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Abstract

Attention and circadian replacement can affect the perception of time in our daily life. However,
previous studies had not been able to control the circadian replacement variable to explore its
impact on time estimation. Few people had discussed the influences of attention to time estima-
tion in virtual reality. Therefore, the virtual reality technology was used to change the indepen-
dent variable of time-lapseapse rate (day-night turnover rate) in this study to explore the impact
of the circadian alternate cues on time estimation in the immersive virtual reality environment,
and according to the final report “whether you notice the light changes” and analyze its impact on
time estimation. The results showed that the rate of day and night changes was slow (no change)
in the VR environment, there was no significant difference in the estimated time data of the sub-
jects with and without notice of light, t (54) = 2.027, p =0.087. Conversely, in the VR environment
where the rate of day-night change was fast (more obvious changes occur), there was a significant
difference between the estimated time data of subjects with and without notice of light, ¢t (54) =
2.080, p = 0.042. Therefore, there were two conclusions as flows: 1) In virtual reality, paying at-
tention to time cues also had a significant stretching effect on time estimation; 2) Individual time
interval estimation had both conscious and unconscious of information processing.
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1. 518

X IS )R IR SR AT 56 DA S LT BT WG S BORZ ORI Rl AFSIHE,  RF ) 8015 1 42 S0 00 FR 27 ) B
REB 2 —, FHELT T RIE—NZ LR 2. EH, EOo¥d, By “IE7 B S
S A O R SR AR R, 7 AR S S S S BURE A K 5 UIHE i (Roeckelein, 2008).

UL AEE, PRI DRI A, SR R e R R 58, IR IRIE R 115 28 X 1A 1)
OBE RIS PR 2R o TR SR AN AN TR o 5, AR A AR R SR AR I i, S5 IR IR AT AL ST A
LIRS, PSP A se %, S5, SR L3, SFRUKEREITSE. $T I, Block 4%(1980) % T
J& 7 — AR T EEFEM B K AT BEBETT ) S 56 RAE TR (9 T X Fp 8] (R A 8] A T A R 1% 5256
Bl 1 48 A (24 H)SINSEL, L6 T BHE R ) 32U SRR 5 — A IELE I B R i i) 4
] DL KR S WEIE , BETT T AR BT S AR5 MR N B SR BRAE SRS BRI B RS, A4
PRI BE A THP 22 AN R RO o 2T TR AT th 4518, FERTIETEYE 30, RERIAE SRS RN AR,
I EEAG THEA A RE N, TORE ST SRS AR N AT, MRRI ERAS THU R 2 2 R K. IXAUR LT
UER TV 2 AR BRI 8] 5 7 2 S

SR, DA IR 2 it T AR I I (R K 2O R o /DN SEit P i LN AR B, ADANREIRIS AT 2L
(BRI RN PR, AT I 8] S5 AR FE R SRAR R AT SRS R RAR . 48R, AR K PR At A 2 I )R ¢
KV FEAREIR BN I [HRAZIX—RE ST, DAL TN ] 3R A 5E 3L, IR AW .
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LR, BEEE BEARMPGE R, BIRISEAR (VRS T — PR MBI B
AREFRETEN IR F B, S —RA, Yo ffidos S, 0 — AN IS R R
5E, P s B 89Sk EEE 3 AT AT R A IS 25088 0L H: e (R 1 B, AT 8 81 B 1 FE R 1 8t (Wada et all.,
2016). VR HARMK NN O =Z4E 0 UL SRS 52 gt 7 nT Rk, H 7 HARRPIRES N 5 S 5%
Y. I SIS, AR (S R A, 2015), 9 A\t A RE AL S BR  rh 4 52 T S AR 0 o DA
SEHE I ZR AR FUAR L T — PR R TR, fE— 2 L) TRHEI RNERI R E, R T A
U IBEAL, Hop ez — RO B A

VERN ISR AR iz —, RISt S I A T 42 1, Aol A 06 O B o 5 AUt A0 47 1) 12
o BILSL(VR)EA, BA B KIE 7, o ik AATHARLG T ENLAE s iR =R FUA 5% (immersive virtual
environments), DL REFR IVE. 7EIXEE IVE H, HYFL SCRAEEE AR . Iradsilis, RUTFRAITH
WFR A 5 o 7 A 1) & R (Bruder & Steinicke, 2014; Schatzschneider et al., 2016). [FR, % ARLE L H
SIS TR M ECR, EE RIS S LSt 2 A ZE S, FEVE 2 AN R B SR o SR B TR
PSEH T S et 2 [ EE B, A, AFROC REE MG THELE 2 = (Brown, 1995), (HAEYTR FMEHFR
BE(IVE)H B [a) 4l v #0385 A 75 B B AL (Bruder & Steinicke, 2014).

IO LA AU, BRI R AT R, 2 AR IT I BUR CESE NS RI G ANMr Tilg 5
AR A= ek AL 2E X A% (suprachiasmatic nucleus), A8 44 P9 HAd G Py &8 « A4t B AR [F) 25 (Miyake
et al., 2000). VFEZHIFLCIESE, WA X EAZ BB L R DGR, (e sdmiin RS,
T BB U] AR PN 43 TA R BB 25 1 AR (Bumgarner et al., 2021). BB BB UAEE FIIVE R, 7T DA
WUAHITES], 190095 57 A 32 A s Fe 28 0k N B RRR A5 o 3T 30 4E A7 56 NSRS IR 058 (ORI 70 8 2N
A K RIS TS T E T 4f3E 3 B X (Pre-Supplementary Motor Area, Pre-SMA) T 2285, 1 I K fr i T]
fl 1 B /N i (Cerebellum) T 5587 . X5 TAEICAZ M6 X 3 #MW i 451 /2 (Dorsolateral Prefrontal Cortex,
DLPFC)Z M F IR FTIB I P “Hamt” 5 “Kif” KAD e (Haggard, 2005). A1 24 &A%
FFEAF TR e AT iR 7, AR 5 PRI A e 2 A C R G AC BRI DRIk, AN 708 R A A
i i z(Zakay, 1988; Block & Zakay, 1997) M [Alfti 1192, (L VSRR, #HAEFUMELRM0: O
HR) X B R A AE X A%, TSR AN TR AN A B AR B 5 2 2R 0 RO AN AR I K R T TR T (52 i, [
I AR VE & I [T B 12 (Zakay & Block, 1995), HUEAMARE I S 21 5AE5 M R SAE S LR AL E LI,
RS B b A B 2 .

2. MRAFE
21, SBER

1) BOATEBRAE B R T BT R T 22K T 7E B B0 L AN PR IR R 7 31

2) B B R A E 1 2 (1 ) S R I R A T
2.2. #ik

TR KSR A AT S, DLH B R, 3k 70 A 59080, o 13 AR sEe it i )
AR, 1 ANBE RS SR, RIRAE A 56 44 (43 N, 5 13 N), FieTuHl 18
F 22 %, M=19.554, SD =0.685. SEEuH # il & A H T, FrA B 8 IERL D IR, K

Znid VR (O ESASEG, IF BAE IR TS 78 R AR S o BEEHORAE TR LIRS . A A SR 5045
R ATEE KB SRR, SR R RS
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2.3. {UEBFRH

SEISTE IEH AT M =AML VR SEIR AT, (RS S a6 =5 A0 0 £ AH [F)7C 2 1+ S PL(DELL Ha
i AbFEZE A i7-6700; [EASAEAL 120G + 1TB HLMAEAL; #072-F 1070 GTX; 16G W A7), VR &% (3)
VEHEHE 28 Kinetic2: V¥ BN 4%k 320 x 240, 16 bit, 30 fps; it /dn 45k 640 x 480, 32 bit, 30 fps;
WUE FEBNTE Bl +—27 JE ARIRIR VIl 1.2~3.5 K) DA K T N B2 £ Xbox360 (“ 1 4 A 7 al fe gk,
WAL, USB MITCEsE), kB A HTC-VIVE k% . 7St #e it e-prime2.0 #4745 5
TEI RS S R L, USRI RE E-prime SRBEATHUE U . SR ALE ORI T, 3k
# HTC-VIVE k%, FHriE T W73 500 A 0085 50 o JECH B8 300 S8 5ch B AR A8 Bl e 1 A2 1k
SRR, Pl G FO I S IR [ A 5 S PR S [A HE Ely 300 Lk 1, BPPRs R zs & f—Fh
DI SN R 4 5 S o T S B[R]0 o 1 G 100,000, BJVE 58 B Mg b o AH S B4 i 3237 Skyrim
HHRT N\ FE SRR 4R A AT 1 1

2.4. SRR

VEAOEIE, DT, Befl DL SR RLRE R, R0 SR S T ANE BT PR A B 28 D 5 55 8 3 (Whiterun)
VERGR st SRR ZIBON AT I IR, RN 230 T LU BOR, T DICRE S 2 A Sds 8, e 200
I G s s R B (River wood) NSRSt —, SRR AZIRON oA I /ML AL A5
XA, EERITRE; GEHC A (Solitude) WS B g iz —, IR WO A BRI, DA S 1E X
T, BT I HAES DRkt 7 e kinid, B 1R,

AR gLkl

Figure 1. Top view of experimental scene
1. KEIARAFRE

2.5. SEIGHRIE

FESRIS AR — R, RS REPARIER S I AT )N, JFEEI 6 25 S I 8] B

SKI R, RWNE RIS, A P IO S IR VE R, IR R SR T R R 1 X
BT IEWIER, B b KB R T BiA gk S:, W IRER S OF B iR, AR E el R LA [F]
B, AR EBHRES SRR, HEERREAEE . RS e Al —
ANE RIS SRR, DU SR ANH E (T LA A B A L e

FEAR S50 %5, FIRFTIF e-prime F2/7 A1 skyrime Hil4E5E B VR B35t Hib gl i e-prime
TR I, T A H A AR SRR AN ZEBRE . 2 JE TR AR AR W ] i P R S AT $R A
FEAEREMBLSE 5P K “ T8I BEAT B ZR>], IFRGEERAE, fr EulE BInoalae s e 7 Sk (M BT
5l 5 MLLE, 34T 30 M AZR SRR (B A RIE R C), I F kAR ) OS5 Hh i 75 1T A I et
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P MRS SE TR A S, R AE e-prime FRIEFE T IR & O] JFREAT T — Al EikE
AL (589637 5t A7 55 I TR AR (S B ARAS,  EAN R st B R (R L AT 4 MK,
FEMRIREFEE 3 0Bk (Bl A FIE I K, & EZHAN ), &) ol S 2 B2 7R+ He
Atk JRAE e-prime b7k, SCERTEMUG, SUPHNAOIRI, JFEROR IR LA . SEIR IR &

2 R
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2 | Res (W) msw: (W meks 5 R
2] 5% 7]
_________________________________ Af_’_'_’:____________________________-
I’ - \ - \ T \ - \ - \ T \ rTTTTTS ) \\
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Figure 2. Specific process of experiment

B 2. SRR

2.6. SEREI

SKHRM 2 x 2 (RP: BACEESR x 50 0P R E gl Bt A B R AT AR
PROEER, #ik; HRAEWAAT: IR, ARE, KR ERAMRE N KA =T, HEAH
AEMBIRESE, AR N B AT R BEAT BRINIZ ], X AT

S A AR AR R A 5 SO O B S B R B AR, B IS S B RO
FONBLSEAE SR 300 Fi, BDRER —NERG MEMBLSLSR P ERA R A, BIER L,

P12 5 A S T R LB S r I TR A3 RIS TR i v, BAR SR AR 3 SORBORAE IR S 307 5t h RS sl
F1SkAl 25 R 2 A A Ui BRI O “ T 75 [ 8] AT o

PRl AR B I R Al TS R R B, SR T AR S ) AR R T B AL R B RO
FEBLSEIABE AT E 1, W ST R, s R, ol R, MAE SR,

X T SEIR R AT BEAFAE N RGN, ASSEISR A ABBA T35 V- S0 S5 A BN ;% T3 B
HIF, AR HERE, EASARAEBEIUN R 5, IFRIETELRR BRI, ERER %
e b, ASCRSRAHERRE, SCRER 3 ML EZE N VR SHIRE,; (X —iE R b, A
fERETR, A PR IR S RFFAE 20°C s 0 R MARE S RAF LU0 B %X 424 R, 2575t
MIZR I MG TR, B IRBOR AR LA B ZORARF; RIGMAZERIX 28, ASLRHRE, HH]
Bk Py BT HERR AR 2 7 R

3. SEHEER
TESBd R, S 18 NG RN IRIE, REETERSH, 1 A ERIBE AR, e
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WEFEAEAT ST T B, P AR, IR (L 56 A) PP [l TF DLEAREZ 03 1 Fis.

LIz s (R AT AV 7 58 B i i o B AR &, IRl B R AR Bl AT 2 x 2 R IR T %5
Mro SRR, TR ERN AL, F(1,55)=0.528, p=0.471. B 5 BE LM EAMAEE, F(1,55)
=0.322, p=0573. A 5EHESERNZTHEERARE, F(,55) =0.009, p=0.927. K~FZ=
L5 I TR AR AR, BB T TH AR P e v i 55 2 o

Table 1. Descriptive statistics of time estimation of different scenes and time changes
= 1. T EIHR S E TR EE TR St

S Ak SEIHL(FD) PRUEZ (F) FEARE
LB, 205.71 78.60 56
BRI 209.10 90.67 56
[l ST 209.91 91.72 56
IBEARBRH 214.46 83.38 56

BB, FRAT TR R B H ORI 1 B ok S B BRI N . DA E
Wt “RBERIEEM” AR, KGR R, ST THOAEAR T k. 48R ER,
VR BB AR (R RAEB)ZME T, BiERARE R B g i A T 5 % 5%
7, 1(54)=2.027, p=0.087. K2, VR AEHERENWERRCR AR EBL)F4 T, AR
HE RPN A T BE AR B & 25, 1(54) = 2.080, p=0.042; AiFZEAFMGTHIRK, 2
RERTRERM . AR RS R S OB T A TR G- an 58 2 B

Table 2. Descriptive statistics of time estimation of different time changes and attention situations

2. FEMEZELSEEFRREEE TR ST

EREN R SERE(FD) FRIUEZE (FP) FEA &
B 225.64 86.77 39
PEy:
AL 220.00 90.73 39
B 180.00 36.77 17
RVEE
TR 179.85 41.20 17

AT K o A Bty v (B [ 5 SRR B 1] (180 D) 2 [ @ 5 22 57, LA T BREAR T RIS . 45 RO,
AT R AR R3S = T 180 #b. DT, A B T AN TG R A B A T (R B 1] SRR [E]
(180 P2 M & EH 5, TR T, &RER, LEZAFGTHHIR RS 180 BRI A B35 %
o RZAFERA, fhiHimtas 180 #h2 7 B2, EERIEZNT5H, t(38) = -4.130, p <0.01,
AMERF RS T2 KT 180 705 fEERRLER B, 1(38) =-3.912, p <0.01 MAR [AIfh TR EK T
180 #b, B REIAGLTHINGE 2 FioR.

B BEE TN, R E R AN EER AR T, UL VR BB ES AN E TR,
TRAG TF IS TR A R AR &, AT O REAR T AR50 - 285 SR R, 7RV R 3 H e b it il B A v, 1(38) = 0.614,
p=0543, ZRAEE: EARTEIIHCRH AT, 1(16) =0.015, p=0.988, ERALE.
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4. 71ig

WEFEH, FRATRIL T BARER, EAREATRIL, BRI s, MR ST A 2
75, Van der Ham %5(2019) ¥ 7538 it FL I S0 st AR LI SE ) e PG 3¢ B4, 3 VR 55
IS A 3 3 S 2 () o s 10K R PR IR 38 A X I L R 26 R s [ R 48 255D 5 T RE A BT S s AR 45
P APt P AP R 40037 S5 P 0 AN () RO SRR I CRH IR B PRI A R AN 2 e A A R I TR ik o7 A 5
AT A — 5L

FLRBATH AR BAE AU S A B b, B B2 7E 1 EE 300 5 1 LK 0.000001 FHIB R, FFEA 2
SEAMAIRIT BEA T2 A R R . Jorp, 22 A SR 1 R DR AT A B A B R AT TR N SR ) BN T i 2
(ND)Z R, ANREMAMARFTIEE . ] RESE RN B BTN B N R B R AW e, % B AR fa e,
AW TS B TR R S B M AT AR B, AU Sy — o 3 A s 55 e Ak ) 400 i
BB 0B T, B R Al B S B R RAE AR IR R B2, B IE T A B BRI Al THs
A RE S F TSR0 0 AR AT 25 3o T a7 SR A A A B 2 2 2 AT BRE T 500 SR 06 285

25, BATEE A X AR RN RIL, YA BERE BN RERN, AR
RELEEZFDL RPN T GRS E R, HaT D AN, EREVIRE
FLIR I ot i ) i i R AR B B . VR BB RO AR A Il ik 4L A A TR 3 P b T R A
P, AT, B R BB RO AR AR A 1 A A T B T U AN 2 2 BB RO 2R AR I R . BRI TR
RGAAERREBEEN, REEE RSB EOE s sl e . SRR AT 8 LalRe ik
HER IR IIHAR, B2 R R IERE T SRR DGR AR b, RIRERAE B IR AR A 1 2 A iE
NERBRLER). KUIARYEE R W TS, MARIER R TSI S, Ry LA 2 1 kb (5
B, W BT B R, S s R S iZe 8. AHER SRR, MOBEENE
Z WRAER AE B b, AT 28 7 HARAMTAE S, IS SO0 BEAG T R E R, HSiss R —.
[, ZSRIe s R 55] 5 h A B RIS (Block et al., 1980) HISZIG 45 5 — 3. 2.7 BE & RE UM% SHh 2 7E 1
ZHER, AT TE 2RO T,  RIRTECT BRI A, TS B A P X
5 sma R 2 h 9| F STk g i e — 801 .

Hor, ¥R e g R shid R b, BATVINT 7 4 R T E i (BR ), DRk T DA s R
PR A BE A TR — AN RN AR . AR S R B AR R AR, AMARIR R R R K
TEAVE R BN (A R AR ET, AR B AS T 5 0SS AR A 2 22 . b n] DS tH— AN iR
KERIL, BEEFEEAGTHA O Tl B2 — AR E O E TR . X 58 /RIE 2% (Helmholtz) 3 H
1 “ERARHERD” MR — 8 2 AR R A A OGR B R Z E B TR SRR, SRR IR
M AR, TMSEEe 45 R B RIERILSE T, B REA TR R IR TR, i BB & LBk
BRIy, BUZEMOE I T A, Sz R E S RIRZHE SR, X5 Haggard [1HfF
FUAE RAARF, B RS0 i (] 4 i = A& §2 i (Haggard, 2005).

)5, Zakay 7 1998 (BT 7T HY, 4VER S I ) A6 RE TPINE, TR i [ f 30 Wi £ bU VT 3 )
ANOY BT, SIS R AR EOR AR A R R R T b, DR R e B AR 4R e U
WA R m T PRIt e, R T T, SSEIeat B8 UL mT LA, B, HiEE
JRAERT (A1 28 2% b AR 2 i )il F B R iR T

5. &g

1) FES TR T T AME 57 2 53
2) IR BN TR, G2 AR A SO0 T8 £ 77 A 2 35 R
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3) FEREMNBLSEIR ST o, AMA I (8 £ 7+ BEA SRR 5 SO A, A e s iz i i Bn L.
4) EREANILSEA, R AR I (] 22 A o i Rl oF B B 2 R A

6. RIRERE
6.1. JSFR

KRBT E LIRS TR, B 22O I AT R, Rt T S e P A s
m, HETANANRES, KA, DLRSEER e BEAF IR, SEIRATIAF IR 2 (A 15 52 35 (0 A

1) %M AR T B T2 B R R (A A A RE R, 1R R AR AE s s, EEATE 4
B ARES — AN ERE R (1 EE 360) AR, (Hl T RIS TR — R 2 AR AR, 20 S
ZiR, RN SLIR RN 2 MR SIS IRZE DR, (HHEERIFOAMATIFR R, il g s, [
LA AR AR

2) T NSNS 5 SRR, ARk sEIe R BRI BT 3 MR, A BBl S i T A At Al K
PR E G AT I A A T AR . REAE A R OB TR, 75 B A 45 55 AT 4 1 B 3
T 92 155 48 45 D) 3R 0 I ) 1 5 7 2B P 290

6.2. RE

1) AWHFE—ANRIUE, RIS T, AMARI Al T BEA SR 2 RS BN Tl A, Ak
EREE AL, ST R T SEE, EARRIIHT I AT AT X B 5 17 UL R BAE
| A — P IR R R

2) T RIS B e 2 DR B R T FE MBI T, TR 1 2 AT AS REX B S RO e A AR ALK
BREE, IARRET VR BORN T RATJa I 22 SO, SRR NS i AN [ T 3t ol 3 v 5 730 B8 495 I (Y e
VRN S5 AN, RAA TR 2Tk b A TR R i xS (A TR) AR 52 i 32— RO BB A 4

E&WE

WL K AR RHE 30 TR BB A7 11 %1(2022R429C056) ;i M K Zhi LA 50 A= B8 5t 4 T
H (316202002014).
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