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Abstract

Spatial cognitive ability, as the basic requirement of students’ intellectual development in educa-
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tion and teaching, has become the focus of children’s cognitive development research in recent
years. It includes four abilities: spatial perception, spatial representation, spatial imagination and
spatial thinking. Combined with Jean Piaget’s cognitive development model, this paper aims to de-
sign tests of children’s spatial cognitive ability based on virtual reality. On the basis of the original
spatial cognitive model, we constructed a framework of the virtual experiment, and wrote the test
script. The implementation steps and main ideas of each step were also discussed. It is intended to
develop a set of immersive and interactive virtual experiments, which will provide new ideas for
training and improving students’ spatial perception ability, spatial imagination and thinking abil-

ity.
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U, MRSHEEQ2005) N 7S TR BE 02 AT 25 4% B ] 1 TR (L 5 4 ) 72 SR I gt A7 000 L 2
i, WAE. RAE. S-SR SMEHERRE S, GRERMG. ASARAE. 23 A8 G a3 A L 4E )Y
FIRESTo 73 (AN RE 7 2 5 i 22 B 22 b st 1) =2 2 R 3R (Holzinger & Swineford, 1946; Priby et al., 1987),
TEHRAE AT JUAA 2 ) o B R RE i, g 35 2 AR 1 23 TR A B8 0 S B AR R 2 ) A 2 A 77 0%
AR AR, RAEHUNEE B SR AR R R AER . X T A A KD RE I OB ST 4R T A
HLE4I(1904 58). FIEASIN 1929 SETTIRWT TS MR & TR AN A JE otk Ty, JLEE A3 AL AL /e 1
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B ANsEH B RGBSR B s S BO M EIA I RE I I DR s B A . 23 A1 RAE
2% [A) AR A0 2 () JEL ) 2 AH ELOE S, T 28 T A B 0 A N BE D IRFERAF A, RIS B A — A
REFTRI R AU o 3 AR 2 A (BRI BE ST HIF 7E AT — 8RR A A8 AL A (AL RN 5 AR 6, LR S5
HAEge Sy, XA AR AU S i i g, A B F o mvrgr H g, REBMESERE . WK
EPOE A S RS WSk DR T e o2/ il TR AN S = 0] 5/ G TSNS SR EEE € U] e SR 3/ e 3 X ]
NN RE B

2. FERAFBE AN RIR

BEE R TR DA SN B FE A BB AT 78, XS T2 (A DA R0 R 77 B0 56 5 A ity SCHERR I 56 . 4t 4.0 BRI
ARG FH i E 3R (Card rotation. test) O g% M & 3 (Mental rotation test). ] JE& Fris & 1E
i & % (Minnesota paper from board test) (Goeters & Rathje, 1992; Stahlberg, 1992)FIAK S {E S gm 11 251
WHIRE B RERE ) (3L 70 DBTH).

FUHA I 23 (8] 58 7700 56 AO BB AL IS, (R &A AT, DUES AL BRI 56 AT 55 % B A R K
() S PR o NG 7R P o o 3L 9 U 560 (MR T) S H 2 AR 5K, 32 B 9 12 =5 (A R R 0 I Ak 22
5t. Vanderberg 1 Kuse &1t H 1hr#E MRT JE 38 /N2 7 R4 B = 4E T L — AN s e, 1
it s v PR 2 J ) 7O i R (P B 6 ) R b o R SR AR I8 i SR I R (AN AT B8, ikl £, 1 =225
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AR PR AN T = SR e #5284k Ja B HEIABE 71 (Vandenberg & Kuse, 1978), MRT A/D & g K S256 # 78
R AN AERT WA 1 7K T T e 0 L e 2 mhoRE T 100 8 5 2 A IR B AT o, 3 AR T 2 0 B e i
KT R BT A E R B Z 5. MRTO0-4 & H Gliick £l Fabrizii (2010)gmi N, R ILT #2809
IR IR BT, O BEHERE AR ZE 0D o B MRT Fgm il 2 8 1 HEBRAT 45 5 44 FE X st i #2 v A
RN, Titze (Titze, Heil, & Jansen, 2010)3& iz, W KIE—FERESEREEBFN T, MK
Z B O e BE SR PR 2 5, I HRBUN B MR T otk

AN RE 77 () =4S B /T A VIR CR R, UL, 2013): D*Star, SODT-R, VWM E#i
KK EME, VPT NP 8 M55 . D*Star & H4EtW VR K% T4EIF R B2 AR, & — ikt
T BRI S A A R A A R, e R B AT 55 SR 4 R MR T B g v i B B S R B T o
SODT-R & — I A Pl i 12 8] 2 A7 RE 27 I 56: AR 2 (8] [ s &S VP It Ath i 36 AT 454
P 5 200 B bR, MBS B A B H bR S IR RS KN . VWM R UK R B 562 7 s 7Kk sk
B P LA B R H ) — P B AT S R 2 BE A RIS, B IR AT 25 SR E A, IS0 HE 2 ik
(52 AL [ o VPT REF0LE i i AT 45 o — 2 1) 2 15 6 7 BN o 323 36 B SR e 1 7E — N TEAT Ay [l 2
A srrTdE, SN RROT MR R R A E . TERUAT %S, TR AR B R
RS EERIRS B A R AT Rt AR S SERORAE [ AR BRI A

RS AT BE AT DR AT 4 S TR A I RE 3D < 0 5 A5 N (2009) 1A A R 0L b 3 A 1) 22 JK
BB T NS AR B, SO T AT A AR S, A5 NI s ) R U JECR T SR
YN F A GBS R Y I8, O S T AN A AIRE /7o WA N (2014) I AAHE T
TN RIS AN RE M, 4R A AR ST B N R T e AN GEFERIREE R A A A R
K7, =4ENHER 0 B bR RS2 A SRR T 4t 2 A0 F 3 R FH SL i i 7 =
Y7 (AR P PR o FH F A (201 8) i 1 2 T B UL AT IR 2% (Rl 37 PN Rkt LU SIRER AT 9, 45 SRR,
VR AR ERAE 3 ANZIRCE AR 23 B GO A BRI R AR RN RIBCR i T 4k . ik
25N (2019)38 33 HE i8R B 1 RIS AR T LA S8 T+ o5 47 55 10 2 A RN AR B, SRniE 1 kg 4000
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Tt B—, VDR BT, JLESOREEANRA, —8)LEESL T 1R Ry a8 e
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FER— RANARE, AZE S FIAR I RR S (13 ) LE R e g T B 2 4 A AT, IR
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7% [ B8 176 H SRS R RS () B8 056 RIS A8 F RS 07 B R B A A5 ML SE 2R BT, N1
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3. JLE=EAMEEh =% ERIR A1 %t

BEA& A B A, IR IR R, BRETF I, Bk 2 1 A OE TR AL 1 AR
BT R A A HIRE T3 A /NFR I ST E RS, BRATTAT LA i — &R 5 1 2 R K1 2538 n L3
A RN R ZR G, E Ik P d i R ASORT R Bl S ) g 1, AT B 3R 4 v ) LB R s (R RN RE T o Ui
AT BRI, VR JERAMN T CABOR % 7 (248, JEmT DR LB S AR R Fy, @S (a BgE, &
FF RS TR,

BT R AL S )L 2 % (] e 3 B ARG B & S0 A A o TR0 15 % 2 B S0 = e A
IR R B T E L, VR W& (BIER 48 Kinetic2: VRFEIKN 53k 320 x 240, 16 bit, 30 fps; ZA/K
4%k 640 x 480, 32 bit, 30 fps; AL 5 5 276 Fil£27 F5 5 4% BR FE I il 1.2~3.5 2K) BA K FF# A\ 13 % Xbox360
(“+7 FIERUTRPRE, AL, USB MILLER), Kl HTC-VIVE k4.

TS0 A I EALAE A AA R R 77 4% 2 3% IR AU B0 A et ot e e ik

3.1. JLEZERARRE NGRS

3.1.1. ZEMREED

B AATTRE 43 1) A B RN, TR, i, 5 AL FRIERRTRE o, FREE rh WA S [ 6 s R A AR Ak
)L B T I W S A s 5 06 T ) A T JRCRT O TR, 3 LT T U o A A P 1 N 7T 3267 5 55 (Razzak et
al., 2018).

3.1.2. FERIERED

FRIRIERE SR — NG S ERE. BT BRI RN E, TEREHAT RS, 7R 20
B HE F IEfRIA k. X2 [E ) EHZAT 55 (Muffato, Meneghetti, & De Beni, 2019) 7] P H#E-OBERAE, 4140
MACAZ AL ] o X LB SR, 75225 S WAL A5 o 2 S 90 P O B AR IR 18 5 IR ok

3.1.3. ZEFERFBLRES
2 [A) FE N ZERE 70 A LE A 1] AR BERAE A4 AT S B Bl BRI R ZE 12 52 rh Q1136 H X — il
WRRIALE, TRIR, KNG, X2 LB B A n AL RE T, A B T @ 3B A R 2 2

3.2. EMEREREMARE S5HTL R

TEFR AP R UEZS [AIA RN BE ) 25 B A B it b, 02 TRIDA 0 R 77 DR 35 A A B SO B8 i . AN [
B B 12 TR A N RE D R R R A, 5 R T AR DA R A Je B ARG I 1) 25 () B e /g, 25 (R AERE /T, 2% 1)
MREeS], TEELERE5, ARWUFFILE T LERA 2O PR 5, "B RIAMES, W5
TSR A, AR, ARSI E . RS ER R RSN E. TP
AEVCTHCTF ) AR 26) 55 . RIS AR BT AR 1.

33752 5 ARV FL, 7E The Elder Scrolls V: Skyrim H L EH M5, kT SF RS HIM
AFE MBS 5, DLAALEF T4, T8 B% B AT SRR IE, AR I T =AM EUE AL 5, GFE Ik
1), AREBEHEWE 2), FEWEAE 3),

3.3. SEWIARBIE

3.3.1. {RBHIE

JefE 3ds max PAF 2 S E g s TR EINN IR, S BT (LIE 4), RER(LIE 5), NG
BOLE 6), BRELE 7), BEEMERELE 8)JRJETE 3ds max FAFIIAHR AL E 2224 niftool i, KA
SN nif A& A SO, LR A
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Table 1. Conceptual design of the experiment
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Figure 1. Solitude
B 1. JRIE

Figure 2. Riverwood
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Figure 3. Whiterun
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Figure 4. Street lamp
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Figure 5. Balloons
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Figure 6. Portrait sculpture
6. NgREZE

Figure 7. Letter box
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Figure 8. Spinning Star
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Figure 9. Solitude
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Figure 10. Riverwood
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MH1(2002)IN K 7~8 % JLE O4 B & O IR A8 71 It A B R I K Ak 4 BT R B . (58 I AL
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