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ARG MR ) B EN S BT R, JUH
JE VDR BB Y5 O A B is 3 E B B ZGR [A]
B G, ZE XS M. RREZF sy
BRARHE S RE AT 1IN ER (BE/NEY, 2016) 0 KT AR
FKik, A BZahfE B TR G 2T A S
5 R A Z 023 B X R EEER T, FRlE YA
T IEEAE B = AR Z rhif o AZRERARHE 5 BT
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PEAE BARSMNEMEAR B o Horh ML F B8 HTRE S |
ARG ERIEAT B, AMEMEE B R LA, A
FEEAR A AT LA LA P IEPEAR B o LA, o] UYL
PIAMEMEAS B SR, 80T DLZRG PR M A A5 v
=R G4k B, %8/ B, 2015; Kearns, Warren,
Duchon, & Tarr, 2002; Loomis et al., 1993; J&{E:#,
kAL, 2005), A ZRFEAR LA WF9E 20 A L g0
AU BRI T8 AT 55, WAR IR DR AT 55 . AT 55
ZEORBOX AL S Z A BB Ab B AR R R
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N i AR S A5 7 R DL S Hh R A T 1) R A
GUFFR R, BIMEXT TR & 440 o0 A2 (11 an
A5 12 BB, AR P DAFE— e F2 3 10
A & 5 5 2 18] 19 %3 [3] 9 & (Wan, Wang, & Crowell,
2013).

MR, O R A B W i R NS S TR A
(navigation), B8 Bl i b {5 B 17 (Collett &
Graham, 2004; Foo, Warren, Duchon, & Tarr, 2005;
P, BT, 2015), RS ME X LMiE
SEHERR T B AR B SE I AR A Ss ahE R, (B0
R BT RE G LR PR B IR, M ER2
XF NI BEATHE S R 520 o Bl an,  Gn SR AE S 5
FE 46 A7 90008 3k B AR TP ) B AR B Sl A B AR T Y
AR B, BaFE 25 HEAT R AR 58 BT 55 T A A
45225 (Philbeck, Klatzky, Behrmann, Loomis, &
Goodridge, 2001; Philbeck & O’Leary, 2005), 4
G RS PR AL (5 B 2 W B AR P JE I, —FH 2
() FE7E % 35 4+(Zhang & Mou, 2017), T H#&Fr 0%
5E VE (stability) 3 171 25 A ATT3 T B AR A5 2L 0 itk 2 2
A BT F (Zhao & Warren, 2015), 4 i&Fr{E 5
WA AR B, A 23 (1T H ] e 23 TE RO T it
¥#E & (Foo, Duchon, Warren, & Tarr, 2007), Tfi7E 2
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REMH H B iz (5 B IR h A S AT AR
(U0 Poucet et al., 2014), M Hhrfs B AR, AT
o3Il O B AR B G ARAS 06 T IR B M 4549 i (survey
knowledge, Foo et al., 2005), Cheng, Shettleworth,
Huttenlocher Al Riese (2007)#EH), AL ETESIY)
()23 [T TR RAE B 52 F RS (back-up
and reference system). HAKRIF, s KM F
FisF G fu [ P A S LB R R, (B H B RA
A AT U AR, T HL AR #E 5 AT LIS Bl
PRI B AR FEH e R R R R AE L RS DS
Ao MXF AL EE, Wang (2016) N2 H T
B G —— I N MR UL, BT LLE i 22l
N7 V) B A B G T N R R v i 2 A AT A (]
B, FARAEN SN E . EXA IRz,
BEAR AT BT DL 2 R T R O AR R
Z4:(Sjolund, Kelly, & McNamara, 2018; Zhang &
Mou, 2017). ST Z, HAEREAFE bR ] BT
HARR SR [FVE T, A AT H A — B0y 2 [ R AR
(spatial representation),

A, B 5 BEARAE G 2Z A1 OC 3R X 2332 W
S TR R 2 e 7 X B Ax A9 10 ] BE & —
FHEZASIE K E . Wan, Wang F1 Crowell (2012)fF
5E T BEPR A TERT T B AR 2 B 52 o A AT X e A
(YR B S AT 55 04T T 0, SR AR BT3RS i B B A
(S0 AT 55, BIAESN M B AR v i R 7 B (D A4~
i B 1) 28 X)) b A N B WA B AR, T AEAS A
SIS A R BRI AE B AR A B AR AN S B
AR Al S B — A PR AR AL E . TEX T, B
W i, Bpesg a5 nmiga” . miGa
BB R SIS T AR T C S RE AN R TR R S S
A bR, WA AT 55 23 ZERAATIR BT b s, B
BEABATTAEA T R Ak A ] DA R 2R | A IR A
HAR, 120 e AT 2R P A . AN VG 2
TRTE S50 T G5 T AN HE A AR 23 3% [BIRAS H , (H
SRS RS A R B AR T R T A B R, Y
S AR A BEARES, A AT B R SR T A Y
BRI E o XIFTRRIES R R, OIS KR [F]
A A AR P AR A, ANV 2 s vz B
FCHVE A A 1 ELAS RS 70 A B PR B 1) S s
LA BEPRIT TS, BRI AL H BRI AL

TwiE&E A SRS BANRE
(egocentric representation)Jf LA I Ay FEhib 4 47 34 42
ATHT, IR LIRS NS IR R AE (allocentric
representation) Jf LA I Jhy K& Ailh #F 17 45 #4205 R

(configural updating), JLSZHERAT LS AT iE47 i
1434 (He & McNamara, 2018; Wiener, Berthoz, &
Wolbers, 2011), {HJ&, XFiR [a]3h 55 (7% A1 0] BE i
PR AR T R B SRS, 25 A A7) 60 B (1 3% [
HAFrEE, AT H 55X X —A Bhr (it &
R 2 2 Ak 2 A5 R TR, T 24 A AT ]S R T R
[l HARRS, A7 2 5 A T RE R HArisi . B
&, B TAIEHBESERIE b e o dE i
b, PRLHCA AT T3 (81 H bR S 25 77 A — 5 1)
T o UG AT e 2 B iR RO
Frisy, FCSEE 28 m] DUHEWT 4T 55 02 B KR I A,

R T FR GG H bR R AT 5 e PR AR R
AWFFE R T Wan 25(2012)HF 5 o 9 3R 8] 2 55 5% %
FRAE%5, % Wang 45(2006)45: 9\ W14 BOk BT 5T
2R (effect size effect)f’) 7 B FEAN SZ 0 Hh#4\
PEARIGEL, Tl dE s RS RGN TR
8] b (H bR ) B TN, #8908 O BR AR 4 B I 52 )
AR FE A AR R, WAaTEA 1 48 2
BRIV . PRI, XA SR B FAT T B
BRI BAAR X 43y = AR - (DR TIT R HiR 2
AT AE bR AR 18] 00 b s A, RTS8 AR A
1875 (TR T 46 B HE & A AFTE B, LA 2y
IR A1 fA S B AR, H G0 SRR B (8] FE AR N
AR BT IR — A~ B AR ) i, B eaR [l 2 78 14
GYTE T LR BTN IE 2 A FEAr, DL & 2s ik il B
PRIIRAS b e, B i 1]l s 0 o M58 N R
AR (7] 2 R 20 0] 4 SR, Bl AR A TR
TR EEAR YRS

FATR TAE R B FUE, Y8R R [FE U,
SE A AN AR [F1R 5 R 2 2 B AR (B B S
5 N B BO e 1 53 P2 Bl T e —
THURAIE B OB SR R W A, PR A Tk o]
S Y R B 2332 B AR FE M0 o 7 >4 B R [m]
PEBRI, = 2H B 2 BB A X AR A% 0000 A 3
T s Bk B, RISE 4 R AR IRl A Y e B
B 22, IR A SEAYRNE 2 A R I b, O 8] b g A
MR EAE

2 H
2.1 #ik

IR KRR E 48 224 B 24 1), IR TE
18 & 22 F 2 Jh], 44 19.6 + 1.0 %, #AR S IEAL
JIIEH, TEES S, Plow L e Sl
AR N PR VR B S 8027 38 30 ST AR T B &R
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R, KT Gpower 3.1.9.3 B4 % SEI REAS £ E4T
3, TSN 0.25, it 1 — Bl 0.9,
RPN BFEA R 45 Ao THRIFEA & 5 S PrAE AR
AN
2.2 {LEBEFprE

AHF5E 6 35 [ Worldviz 23 7] nVisor SX60 3k
BRI, BoRBERUEAR R 60 Hz, Bt
F N 44°OKFTr 1) x 34°(3E By 1A)e N5
# B F710 TR TN, LR 3 A HesfE
S R, A3 AT e N RN S S
RE RIS 37 B B STl 3D Max B A AR, 528
T 7 B 48 i AN PE 10 st i Vizard 4.0 BAFSER

B AR 58 BT 55 TP AN B AR B A 5 BURIIE
JEECANE 1 FiR), MEOEBMKE R 3 mB S m, &
Hp22m, B L m, B, M . KAEAAIHE Y
SRR A A R AT R B JBR =2 R Y R R 6003k
120°, FRBE BRI B | AR R P BOE AR 2 18] 9¢ 1 1
F/NFIT 18 (G Fsf 4t 8 306 s A6 ) 7 A AN 325 52 F 1
% BEZ S H 58 S A B T BEAILEA S o A1 i
Bl GERA AR, AT R 1 A ek 2 i
Fro AIHEH LR AR 400 = I sl i L IE B .
AT ASRE S W 7E 7 T A1 ) B A8 2 o5 s 7 2] B,
B LA bR RO RE S BRAESE 1, 2. 3 BOERAIZ .
AN AR R A 1A BERRET, SIS B AR K L
L8 I EALBEDLRE,; AR AR A 2 DB R
BF, BEAS B AR AR OO B B A LBED L E . Y
KBRS B AR L, AT TR B B T — A
B, BHERER N 0.5 m, FN 2.2 m, KM
JRAE N A RE, IR E 2R LN . XIS
M B AT ) [T s (R B R | 5 TSP A T
W OFE R, 8T BE R B A 0 e sl e 81,
T R B A s 1) R s AR A A TR B — A
EIE, $5R gl iR B s . BRI, &6
RIAC IR [0 5, 2060 = fMIE i G IE IR R
IR [R1AR R B AR B BRI T I R 2, 2
F—4KH 1000 m A9 JEE H AR IE B 1Y Jr 1n]
R LA Al AT A B S B R, X AR E R RO 2.2 m,
LA 1 m, TR E AR

TEABIFE W B 50 b, By B AT & TE
PRFF BRSO T | Sl A T B 3 A A T
i, Hoal e RS s, i Haz shi
TRV E M SE D 1.5 m/s; T 76 AE JER 45 A m
R DA AL S | o R T R o B= 2 NS N A i g
1 AE B RS B AER .
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BT ARBFTE R R I SRR 55 R R R A B, B
WA ] —4GE . B B, SaXE] kA B B A
SR B, i BT R Sk AR R B ) 2R . C
H, BOK BRI B AR AT, H AR B R R B
AR XA HAREE . D B, B Iy i sz, 45 H
FUBRAL 7 1], — 25 8 R HH BRAE BB 4 1) J7 1)

23 Wit

ARBFTERI 3(EARTUA) x 3(BE bRk : 0. 1.
2 MIRA VT, b BARHUA i A &, fbr
B M AR, S TTLAET, FRATRF AL
B3 A, Bl 16 N, FAEREMR IR I IRRT 4 TR IR
(A48 i, AL ATTAE S50 i B AR T TR N
55— R TR B A U T U BT AS JH T 33X IR A A
FEAR PR bR, ASEE 23R RS b, AR
MSEAANFE A o 5 R AR AR T LR B
XU I B R A bR, DA AT 2
BLRGR [ 2SR S B bR, FROMIR RIS ALANE 4. 56
2 TE AN BT R R T R A
R EA HAR, DL AT 23 SRR [l A A
FLAREBAS AR, FROMIR B 5 s AL, AR
2, RO 5 Bz TR IT 4R IRk A B AR, A
TTEIFAFEE A 1 2 PR

BRI SR 24 IR AR T AT 55,
LS 8 A BRI . 8 A 1 A BRI
W LI 8 A 2 A EEAR IR o R B AR 143
U, WA T R I AT A AR R
AL R T BHR B A, 5 — 2P IRk T 2R
[l S bR OB, 1S 2 AR, IR [
Bz B LR b2 B, Seg v — 3 1R
AN AT 55 2 - () BEA B, DR TmT 5 A (an &
2A JI7R); (MR TR — AR, PR el
RLCNE 2B FR); (3)F0 I B AR A — AN AR, oK
PR 1] B AR (U] 2C BT 7R); (4)F0 H BE AR AT P
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BEAR, SR GR R 2 (Al 2D FR); (5)Fh %
B A WA bR, SRR [ H A — A AR
K 2E FIiR).

A B C

B2 ABESE P AR 58 U 55 IR (] A5 B A 1) F T
A P 7 197

24 KERE

e, AR U L AE R, JF S8
4 & 8 MR, HEWGA Y A C &g T
SRS . ZJE, BT 24 MR A IE S
5o FER ARG Z 00, AN R4 A9 A 32 A )
HKRIPFE il . ANANSHZEZ N FIE RN “HW
— IR TF 46 o 3R 812 RUANE 2142237 1045 SR8
“HT I — U T 4R, 33 U A 7 AR ] R A
Fio iR ] b 8 R0 452 4R 1B R B —Ik
MR T 4R, 3% PR 7 2R [l 5/ = M8 s/ 1
JiEihr . 7

BRI —TF 4R, B BRSO AR 1 5 —
BEE AR AR S 0L B, I HLIE X 3 X BE R B 4
LA 1A). X, BT 2T, <Rl
R A S MplE 2R R & S, T —B
R B, (H R B A e L, i TR
BT Bk, i CIEXTE T —BOE LT,
SRJE PR ZEA TE (LB 1B) S 8kE 52 5 BoE S,
SR —AE B FRE G, AR el it
B PRI 1] B HR R AT AR R AR 0] Ml i DR B
Bl 10), $Em8ila Aa T BLR AN S . 3
i i 1 22 e 2l B AT 1) 5 BEOR Rl b i, IR
J5 Tl Aff At P RN R I B ML SR
Tk TER IR A XS T 1) b2 A GE TR (L
Kl 1D), B 2 i de A T ok — Bl s, B
5 H O B3R 18] b 5 0 7 B, BT
B, XET, B BE S RN B TR ALIE SR Ok,

BAMKWEE R, T — MK iR . AL d
(BAR LR, B IEZ AR R 55 B

3 4%

AT 48 iz A 47 N5E i T 2 24
AR A SEE, 1 A0 BRSO E T 21 AN
WS, WA TRz, (R, BT
ABORTEA IR PR B R E AR, PR X 7
S B AT RN . PR, FRATTAE R o B v S B
TRNFEESN 0 57 ) s b AE 00 302 a] 1K,
IR B IR ) 4.1%, B i AR R,
A AV B R 2 SN A 3 R A s Rl i . AR SR
HH I S 7 B 30 1 S A T ) N P R B
T A7 5 15 25 5 3k [ 1) 7 067 5 R 92 b o S By
Z [ A

B, AT E 3 s if R bl S Ay
R 2E RN RN R AT 3(AL . TERANENE AL
IR SSRGS AL SR 4H) < 3(REbREiE -
0. 1. 2 MIIRA KT 22500, Hh 23] 4 a]
A b, AR AR O A NS, 25 IR, BR T A
5 bR B A SR B A A AR 2, F(4, 90)
=2.54, p = 0.045, 0} = 0.10, HE AT 35500 5k 52
HAEHXI AR, all Fs < 1.96, ps > 0.13, 4 T fit k¢
XA HAE R E S, FRATTN B — 21 Bk A AN [R] %
FR#E T 09 SRy B HEAT T ORERT He g Y, A5 R AR,
SERNFIEHTIEA 2 A BRI IR [8] 2 50 S R s
(10.63 s) i K TIBA BEARINT(8.48 5), t(15) = 3.49,
p < 0.01, Cohen’s d = 0.97; {H 23X PN T B
N5 1 A FEBRI Y SO I (11.19 )i 22 51 241
FiL 3 2K, both ts < 1.52, ps > 0.45, ¥4
LA AE SN B 1 0B AT B X RE A R0E, all ts
<1.76, ps > 0.30,

RIG, RATXTE 4 Fros oh R o] B ARk i) A
TR 25 RNy I B HEA T T 3(HL . AN HNE
IR EIZEAVEE L L IR [ S B AL) < 2(AR AL
L2 MMIRE R R 22500, Ho g m i
(R A%, T RS AR A o A N X B R Y
S, CUAM T EEAR TBCA BEARET, WA AETE IR 8] %
FREGEEOL T, PRk B0 B b it T e 1 3k 2
Ao TG RRI, 20 50 3 R0W AE A B 1R
2 R, F(2,45)=4.49,p=0017,1,=0.17. Z &

He ol

Ve b U S i £ E R 4, B9 5t Bonferroni £ 1E, H.
TE3C AR B p (B A I SR B
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LA ZE SRR, S8 AN AN 46 B 1% 22 (13.48 m)
B K TR BIZRAVAIE 41(10.66 m), t(30) = 2.24,
p = 0.049, Cohen’s d = 0.58, 1 i 5 K T3 1] Hh 1,
IS 4.(10.44 m), t(30) = 2.46, p = 0.043, Cohen’s d
= 0.91, iR [A1 SR H1E 45 3R 1] a5 0 1 47 o7
iR 22 S NN, t(30)=0.26, p>0.99, Ik
Ak, 45 B AR A S N I 3R AR R, F2,
45)=5.23,p=0.009, n7 = 0.19, X 4 21 Pl 3 S5 17 st
BT R T 22 000 3R W, S8 R ANE 4R
1R (1] 28 A1 4 A S 7 B AN 37 381 B B B 11 5 i
both Fs <2.30, p> 0.14; 1fiji& [A] M s HIEHAER 2 4
BEBRIT IR [ SR SO (7,71 sy EE B TA 1 A4
BRI (8.48 5), F(1, 15)=8.13, p=0.012, n? = 0.35,

4 g

41 BirfmMEREESIEm

BT IEE R R, H AR TR R [0 5 AR
(1] S A 3 P v B 7 320 A e R4 T, R R A
T AP . — 7, BARTIUAG T3k [ml kL
J B B2 W = 2 3 B R AR > K0 [ 19 52 BAR
b BRI, H4E 55 ZOR PR [ s, 58
SN AV ARSI B A P A P AR I L BEAT

0 1 2
BEAR L

SHPEATEIR [ ] A AL IR ZE MBI o ERZELR RN bRifEDR o

20

BRI

SHPEATEIR [ BRI (-7 EARZE TSN o PR 28 R SRR bRifELR

P Bt F B IO A B, % (] A TR R 2L T IR [1] 3l
TR 2 1 P A B A 2 BRI AS 32 B AR BRI o I
AT A RAT S FA T T, 17 H 2 WX T3k e
ELIX — B B R AT LAl A A 22 T
Pt B sl A B B i B . 53—,
M55 EORPIR ] R AR, 3 [0 S8 B J15 2H 5 ik
(5] o w53V AL AR ZE KN T o AN RIS 4, Ul
B8 3% [ f s 3 — H s 1) A8 22 W] i 2 e fol 4%
TR B VA ) BN

bR RN B8 AR 4 O R HEAE T, WTRER XS T
AR [ 1l A5 R R I T B O HLA T M Y
M o BN e g AN R AL 7 2SI AR — T iR
WLHEATZS B SR, N e AR A IR B 2 . 1R
(1] 25 2R 1A 2 B nT DL A B A T 0 2R AT
23 (AR, 3R [T RS A = T LR N E
VI R ] IR A b g BUS AT 4R 7R A A ) B
o XML L2 F AR 2 F 2 ad i AR, B
AT 5 = 2 TARICIZ A, W A XA H A
AN AT LRI A o AR SO i BT idk, i T b
HamBes—. = “BoEmpRE, Hitt, X
P AL AT DR 5 BN O T S i A e
Ha& =, =, SuBGER.
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R, ASHIE 5T i i 4 7= 3o T AR T AR
A7 A BT ACHE 9 8% i A T 6B T AR e i X
T ARSI E TN, OISR IR I i 8 S B bR v
B PEATRRAR R A T B R B B A R T A
PEATINT, 105 AR S B ) A 1R 25 Al [ I 37 3] )y )
R 25 I B 1 22 T 1YY N , Chrastil 55(2016) & 2
e T NN A =)0 = I e S N7 B I (S TRt VAL RP A
T HAEAE B mEOERs, Hhig ik 55
J5 B2 | T 5 R AR A A vh B A B TR
HOCHE, RIS B R AR A T i O s B
T AR, )2 i R U A T AR ICA2 06 T 1%
A R IR B AE BT mF B BN AT e 3 A
B o M TAEICAZAE B AR 3 A i R AR I mT REA77E
B K BY-K 2 5 (Arnold, Burles, Bray, Levy, & laria,
2014), AR MAT M BY)Z T BT TAEISAZXT T
B AW, R T MERERERE G SR
R BEAI ARSI A R T T BB SR FH 1Y) 28 736 SR s
4.2  BFRFuER T =S (8] 8K A B4 2 A

AT T B AR T B 5T 45 Rk — 25 R B
TR T B AR Y A5 ) AT TN R R Y B AR
B X WA S A 2 e &R o B2 L 1
M, RS HHM T A SEahF R, miEirm
SR A HEBR 0 o (F, BR T Pk T 58
B S LIAN, — S E T Y A (R3O RE T LA SR A i
PRAEAMRL R, Wil LR A &1z 305 B iX ey
KR YA BRI AR, AT &R T
# . AR AR BL(Foo et al., 2007), =% BFP I
WE AL 5 B E1 735 (Zhao & Warren, 2015), A<
5T R H Wan 25(2012)3 [H1L 15 35 b 19 1) 1645 52
BT S uat, TR T MR TSR A 55
FOEME o A M AR A RS 1 AR B 1T BE R EL % 34 R
B E B AR B EE] | R, (FJR R R AR [
P B T i M ol 3 2 B N FEAS AR 5 B B ik i AT
23 AT IR R, 1R IR W AR 2 — . B I,
HARTUAE AT RELL F B R 72X (Theeuwes, 2010)
51 R TE 23 [T R [F 2 ALY 28 [ 4 &R
TER . BRI G AR 2 2 Z A B3 4 SR
e, A NI — B 28 [ ERAE

AW 0 25 A A B T IRAT i — 20 B H bR
TUHD T 23 AL 2 . R ADIS S Wan 5§
(2012) A AFF 52 R T 114 JiE 00 B0 S 18 45 2 RIS T, X
A ST B S5 R — BRI, X B AR U 27 B T4
A AT BE AR e AT 55 o (H, WSRLEHHIE
N S e S Rl (1= 3S BWINES S S ey W E|

Fr TR A2 3 6 5 36 T IR 05 B 1 25 40 1R AR
7= TASIE 520 . Rossano Al Reardon (1999)
TEA 5T b ik 5 i R 008 52 rp A el 1) 25 ) = )
55, S8R AR LM E= 2 B rh A — 1A
P b s (R FE 37 B R $OUAE el ) 4y 24 8% D7 1242 — A
FEE HES T, s B 2E ) f rh e Bk B
BRI ARG A PRI 5 A IR T D A AT B 52 45 51 ]
AP 67 £ BI85 fif B (Sweller, 1994; Sweller &
Chandler, 1994). 49 2 B b RUE AL 55 19 B
Frus(@Ian, Gh2a0 A AL e N —AN R e B 7 6r), B
A AT RER 71— H A5 K % (means-end  strategy),
TEHEATAE 55 1 B — 20 th RS Dy b kS 5 B
bRz B B 22 00, XA A 5 A T R A
TEUR, A A AT A R I BT L R T e
INFNG B (WARAS IR &5 F AR L sy H A
b R, TS B B bR SO B AT T B RS
IR ZER AR o (B A, FESE TR L2 (] 2
SJuE, B E £ R S BEARE B . MHEZ
T, AR PR GRET A BizshE BT
AU A, P S0 T H AR TR e, 4
AT LR FH B 3 AT 55 2R SR, BRAIR A iy TAE
etz e, AR AN B AR AN T, % IR
NATTFE AT B A2 5 I 388 3] 149 PRI 5 A 345 107 (% /)
£, 2016), H bR A P24 Tl i 7594 A1 5 5%

MR, AR WA —ENAR. Hk, BT
AHFAE S Z i 2 R B T A BE bR, BEARER
S Y HG IR AR 67 4T (49 5 e ] RE ST AN AR A8 0 T
H i T BEAR AR TBCE AE— D RS B S Sk, X AP AFIR 1)
T AN R AR AS B Y AR S E B G . A
=, ARWFFE R A R PR A3k 2% . Wan 45(2012)
K FH A R 307 7 AR DR BRI — 2 | AT/,
7 WL PR 25 118 IS i 1 45 i X7 AR B 5 b R AT I AR
B EMERE R . R, ARG G5 e 2 HA
7 15 B 5 BT A AR

BTHZ, A aE R T BER B XS E§
ARG PR BRI o XY A0 S BR AR AT B H 0 B bR A,
TCie B A ZER AR [ s 2 B bR, AR 32 BT 55
FFAE T H AR TR 5200 ASHIE5E 25 R AR B T 1)
X N BRI A D5 o ARG DR R T
1255 B AR T g A BB dn el 52 e 1 9k i B R H B9
25 [B] FAF AN 2 (B BEHT 2 AY | el R4 T A0 T B8 U
M43 E o AL BT 45 R B T 3RATE— 20 B Ak
B R R X T AR E I TTEk, WiExs T A
K PEARHE A B SRR TN R TEE
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The influence of target knowledge on path integration
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Abstract

Navigation can be classified into piloting and path integration based on the types of information used.
Piloting allows navigators to use direction sensory cues regarding the environment and landmarks, but in path
integration, navigators rely on self-motion information. Previous research has revealed that the presence of
landmarks might influence human path integration, but it remains unclear how this process might be influenced
by the participants’ knowledge about which target location to which they would be asked to return. Here, we
report a study designed to investigate the effect of target knowledge in human path integration.

In the present study, we used Head-Mounted-Display Virtual Reality to present hallway-mazes, and
employed a modified return-to-origin task used by Wan, Wang, and Crowell (2012). That is, the participants first
traveled along 5-segment pathways where 0, 1, or 2 landmarks were present at the intersections. When arriving
at the end of the outbound pathways, they were asked to return directly to the origin or one of the landmark
locations. In order to manipulate target knowledge, we gave different instructions to three groups of participants
at the beginning of each trail: the first group was not given any information about where to return; the second
group was told about whether they would be asked to return to the origin or one of the landmark locations
(without knowing which landmark exactly); and the third group was told about which specific location they
would be asked to return to.

The results showed the effects of target knowledge on both the return-to-origin and return-to-landmark
responses. When attempting to return to the origin, the uninformed group showed longer RTs when there were
two landmarks than when there was no landmark; whereas the other two groups showed no such patterns. For
another, when attempting to return to the specified landmarks, the uninformed group showed greater position
errors than the other two groups. That is to say, target knowledge might diminish interference from the presence
or increase of the landmarks on the return-to-origin responses, and lead to more accurate return-to-landmark
responses.

Taken together, these results revealed that more knowledge about where to return might facilitate human
path integration. One possibility is that more knowledge about the target might allow the participants to use a
more adaptive strategy to reduce their working memory load and to simplify the structure of the outbound paths
they need to process. These findings highlight the influence of non-perceptual factors on human path integration,
and they indicate that path integration in humans might be an adaptive and strategic process.

Key words path integration; target knowledge; landmark; virtual reality; spatial navigation





