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P AL bR R A TP 225050 HT, 45 SR R B0 0
B3, F(1, 28) = 5.39, p=0.03, n> = 0.16, 95% CI =
[-6.51, —2.50]. BIAXS I B AL bR R 48 11222 (M =
16.66, SD = 5.80) i FH (X T UMEIK AL AAR RM =
21.40, SD = 7.86), FWAHRIF AWK R A
ZMAPAH OB RIRAEZ P (HIXERERE
PR A 58 2 A % I8 itk — IR A
() RSE, K5 ARG ) 43 A 4 AT . SR AT
BN R, F(3,84)=4.13,p=0.01,m>=0.13, F/5
R AL : 7EFR M2 L, 0°-180°HH(M = 15.67, SD
= 7.53)1945 ] 1R 2 B FIRT 45°-225°%0(M = 23.57,
SD = 10.38, 95% CI = [-10.81, —4.05], p < 0.001) 5
135°-315°%h(M = 19.24, SD = 7.03, 95% CI = [-5.75,
—0.11], p = 0.04); 45°-225°%lif¥) 45 iR 2= 0 i = T
90°-270°%H(M = 17.24, SD = 6.30, 95% CI = [3.33,

8.82], p < 0.001)1 135°-315°%(95% CI = [1.46,
7.55], p = 0.01); 0°-180°%l5 90°-270°%h = [a](p =
0.32), 90°-270°%l1 5 135°-315°%h Z [ (p = 0.20) %A
WEZER . WU EGRKRE, 7TE508 1, BERw
KA X S RIS, (BT 5
PR AR A0 Bl %) 52 07 152 22 B 254K T 0K A1 40 A 1E 52 Bl
iR, W T B TS RIS A RIER T &
RERE KPR AR 2 R, R SR L AT 1A A i
FIPK AT A I BT 1) o

X SN IS SR A T A b 1 ) 5 26 0T, AR R,
ARG R ) 43 8 KT, ARG R 1) Y FERNAS ik
2 (Greenhouse-Geisser #1F), F(2.30, 64.37) = 2.30,
p = 0.09, o, 0°AHXT T A B I (ps < 0.01)
P K 225°FHXT TR 13504 HAth A FE 9 45 #4(ps < 0.31)
YIFEAE o ARG ) 43 i 2, ARG R ) A
HLE(F(1, 28) = 2.44, p = 0.13), {HPHXHL A Frre Ak bR
ZIE(M = 16.25, D = 7.6 T)WFELERTAK LA A2
FREM = 19.29, SD = 10.15)AYA#A, SAE G0 ) 43 A%
4 his, ARG BN AN B3, F(1.84, 51.56) =
1.76, p=0.16, {H 0°-180°%H(M = 15.46, SD = 6.40)H
T 45°-225%(M = 19.11, SD = 9.29, 95% CI =
[-5.23, —2.07], p < 0.001)5 135°-315°fli(M = 19.47,
D = 11.25, 95% CI = [-6.37, —1.64], p < 0.01) A {3
WAELE S LA, BN 4500 43 b v B R e 30t 3
FRN, (AEEA RS iR 2 R AE R A .
2.4 itig

S 1 Y455 Sjolund 25 A (2014) K 45 S A7 AE
—e2s S TEMATRIEESR Y, — &R e o e B
2z, AT 0°8% 45°T5 ) g5 —
SRR P BB 4L, BEEA — RN 00242,
F—hi N 450 2], B, W NEUMESE Y
SEAMES . Y EAEZ G, A oS o
AEXE 5 I WA 55 o S5 5RZ B, Toiedilemm g 5
Bt i I e SR PME e L S, AR
BT 5 A 5 WA A —B0W J5 ) 647 28 [ RAE,
It HAK B A A AT OE AT 5, BRUMELK R Y
FEAEIF A W R B AT 25 ) 2 R B, W
WES R AR PO RE—S IR, KT A
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B AW AE 2 MR AR A B E AT . FRATAEA IR
Sege v, SR S BE M ETESEA T T ek, X EE
SERiagE, A1k BBORAE A R S g0 DA AL A
AT HIWT B B A EAE A —E I : 76 8 K
P, 315°HRBALR T 00 7E 4 KR,
135°-315°%l1 5 90°-270°Hli i) I TC 2 572 . XK A
USE I B M E R e, X0 E B AR AR A 2R A T
I FRIEA —EEH
M# A FT e R BRI AR NS AR S

e 2 “HT&TI]%LFE’@JXW@?YEEP*%?UM@%T%
FARBETT R E T, WA e A R 2
PR R LS 30 B 37 5o 5 Bt A & &4 H

K PERL A K $E (Freundlieb et al., 2016, Ward et al.,
2020), HFESLER 1, B AE G 37 B9 B B 4
(FAEEZEh 45°), XHAKCEERL A Y 8 TT BE o AN 8 5
B, 5kt TN B IR A TSRS A,
A el TR IR 0 A B LA iR, B
AT A 3 LR 7 TR T R E BB 5, DA
AR A 2 N 2 BROR AT RE PR IR G AT 93 4,
315 (RH G T 45°010 7)) B A FRER 0 H B L3,
TE— L6 58 rh g R IRl an, JEZENI, 5K, 2005).
R T fERPEIBE R, SRS 2 ARSI 1SRG Rk
PERALE, L 1 — Bl 5 O fF 3 0L T T T 1) 17
5e, (Al 5 Ak 1l i £ BE %i*jt Mﬁ'ﬁl_
— RGO 775 M S MRS )

ﬁ Bl A

MBS . MRS

30 S 2 AEIPMEES RIS
TRAR TR BMEXOT B ARR B

S 2 PR T S ARG T
Mo A5G DA v A, Bl 7E e b X ik
P B 1 3 AT R 23 e B X% B, B, 8K
55 2 X AT T, 2Rk S Rkt &
TR A 1R
31 WRAF*

SEBS 2 MR 4E G*Power T H BT RIAEA SATS
23, AR AT 30 A, SFI4EE
23.78 %4 (SD=1.39%), Hth B 154, LA 154,

SEHS 2 A . ARG . B AL B U v
PSRy 1 AHE . AR, EFT B, UMELK R
AN 3155685 5 225°, TR AR T,
S 2 WA IMELK AR E T PR S 5
Wik QMR 1. 3. 4. 7. 9 4L, XFh Ak
gah 1,2, 5, 6. 7. 84, ik E@mY
1. 3.5, 7. 84, XK SH 1. 2
4.6, 7.9 4. WP A A 2R 3=
Hh, mAR 3-1-7 MG I EMELK R S A 3
[E i 350, Pk 6-1-2 #u(& 5).

SR Z fE, TR A AR R 4
KHAT KB kA T 24846 0°-180° % A
90°-270° i 15 15 ANAE . 45°-225°%h AR A AR A AR5l |
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ﬁ A

I ®

B 5 28 2 = gEonEE
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®2 XW 2 FEKIAE THIEEIRE (B) R ()R T8 M 51R#EE(SD)

A R ) 0° 45° 90°

135°

180° 225° 270° 315°

15 iR 22
g AiD)

12.08(7.74)
12.88(2.95)

18.18(9.04)
17.00(5.43)

18.04(8.44) 21.24(13.26) 15.37(7.21) 18.14(9.27) 16.94(8.93)
17.90(6.24)  20.74(8.28)

15.45(6.19)

17.16(6.29) 20.18(8.00) 16.59(4.88) 16.47(6.28)

315°-135°%h R Ak PEAL A IE 28 il o SERR AR P IR 1 1k A
MIALE KA AR 2 A, HA Y 5 525 1 AT .
32 H#ER5HMH

SRS 2 R, A AR XS T 1) AT 55 S 2
RO IE#R A 93.1%, A #il P o it gk 51
BREHE o X BT AT Bk 31 S5 I s R o 152 25 A0 G
S1ATT, 153 Pearson AHOCREH 0.24 (p = 0.18), IE
iy 280 S I B 22 RS A J S5 R DG, PRS2 v
ANAFAE U —WET 2R . ELR LR 2,
321 HBLBHH

X4 ] iR 22 $EAT A PR AR 0 T 25 e AT, 4
R RG] oA 8 KR, ARG EA A
BN AN B 3% (Greenhouse-Geisser ¢ 1F ), F(3.85,
107.89) = 0.28, p = 0.96, UL 6; AL 5] 43 WL
PRSI (Bl T 7 1 AR b ZR A EMEAK AR T FE (R A AR 2R,
AH G R[] ROV A L E F(1, 28) < 0.01, p=0.96; 4
AR W B 4 28 BT (0°-180° Fl /90°-270° i /
45°-225°%1/135°-315°%r), A5 1 [n] 3 8500 LA ik
2 (Greenhouse-Geisser 1 1F), F(2.22, 62.26) = 0.04,
p=0.99,
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135° 180° 225° 270° 315°

K6 Sc 2 PR R G A0 T RHE 1 1R 22

0° 45°  90°

Xt S IO I R AT A BiRAE R B T 22 00 B, AR R,

ARG R 4 B 8 AN IKSFE, ARG ) Y RN AN
2 3% (Greenhouse-Geisser K 1F), F(3.94, 110.28) =
2.06, p = 0.09. YA EH W 43 R ZEmT, A
TR B, F(, 28) = 5.03, p = 0.03, n; = 0.15,
95% CI = [-3.86, —1.48], HIXLIRREM = 16.15,
SD = 4.26) < WMEKFEALIRRM = 18.81, SD =
6.19), 4R8G4 A 4 JSHMA, AE SR £
3%, F(3,87)=3.04,p=0.03,n>=0.10, F)5 K

IR, 0°-180°%H(M = 15.07, SD = 4.22)i4 2 b i i
FH T 45°-225%H1(M = 18.95, SD = 6.07, 95% CI =
[-5.39, —2.37], p < 0.001), 90°-270°%H(M = 17.22,
SD = 4.84, 95% CI = [-3.35, —0.94], p = 0.001)F/l
135°-315°(M = 18.67, SD = 12.78, 95% CI = [-5.26,
—1.94], p < 0.001); 45°-225°%Hh ) [ it ik 4K T
90°-270°%H(p = 0.01, 95% CI = [0.39, 3.08]), Hifth
WA B 22 (] 22 S 3598 i3 (ps > 0.08). 555 1
) S IEAAHA A .
322 BESH

SRR S N g I OEAE SIS S 7y
¥ 1 FISCE 2 AR IR Z LS WA T A . Y
K8 ANAHG M ) 43 JEE, AE G h) S S )5S
H {E H & 3 (Greenhouse-Geisser % 1F), F(5.27,
300.43) =2.44, p=0.03, n}= 0.04, S AT /M 2%
HATHL SR 1 RS AR (p=0.01)5
SEEY 2(p = 0.96)Z (A AFAE W] W 1Y 25 57 . Sy 1 T A b
g BT R RE, FRATE AT AP B AR i
IR EE S

MR ARG ) Ay R, SEER S Ak bR &R
Z A BEAE A 3%, F(1, 57) =2.43, p=0.12,
ARG RS AR 4 250, IR B A SR
HL, 45°-225°%K A0 135°-315°%li st AR, A3k
745 BRI A it/ O T A2 A /AR RE R il Ak
LA IE Al 4 S KEHELT 50 BT o B8 S i 25 3 o,
SCHG A 22 5 BV A W, F(1, 57) = 1.74, p =
0.19; LIS 4 JhZ BIA BEAER B3, F3, 171) =
2.90, p = 0.04, 3 = 0.05, S MBE A HHrasHaT %,
SEEG 1 4 B R 255 B (p=0.01); SLE 2
4 B2 R AR R FE(P=0.99), 455K 7 HERE R
FISCHT 1 500 2 BSETHEE R v AL, S0 1 5505 2
TESS R W 22 50 5250 1 gl B A 1o 2%
g, AP AR I Sl 0 Ak A d 25 #5, {HAESE
55 2 v AR IE S R 25 B B, B 2k
BTV, FECEIRMN 2R W EE TR,

1M %F 5 R B R AT R A A M i R B, TC IR
FH 8 AN ] . 4 Bl SR WSS AL b R AT 4
M, EAT5SE5 a A9 32 BAE 4R B 2% (Fs < 0.71,
ps > 0.58),
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r 4 S 3 =S [E MBS g s (e =
82 MR LSRR AR R LAY 1E
£ 10 R
= 15| 9 2 BORERN b, S0 3 ARk A
HBS I HLIA I SC B A 1, 5 B SR AE AT X

O BT BB A (KB DR Ikl
e

BL7 0 Sigm 1 555 2 h 4 A gl B AR R 4R 1)
R

3.3 itig

Gl A P )5 22 R B RO EE SR, T LR B 7R
Sehy 2 MR TR Sz m I s, BiEE
FEARAESEFE 2250 B, BT HiliEIT SR AR
BAMUENE, SR T SERT IR . BBt R Y, &
AR R AALE, AR B Y B ) 2 4 3] 3 0L
T T TAT B4 A7 i R 0 A R A7 T 0 — 25 1 A () S
MRS o I S W B 285 B AR 3 B B i T B B
1E A7 ) 1) R 4 AR AR 8 3 (R AR A 1 1E 28
Wy, SEEY 1550 2 Y ey B R BRSO ] L el
UL, BARTESS MR 2E BB ARBLH TS S R
AR A, AT RRIE B R — =P
SR, Kb, AWM THF S RAES5KEM
FA Y U S B ARG 1R 22 RS W A 1
BEES, A“R"SHRALRNEE F/HIET
“ErSMAR.

SR 2 RO AR E L BB G2
SR, Bl TFHALERNES RS20 E,
R EEUMES S IR 2 5 4y, X a6
TREG AR | R RIS A B R 2 AE 3 4 )
W7 SE ] o 7E Zhou %5 A (2022)(IF5E & B, B
— XS AR S T b S T, waalne Ak
HuoR FHZ A . IR AEIRA TR EL, 51k
PEILIR 58 B s R AT 55 e, an SR plialah [ 4k
PATIE AT 55, A2 75 BE PR R o8 3BT 4 7 A 8K
MBS BRARE? H5 2, KRR
FExX e GRS B L B ARS8 i 52
B 3 e Bk — B G 15 [FIRRE FH T 2 B ko 15
SN o SR KRR 5 IR A R BT
TERES I HLAS AT 0P AR R, AR T 5%
PEHE) 2 AR B WA B T FRATTE 4 3 A
IRAEFEAT B 2 B i anfof b B 2s a5 B, IFIRER I
b 23 AN AL

J7 [ FIWHTE: 55 b RIS AT e B B SE LS 2 4R .
41 WRFE

S 3 M G*Power P17 H T HRIAEAS AT N
23, ARSI AR 32 A, A 2 A48t
I IE AT 60% Mg Ak, Fapil30 A, F
MY 23.16 £ (SD =146 %), Hh B4 14 4, L/t
16 %o S5 3 ISCRBETt (AR AIAT KL . B /A
W59 2 HHIE . SR ASFE A, EA
Scgy WO TE S UME KR 58 i SR EAT 55 R
(AP H3E 3 BrBeE), ikl FiEu ket
TTES TP, Dl B2 A I 2 9 Sl iR AT 4 3 s o
U R Gy Sehn i B Sl A O e et
Azt ) 38R B, 30 kst 52 i bR
BB, mbridse e, XA E gl R B A%
BF, SRIGE IR T K AR 58 g SebR AT 55, Ak fE
FIARTEREIT 2 1 208k G 2 i AN S 56 p Ak f
AT SR IEAT 55 B Y FERD) . Bem, R p
HE R S A T e 2 B I A B
42 RS

S5 3, MR T P waUS, Ay 30 AFEAH
X7 1) F WA 55 v 4 S 25 BN IE B8R 91.5% . X
B 12 Y s 0L B R ) a5 2 ABORE Ok A B, A5 #)
Pearson A& 2240 < 0.01 (p=0.99), 1EHIFRHML
B Z IAFEAE ARG, DRI SEES 3 WA AE B
—MET AU . BARDLER 3.
421 BELIGHH

X8 ] 1 22 HEA T AR B 22 00, A5R
AN MR R 8 AN KSR, ARG I Y AL
WA i 2 (Greenhouse-Geisser ££1F), F(3.48, 97.61) =
0.40, p = 0.90, VLK 8; YAHG i m] 43 P 26 I (8%
I TE A A bR R/ DMELK PE BT TE Y A bR 3R ), A5
] FREN A W, F(1, 28) < 0.01, p=0.99; 444
SR 4 2E%hE(0°-180°%H/90°-270°%H/45°-225°
fh/135°-315°%), MG ERONBA EE, FG,
84)=0.09, p=10.97,

X N S R A TS BN AR B ) 5 25 08T, AR R,
MR AL 8 KR, ARG R 1] Y BN
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®3 LW 3IFEKRFME THIEEIRE(E)M R (F)0FHH M 5474 %E(SD)

AL ) 0° 45° 90° 180° 225° 270° 315°
RIMIRE  13.12(5.64)  18.43(8.78)  18.88(7.46)  20.94(15.87) 18.81(10.32) 19.29(8.44) 16.28(7.23)  14.53(5.48)
S st 16.34(7.93)  20.58(10.05)  18.81(7.33)  22.23(10.00)  20.94(8.62)  23.79(9.31) 18.19(7.37)  18.68(8.08)
30 30 -
o[ -« I3 -
2 b
EZ20 e R
= $----- % t
= .
15+

135° 180° 225° 270° 315°
eI

K8 S 3 FpORTRIAR R ) A PF T AR 1 R 22

0° 450 90°

&, F(7,196)=2.75,p=0.01, 1) =
0° 1 [r] I 1% ] Wy dh 25 P LAt 7 A4 B (ps < 0.03),
225°55 [a] I A H W e 0 A 7 AR (ps <
0.03). IA, 45° > 270°/315° (ps < 0.02). 135° >
45°/90°/270°/315° (ps < 0.02). 180° > 90°/270°/
315° (ps < 0.02),
éﬁ%%m%mﬁ*ﬁ,ﬁ%%mzﬁmﬁﬁ
Z, F(1, 28) = 3.10, p = 0.09; 4% [ 43 i 4
Ky, MR FELN WA RE, FG, 84) =
1.53,p=0.21,
422 EBRESH
— W S22 RIS 3 AYFE R 25 45 R kA T

AN TR 8 MELR N . 4 4L 2 W
FKARFRRIAT N, TS I B2 BAE A
W, Fs < 1.33, ps > 026, [RIGHE T 520 B A IB6 A5
SITVE AN TS

SR B BB 4 BT s, TE S ] 2 S 28500
AN F BRI T (F(1, 84) = 0.29, p= 0.59), 4 241 5>
Mr 5 5256 0] 58 AR W3, F(3, 171) = 3.49, p =
0.01, ny = 0.06, VLEAFEMIR L, 4 Z5l i 2
P RIMAFAEREEZR, SROAHSPERTH,
SEES 2 HER RN 3 (p < 0.01), L 3 AY IR &
F(p=0.21), ME9H AT LIF H 525 2 1 0°-180°
BP0 il g S niz B Sk R At A, T SEER 3 R
XA A BT . MR 8 A AE G i) ) G 25 Ak
bR RS, BTSSR M 38 BAR A 3
(Fs < 1.45, ps > 0.18).,
4.3 itig

e b — Ik
5 2 TEfR MR 2E DR

FOTER R, SR 1 55
. HARR I N TERS MR

0.09, F )5 b & PR,

A 1w (] B P P LA AN S 3

0 i i " i ]
ek lah BeRPLA ERCH fRAEER Pk ERSR
e 3]0

El o S056 2 55256 3 4 2SR A S E T B9 5 s

FRAERE A IE SR 48 1) iR 25 B B R RE . mT 0L, fkfe
AV A BT AL TGS T A, A R Rk
LA ITES IR W25 A W& MR THER, Sk
AR T R A () 2 IR R RAE M IE . MTSE5s 2 st
5 3 fEfe MR 2 FIRAAFE R EE R, xRV
BEOAK AL 2 S I AL A 3 A R Y 25 8] =
MARMER, 5 3 555 2 hARIR I T & W2
TR AIEYE . 256 kE, B R AR IR A AE L
R EIEATC B Y, BIFAE Ml T2 R
G, FIAMRITEFEEIIEX — /B, gl A3
ML 2 T E ik — L 52, Uil B TkpE
) H BT TF, XA sl S5 BAETEIE i —Fh e R,
s 7 B TR A B DT, C IR I
MHZ T, XFFH O MM =4 b &K,
M 45 7N A O A0 A T 78 5t 5 At N 7 400 A T 26 Bl
Z IR P S I B 2 5 o IAERCH BRI S 2 1Y 4 A
Bl SR AR L 2E S, NSRS 3 PSR 25 S Ok
T, WO UL AT [, AU I 10 A 9 0 FRAE
I R A SR B AT 5 v R A A A (R,
Z5fh, 2024), ATLIHEWT, 05 FE e 0 ) 4 4 5
T RAEZ

5 Bt

AT A [0 2 MR DA RT, 45 =5 A
RPN ZS [ M E IR TS 250, BB F s (]

T8, g S Ak R AL R 58 LS T 55, SR AR
D7 ISR BT 3 WL, BAAGTE A )
PDIME S IR AR B FES DA T i %5 (0] 2 I R
A HOBEALH] . ML AY 8 AN ARG ) 414 R 1R
R 22 1 LL RS T AR H, 3 AN S50 430 AR FF i 78



804 N H

58 4%

L

3150, fkAESFE 225007 ) L A AR 7E 225075 ) H A
WE G 3 MR T IRE TR S IR E TR
M 10 B B al 15, 225° 1948 1] 3% 22 L SZE6 1 3]
SCHY 2 55080 3 Z (A A B R R GRS R A
WEH ps < 0.02); SHAXH 45°0A TR
P MRl DU, NSRBI A, AT
B SRARSHEACHSRAZ T, HEE
BB — e R EAZ B | KR I HL A
PR 2 52

30180°
225 2
[+] 1350
—
e & | N L2
: 10 _ L3
270° ¢ - o0
Iy
3 ] 50 450

00

=AY O R AR G 26 T A 1 iR 22 T
BORLL: )

Kl 10

51 SREANES MEXHTSESRESN

= v

SEHTR F AR [F B 3% 5c A R e T il R 3R, 4
Y At NAEAE, 808 A M AFELERIE A 59
R AT B UMERT, BHUN B O R A X 5
AT T AR APOMIFRIE(LI et al., 2026), fEFRATHY
B 1, B 315007 M _ L B EMEIK AR s
[ 4E 55, 255 R IMpk R AR HON [ B0 A 25 [
Z: B RN 23 ()i 5o b AT R4, (KRB H IR A 2 8
FAE SN G [ iR 22 LA e g, BI7ESC a0 4h
WA Z IO IETT 25 [0 S IR A W Fe 40
Wio X—459 5 Sjolund % A (2014)RYLEFARML. 7E
AT SEER b, TS BRI A 58 K it AT 55
W SRS IKAEDMESE St S AT S, AT RE T
5 1 SRS — S0 7 1) AT 7S R RAE, B PME
PRAE B A7 78 I B A 3 5 i B AT A 25 17 2 B R
YeFE, MA@ R AR AL —S AR,

M Z R, E3CK 2 ey 3 v, #ialol A fr
FEARBR ZR AR R 2ZE LI, ABAE O i A58k
e —EER . WA T —F— kW E
ZHMAWNGELE, X, AGRMA T F "SRR
PRAEAI AR G IR S BRR TE S 1) 15 25 W S0 o ff P

WA BEESR, (ARSI RTER N HEE g
FeErS A MR XN ATRE . EEMER I
R, ATERRE S T T REIE R E S IR bR R,
M LA TE B AL bR 2R T 25 S SR H, T AR
FEALAR T IR B A b R R IO 2T 2 AR 8% ),
PR SE R T B, ARSI B AE Galati 55 A
(2013)FNi8f 77 (2020) A 55 Hh A7 R B, HTTE R
FHRBIE 5T J7 208 T8 2 M HLSE 50 AT 55 o 4 48 4
S PRI RIEUMEIK A, 5 EUEERT R
o7 A ) 2 B L 56 T R S 4 Jmy FRAE A S A A5 A A
s AAIE ST 0 o R AR L4 T Y S G S e
ST TR B — 4518, FESERT TS 458 b ik
T, R T AR 28 (0 2 R R P R R
PEo HBITAL, X FEMELK AL A R, AT LIS
0 AR e R Z
52 MEMEREXNSESRESEINZMN

FESCES 1 RISCE 20 905 3 Wy AR ERATT AT L
B, ZRAWESZEA —E KM, XA
PFATRE S A OE . TESEE 1, DMEK L 7E
BB, B 5 ke ] 1) B A B B 315075 [,
X ] 8 P B AR AR B g 55, A
ARGy s Xt 7 A A 3 B B 55 ) 2 B8 R SR AR
Wk, EAESCE 2 FISEES 3, ARAE#RSGS 7E S5 8k
AR 2250 8, PN A2 % T RS, B
TGO B 7 B AR AR B AT RE S R H E b T
1o, TR 2 T R0 12 5 1] 14 2 > R ERAE 3 11 52
PSS IR B4 (L & Su, 2015), MATEK PR T
T X A M E A A TR S REAEA? TTHEN
PLUR JUA A BE R

H—, AL sgm ., — B Lk, 25 A
SR P 4008 A AR YOG T IR B T (e, 2R,
2024), BFFEHE TG R B Bl T4 74 8 24
b N 2k 45 9T 25 o) A0 A R B AR 0 3 R SR
(Freundlieb et al., 2016; Kuhn et al., 2018), Jf-45H
A Y aaE o B UMEIK R L, A2 R BR X
TS R, ARFEE(2017) UL 45 M, W AR SRR
R RARRE X 2 A BRI RS, mi7EA
o, 5 225°fr AL, FKAESTE 315000 B ik
TG A A (A SRR 55, 2 T 5 BO6 ST A 1 [X
AL, PRI AN RE XS K A0 A 25 A T R 4 1) 2R
P, dRmid s AR AR R (HEMATEERNE, BRIA
PR FEAL SRR I M — o s 4 %, (H
HE AT 38 3 2R E A B (Tinti et al., 2018)4 K&
ER YA R BT G0 BE 7 17] (Ward et al., 2020),
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11 % STl NP2 1) J 1 T AR A A SR B B SR
fFo £ Tinti % ANBIOFFEH A BLE AT LU i W
AT A R4, 11 Ward 25 A U384l A
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Integration of spatial frame of reference systemsin collaborative tasks

QI Pei, LI Jing
(School of Psychology, Nanjing Normal University, Nanjing 210097, China)

Abstract

Previous research has shown that spatial reference frame representation is a complex cognitive process

influenced by factors such as the subject and object. Most prior studies had participants learn scenes individually,

manipulating their perspective or the scene’s structure to identify reference frame determinants, yet this

approach largely overlooked the social aspects of human behavior. However, as social beings, people frequently

engage in spatial interactions, where understanding others’ perspectives is crucial for smooth interaction. Spatial

collaboration, a key part of such interactions, involves tasks where individuals must work together to solve

spatial problems. Building on past research, this study introduced a spatial collaboration task. Through three

experiments, it focused on how individuals represented spatial reference frames during collaborative tasks and

the conditions that enhanced the integration of these frames among participants.

In each experiment, participants first collaborated with another person to learn a scene and then completed

a judgment of relative directions (JRDs) task individually. In Experiment 1, the partner stood at a position of

315° to investigate how individuals establish representations of spatial reference systems in spatial collaboration.
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In Experiment 2, the partner’s position was adjusted to 225° to create an approximate face-to-face situation to
investigate the conditions that promote the integration of spatial frame of reference systems (FoRs). Building on
these studies, Experiment 3 further manipulated the presence time of the partner to explore the time course and
influencing factors of the integration of spatial FoRs.

The results of Experiment 1 showed that the pointing error of the participants under their own reference
system was significantly lower than that under the partner’s perspective in the JRDs tasks. This indicated that
the participants represented the space from their own FoRs, and no evidence of the integration of the spatial
FoRs was seen. The results of Experiment 2 showed that there was no significant difference in the pointing
errors of the two reference systems, which verified that face-to-face interaction with collaborative partners
promoted the integration of spatial FoRs. The results of Experiment 3 showed that there was no significant
difference in the absolute pointing error of the two reference systems, and the participants could still complete
the integration of FoRs. However, the joint analysis of the reaction times from Experiments 2 and 3 found that
there were significant differences in the participants’ reaction time performance between the two experiments,
and whether the partner left early would affect the participants’ spatial information processing.

Based on the above results, the conclusions are as follows: Firstly, multiple representation forms of FoRs
existed in spatial collaborative tasks, with both single- and multi- frame representations possible. Secondly, the
integration of FoRs in spatial collaboration was influenced by the partner’s position. An angle approximating
face-to-face was more conducive to integration than a side position. Thirdly, even when the partner’s presence
was reduced, participants could still integrate FoRs. However, when the partner left during the recovery phase,
as opposed to being present throughout, participants formed a more profound partner-perspective representation.
Keywords spatial frame of reference system, spatial perspective-taking, spatial collaboration, integration of frame

of reference systems



