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WEHE

XFE #HFF FhE

(BRPGIMTE R AT 240 0% 710119)
W E AR SR A R AL O A . SAEGUA ISR, B A GRS 35 A
TN (R AL T TS AR B THZRE T, Re ) SO 2 (] RE AN I SR B SAIE 17 3 75 1 < 2R
FA MM TRAT R 5 A E T R SHIEUEYE SCRE . AT B TESR I LSS (Virtual Reality,
VR BB IAFIRUE S5 I 2, SHEZS (6] e J7 2 205 [R5 A% e 0 (R a3k 5K R 22 m] BB AL )
fifiik 120 AR MAAE S KEAE, BN N VR BE1-AMBUES 4. VR 325141, VR LA
UL, BE4T 8 AT R A A EACAT -5 T R I, A ThRETEIT ZLAM
4% A (Functional Near-Infrared Spectroscopy, fNIRS) iti3%F-TH Al J& B A5 - T i o 28 30
AN, T BENLARMALES T SRR R 2 A0 X o PR AE . 4553 BH, VR 183)-1A
ST 5% ALAE 2% (B LS A AT R AN 2 R0 35 200 T A2 ), R I h Zc AR X
(Left Frontopolar Area, L-FPA) FIAi{#]4iz5) % = (Right Primary Motor Cortex, R-M1)
MBOE KT B 3 BAIS, 3R FOA RN DM 2R B Ak . HLAR 5 SRR — B B0HE, WUE
S AR TG S S X R AL = B T 4y, Hok R-MID 5 L-FPA [R13E3h 28 4b iy e L 51
IRFIE. VR IE3N-I\EIXUE S5 I R T idad P R i At 532 3 J 2 & Ree, B4R
THIEZE IR e 0 s A AL e 70, BT N “ SRS Bg Rt 7 2 BESIEYE, JF
NFETMEFR VRS T FTE R BE T 7 AL
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G

2SI AE 7 (Spatial Visualization Ability, SVA) J& 25 [HRARIIZ DAL 5, 18
ANARTE L B THT X 28 ()45 B AT RAE « BT B A BRI 2, 3 R
RGeS . P78 S (R L gk T O AR R (Mcgee, 1979) o S E FAS gm0 1) =5 (0] RAEAS
[, 23 A5 AL BE T BRI 2 )R R R h iR 501k, AR Db ] B e S SUMAERE &
IS 7 1) R TR O BB RRAR R SE IS I R (Tiwari et al., 2024) o ZRM0, 7EI
SAE PR NE Ey iR, BITERE AR IR 2 B kAR T )L DU B R LB
B, X IE R A A A e TS 1 — AN AU L (Ishikawa & Zhou, 20200 . FiiE N L%
& LA e 5 A B 4% AR AR RBR A 2, AN L SRR H SR 5, FIRETE — e R b
F 55 3 F 2 2 A0 A 5 77 ) FIWT K F AR % (Dahmani & Bohbot, 20200 . Btk 4k, 3
ARAETE 75 A IR A7 E (A AAT AP AME S B, 3k — 25 IR 7 25 IS RE T 0 1 R 4
Wbles, AT BUR A B 587038 Lol 20 B TR (Weeks, 2015) o X B AFFAEHAT S
AR50, AEAEREMENE 2 TIRCIZRIE, FELBBCR SR T (B, R0,
2006) o [FJHST, AATT3E B P AT R A2 B8 0SS M LAHERA [ AZ 3t b 5 P A B v bR
EHGALE, AR GERE (P98, 2023) o MIRSEIARNIFE K LRI ZRm) f FE
Ko RGHIEIFRTHR A A BE /)38 B WAL SEAL e 71, AMURA BB &, 1
HOOHUE 928 LR AR T B A B AR 1 s 3 3

WA R 5250 BAERE T CAUESE, SRS 5N A g0 T2 A AL se A &
RO AR . 3 SHRTEENIN &, ARISsh, Wy, BRIGE S, nlimid e K h oh bk
RS B, BRI A A4S B AL FERE (Erickson et al, 2011) . i1, fEERIZZ)
B, RS &, AR TR AR BE /3R T (Pietsch & Jansen, 2018)
T Bk 7K )2 3 5 B AR AE 25 b RS A S S R A S (R A2 R ) B 48, 2021 o #k
RN &, MO PR A DL B s I HEER S5 AT 55, Rl B B i Aot 25 1) 56 R AT
OIERIEFRIERIGE ) (RIFETT 45, 2024; BT 45, 2024) o WisERzshiR I gaad
HP-SE UL, 2 M R E AR UIZR, A BRI 255138 2 18] TAR IS 50 B e 1
RIL (FRFE 5, 2023 GWE 45, 2022) o SR, CHET 2 ECT 0T M TR S RES) 5
AN IR B S, KRR /1288 —FAER RSN “igah-INa” #8E EriEE 77,
AT PR A1) 1 X6 25 (B AR B A BE ) ISR T 28R - A W 73R W, 6 A R Bl £ 2 S kA7 s 3

JEREAT NI ZR I & TR e, JLRCR 20T 5 — )25 (Fabre et al., 2002) , $&71 “i8

an)
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E-NEN” IO RS AT REAEAE DRI A o AR, XA S S B I e B AT A UL DL L S R
1 B A2 2y 5NN L [R5 HEAT B BT 7 AR TR ST A8 L 5 R P B G RFAE

B B SR WTIRA R, AR SRR« SRR B A . = A&
A TEN NG 77 AT B A R (IR 55, 2023) o« AIX—HRIRINAIERE, 23)
AR )25 BEAT 1978 BRI, el T8 v FE I LSt 5 op 3 IR0 R D A Y I 85, e
H 2 #EMH (Waddington & Heisz, 2023) . LLERIZENIH A, XBUE3)ERS H5HE
SR i, [P e BOh R AR S S ek (NG, 2011) , SEBL T IEE)
PAT 52 ENEII A MR £ o SEERIER, 34T 7€ RIS BN I 2R B AT RER TH 25 ST AR S st by oL
AT DA R I £ 10 B R HERA P RN (XIFH, 20200 o IXFPIA] 2D TS5 A BRI 77 20, W] DA 32t
ZIREEBRERE, v DS B TAECIZ S8, I Rt S iaiE sh Al mHkik i
P EIRLRE, SR Y 45 I D R e 5 AR (BRET 55, 2024) o A1, RE “iE3)-
WA BEE YN ZRAE ST RDE B0 55 SE S Gl AT T — 5 MR, (R BE7E 5 R0 [ N kAT 4
PRSI, RTH e A T R .

FE TV I SR 14 B REX — AR AL T OB (0 VR 2 SCRF o VR AV B 1 e 2 1
HIUOR IS, IE R TRt T 42 180 % P & (Islam et al., 2026; XIFH 4§, 2025).
ME GBI M EERE, VR MRHBE T HBE 2 REBE S GARELE, BN
R ETE IR < Bk fhrh, AIMSRAL T S AR R S MM (B %5, 20
23) o BREEZAN, VR HARME NN VIR EE T B, CR/E T 23RS iz
FUHAE. BN, Beanato 25N\ (2024) MM FERE, I8 IH FE ) 25 R] DA J60 G SR i X 1 i sk 38
5 VR SMUNGHMSE S, A ZO8 82 HCAZ O & 15 S . TEIRIREE 22408, VR AN
ACATAE 9 U TR 1 SR B N ek, FOR U A B 2 AT 23 (g2 5 A
KRR NGHIHE T & (Solares et al., 2025; Serino et al., 2017) . Uh4b, fEEFBITEE
Ll AT, VR OB EA R AIAE HIEREE, IRZISCE T AR A A e ROBERR
MR AN S P 772, T R G B T = 4 4t 5 s PR RE /) (Jarrin et al, 2024) o iX
SEEPE LRI R, VR @ SR AL ATRE A IR UTIR AR, 1EAE RO IR 5T
It A IS FH 38 Ml B 23 TR R R SR A

INIRS BEARMI AW K e, A H A TEE RIS T IO00 . S W oK A Bz J2 1 46 ) 7 2
ACHINRFR S, AR FIRNRIL “183)- 07 FA IR ML SR T SR 5L
ARIHFE SHAEA RSS2, A7 LA RO B2 AR LE AT B 14035 3 A5 A 04T
S5-I ORI BT I s S (i A%, 2014) , EHT VR BB SR F PR T
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TR T R BARR KRS R B A B, 2 18] 7 B A A (Qiu et
al., 2019) , {HAWFFAE LI Bt SEAR L P O ) H IR LR K, JIREFBRILAN
SREUH S0 5 S s, DA BRARRE I ZR AR AR 2 WL . (ERP LI 2T, A& i 21
ARSI A2 B8 AR e e S IX B T TR O MR (BOCE 4%, 2012)
i, PR B R B AT 45 b, LGS KT SR AT 4 X BE R I T (W5 05 4%,
2025) o TR (AME EAC B OCHEAR AL, A TTRA N . AR 2 B S BN,
R AR, IR0 5FARTOSRAZ RS O848k % , 200
8) o FEVS R B RFEF) 5 I B I OUE S5 A8z, A AR - T o0 2% £ Th e RS 45 5 P2 Rk 8
A RT3 1AE 55 52 I L B (Morioka et al., 2008; Fishburn et al., 2014) .

BT IR, AR EERSE R SIS, HEMR T 2355 VR E5)- A HXUE
FINGRET, BAERGH LN XS R §E 7138 25 AL S AL BE 70 I S R8s, R D
NIRS AR S HAH 5 IR 22 PSRN o AR 50 3 R R DU N B A R (1) VR
IBEN-ANFIUTE S NGRS Rt TR S R B ) # I = AL LR 712 (2) HE—igzhil
SRR — AU L, 18- Hl gt BRI F A S a5 2 (3) B AU T 70
AT LR A R (¥ T AL 27 S B AR S B I 22 S, (345 T T AR s bk v
H P KRR 2L X 73 ke 2 ORI AR bR S AT 47
2 ik
2.1 #ik

KH G*powerd.l BAFHATRIFEARMES (Bruce et al., 2020) , WE EFH MK
a = 0.05, FEitUR (1-8) = 0.80 , FHIEEUHEHNE [ = 035 . EHEESE, #Hi
P bR ER 94 N, BALEAD 24 4. NHHERLETT A8 H DU AU % I 00 (53 R 4 it
TR, AR IR FER—. KZ¥ERBE MAE S H1F&EK (Santa Barbara Sense
Of Direction Scale, SBSOD) , Lt 120 #A{R=MAEIH (B 60 4, Ltk 60
%) . TS 5EWEEN T EIAERA: VR BI-AMMTS4. VR iE@3h4l. VR
IWHIHL S A, FHE 30 Ao BOkgIAFriE: 1) Sk ETES (Body Mass Index,
BMD 4T IEHER (18.5 ~ 23.9 kg/m?) 5 2) MG FAS MG SE: 3) MBS EM
HIEH: 4 TEiash B b IREJj: 5) BEH “REavidh” S5 M7 3 % 8dE %
S 6) 3D BEEIER L D ARTF: 8) MBI HAEA R E, HARSINE R
S BOAHERRARE: D BEAAE . Rl BRSSO S 2) REL. IFL B IhRE
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AEHERGVEG; 3) HT D) REREAG B Z S AT MR A . FESKIRTTIRTT, TE S
5HEWZFBREREA, JFAREE LIS AT BN R G a2, RN fRfFH
JEA HO A B ST, DL G A I SRt fh 28 5 AT 8 R AR IR 2 8L . A 7275 SR EL 3R 15

B PRI R AR TR 25 B e f ke (FvESC S . 202410006)
F1 WiREAEE

iRl VR E3)-I\FI4 VRizZzh 4 VRIAHIA piGE! F (3, 116) p

TR (JO 4 15/15 15/15 15/15 15/15 — —
F 19.97+0.81 20.10+0.76 19.87+0.77 19.97+0.61 0.50 0.69
BMI (kg/m?) 21.65+1.66 21.61£1.71 20.97+1.81 20.84+0.64 2.31 0.08
#2002 /BPM 68.27+5.90 68.13+4.81 69.40+6.30 69.53+8.31 0.02 0.99

22 WM 5R%E

22.1 ZFiEgENBIFER

KBNS (2021 BT SBSOD mRIATIHE. ZERILEHE 15 MH,
KH 7 REaE, N1 RETBEAFZEE <77 REZTEFE, HPE 1030 4.5, 7,
9. 14 BUNIERITHSY, 8 2. 64 8. 10, 11, 12, 13, 15 @UAKREGY. EOR, BFA
FEAME T EEE, CPIAMMET 3 A NHE AR R # . EEREARHA
FEAH [ Cronbach's o RECN 0.88, 5H RIT.

222 VR BHFRALAELHES

NT BN REHERGIG Iz - RSB IRt S A SE AL B 0 B AR RO R LR, A
WFFE3ET Unity 518 H R T —ELHE VR RS, ZRG0E T =MHARIRK
SIS, AR VR BEI-ARIRAUTES R, VR BAiigshig bl VR BaAblmgR,
IR 08 O T TR 2 SSAT R A% ], I HLEAT X b d .

Rt VRS AP S BRI, BEER. EH. SN AR,
ST 32 KNG, FMigRg 16 %), BAKER 8 NEMAIHRA 3D MSbsif
VENZ A UL S8R . SIS RIEE) 5 B S R RS, RGEUH5I Natural
Locomotion fEALJ7 %, ML XML E Tracker &L 32 R MBS0 AR . 185
JRRATA, SRR RS IR ST 11 AR . IR OC RAESEI AT 4 t F AR E 5 )
BIAEP I B, BRI ) S AR SEBRENE T 22— 80, A RIS S S 5 ARSI,

=RYsES R O VR BTS2l E /LG RN E S50 A
FRURIER AR, 5 D IR ) R A A R BN & H AR S SERAT R @ VR B3R &
5B TE R S P B ), W FEEA ML @ VR Wy E5NAERE
H-\NEY e, A ERINEE FREESR, ARG ERED).
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ERGI RIS, #iF 6 ZRRINE €Mz NIREs i 25 205K 5 EH
Wi, BB RNGFAR . 5585 58 RS, RGFEARS S5 WG B 3% i
P I FRACET R AR LT R R AT RN, NS SR MR B ke
2.3 LRIt

KRR 4 (45): VR B-AFAUES AL, VR Z3h4l. VR AEI4L. w4
<2 (IIE): FHAT. FHE) KW ERRG LRkt HNERAFE: SBSOD &£, O
H g 4 4E 55 SN (Mental Rotation Task Reaction Time, MRT-RT) . IEffiZ (Mental Rotation
Task Accuracy, MRT-ACC) , AKX AT 5 T % %8R [X (Region Of Interest, ROI) Ffifi
BIE KT
2.4 LWIERF
2.4.1 BEIXRE

IR EEAFEL I B AT, TR B YA 4

(D ZRoIBrBr: FE R VR WA IERIETNE, RG1R SR T S0 55T,
B ORI B I B AR B G — bt

(2) B ARSI E 2 5, E AR IR RIS E S R . B,
HEMABEAGEE, FMEBOETR, 8 15 oM I0FER RO, 85, Nl
fNIRS B, TFaH 7 [R5 AL B 77 A Z KPR

(3) BT FTHFE: 8 A, |ETH 3 K, FK 60 7k, A& HE DL R
3. VR IE8-INHIRES Y VR S8BT T 2 ooz 2l 5 B 242 il 78 o A5 5 BE (64%
~76%HRmax) (Sun etal., 2026) , 27 F 0 Z R SLH 0%, FEdiEE R
TAROEH DLAERR H AR SRV . VR INEEE AT S RIZ3), i T4 56 o [F 6 S AT A
55 o X HRELLE T T 18] A BEAT AT Ao 2 2R M4 5 4

(4) Jal: FEATIE G, Frpkil oW E 280 ATl B0 R KPR, 3T
OIERARSS SE I, W58 1 1 B R T o
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VRIZA-AKIESE VREIZIS
(n=30)

B, 3/F, 6053/ik
SPEFEEIRE

! VR VRIEESIIS

SBSODEHR ! {n=30)

RO

8/, 3%/, 60%3/iR
PEIERRRE

VRiARIER VRIS 8. /A, 608/R
{n=30) B ToEAREE
@ EE/LEE/BPM
= bui| ERFS, £F T RS S
BMI (kg/m2) P T R
|
...... i

i - A s $k& 305 A
! g s WA ST ek g
poarTTTTTTTTTS I 5
! i BTN | | e | - + e
i : ltni‘ehiﬂh\zﬁ'zh_i | i falon -

2.42 ZEIMTELRE IR

KH E-prime 3.0 45 MHNRFEF . AR5 HIWCR H 2 3002 ) 40 52 4 B 70 1 A 9 =X —
O FBE AT S5 34T MIAE (Vandenberg et al., 1978; #Ipkds %5, 2013) . 1EXIFUHMRRT,
BARXPIRER R 3 208, RA INIRS 20 REHH BB MR SIE ML . E£5IFIGR, i
FEGRILA “+7 FRMA 1B, BEEI—TKAEERN 6 B, BAAEE—ERMN
AEFEEE S BEA R — AT, MR 0° + 60° . 120° . 180° . 240° . 300° .
IXNANEHE i L S AR IR BEAL A BT S BLH K, I H2ext RIRIR P AT P AT AL 21 . 075 A
WrTIREE NI E, FEi P %TaE, 1= £F, 2= HFE, 3=KTF, 4=H4TF,
BEAT RN FEGRAB B BN RIRGE R G 2a et MRT-RT Ml MRT-ACC H f5t,
TEARIR AT R . AR 6 N, f 8 MR R — i, it 48 4
Wik. ABakE 30 B, LPURFRENL. S8R KL8 15 4. et ite 0
IRFEAES5 ) MRT-RT A MRT-ACC $&45, JFAE 56 i BLE AT 55 I F A 21 A 5 5% il X 3
A .
2.5 IWUFRERIERE

fNIRS i KA W& R BEMEE AU LA D RE R 24 (LIGHTNIRS) ,
ARGEA=FPEEK (780 nm. 805 nm. 830 nm) [MIILLIAME, KAEHA 13.33 Hz, Ytk

This version posted 2026-04-29.
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A JRR A 2x8 BIHRSKBES] (8 ANRSHEMAT 8 MEUOEH) , SN 3.0em, HLiE
B 20 ANINEEIE, SRA] FASTRAK =4 E A AHIE &GN B, JFilid NIRS_SPM #
PEHEAT 2 IO HE, 4G S B LR U & MNT FRoE2S (], FRARYE A 2 42 /3 X (Brodm
ann) G FUEHFTBMIX . 5T VR “IE3-IWE7 SUES N0, AR
WIS HHAT . BRSSOt M TS, JEEr 3 e T R A R
8 MMERIX (ROD , WIFFIR.

R2 B RBINX 5 H X M A INIRST 21818

R X 3 POPVAGIRIES
JEAM AR [X
(Left Frontopolar Area, L-FPA) ch2. ch3. ch6. ch7
IR [X
(Right Frontopolar Area, R-FPA) chl. ch2. chd. chS
e ANHEZ X
(Left Orbitofrontal Cortex, L-OFC) ch9> ch10;
A HE X ch8. cho
(Right Orbitofrontal Cortex, R-OFC) ’
FEMAR IR & B2
(Left Somatosensory Association Cortex, L-SAC) ch16. chl9. ch20
AR IR R
(Right Somatosensory Association Cortex, R-SAC) ch13. ch18. chl9
FEMRI iz 5 5 =
(Left Primary Motor Cortex, L-M1) chi2. chl3. chl7
F I E R

) ) chll. chl2. chl4
(Right Primary Motor Cortex, R-M1)

o‘.

Ll’l'

& 2 INIRS BBHBRIFEMXER
e A EOHTE, A7 BT
VR ##: HTC VIVE PRO VR k8% —8, (IrHi% 2880x1600 F%R. Mk
R 1200, RIBTEN 90Hz) , Fish 2 ANENAS 2 A Tracker ENLIEER S o

OB : FH DOMOR 153 FH Wl seif 0,

This version posted 2026-04-29.
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2.6 BURALES 1R

NIRS %#i: JEUHEHE AL 543 M 5T Matlab (R2013b) “F&5E. B 7k sk
SEAGE OO (OD) e, AAE IS B IR L/R- B e @ SRS AL E 1 (HbO)
A AL H (HbR) AR IR AL . FAL A E LU LA JTH: (1) B3R
TEANER, RN B R T LLSEEL Cdba/ N, 5 200k, BB BCR ) E &R )
(Perpetuini et al., 2021) . (2) JEPALTE: SEdHAT mod IR A LR A LIRS, bR E
4 0.01 Hz (Kim et al., 2022) , FFEATIRIE Jg 3 A s PR B 75, BOEATRBCE Y 0.2
Hz; (3) WRJEMENSRET, Sl OD i i Bis IE iR bR -BAMA & 56 . HbO
55 HbR AHXSIKR A T () 8 . TSR R R T 10-5 RGeS B R
fAI A DB I MNT 2] AL bR &R [ HRoE A73 ARl 2« AR HEJS 1Y) HbO/HbR IR ¥idfs
B — MRV (GLMD o BAT45 26 PRI I 18] S 250 A v LR 30 77 2 6 B R 40 (HRF)D
HEATHR, A R RE, FFRH 0.02 Hz F 388 98 ST B R vh () (IR AR R o i,
BB FIEEEAES KT B E, A% ROI WFTAEE B EMEARTEME, IHE
AZIG X I BOEFE AR . B K SPSS 27.0 X Py fe i iE s g AT IR R E R =
GrHT.

ITNFHEE: 1 Jex AN TRAT S K SBSOD &£ 134 MRT-ACC. MRT-RT #
TIESH KK, S-W MR RER, p>0.05 RAIESM . REHTHEEEENE
iR CHRIXEFRD , ¥ K 2 B, 352k Benjamini-Hochberg #2373 1T45 1% K
MEKRIE, RIEFLL p<0.05 NZEFEAGS5E X (Benjamini & Hochberg, 1995)

WLES 2 2350t T R A e A8 2 0 J T 2 00 S [ F0U 7 AR R B Ry R8SE 1 AT B4
AHF TR MLAS 2 S VR AT f B0 MT . 76 Python 3.9.13 FREE T &84T & BENLARM LI 102>
KBTI ESTE . 05 16 MFESE: 8 IR XL LB 1T WUAT £cdls, DA SX ek
DBOE AREH)T AT S 2l (ME=TFJE-TTED « =270 BESB T k.
XHAS VR INE4. XTHAE VR @34, XA S VR 1E3)-INFIXUE S A i o
BT B — RS XIS ) S A AR B e A9 LATEAL, B S B AL R A b AR S R T 145 2
R AR AR . AUC (8. FEHIREE . AR LKL F1 08055 200 btk
T AR AT & B2 AW bR S R0 AR 18 i ek 2 S HE 7 52 B
3 4
3.1 ITRER
3.1.1 SBSOD &£/
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X} SBSOD 3447 4 (5D x2 (W) BEEFWESZ/5H, SREx (WE 3) .
6] = RN BB [F 1, 116y =268.05, p<0.001, n,2 =0.70], 25 ERN R E[F 5, 116 =90.26,
p<0.001, ny?=0.70], —FHAZ HEMNIEE[F 3, 116 =126.08, p<0.001, ny> =0.77]. &N
SITRI, ATIIES, HA TN EEF 6, 16 =0.61, p=0.607, np>=0.02]. JEllES, ZH5)
TR ZE [F 5,116,=158.52, p<0.001, np2 =0.80], VR @B-INHIXUES LS &= T VR
BE (p<0.001) « VR A4l (p<0.001) 5504 (p <0.001) ; VR Eshdlf55 8
EE T4 (p=0.002) . VR INHASGSBE T (p<0.001) , VR 83145
VR WHIHFFARFIE B %2R . VR 188 INEBUE 2, 18] E RS 25 [F o, s =612.40,
p<0.001, np? =0.84], VR izzh4l, WFEIFEMPIEZE[F o, 1 =19.15, p<0.001, n,*=0.14],
VR NENAL, WA 80N 8 [F o e, =14.70, p<0.001, 1,2 =0.11], =MHTFFij5 SBSOD
SOy TR, X BRI R 2 NN B ZE [F o) 116, =0.04, p=0.832, 2 =0.01], T
TR 5 I AR R 2 2

5.5 7
- * % %k
4.5
4.0
® 35
=
33.0 1
2.0 1
1 | * k ok
1.5 - |
T .‘\5\) _&\ .& %\3 T .%\3 T oy
2 .&e\ .@a\ o .&? PAUP o
)55@"3% \‘W’é\ \‘9)5& {X"-’ 39.‘3% '&? V)E& %@é@@?
o \1?3/

3 FFifE SBSOD BHER
VE: ns FREEFEER (p>005) , **p<0.01, ***p<0.01, FF[.

3.1.2 WWIBTERE (RS IEE

MRT-ACC FZESEERER (LK 4) « BRI FERN R ZF o, ne = 53.93, p<0.001,
N2 = 0.32], AR TR R EF 5 116 = 16.75, p<0.001, 12 =0.30], & BN ZFH[F .
3 116 = 1441, p<0.001, ny?=0.27]. RN, FHES, 2HnlERNAREF
116, = 0.51, p=0.679, Mp> =0.011. JEMIES, ZHAFPEFEF 3, 16 = 31.10, p <0.001, np
=0.45], VR IBZN-\NAXUESHIEFHFEE ST VR B34 (p <0.001) . VR WHIH (p
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<0.001) 55X (p <0.001) . VR B IEMEFEE R TXRA (p =0.007) . VR ik

MAIEHEREZET T4 (p<0.001) , VR B3h45 VR IVMAEMBLEEER.
VR 1E8)-INHUESS 2, B[] SR 2 [F o, e, = 73.48, p<0.001, ny?>=0.39], VR i&
B, WA FERN R E[F o, 16 = 12.66, p=0.001, 1,2 =0.10], VR AEn4L, B a5 5
F[F 1, 16 =10.55, p=0.002, np2 =0.08], = ANHTHG EMFLEE T T, SR
i 1] RN AR ZE[F o1, 16, = 0.48, p =0.492, n,2 =0.01], TTlRTEIHARINH BEZER

* % %
787 * Kk o* l * * %
76- IEEES
74- :
4 4 * *
72+
-~ 70_ - o °:
O\Q ) L @ .0 z
=~ 68 ; . : " X
R L
1 . L 5
4T B Ly e i
64 3 s ] ns
62- ] -
] | * * * ‘
60__ * * * % *
58 | ns |
SN D _of® o® o -@
#55 o o 05 75 o (e
25 @@ S e
ﬂ?:éa\ q?iéa\

& 4 FAI/F MRT-ACC £&

3.1.3 1[LIBHERRE S R R A

MRT-RT HZESHEERER (LK 5) @ BEERNEZF o, 16 = 57.86, p<0.001,
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S DA SR YT R 5 RS TR 32 (RN AT 55 o BT V2 A0 I DX S8 AR AR I 0 B A o 2 A8
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MNRESE I X R D REAR A EAT IR N RE AR B SR ) H AR X, 7 i N v 3l v
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The Impact of Virtual Reality Motor—Cognitive Dual-Task Training on
Individuals with Poor Spatial Visualization Ability: Evidence from

Behavioral and fNIRS Studies
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Abstract

Spatial visualization is a core component of spatial cognition. Compared with traditional
cognitive training, novel interventions that integrate physical activity with cognitive processing
offer new directions for enhancing special visualization, particularly for individuals with poor
spatial ability. However, there is currently a lack of behavioral and neural evidence empirically
assessing the effectiveness of these interventions.

The aim of this study was to investigate the facilitative effects and neuroplasticity
mechanisms of virtual reality (VR)-based motor—cognitive dual-task training on the spatial
visualization ability of individuals with poor spatial ability. A two-factor mixed experimental
design was adopted with four groups (VR motor-cognitive dual-task, VR motor, VR cognitive,
control) and two time points (pre- and post-intervention). Using the Santa Barbara Sense of
Direction Scale (SBSOD), 120 college students with poor spatial ability (SBSOD < 3) were
screened and randomly assigned to one of the four groups (n = 30 each). All intervention groups
underwent an 8-week training program. Spatial visualization ability was measured using a mental
rotation task, while functional near-infrared spectroscopy (fNIRS) was used to record changes in
prefrontal—parietal network activation before and after the intervention. A random forest machine
learning model was then applied to identify the discriminative features of the neural patterns.

The key findings were as follows: (1) At the behavioral level, the VR dual-task group
significantly outperformed the other three groups on post-test measurements of spatial
visualization. No significant difference was observed between the two single-task training groups,
but both performed significantly better than the control group. (2) At the neural level, the VR
dual-task group exhibited the highest neural efficiency, with significantly lower activation levels
in the left frontopolar area (L-FPA) and right primary motor cortex (R-M1) after the intervention
compared with the other three groups. Those in the dual-task group also showed the greatest

reduction in activation from pre— to post-test. In contrast, although the right frontopolar area

showed significantly lower activation in all three intervention groups relative to the control group,



no significant differences were observed among the three intervention groups. (3) The machine
learning model further validated that the neural activity patterns of the VR motor—cognitive
dual-task group were highly separable from those of the control group. Changes in R-M1 and
L-FPA activity were the most discriminative features.

In conclusion, VR-based motor—cognitive dual-task training can significantly improve spatial
visualization ability in individuals with poor spatial ability by synergistically optimizing neural
efficiency in the prefrontal and motor cortices. This study provides multimodal evidence for the
“body—cognition integration” theory and establishes a methodological foundation for precision
intervention paradigms based on neural markers.

Keywords virtual reality, motor—cognitive dual-task training, poor spatial ability, spatial

visualization, fNIRS, machine learning



