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Abstract

The goals of this study were to investigate users wayfinding behaviors and spatial
knowledge in virtual environments. Between-participant factorial analyses were used to find the
effects of two independent variables, landmarks and wayfinding strategies, on users wayfinding
performances and spatial knowledge acquisitions. The total number of participants who
completed this study experiment was 120.

The results showed that landmark design aided users in establishing more optimal route
knowledge as well as better wayfinding performances in virtual environments. This was most
clearly evident in the case of landmark strategy adopters. Meanwhile, adopters of survey
strategies gained better spatial knowledge than landmark strategy adopters when time was
limited, however, no significant difference in wayfinding performance was observed. Generally
speaking, landmarks and wayfinding strategies both influenced spatial knowledge acquisitions
and wayfinding performances, yet they did not produce significant interaction effects.

Furthermore, the results also indicated that landmark strategy adaptors appeared to have
a higher rate of dependency on the landmark treatment. They displayed better performances
on wayfinding tasks and more accurate spatial knowledge in environments with the landmark
treatment as opposed to those without the treatment. In contrast, adopters of survey strategies were
not greatly affected by their environments. They showed no significant difference in wayfinding
performances or spatial knowledge acquisitions across the two environments. In addition, this
study also verified some basic assumptions of wayfinding issues which claimed that spatial
knowledge had a positive effect on wayfinding performances and furthered that the more accurate
the spatial knowledge, the better wayfinding performances would be produced, and vice versa.

Key words: Wayfinding, spatial knowledge, landmark, wayfinding strategy
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% WA A — 1A% M ST AR 0 3R B0 F 47 8 B (Navigation) B 48 % & & 4 W 3 - S {BRA
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M3 | (wayfinding) 2B F & o “wayfarer’ (3R A)¥L  “wayfaring (#F & 47)
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Z P9 F8AE ~ Ty ey AT B R R iBAE 0 R — A A B AR B £ 816947 & (Golledge 1999) - 4
#Conroy(2001)38.5 » & A4 A2 h 5 3 B a3y » LA 1 4E a4 2 M R el Ag
o BB AL 8, S A A F A RIR BT 0GRS B0 4

R AEKippel(2003) 84 5 4 > F 35842 T 5 L& va 28 T4 7% © @ (orientation) » i#
F£ 34 1% (choosing the route) » £k ¥ IE 5 84 74 1€ (keeping on the right track) » #% 2| B a9 3
(discovering the destination) ° 3 ChenJZStanney(1999) 8] ;& A& #% Passini(1984) #% # B54% 5 7%
T8 TRy 5 Z R L R R H SR & B X (cognitive mapping process) © &
5 P # (decision-making process) » #AT ik 5 (decision- execution process) © & — i § #)
BB S -~ BB R  AZRRI BT Z B BL FR G T FEHBIR — ik
BiBAE 0 HEFRAITLLT &Ik -

W5 A AT F AT BN AEELIARBER LR KRB > 5L T ER
ok ey AT TR B 09 S, (Golledge 1999) © AT+ % Ml 4wk - TR MEAL F %
WA PR T BAR R B AR M 34 E X AR A 0 kbl AR - AL
IR M A Ag 0 AR R B ke kb 6y B AR 4D 8 4F 45 %5 (Anchor) © 3B o 1 A REAE
TRBE B 4t Bh ik 4 R — AR ik R g 48 4 0 TR BRI o SR e db B SRAT L — TRk BE
BN ANFARG P ey e U8 - BN LIR BT 0y AL B A 7 2 09 A (Golledge 1999) ©
WA B R AR R AR R R G R R e T R £ Ry R A
(Kitchin 1994) -

db EREH TR E HAM A TR TR FRIEFNERGERN £
— RERWEHAFTRATREETRNTELE  ERTERYNRBRZ DS EHALT
B A 3 0930 WU 3 R 5 0 Golledge(1999)35 i > TR 3k & ASA R, 435 & 0% % ) Bp &
S50 R HOE AR 038 s B 0 T BLA BF A B R F R IE R s 0 B A A F R
AP I AARR G EE BRI G P A B AR R B 69 ART AR e AE R ey 3R
Yoo APTEZRORBER R BB TRAMERE  EEZ ARG RREZELEGH
2R REPBERAFRITHERRR  BREAFEAREEHEERT 22 0 Fibdifi
I B ARG E B 0 BRI G X F LA AT A Bl (Tversky 2000)

Whe X B R AT 0 AP Z AR M Je 3 B L A 0 AR de S (landmark
knowledge) ~ ¥&1& 4n 3 (route knowledge)  #¢ % 4 :k(survey knowledge)(Darken & Sibert
1996; Elvins 1997; Tversky et al. 1994) -

(—) HAZ%NzH (landmark knowledge)
WARhe B A — AR P LA E - R B AR E B 3L (Parush & Berman
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2004) * F A B —BAITIRITEF - AR Z KA T T 0 W HAME T @R 6 AT
HAVE—FEAZ I 0 R R Bh ¥ R B 5 42893008 (Darken & Sibert 1996) © B gk > 5 4% 89 FF 4L
B RATAERE ) AT S R B 0 C R RANTE SR B R AR R F 0 AT R
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(=) BRIZAN:H (route knowledge)
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BT A AT B 09 3R 35 45 A R M & A 4 954 S F 4% & (Darken & Peterson 2002) © M HiAZ 2
FIAGIAER » EFRFHERF R MIBECRAFABMIRRE T AL RE S
(Raubal & Winter 2002) » #lde AT €A — 7T L BRI 5 AL RECE - 4
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&R R AR A e B B2 RN 5 BE(Ruddle et al. 1997) B S
Ry E &4 Denis et al. (1999) * LHF BRI T H FHRA L TR EN ML RBFHE 3
FRARFHMRAG—ALFR L ARIIBTREIAMNERCTRE TN ERSETE
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b4+ Jansen-Osmann (2002) 69 #7F 58 Al & f2 T AR AP A2 JE 356 3R 3L o Lo AT I 7 3848 Jon 30K
(route knowledge) * YA & &A% (landmark) 7 JE B IR BT AT RO A @ 5107 2 L oF R BLA
AR T AT B A H R TR T RAEFGERERE) » BT o) R ¥ - WBEA
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U FoE M FkFE > A FRBAEY > LIS E 3 E R A B R RAZ
B R BB Lynch (1960) 843 2548 75 & » WL IAT AL 4R F 3K 7 &) 4
BEOOAR ST » C T AR AL & AR R 45 vy [R 3R ] eY ik 8k o B B L AR 95 ] ) R 6 AR e ik 3L
CHRAZE B GG BAREAFZ i TR HARARIE Y - A — AR mik
AR ER B o

Wik 0 FIILH T e 0 WARHA RSB 09 R R F R BEEER EROTER
fi v B} REARIE — B AT AL, 0 AME F B F R FRALAT R B3R
BHMEH MBS FIE > BARSF IR E] - AL BEARILE T - &
F LW S U R O B HAT SR B T VAN w38 R R 0 A2 HH M B S 300 5 B (] e
FIET A o2 A AR B A A A3 5] — B e B > Rk A R R A LR T Y
Moy BE A —F ARG AR B HAN E M SR R e B -
(Z) EAREHSEIZE

WEAMMBARFHFHRDEGARS E TN - EHAENEZR L F5ERA
# Z B (Human-Computer Interaction; HCI) 89 #F 72 45 3,38 40 A% 77 (cognitive ability) #7% F)
H oy B R B A AR A2 e TAR S (Stanney et al. 1998) & i Bl 74 5 9 vk 1S FA R
©) R Fn JRAEHA #) ZHF AP A~ % R(Lawton 1996; Lawton & Kallai 2002; Pazzglia & de Beni
2001; Prestopnik & Roskos-Ewoldsen 2000) °

P 8 3% 4n JA A& (cognitive style)¥23%4%n 58 77 (cognitive ability) &y £ 3£ /£ 7> » 384048 7] AL
5 W AN R AR Wk BAS BT A s RIEPESN LA E o R
FIBH R T T AR BAETE AT E 0 AR R R K A AE B T Iy iR R AL R A A & (Sjolinder
1998) ° dy b ¥T 4n » AJefe A PR BT LR MR s AT E 02842 - Ak F
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P& SRR 1S FA A G BAS R d 0 B F i BE A A IR IS A e AT AT A 4R 0y PR 4R
ARHEMANEZTREZIAR > MBENANDIR LB ) 'ﬁ"%%— 72 M) S 3k 09 T A%,
(Lawton & Kallai 2002 ; Pazzaglia & de Beni 2001) ° # » {HA 3% R &40 &) # 5 3817 5 0
BEL AT B BRI R T & 0 WAL AT TAFEA R R AP R R
ERRE -

A HAEA F38 Rk 2 £ > £ HE ELawtonF A(Lawton 1996; Lawton & Kallai 2002)

AR A F 38Rk £ R WA ¢ B2 M Rk (route strategy)  4¢ B M R W& (survey
strategy) ° & H 1B M » & KA % FPazzaglia®¥ A (Pazzaglia et al. 2000; Pazzaglia & de
Beni 2001) BIAF F 3% K& o0 & = K48 HuAR M ] w448 &) (landmark-centred) ~ 3848 M4 R g
#8 & (route) ~ 4 %@*’Z\fkﬁ ﬁ(survey) AR =ML EFHBRGMHEa e EELT ¢ (1)
HARME R %ﬁﬁ FTROABEF - BHFTBEEORERE > AMEHR TN SEH
(Pazzaglia & de Beni 2001) ; (2) 348 R da e — F 38 HE R — LB/ 09355 7 X 0 %
T HuAS B £ L 38 F G4 HAR (landmark) B A AR 3T 0 A AT S HAT 2 P i 4 R — 159
& VAR N IKIE B HubY (Prestopnik & Roskos-Ewoldsen 2000) ;5 (3) ¢ B M 5k wg 48 oy — XH%
&5 %) X f & (orientation strategy) » L7 P4 3R89 JE A B LR M 0 F 35842 o @40 @) 47
@m%&#% ool 0 ST ABMA RIS - AR P ATREGEM AN - S
FRAZIEIF B aFey % # (Lawton 1996) °

%ﬁz’ﬂ%%%%ﬁ% ﬁ%gkﬁﬂﬁﬂﬁﬁﬁﬁ%£%‘“%%E% W
PR 69 F 38 R B o RUFREIEANARME Ko d) fL4e B R MG 0 > L PR 4%
A A E )R AR H A TR %Lﬂﬁﬁ”ﬁﬁiﬁ@ﬂm@a&®BmﬂmD’
HAR RS Z B TR RMIRR R LETHLH  AF MR LE 02 M
é\%ﬂ BT e ARIBER L ZIE - BT OARE | f 4 M R @ B AR AT AR

SR AR T M A F AR T o BLARIE EBOURIR AR EAREBT RS X
TR A F P ey iz sy - HAEHAEFTR LR aFH o £ F MR F R &
REAFTHE -

2~ HRFE

AFFRIRI2 X 21 F F B 3% 3 (between-participant factorial design) * A %7825 " #i%
WBIRF ) BT FR ARG | o MAREAR L T FHM T EMeE,  FAR
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#&AFCurry (1983) #30nion Model * %% &4 (cognitive style) € & £ » RMEALAS
RIEBAE ST R RABEBIREX > meEEFTHRFEACE - PBELZ TR
9 &8 71 (cognitive ability) © AR¥E i@ X Xk = B (Lawton 2002; Jonassen & Grabowski 1993;
Pazzaglia & de Beni 2001; Rayner & Riding 1997) » 48 [i] 5 # #3222 50 JAA% K % VAL 3] A
FHRITHR > AL AW A FRAERBIRE T H SR LB 8 )BTRS o Mk
Zac R B & 3t JE R B RSB Z B8 F A & (Riding & Pearson 1994) ° #2252 » %50
RMEBEARR G BAEE  BREANEFFZERL  AFTTREAIET » T
2 E B R THIEM L EASDEBRIES (Pl > 8 L)X 2 B6%A - S A L F o K
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Y& A fm3DIR e RAE LB 0 S B o R B 5 R K B A R IR R IRIEARE - st S
AT HBEMBETRER o 2R H 38 F Pazzaglia et al.(2000)F7 2 B 04 5 74 S g 48 &) B
B MNZES S TR AR | B TRERSMGE, c REMERsRERAT
BRIES(CH AZ B 4~ B IAT BN ) o MG EEBRE 2251708 0 ER BRE R H£150
A0 T AMERIIR304E AR AR (G5 R AR &) AR BR) 1R 0 4B SH R ) B SR R 2512045 -
B & E604n 0 BAE—FRAGARSF -
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ABF %3k A Pazzaglia et al. (2000) 7 2% 364 F 38 kA& P& » AR 5 2R H 0 T %
R E o fR¥EPazzagliaF APTE R FR AR MEa ML L FREREORE > &=
RIR ¢ HARME R AL BRSO  4EREME R ) o A KRBT AR ST AT
Reg A~ 4B M RGBT 0 R IRBZEF PR RN E > F ik T AF4E
3b Am b 4t B EAMARME RS IF 5 5 3¢ vk daty B AU T MR taS 1T -
7 % A8 IR IE(3b + 4c)-(Bc + 4a) bl o Foak Kh-3 0 AMRR AL 5 38 Fouk B 7 e Bk Rk AE )
NN A3 AR R I F R R BB A AR Rk A

(Z) BEEIRIREE
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FAIRILH A RBICRIE  AERCTRBEFRERAIRERIAEDER T K
b ERAK

AERBEHA— L5 L ARFHEEZERERA ¥ HATRER 25
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B2 : EEMIEHEIRIZELHEE
Ao BAB R ER AR AHATHBZA £ TECHELRRIAA 0 FHE 0
FHERRA 0 LHARZ MR E F & BRIEGolledge(1999) * Lynch (1960) © May et al
(2003) * Sorrows¥2Hirtle(1999) * ¥A & Vinson(1999) % % % = £ 3% /7 Bl #473% 3t (k3) :

*3 : MR AT BRI B IR A

. N . Golledge(1999); May et al. (2003); Sorrows
oS N

(HAH LB R ~ A H M (visual) & Hirtle(1999)
S - .. Golledge(1999); May et al. (2003); Sorrows
sk & o v s .

(2) 3 & 0y 4 1 FME (cognitive) & Hirtle(1999)

(3) -1 47 22 M 4% #X (physical features) + & #%/4 | Lynch (1960); Golledge(1999); Sorrows &
(structural) Hirtle(1999); Vinson (1999)

(4)7T ALY AR5 ~ T 3 (distinctive) Lynch (1960); May et al. (2003); Vinson

T (1999)
O T2 b May et al. (2003)

(=) BERTFE

REBROEFR T AFRG 5 Nifr - L BT HFELEBEHIIT R
Bl HERRAH EEIRERE > LR GHAEF N E TG ER A - BRAEH RS
BB LRI R B R R IR S A 00 E M s A PR o

BhRE MR T EMMBRY AR, ERTRANEEHHE  ETAFH TR
HREERL—REE NG EHFLREHRALKRIFOATR  HEFRIZE DR
Hb o BRR—BAEHFELERBEIECTHE: - A BB LR T A o LA
BHEmZRAHETEMLRETRIRFZOE T - B HARIE R H (Golledge 1999) » #-18 K
# 3% 3% 3% & (route-based environment learning) i #2 (VA3 & 42 B o 3k B 3235 236 2 A FA 0
FERG—HEF X BB FEY > AN G FHREGRE LML EE 3%
ey EM R MR F RN T E c Fk 0 AERE T EBILAE S X o FEea
FHRABTE A~ BHFIEY o ARG et SR B L T 6l 2 ] s e

Bkl T EMMRRERANE ) BRZRFRIEE —BENE LR Rk



SDEHRIRIE PSSR RISBRAHERAE 8 123

WREEH TR WA TLTHTRAREEBREOERIRE RS TR  REFR
T IS S AL S s B TR A FHR R G HPTE R -
(9) EEatEs

EXTRESSEME - 25 ETRAM - MARET  H38Y - EHPIT > £H
JodRRE o B TAIFAE — AR RAGEEM L L AMESBRRENATRIER
DAREIT T —EE RIS -

B EXEREEAT - & THRLAFRBIDEBAEEF X AFF R — B
BHRES R HRES 4 AR Y - HFEANEXTRIEL - 5B TR
T ZRHERERETRIRZ BRI —EER - BN EREARIUTEHFBE Y -
CLETREGEHF —BEBRMBLZ MG E - B EEFERETETA MZREN
7 M 403k R o 2 RIE A BE RAEB A C ARRBIRNAE - A BB IITIERL - &
PRI R > AR B ATAEFSIL > 38 — S A 0 2R AR B KARIEA A 3208 0 AR beik g
TRRAEFSIL ©

F R FPIT R R RAETE - REANFE M I E o kA WS ¢ B
o TS Sk ) R 0 ARRH G A RER IR R FE BRI ER 0 AE - X
RS FHREG F X R BIEART BB IE « 30 s T4 B, al
T TAHT LI KRB EMSME 0 BB SZEERIBIE Y 0 AT BB E S
F— —ANEFEGILEY - LA E THTRIE N T4 sk, L EAEM -

No. 1 No. 2 No. 4 No. 5
No. 7

No. 8 No. 9

No. 10 No. 11 No. 12 No. 13 No. 14

B3 : BiuiRaeat BRI (E A AR
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— ~ HREER

A RAE L AT T%%ﬁa#%ﬁﬁ%*ﬁ%ﬁ%%ﬁ B TR
Fodk ) mE o BB AETRR R TR BEFN E R (1(118)=-2.514 > p=.013
<.05)c R THARRFOH L HTAFAOREIBRABEROBE > RERATFHE

AR ZRIH AR BRI 0 R AR IRBL(4.96) o B HAR Y IRIL(4.15)R B
BRGEAKRY) - 27 THWEE ) 78 OB IKRATRE Y > LRI BEIMLER
(1(118)=-.318 » p=.751 < .05) *» BATH B R AL T R AR H £ WA PT £
RGERKS) »

R4 HIRERETASRE TR ABIIRATIRE

BT R 18 % ¥ REE T{A P1iL
A AR 60 4.9667 1.6567
- *
BBEIO | 60 415 1.8940 >l o

(*p<.05 #5p<.01 *=5p<.001)

K5 HRERET AR TR B IRATIRE

HIAR 60 7.41 3.47
Jﬂt;"&*‘i‘; VX“ 60 721 34 _318 751

(*p<05 #5p<01 *%p<.001)
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Z HEE ﬁﬁ%n&»ﬁ“%%%%ﬁﬁr%w 3 g F B A R F(1(118)=2.622

p=.010 < .05) © B & & 4-F 4 EfF4 0 4E58 w&fvﬁh:&Fﬁa@ﬁkéﬁﬁé4<«#usak(4.9833) %
A MARME g 6 2 (4.1333)(3F L &6) émtr%é L AR RFIRERBAEMNE

R (1(118)=3.088 * p=.003 < .06) ° W & -F 3G H1F5m > 4§ 'rimwéfrﬁ ﬁ%ﬁfr%/ﬁié@%‘ﬁ%ﬁ#w
3#(8.2500) » 1A HAZ ML Fowk 48 @) H(6.3833) 0 #A T & F R BAZ P4 T Sk ey ETR 0 @
&) 0 F 38 SR ey W A BT £ R GERAKT) -

6 : BRFMMEME "R | ZELRATIRE

98 R g AR e MR 3 T3 ¥ EE T{& P1E
AR SR g 60 4.1333 1.9438

e 2.622 010%
HE T P R 60 4.9833 1.5891 6 }

(*p<05 **p<01 *%p<001)
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WAL S wk 60 6.3833 3.3753 3.088 003

4B M R wk 60 8.2500 3.2449

(#p<.05 *#p<.01 **%p<.001)

(Z) HEEEEHER SR SRRE AV B (EA Y Mz 5028

AT RS AR R T 69 T HARRE ) BRRBAZE Y T FR A% MEG | #
AR SR AN LRE THRERNEFH L GEARCARIERANAEL  ERMPEE
] S 2k 0 FE AR -

Hi =T R R P 0 — AR A X (GLM) BT R B REFRAERT » L E
3 R (main effect)y 5 » " HARZ3 , B EF(1,116) =6.749 > p=.011 < .05)¥ " F &%
wgAA %) | (F(1,116) =7.311 * p=.008 < .05)H % - g#HH Z M b oy T3 2 sk ) LA A
FREM - R WA B T R 64 5L AF R 4 88 %M (F(1,116) =2.701 » p=.103 > .05) ° b
—HRREABRAZTAFRRAECEHEEEARELEABETAZNRE IR AR 2ER
GAEAR AR ERGERIE IS (LK) > A4 AM B S AHN T4 Fhe
o R EAFEIN MBI EAI MM AR MG AL (F(1,116) =1.605 * p=.208
> .05)(RK9) » EERMT > WARZH A ERFB ARG AL RENER  EmPE
FIH U S o

x8: “HFEIBRAEBEHIMNEE (BBERH)

AR SS df MS F Sig.
s Rih|
Environment 20.008 1 20.008 6.749 .011
Strategy 21.675 1 21.675 7.311 .008
Environment* Strategy 8.008 1 8.008 2.701 .103
i GR%) 343.9 116 2.964
s 2887 120 24.058
R-F =126
(*p<.05 *#p<01 **%p<.001)
R _HFELBRAEBERYASTRHER (HEEMH)
g E R SS df MS F Sig.
40 1]
Environment 1.2 1 1.2 .109 742
Strategy 104.533 1 104.533 9.513 .003
Environment* Strategy 17.633 1 17.633 1.605 208
il GR %) 1274.6 116 10.987
e 7822 120 65.183
R-F 77=.088

(#p<.05 *#p<.01 ***p<001)



126 SNEEE8R F+HE F=

A Y

1
(—) HiESE N AEBINTRERE Bl TR EME AR

AU REREI > WARMBI A F B A H A T E AR R RIATOR
18k A2 R EHALE T SR W R B A B E RN o R ERE  HATHB AT
] e 3R AS R 09 Bh 58 BR > AR¥ERuddle et al. (1997) ¥A ZDarken¥1Sibert (1996) % A 89 #F %
ERBT O FRITAHREAT BT 0 R T AN C IR AT - 2 HAT H M E ke )
Wit BBAEDE > fHBRAL > HAZAFTHAERA X EE—BRB T RS E XL
REATEBEENSFER L T HAMRERRFOR TR LI R ARZNTE
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(1999)893% B » TRBP Rk R AFA R34 Bk M AL TR0 0E - Bk > &%
HAZFE R T AR By AT S 7 @ P50 60 T B o i SRR 4 M o B 3L AN 98 K 0 9B 48 Se 3K
KB L HAZWB LB R %k TR H SR e E R M e) % #3542 (Jansen-Osmann
2002) » A2 T HAAEREIRIZ M T SodRE X A BAF BN 0 BE BB AARAE DR
MA  MERERERATEOER LT HA THRIES  CEFTARE > THIEH
BIARMBIRFEF 0 — D REBEMTETNIREE R - R TRyt R E e £
7 .
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7 — {E FAFE .25 B 2 #¢ Bottom-up L Top-down 8 &2 7 # £ RIR3T > dysh4e B4 R vk 44
18] 2 PR 91 A Top-down 9 32 3552 H 75 R, 5 AR M R ek 48 %) & A 2 b #8 L Bottom-up 4%
£ 7 X,( Parush & Derbman 2004) ° Bottom-up & J& /4 3k & 32 5564 4w B~ A 8% ] 64 5 2k B
%% > 1212 EB R HEREWRKRE ; & Top-dowmA| & — B4k &2k 7 M85 50y
KEM  BFET ML T RmIRegERR - B 50 Top-Down R 69 38 3555 F (4t B IE R
WA R 5 0 T AL 8 FBottom-up R A9 IR BL S H H GUARIE RS e ) 0 P AT A R
BYIR Bp 0l 72 M n 3k o

(=) HiZEBNEAZ IR RARAAR) - WZeMAAEIES BFRARE
BEA T REIR > AT B HAN AR KL MA@ 09 58 T S BOR B sa 0 R FANEE
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JE %0 a7 P s k] 2 5 @ 0 R AR Su 3k AWL/SS (F HuAZ 3 Bh /4% B M Ronk ) 4 Tk
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LegRa R o
(F) MBEMERBIERERTIRIRERRTZE
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