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ABSTRACT

With the comprehensive advancement of digital transformation in education, the
integration and innovation of information technology and subject teaching have become the
current theme of education informatization, and how to use information technology to
promote the core literacy of subjects is an issue of wide concern. Spatial conception, as one of
the important components of core literacy in mathematics at the compulsory education stage,
is crucial for students to understand graphics and geometry as well as to solve practical
problems. However, the current teaching of spatial concepts in secondary schools still faces
challenges such as abstract knowledge concepts, single teaching methods, and insufficient
teacher-student interaction.

Based on this, this study focuses on utilizing in-depth information technology to
cultivate students' spatial concepts, and constructs a strategy for cultivating students' spatial
concepts based on the dynamic geometry software "NetPad", to provide theoretical support
and practical reference for the cultivation of spatial concepts in secondary schools.
Specifically, the main tasks of this study include:

(1) Investigating the current situation of teaching spatial concepts to secondary school
students. A questionnaire on students' spatial conception is compiled for the purpose of the
study, and a survey is conducted at T Middle School in Guangzhou City to gain a deeper
understanding of the level of students' spatial conception. Developing teacher interview
outlines and inviting front-line teachers to conduct interviews to investigate teachers'
integration of information technology when teaching spatial conceptualization. The results of
the survey provide a realistic basis for the construction and implementation of spatial concept
development strategies for secondary school students based on NetPad.

(2) Classifying the level of spatial concepts of middle school students and constructing
strategies for the development of students' spatial concepts. Concerning the curriculum
standards and Van Hil's theory of geometric thinking, the spatial conception of secondary
school students is divided into three levels: basic perception, figurative conversion, and

abstract understanding. Based on this categorization and students' current level of spatial
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concepts, we formulate a strategy to cultivate secondary students' spatial conception based on
NetPad. The strategy deeply integrates NetPad into the three stages of pre-course preparation,
classroom teaching, post-course consolidation, in which the classroom teaching consists of
four phases, emphasizing the combination of teacher guidance and inspiration and student
drawing and exploration.

(3) Conducting teaching experiments on the cultivation of spatial concepts among
secondary school students. Based on the constructed cultivation strategy, a nearly two-month
teaching experiment was conducted at T Middle School in Guangzhou City. The experimental
class (43 students) was taught with the above strategies, while the control class (40 students)
was taught with the traditional "blackboard+pencil and paper" method. Pre- and post-tests
were designed according to the different levels of spatial conceptualization, and the test data
showed that the spatial concepts of the students in both classes reached the basic level of
perception. Compared with the control class, the experimental class scored higher on the level
of figurative conversion and the level of abstract comprehension, reflecting that the students
in the experimental class had a better level of performance in spatial conception. The
experimental results show that the cultivation strategy based on NetPad can effectively
promote the development of students' spatial concepts. In addition, this strategy also helps to
improve teachers' information literacy and promote the full integration of information

technology in subject teaching.
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B 1 GeoGebra B £ fry A=A PR EL R IR L A X ST 2428 AR G TR AR ARAE
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BRSO IR R T 2 BRI S DUBEAT TR A, SR T BT R AR 1
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ENFARM T A E ERAMBIERS BRI &, A TR R AR A RS A G
7.

an>
(ayy
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CRapFR: EZER) , XFEAFEAN VBN A EEREIES LT R |, AENH
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TNo
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AR ZIF RS WA AR K R BRI, K 2-3 Pon. FI, MEmEioesE gt 7k
TR3EAT,  SCRFE WPS SESCRI B i B R, A 2-4 Fiows

15



PR EE A - 2 1 S

P 2-3 X 4% i i di A PowerPoint

FHETR

B AR

K 2-4 R £ AR d N WPS
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‘ i o o &, “PIEJL .
TR ER PR, BBhHEFE. BgmfE. W s RS
(N2 AR
Rt g, B
S FE 3D 1EE X HF ANSCFF X HF
] TR RILE . TR R4 ‘ TR T AL R R
WX 3 YR B IR T
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BEAT EEB Mo 900, S BRI UART 2R 46 5 AR RR B LA 2R 48 B ASEAIE 7

oA R ER R, SRR U B ARIE SR R, TR AN — AN KPR ER 2 5
— K. BT X AAJUELEKT, AR KA TR BT, U
BOHIRE T TR SRR ILE 2-2.

7/

22



o 2 & WU ERIR S

R 2-2 A Y KCEE Y %R
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BT AR AR LT B AERE /7, 2 1 (i 2t e 2 TR ) e R e, b, X R
JEIRK 0 3T AW T Ja SR R R oy s A R R KT B BE WS HNE, AT
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2.4 IREE NG

A EE G SR T T R HIA T L o/ SR A s a3 B AR AIE 2 L8 97 5K
o BEJE, L RGHTT, KIS LR U s B B2 1 IR s . 55
XFEE A 1 M2 R S HAR S S T LT (41 GeoGebra JUTEIRR ) #ETZhRE L2 R
I RS T 2% AR AE B 7 T S AR R TR T T AR 3 . B im, BREE 1AW T
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3.1 &4 R E A K IR Y ) 18 1
311 EEEN

ASHI TR G R A 7 3, X0 e PR o S 2 10 s (B s R DR B AT TR
AN, dEim B s A 2 D& AKCF Z R ek, 8 5 BOMEAT XUk, T
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PHEREA AR N S

312 AENR

TAEXT GO M T 22— E e M EEREEE, FAEKFERER
wro ARz A — B A I Igh s, R EeactE, R & oe s i 2 SR M
JECAME B R ZRAFRBE X, RIE 7 IHEX RN 2 HEEACR .

3.1.3 @& R EN— R EIT

KRGS T OA BGAR B S WE RS, % ERGE (PIhEeew RS
DUR TR TE) AR (BT Geogebra ] H 2% AL B4 23 WML BE 7R FL ) BTIBS,
[FI S5 G (CCE B RIERHE (2022 2RO ) VAR U B 4ER, X 7] 353
T GBS . LRl AR ST RN 73 b, 5 — BT REAT 2 AR B IE,
B IR I G N B REAT S o A P, MRER SE R A A DS BRI A&
¥/ 5 AESE R 3-1 P

7 3- 1 VA A 4 AE LR

EIESY FRENES HE

XA SR T LA R ) 5 5] % 1
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JUAT 1R 27 33 PR A AR 08 23 3
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R IEER
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237 3-1
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JURTAA ) =3 B 5 R T 11, 12
ARORAST A 13, 14

ARG T A R @R, Ko 8 E SR i R wi. 8HE

R LT PR

(1) KB H N NRRRE, BAEHEY] 22 S AR LA
AT 2 TS A SR B A R R o X e ] L, R G SR 2 AR AT THE T LA R
>3 eI B A 5 DA B AT AR ) RO R ) A o A RIS S A D JR A I S R
MIRER L, W R SIS U, A R E S AR e Th g, # Bh <24 B gy sh PR i
AEIRARMRN . M, T2 EEA R RN AL R B078 U B A R R 1
H AR R E R, BB AN 2 X8

(2) 3% KA B A£Gt VPG 2 AR A fa] L LT B AR . SLARIEIE I =L S
TR BLR 5 1) 5 A0 B A BAR T T R BE 77 A A6 22 AR AR A ZK LA R 4ER LI /KT
FEPZ, XL M DA v iy T BR OV S IR AT ] B IR IUEAT I 7y, RS2
Ao 00, BENS St ARATT 0 S DL 7K T X — 0 A e AT B T IR NS 1 fif
AR MRS R R IUIR, O SRR A S e SR LS 2% .

pais

3.1.4 AZ ) ERMNE & 5T

AR M T T W 29— R AT M 3 2, SRR 210 138, e ik
BN 204 47, A REICR N 97.14%.
3.1.5FERENEE. MESH

W 545 R K 77525 % Cronbach a REU(E FER LG, o i 35 8 75 4 Ui s &
SPSS 26.0 B A HEAT Hd v M, 49 B A W & Dy 0.858 . MR AE B A I8 1 A v
Cronbach. a REAE 0.7 LA BRI AR ATHSZ 1, IR GEARERERE R, WERLFKR
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£ 3-2 A B A

FEAR = i H Cronbach. a 5%

204 14 0.858

XF T ) 2 B RRE 20 M, ASAIE TR F B 5 922 KMO B KS 36: A1 Bartlett 3K/ f6: 56
KMO #6546 F -4 A AL (8] AR S 1k, HBUEVEEIZE 0-1 2 18] 75 KMO {Hi&ir ¥ 1,
T R A AR R ) R AE SR 2, ERIE Rl 20 M RO RSO AG BE O BRARL . 1T Bartlett £6:56: U
TN TR SR TR Oy AR, RNSGAIE % AR EE ot AR ELHAZ. . 24 Bartlett £5 56 ) 2 25
PEMER PAEAK T 0.05 I, W] LA DY SR A7 A8 2 25 A AH 5GP, il Bt AT I 50
Pri7 MRAEAS BEAR IG5 A, AT DI AR 1) 45 1 2 204 43 7] G BEAT R 70 dr, 452R
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