
5538 35 0 ARG A0 23 ] RAFAB L RAE . Eodn, 8
i fil % (Giudice, Betty, & Loomis, 2011; Newell,
Woods, Mernagh, & Bilthoff, 2005). Wy i
(Yamamoto & Shelton, 2009) . 7 {4 & (Yamamoto
& Shelton, 2005, 2007)3k 14 i FRAE 5 38 i Mo
(Greenauer & Waller, 2008; Mou & McNamara, 2002;
Shelton & McNamara, 2001) K15 1) FAEAE %S [0 S %

AR 2T i 1 S B AR (Y B o 7 R 3 Bl SR AR A 8 B R AE o E XA ST AT, B 23 ) S PSR YR T A (AR (A,
IRGAIZF TR AL . WURE . ST 0 R R 1 RS 155 ) FIRTBE 58 OB | Befe), Lh e f% th3 4 i R 7 (efference copy, Hi k& 5
4t 16 JRAAR & 1432 345 4) (Waller & Greenauer, 2007; Waller, Loomis, & Haun, 2004; Yamamoto & Shelton, 2007).
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EE ¢

HE 28 1 M B3 AH ], 34 4 w1 4K i (orientation
dependent) . i i A< {4 J8& 5 (Wang, 2004) 5§ fiil 3¢
(Giudice et al., 2011)3k45 A FRAE AL AT DAGAL 56 R AR
(Waller, Montello, Richardson, & Hegarty, 2002)7
FEREE WSS iz sh#k A s . (B, TER S [
o RAEMAREYE T I, H AT A0 FE R R T
% (Holmes & Sholl, 2005; Mou et al., 2006; Sargent
et al., 2010; Sargent et al., 2008; Waller & Hodgson,
2006; Wang & Spelke, 2000; Xiao et al., 2009), i# 1L
At 3% 3 T A R A5 N AR 1Y H RO A ]
RAEBA T

AR Bk, TCIR AL . T e S AR A B
WA B 25 [ R AEHS & A Fhony, T
SRR, DA R A SRR 5T AR h %
FLAN A 38 38 2% ) 9k U2 B RE 8 L RS A B
b A [ R AR, WF5ETE 2 Lk 58 i s 4 Y
JRD ik, ©AMBIREY], Wik, AAEGET )
Je BRI ] LS R IRD i, (HL T e 4H 1) i 4 25
T 45 20 (Yamamoto & Shelton, 2009)., 7 {48 21
(1 B2 ) 52 4 2 () Bl A B AR s e, R 2 o] B%
I —DRE BN — DR, AR 58 20 1Y
JRD 155 5004 AH 24 (Yamamoto & Shelton, 2005),
R AN 2 S A AR Em Y A 0] i B A%, Bl —
A 2 2 B REALE 2045 P IRALE, ARG
1) JRD K 4t B e 25 T #L w4 (Yamamoto &
Shelton, 2007), T JRD i % 22 i 2 Wik i A 5
rU AR, Pt ARAA AT BRI AT DLSE o W i A
I 2] T RRE B A R PO A I RAE, BT
WO EIRRE, DA JCIE KB, (B — 5,
WA AT RE T 38 2 W RN AR A B i R A5 1 RAE 7R
KB RE |22 TAvE, Bl iR RIS K 1 1 25 () 3
ke T Ao e iy A Fe b as [ 3RAE, Wang (2012)4&
Y B TS ) PR B/ BB A I T A

BB R AR IR ST 2 >, DR 2 ]
PUE BRS 2 1y | R rhuo s W R AE, LA % Wang
(2012)%f { FH.OozS [ RIS IR, DL
I RE S5 M B U AE AR 2 1 3R 0 A8 (AR AE 2R
BT, BFFETJ7 S Xiao Al Chen (2012)2K40, Bk
STEA KNG 5 N2 S IR — Rl i A
RSP 51 2 2T PR, 55— s B [ 25 2
JUMRALE . TEARREGE S S A, I R
SN E R, HEGERIWIR TN E
IR 0] A ) S PRI AT R — R AL 7RI
Flf ) 77, Bl R B RS W k- 1 3R 2 1)

KR, L EHEPRAYERM 2 MR, X2
B ARIE T B AR A E N A R PO s MERAE, T
EIE R 8 0 45 8] e 41F (Foo, Warren, Duchon, &
Tarr, 2005), %2 Z )5, R 5E A2 #4152 22 v A
ML JRD 155 . R4EDIRESE MR UL Wang
(2012) Wy 3LIE, J7 AN AR GE 2 20 8 3R AT 5 15 51 A
B 2E 2 R ARE B H AL aS HIRAE, s Bl
TR VU o 17 ) A5 A58 27 20 20K 1 B[] 851 (Xiao
& Chen, 2012; Xiao et al., 2009) ., % & £I| J5* 51| A 1A gk
B 2 2 TG BN b 3 PR BT v AT A Al
I A2 ML 4 o] LA BIAH SRR Rl B 25 ) e &R, F.
ATFFI [R] A5 W56 416 IRD A 55 R LF

2 ik
21 #id

HEES IS 32 AR K FARHE FB5E
(16 5 16 %), 4E#Y 19~26 %, W S el iEW ST 1E
W o ISR ARG AR
22 Emrsl

Y5 Xiao Ml Chen (2012)F1 Xiao 4
(2009)Hif 5% H (R AL 5%, sl 1 FoR . 7
— A HEAR 3 mYETE R EE N, 94 IR
AR A Y M BE - o LA A R A A — L 7 3] b T
HBE VAT BH S AR S0 ) BRI RSN 25 5 1 3
KNS G2 0.3 m), B W LI ., BY
T - AN - W el R B ] -2 3 A5 B -/ NER 1) £ Y
hy 120°,

K1 seimsonak

SRR 22V AL B AR AR 57, B
BRI (trial ) & 185 SR TFIR I 4 (I, “ii 45 1h
A" ) o IRD AR 55 14— AR th PR 2. A8
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S a8 A (I, AR ARG FEMRF, X /NERT) A
YR 484 (0, “1EHE M85 7)), SEERdE A it
B & ik IO HHL, w0k 0 s 1 A 4 e ek i Xk
RS .

23 LRt

— P [FE A 2 g 5, — Rk
ARG 2 S Yyt . 2 e e 2 05, A 8kt
B AR 22 A, SR )5 B 95 A —A B3 ]
SERL JRD 1155 .

SRR 2N 3Tz s & s . 78
FRL A, Poli BIREE, RFFF M AAE; TE
OB AE, wokm 2 IR b 5l 240°, 1E XS/
BRI bR AEDK 1) 5 245, B ) A2 /A D A 3
Fkm, ARG HCF BN A CIEX & /N
BRo TESE RIS, e sh BHa m Z A, M4
BB PR 2 B IR TR R IE R 1
G A ] 5 I, DL SO A A2 B A
RAETE T, £ Lol P, fEfhiz
T, BakHHLEE A 9 NYIK 4 . (A
Xiao Fl1 Chen (2012)F1 Xiao %5(2009)— £, SL4K:AY
RS R (AT 1) ()38 11352 2 (signed pointing
error), & XA B 17 WA ) B S W R SRR A
JE 2 9%, (2)35 1) KLV I (pointing latency), & X ¥
P 1] 48 4 25 IS 203 S i X AT 48 ) 4 2 18] 1Y
A ] ZE 3R 5 (3)%] 1) 1 2% (heading error), & S N6 ()
BEAYIRR T 4R 2210 A W AR R P 2801E, B TAE
BB B A NI A AR AR Sl ), R A
FAFR IR ZE 5N (Mou et al., 2008); (4)45
1% 2% (configuration error), & X M8 [ &K Ry
BIRZETEA PRI PR E 2, SRR 0 RAE 252
FE IR SRR ) AR e, T SRR P B R Y
H O RIE, IR A G5 MR 22N 2K ) f5 4 R,
USRI B R AR R AE, PB4 LS F 1R 257 24 7] Aif
Ja RS, ()38 7] 28 5 (pointing variability), &
SCRFE W RS PR B 7 22 - B RS O AR, e ik
() 2 B AR ) ShAE A 1 o PR TR iR 25 & L
360° JE WY, T SE1T T (circular statistics)#
Ok F B w2 S5 A IR 25 R FE W AR R
(Jammalamadaka & SenGupta, 2001),

JRD M5 8 MER W, LN 6
AR, Sk 48 AN RIK L 2 2] e ol 00, HAR
5 1) Aot B 06 HE 31 o 8 e e AR ARG 0 ST B AR
7 B FNTE XS B ARG E, JE R 0°F) 315°L) 45° [i]
bR 8 ML EIN . B TSRO, Pk aliE £

J7 54 S5 AT I B AR, ik, A
YA B 4 7 10) S5 ARG ) A 22 £15° LA, RIVAT B
A2 R 22 K8 G ) 1) (An, s 76 s el 1 ok AR 1 Y S Bk
MGm e 1.56°, FEARMFHPIAZEA 0K 4
SI]) o KA w7 1] (H s PR R AR 5 ) (9 2 £ )
A3 1 32« BT 7 (45°~0°F1 0°~315°), il J5 (315°~225°
H1 135°~45°, AL &), J5 75 (135°~225°), itk
AR AN « (1) BRI A 4 Xk e ik
GRS EY/L N AR /LN (R TvA 7/ . NNTIPOEZ/TUN
FHE 10 PR BRBOR S, () TE R MEZ s I,
BEE MR . M RS T R BOR B A . AR
TN ] A 48X AR RE 1R 25 RIS B o 48X AR R R 25
S AR 0] 77 10 5 H AR R SE PR BT AE T 1) 2 25 1
Y XHE o 5 ) RN AR AR 1] 48 A 45 5 21
PR BN REATFE 1) 9 A 22 T) g Bsf ) B3R

F1 HMRELADPHRAZEREHELARX

T8 AR

50 RS § g
BRI 1] iR 22
5 1AW AR T 2 4 1)

R

ei= FIBIT I — SEBRJ5 1

5 5% 22

SR 22

e T= 88K N = BRI A%

24 ZLEERF

TEEASEES 2 2 R, A e 1) Bl o £
TR FT RO S5, AR5 Wit 45 ) £ FH e xR AT 52 )i JIRD
MR B R ik . 25, ERbK g i
B Y IR R BE LR PRZA AR, IF A AE A i
PIRA R, R)E, SR BIREE, B B i A
SLUSEE L AR A B A BT T 5 A (i 1 BT

) 25 B8 2 2] AL A TR ER, 2= T Wi
PLE o ) R RS B R R AR, T F
Bl kAR B RS AR B eE 2 5 30
BB, SR P AR 8 0 1) 4 <7 TR) B T4
R A

P B A AR I GE 2 ) 2 AT R IR, W
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VR — MR T, 7E BRSO N s T A E
HEGERIS Y TAERI N E o E s R rp il
25 th—Se R AT S i8S (0, AT, SRR, 1),
FAYR e AL B, s, IS IR TE
SHAEMRAS IR B, 5B 3 APl A ELAR [nl 2
AR, RIGHERT — YR . EShid AR
Fr B R 1 AL, Wiz T BERL . BT A YAy
A — 2S5, WO TE S > L B UL A MR 44
[ sf FH T4 HS AR L 3

TEWIRN A ) 2500, Wl ) 45 10 id
L2 AT B A% i 5 A UKV G O W M AR BT A B )
P (T2 10 i LA ) 418 1 D o) oFe ) DB o
PERR A E) o B AWk B b i B 7 22 22 > IR
yoac.

eI Z A, BT A BB B S T AR 22
WA P BB IR BERITCL B, =4
W AT, PRAFIERS 2 > J7 1), 58 Il AR 28 4% 1F B
o ZJa—F A 32 B R PO R AR R 4 5
TE (U™ T2 LR S5 A T 1) 00— 3 K 26 g 1
AIRLE, IERAERE S — L5 — A W RIS T
HAGYRRALE”), 51— FRBOLEA XM S
o IRJE BT 2o/ A7 [ RE S1) TE XS5 /INER M Jolt (4
T [ ZE R BIIE X /NER”), S R BT A 18]
W e Pl 2o/ 47 I e 5l 1530, 4515 s
FHTFAR ol /N BR A7 (N Ti 4 B (L),
ISR ) 5977 [0 55 5 b/ INBR B8 S B 5 1] 246 %
FAREIRZE/INT 90°, WALk SE ) 2o /47 R % 3 153 4h,
15 1L J5 RS I/ N BR LB, sk B 4 X £
JERIERT 90°. RIE#EA H CHsh B IEXTE A 2k
O R A /INER 7 1) (AR 355 1) 7 2 0 80 TE X 3 e el )
Jrta™), ek s BB A i

FRJe BT A BB 2 55 A —A s el R E R
Z| 2 J5 5 18 IRD Ml

3 ZER550r

31 E3IJXRH

T FEIRE R, P ANARIERGE 2 2] 2H ) — 1
22 S R EGE K . AEXTTFRIZE G 2T (M =
4.88, SD = 1.26), JFHIAMERG Y] HM = 6.40,
SD = 145)fFZ W 2 H2E 2 AL, t1(29) = 3.13, p <
0.01.
3.2 HMRETER MK

Fl SPSS 19 X} K AR H HEAT 2 (F i) x 2
(AL FIE) x 3 (Bah &) EZ N &
ANOVA, b2 >) 58 18 F A B o0 38 5108 0 9%
AR 5, 25 R K IR BT v O 48 18 1Y 3 8500 A
LHAEHBARRZE . W, J5496 09 70 PR %48 i
A 7K IF

FH T 45 40 1 25 2 S L2 75 A7 76 28 [a) RN 1)
FEIERR, 5 AT WG —E(Holmes & Sholl, 2005;
Mou et a., 2006; Waller & Hodgson, 2006; Wang &
Spelke, 2000; Xiao et al., 2009), AMFFH LA+
KA R ZZ 43T o RONERS | B 1] 158 25 FIg 1] A8 53
FIPME AR HEZE TR 2, Hip, Joig & R aE
2 ) R JE P WA BT 2 ST 21, SN A4S ] 22
SEAE S 5 RN K ) AR 2= 5, U AR X
Ffiz sl 25 1 T $ BURAE 1% Bsf (] A48 1) 49 14 1) sh A
I HERf M A R AE AR . TP AN A AR I 27 2T 4 1) 3
[ia] 15 2 7 2K ] J5 VR i A S 2 25 5, i fml 254
B2 2] A B 1) 1 25 K [ S SR R, (HRAISA R
it 30°, wEIHAUE IR TE IR EORE R AC |
X g ECE NEREY . S, g A AT R A A O
T %24 2] B A (Mou et al., 2006), i3FE 15 ] 1% 2
$ ol 120° 445

XFEERTRZZIN) 2 (2% iEIE) x 3 (iIB &)W
FEENE ANOVA HWoR: Ba 50 E500 3%,

F2 HWAESMHESHFHETHREN. HARIREFERDEFNTHEGEE)

s ST \ AR e
B B K [] )

%t [F] 25 L 1.38 (0.42) 2.28 (1.20) 2.63 (1.64) B<U;B<D;U=D
JFENAAR 1.36 (0.38) 3.01 (2.14) 2. 66 (1.54) B<U;B<D;U=D
- [] 25 W 4.93 (4.29) 16.32 (7.05) 29.90 (22.09) B<U;B<D;U<D
PR B AR 6.01 (5.71) 16.44 (13.90) 24.52 (10.90) B<U;B<D;U=D
P [R5 v 12.13 (3.30) 18.54 (6.89) 18.21 (5.71) B<U;B<D;:U=D
' JFH AR 9.65 (3.82) 17.52 (6.84) 16.41 (6.73) B<U;B<D;U=D

2 R, <" FORAE.05 KB 3, “="FRRAE. 05 KA RS . B = 2k, U =835, D= . SV RAAED, iR

FERNAE 1] A8 S5 B D9 JEE
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F(2, 60)= 4.77, p < 0.05, MSE = 60.76; =] ifiiH I
FRON % B3, F(1, 30)= 3.99, p = 0.055, MSE =
26.97; —H L HAEM R, F(2, 60)= 458, p <
0.05, MSE = 60.76., WKl 2 iR, A 3 EEML,
B, B, [A Xiao fil Chen (2012)%—3%, [HAM
BeeE ) BT R RN, TR s e B ] S
E5F R R E R TS, F(L, 30)=10.33, p <
0.005, MSE = 146.58, 15 HH i {d FH i 2 5 8 1
LS BIERAE . HIR, FPIARA A 1Bk 17
BONE, TR He A Bk 1] 5 5 R i A R iR 2
WHEBFEES, FA, 30)< 1, X5 Xiao il Chen
(2012) 11 )P I L2 ) 45 S — 3, UEBH T R B A R
T [ g A 37 AU 1 1 R0 s R R AR L 2 =,
T e R BR, [R5 4058 F1 51 A {4 20 A FE 2
TR G PSSR 220 22 5%, Fs (1, 30)< 1, {HFE#
Wy, R0 A0 ) 25 4 1R 22 W 3 K TP 9 A AR 4
F(1, 30)= 7.62, p < 0.01, MSE = 114.67.

407 oL = FoAk
351
& 30
7 251
= 20 X d; %
2157
%10+
5
U T T 1
K2k ER ki
BB AT

K2 BORFEFEL . SR E . RIS S R S iRz,
BRI B N bR

3.3 E%H JRD £%

FH SPSS 19 X} HAE ik 4T 2 (%~ i) x 2 (3
Berpuodg i) x 8 (B4 w110 1 5 &2 Il i ANOVA,
Horbreg S 38 MR EE o S ploak e As i, 45
R BRIA S5m0 4 S A S RO N AE ELARE R
WL, SR Ak TR % AR AR ST

wE 3 froas, %48 m a4 AR 2
ANOVA £ . B, [ 2] Ry 5 A4k
JEDE 25 2] 41 IRD G IRAT 25 57, 2F )l IE I 325K
N, DA > 3 T8 FAR G 0 1] 1 A8 BAE AN 1 3
Fs<1.41, ps=0.20, i W] ik a7 i 1K -1
s [ R AEAH Y o Fovk, ABG00 1m) 19 32 8500 3,
F(7, 210)= 3.98, p < 0.001, MSE = 181.23, )i JRD
BLERTE A A ARG 0] A 22 5] T2 [l 25 i 2
ST P INAMRIRSE 22 T U, IR ETEA S
) ) E %A R 2B 88 D5 A 5K (the sawtooth

pattern, B[l 0°,90°,180° ., 270°HY ff B iR 22 /N T 45°,
135°, 225°, 315°, e.g., Mou & McNamara, 2002), Fs
(1, 30)< 1, iXARAT AT HE A P Ak a2 27 (R 2 AR H )
Yise, BrUATCIE L IEAR S B ESR . [ e
SJHHAE 0°F1 180° Y AH G5 ] 3R BLAL T HA AR 5 53]
], BEIA g AR 4 2= S Wi [ N7 T 0°-180° 1 = %
FEZR, F(1, 30)= 9.58, p < 0.005, MSE =168.73. {H &,
J7 5 A AR S b 2 2 21 I WA B2 LI 2 2T T )
B S, OCAE 3 1) 1Y N & 5 HL A ) ) % A I 25 22
5, F(1, 30)< 1, B 1Y) ANOVA 434 45 2 5 4 X
AR ZE M ZE I, 2= E A I 0N, DL R
SEIE ML L EAENSIARE, Fs <
1.19, ps =031, MmN ERN R E, F(7,
210)= 2.63, p < 0.05, MSE =5.54.

e G AR

g [ii] A e

60

50

40

30

20

i) AR I VR 255

0 45 90 135 180 225 270 315
ST )

3 #ksEk JRD AT 4% 4k f BE iR 22,
HEi%

W22 N bR

4 e

PN AR ST 2 2], B3R TR E I A
T bt zs M SRAE HFFEEE R 5 7 5582 > (Xiao &
Chen, 2012)fyZ5 R —3, A A M, JfH
JRD {F:55 1 545 5 () 20 A o 2 > AR [A) . AAERHE |
KF, TGRS JE IRD A B 22, AHt
FEFFIAME G- 2] 415 Xiao Fl Chen (2012))F %)
MGG~ 2 LR 25 RSO SE, UaBH T 2 /781 2% 2T i
e EE P T ARG DL fREr 33
HLUOAS ] R AE L IXTEW] T Wang (2012) UM%, Fa5E
(4 18 F 0 28 R RAEA AR BR T 5E, T LLidE
T AR IRAT o W IE 45 AL S FR T DI RE SN B
(Loomiset al., 2007),

SR 3 3o [ 25 B RN S AR R b 24 2], B
A3 T AR e I AR 1 [ 3R P 7S (R R AE,
82 R 2 e L2 B I A5 R T I S F i 22



758 N B

EE ¢

45 4

WA 2R, Ul 1. MORFEEE R AR POk
TEREff BE A 22 57 2. R AR 1y A FRhols
235 [B) R 1) 25 S ANHE T RAE W AAHE B0 B2, i AE T
A Z BN R A A FEN . T 3R 0 A (R RAE Y
e S i 2 AR A5 5 19 (Waller & Hodgson, 2006), [A]
TGS R AR I AT E 1Y F RO ZS R AE, 7
AN SRS GRELRTRNS), KA
Z5. MFREN AR POSRIFEENT, V465
5 ORGP CRAIE T 28 [RIEAZ PORS B e, R oE b 1) )5
I ZEFIRZARAR /N o X F RIS F T 4, AR
A RS IR 2R, (H R SR 22 31°,
LI /N T BEHLAS 0] Y S5 14 12 22 (29 104°) (Mou et al.,
2006; Waller & Hodgson, 2006), X & bk %5 ¥ 1l 75 2%
) Je T SRR SRR S AR o (HE XA R AEA
KT REZIAEE TR0 3RAE, A5 0[R20 4058 2% ) 4 i) —
BN % BE IS R BB T Y IR EE o 4R i, it
PR R PRI O RAF R e G ik 1) 250, . PRI, T
AT RE AR R A R 2D v 2 2 AR B T AR
() A B R0 2s AR AR, (HIX AN FAF I BEAG Bk 17 52
EWEIN, WA k4T (Wang, 2012), # iR e 2k [h]
Je T FH AN IR A 1 8 3 e 23 (B R AF R 2 AL A
KL, ARA AT REAFRE SR E Y B 3R P 28 (B RAE
MY XA TE 4 W, TR s B ey . BEE X H
P rpts 2 (B R AF S i 1Y 120 B 1 5k, FRAE 32 0K 7] 1Y 52
B S8 W N RS o o YA
AR, S48 [R50 2 2 4H ] LA B A
PRI [ SE R, HZAL T IRD 5% 5 7 45k
B 2E A 25, X JRD A 45 AU H
SRR R 25 M) C R, T B 58 m E B AR ] 7y 25
FOCR . BRI A e s m, ok—
WA A NYIR- YR B R, Bk, MAT7E
56 JRD AT 55 B AR BN 3 o Aad, Xt uEs T
NATTRT L 52 A A 8% o R0 58 345 A >4 i A B vh
LSRR, SR T IR Mt . (HUE, PIZHpk
RAEA AR G 8 )_E A S e 22 5, Iome i
B 28 R S B HE SN [R] R0 0E 2 > 4H 7R
0° il 180°1% 2= i /]y, Ut A AR 8 2 > Wl o) gl 7 1
0°-180°HY S HHELE | H 2 ¥ FIA A vt 2% ) 2H 1%
A IR 0°%= 2 7 m i, X5 Yamamoto
i1 Shelton (2007) /3 FI A {48t 2] IRD W ZifE 0°
RS ) LU A AR S ) 1) B A A 25 SR AN — 30 A
Yamamoto F1 Shelton F4AfF 5% K FH 19 J2: 6 94 41 il
PR3 5, Wk i 2 2 O B AR S Ah, AN
KRB 9 NMIRA BB AT 7 5, H A2

BRGSO o X B ZARAT T RESY g g T
WBE b g () A (Xiao et al., 2009), K, #E—
A2 SN [ 3 38 2 ) T R IR 0 23 (] R AR M
B, 2 ER KRR B T R E

AW FEUER] T RS E 1 B e rh o0 A [ R AR AT
DI 5 )7 9 AR A2 B%evi 2% ) 4RAS, 16 B DA 4 g Al
PG ARAG I RAE S DI BEFM Y o & T IIRESE N A
FEMLE, 2=/AA 3 FhAl 2 i ff B (Giudice et al.,
2011) : PR FNAS AR St 2% = T B ) 2 PR 1> T E S 41T
i) ] Y 4 (isomorphic representations); JGit &Ml
BB JEAMRIE G2 2], B AT I SR b
1), Jeie NI E T 24 >, 2B T — - #iE o
K fh e (amodal representation)., H 25 A S AR
LR E — MR (Giudice et al., 2011; Kelly,
Avraamides, & Giudice, 2011), {HiXFh 58 L2
HETE PR T AR SEUEYE B o HETR AR 2 TN B 2 5
PRI, BT H AFIES AR 2 RIAT R i, 50
eSS R ERY SRy S DN A R e I E S A
T E R R DX A A Y R A A B R v
FE SRR I R 0 23 (R R AR T TR T RE SE A
(), ELRVRE TG X 43 bk 3AMBE o 5 4k 7, R
FHFFIARB GERE N), 38U Bl IE 7 ) iy R AR
AH TR, 50 I A [F)3 1E 2 >) 28 (8] 3R AE 5
B AE 58 2% (BT 45 B A 22 BIL A, B A mT B X
R 3R TR S

e 1Y 1 FR bt 2 (] R AR 5 K 1Y 5 SRR
SRR BEIR, BT DL AR B H IR iy
B HITER T8 AT 55 o SRS ISR Pl 28 (R R AF A 2
Bk IR, (HJR AR EEE T A B kA
HI PO AE R, X2 S BN R Y
FE 2 A R AU 4 = (Klatzky, 1998), Nt 7K
Lo T B A 2 R) S AT 55, R 8 A2
iy 7 R SRR 1Y B FR e 28 ) SRAE TC SE AT LA
RO ISR ARG 25 [ R AE 1 B 2ok
U5, (AW AL, 383 7 5 AR s AT R AT
PRI ROE B H IR PO s MR AE, HAEK#E LS
PNV ) 22 5 AN R . Rk, 584l DL i 5 4]
ARG 2 2] R A B AATEE N AR ) H IR 0 A
[EIZRAE, DU T AAMTFEAS B4 A0 0 27 2] FH) B i) 21
BErb (B a] . R Zs ) A 56 s 18] 3 5l

5 45

i PRI ARG ], ARG T RRE R A
TS FERAL, XA FRAEA SR IR, X5



73 FREE = P SIASAR LA ) JRATARAE 1) [ 3 v 0 25 8] SR AR 759

FEBI L5624 2] (Xiao & Chen, 2012)B45 58—, %
FE T Wang (2012)%F [ F& 25 [ P S B i 3,
WS RE T 23 [0 Y ) E 5540 B idi (Loomis et al.,
2007).

Avraamides, M. N., & Kelly, J. W. (2008). Multiple systems of
spatiadl memory and action. Cognitive Processing, 9,
93-106.

Burgess, N. (2006). Spatial memory: How egocentric and
alocentric combine. Trends in Cognitive Sciences, 10,
551-557.

Diwadkar, V. A., & McNamara, T. P. (1997). Viewpoint
dependence in scene recognition. Psychological Science, 8,
302-307.

Easton, R. D., & Sholl, M. J. (1995). Object-array structure,
frames of reference, and retrieval of spatial knowledge.
Journal of Experimental Psychology: Learning, Memory,
and Cogpnition, 21, 483-500.

Foo, P, Warren, W. H., Duchon, A., & Tarr, M. J. (2005). Do
humans integrate routes into a cognitive map? Map- versus
landmark-based navigation of novel shortcuts. Journal of
Experimental Psychology: Learning, Memory, and
Cognition, 31, 195-215.

Giudice, N. A., Betty, M. R., & Loomis, J. M. (2011).
Functional equivalence of spatial images from touch and
vision: Evidence from spatial updating in blind and sighted
individuals. Journal of Experimental Psychology: Learning,
Memory, and Cognition, 37, 621-634.

Greenauer, N., & Waller, D. (2008). Intrinsic array structureis
neither necessary nor sufficient for nonegocentric coding of
spatial layouts. Psychonomic Bulletin & Review, 15,
1015-1021.

Holmes, M. C., & Sholl, M. J. (2005). Allocentric coding of
object-to-object relations in overlearned and novel
environments. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 31, 1069-1087.

Jammalamadaka, S. R., & SenGupta, A. (2001). Topics in
circular statistics. Singapore: World Scientific Publishing
Co. Pte. Ltd.

Kelly, J. W., Avraamides, M. N., & Giudice, N. A. (2011).
Haptic experiences influence visually acquired memories:
Reference frames during multimodal spatial learning.
Psychonomic Bulletin & Review, 18, 1119-1125.

Klatzky, R. L. (1998). Allocentric and egocentric spatial
representations: Definitions, distinctions, and
interconnections. In C. Freksa, C. Habel, & K. F. Wender
(Eds.), Spatial cognition: An interdisciplinary approach to
representing and processing spatial knowledge LNAI 1404
(pp. 1-17). Berlin: Springer-Verlag.

Loomis, J. M., Klatzky, R. L., Avraamides, M., Lippa, Y., &
Golledge, R. G. (2007). Functional equivalence of spatial
images produced by perception and spatial language. In F.
Mast & L. Jancke (Eds.), Spatial processing in navigation,
imagery, and perception (pp. 29-48). New York, NY:
Springer.

McNamara, T. P, Rump, B., & Werner, S. (2003). Egocentric
and geocentric frames of reference in memory of
large-scale space. Psychonomic Bulletin & Review, 10,
589-595.

Mou, W., & McNamara, T. P. (2002). Intrinsic frames of

reference in spatial memory. Journal of Experimental
Psychology: Learning, Memory, and Cognition, 28,
162-170.

Mou, W., McNamara, T. P, Rump, B., & Xiao, C. (2006).
Roles of egocentric and allocentric spatial representations
in locomotion and reorientation. Journal of Experimental
Psychology: Learning, Memory, and Cognition, 32,
1274-1290.

Mou, W., McNamara, T. P, Valiquette, C. M., & Rump, B.
(2004). Allocentric and egocentric updating of spatial
memories. Journal of Experimental Psychology: Learning,
Memory, and Cognition, 30, 142-157.

Newell, F. N., Woods, A. T., Mernagh, M., & Bilthoff, H. H.
(2005). Visual, haptic and crossmodal recognition of scenes.
Experimental Brain Research, 161, 233-242.

Roskos-Ewoldsen, B., McNamara, T. P, Shelton, A., & Carr,
W. (1998). Mental representations of large and small spatial
layouts are orientation dependent. Journal of Experimental
Psychology: Learning, Memory, and Cognition, 24,
215-226.

Sargent, J., Dopkins, S., Philbeck, J., & Chichka, D. (2010).
Chunking in spatial memory. Journal of Experimental
Psychology: Learning, Memory, and Cognition, 36,
576-589.

Sargent, J., Dopkins, S., Philbeck, J., & Modarres, R. (2008).
Spatial memory during progressive disorientation. Journal
of Experimental Psychology: Learning, Memory, and
Cognition, 34, 602—615.

Shelton, A. L., & McNamara, T. P. (1997). Multiple views of
spatial  memory. Psychonomic Bulletin & Review, 4,
102-106.

Shelton, A. L., & McNamara, T. P. (2001). Systems of spatial
reference in human memory. Cognitive Psychology, 43,
274-310.

Waller, D., & Greenauer, N. (2007). The role of body-based
sensory information in the acquisition of enduring spatial
representations. Psychological Research, 71, 322—-332.

Waller, D., & Hodgson, E. (2006). Transient and enduring
spatial  representations under  disorientation  and
self-rotation. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 32, 867-882.

Waller, D., Loomis, J. M., & Haun, D. B. M. (2004).
Body-based senses enhance knowledge of directions in
large-scale environments. Psychonomic Bulletin & Review,
11, 157-163.

Waller, D., Montello, D. R., Richardson, A. E., & Hegarty, M.
(2002). Orientation specificity and spatial updating of
memories for layouts. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 28, 1051-1063.

Wang, R. F. (2004). Between reality and imagination: When is
spatial updating automatic? Perception & Psychophysics,
66, 68—76.

Wang, R. F. (2012). Theories of spatial representations and
reference frames. What can configuration errors tell us?
Psychonomic Bulletin & Review, 19, 575-587.

Wang, R. F., & Spelke, E. S. (2000). Updating egocentric
representations in human navigation. Cognition, 77,
215-250.

Wang, R. F, & Spelke, E. S. (2002). Human spatia
representation: Insights from animals. Trends in Cognitive
Sciences, 6, 376-382.

Xiao, C., & Chen, F. (2012). Stable self-to-object spatial
relations acquired from sequential spatial learning. Paper
presented at the annual meeting of the Cognitive Science



760 L Bl 3 i 45 %

Society, Sapporo, Japan. & Cogpnition, 33, 140-150.

Xiao, C., Mou, W., & McNamara, T. P. (2009). Use of Yamamoto, N., & Shelton, A. L. (2007). Path information
self-to-object and object-to-object spatial relations in effects in visual and proprioceptive spatial learning. Acta
locomotion. Journal of Experimental Psychology: Learning, Psychologica, 125, 346-360.

Memory, and Cognition, 35, 1137-1147. Yamamoto, N., & Shelton, A. L. (2009). Orientation

Yamamoto, N., & Shelton, A. L. (2005). Visua and dependence of spatial memory acquired from auditory
proprioceptive representations in spatial memory. Memory experience. Psychonomic Bulletin & Review, 16, 301-305.

Stable Egocentric Representation Acquired from Sequential Proprioceptive Learning

XIAOQO Chengli

(Department of Psychology, School of Social and Behavioral Sciences, Nanjing University, Nanjing 210023, China)

Abstract

It is generally believed that the egocentric representation is transient and primarily supported by perception.
However, recent theories suggest that the egocentric representation can be an enduring component and preserved
in memory. Wang (2012) proposed that the enduring egocentric representation, also referred as the egocentric
snapshot, was stable and would not be disrupted by disorientation. She further suggested that the egocentric
snapshot was not restricted to retinal images and could be acquired from other modalities. Her statement is
consistent with the functional equivalence hypothesis (Loomis et al., 2007). These hypotheses were examined in
the present study.

Thirty two university students (16 men and 16 women) participated in this experiment in return for
monetary compensation. Participants stood at a learning position amidst a geometrically irregular 9-object array.
Half of them viewed the layout with objects being simultaneously presented, and the other half were blindfolded
and led to sequentially walk to each object’s location from the learning position (proprioceptive learning). After
learning the layout, all the participants were blindfolded and tested in the baseline, updating, and disorientation
conditions in sequence. In the baseline condition, participants maintained their heading to scissors. In the
updating condition, participants rotated 240° by themselves. Within each group, right before rotation, half the
participants were explicitly instructed to use allocentric spatial relations during locomotion. The other half were
not given such instruction. In the disorientation condition, participants rotated in situ until got disoriented. In
each locomotion condition, it included four blocks of trials, each block involving pointing to all nine objects
once in a random order. The major dependent measure was the configuration error, defined as the standard
deviation of the means per target object of the signed pointing errors, which indicated the internal consistency of
the pointing response among different targets. An increased configuration error after disorientation provides
evidence of a disorientation effect, indicating the use of the transient egocentric representation, whereas an
equivalent configuration error between these two conditions indicates the use of stable spatial relations. Finally,
al participants were taken to another room to perform judgments of relative direction (JRDs) among the
remembered object locations. The JRDs test included 48 trials, six trials at each of eight imagined headings (0°
to 315° at 45° intervals). The dependent measures were the absolute angular error and the latency of the pointing
response.

Configuration errors on egocentric pointing were subjected to mixed-model analyses of variance
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(ANOVASs), with locomotion condition (baseline, updating, and disorientation) as the within subject variable,
learning modality (vision, proprioception) and allocentric instruction (yes, no) as the between subjects variables.
The results revealed no main effects or interactions of allocentric instruction. The configuration errors increased
after the rotation of the participants who visually learned the layout, but were equivalent before and after the
rotation of the participants who proprioceptively learned the layout. The configuration errors were
indistinguishable for visual and proprioceptive learning in the baseline and the updating conditions, but
significantly larger for visual learning than for proprioceptive learning in the disorientation condition.
Performance data on JRDs were subjected to mixed-model analyses of variance (ANOVAS), with imagined
heading (0° to 315° at 45° intervals) as the within subject variance, learning modality (vision, proprioception)
and allocentric instruction (yes, no) as the between subjects variables. The results revealed no main effects or
interactions of allocentric instruction. The participants’ performance on JRDs was indistinguishable for visual
learning and proprioceptive learning, which indicated that participants constructed an allocentric spatial
representation of equivalent fidelity through visual and proprioceptive learning.

In conclusion, the results in the present study provided evidence that participants constructed a stable
egocentric representation when they proprioceptively learned the irregular object array. These results are parallel
to Xiao & Chen's (2012) finding, and support Wang's (2012) generalization of the egocentric snapshot and
functional equivalence hypothesis.

Key words egocentric; proprioception; disorientation; snapshot; functional equivalence



