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The Effect of Three-Dimensional Lunar Phase Tools on Students' Modeling Competence
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Abstract:  Modeling competence is a vital component of students' scientific reasoning, and the cultivation of a modeling
mindset has become increasingly essential. However, existing science curricula exhibit significant limitations in fostering
these abilities, making it difficult for students to master modeling skills, develop a modeling mindset, or apply models to
solve complex problems. To address these issues, this study developed a 3D-printed lunar phase tool grounded in
Experiential Learning Theory. Utilizing a quasi-experimental methodology with two fifth-grade classes, the study
analyzed pre- and post-test data. The findings demonstrate that the 3D-printed tool effectively enhances both the modeling
competence and the learning self-efficacy of elementary students.
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(L5 HBAFRERE) RABEAZMEERHFELLER NGO EZ AR (KB A
#,2025), AR, LATEAZMH P LR A EH S HIE(Cai, 2023), EFFAEEATIHRER Z
MAE ), —RARE LR T S AMF T4 R EFHAZRIEE 2025, A THAELZHEE
% 1% # (Ford & Minshall. 2019), # &b, K A 3D 4TEF R AR LHIF @ & 7 K R AR F4L
RERFFLTARATHR. AIA 3D 47805 8 F45 57 K S FAR T H A TRAb ik 5] A 8
KRB HETE,2025). BB, A FF Vs @6 R ah# F M B F 49 A 2087 % (Hux, etal.,
2025) AL B AERZKAET 3D ATHRKRG A TR =2 T AF K LoD FHFRE,
RERGBERDFAGBEAEMEE ) . EAEM A KA RAFFE] . AHH )
FAFZHROBEAEM LA RAEREERI LT EREREN.

2. X #REE R

21 FLBEREHEIEREH AF DR RF T FAF R QS A KA F
BYIATIER G ERMBAT EAETEZE L FALF&W24£,2003). L AT+ B340 AR
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B G IRAZARE L RAL L E L6 A0 FA(Cai, 2023) . A M) D4 R AL D00 T 24 RS,
BAI N2 T ESATHS, 7T A 28 % B 5 AP B R 3 T35 2R 6934 (1R 1875,2025) .

223D TP EARE ] FHAHFHGTEHK ¥ 3D T LB N FHF F CAHGER T ARG F A
894t BHAR R R . F o HF 5 iRAE B (Fokides & Lagopati, 2024;Avinal & Aydin, 2022). 3D
ITEPRARRILH T TR FERFEA, KA, RAEZDRBRE, ARFHTERET —
# % 7y e b9 % A7 X (Ugaldi, et al., 2025). *F T LA 3D TR EMT, KIHTHMELLHZ
NE. TRE, tmBIRAFANFFEER. REREWLANEMEEL T LA AL F=TE1K
INFm A 09 BOR B R BEA B R ARk Jm A8 77 89 B @9 (Ford & Minshall, 2019; Ugalde, et al., 2025).
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51 REFIDITHRARIG TN =28 TR LEFEFF ) FALBGREEHNEE S ? 716 WA
KRB ES DR T £ TR L. AT RR BT 204 75 ik, AT /AR E M A
N EF. FRELERKZI: F=17.736 p<0.001, 8 . T /3 N A T 3D TP K A A T =4
I AMGERARGEED T i AR LEGF A,

£ 1 BWEEZEHGE D 17T £ 987

Group N Adjusted Mean SD F(2,51) p l’?
#=H28—(Cl) 20 45.72 27.25

HE=(C2) 16 34.39 29.48

5% 12 48.(E) 19 55.35 30.61 17.763 <0.001 0.411

E: BEEARMNE S LIFEMEAR 51.2727.

5.2 KT 3D frerBAKE A9 F R =% T AGEE BFFH ) FLEGHFFTHNESEEEH
FEZ B 157 PIEHKAERFLESHSHEIL. ¥ KA Mann-Whitney U #3317 F 5 A AL
Boe AXGAEKFER, RBAEHARLENGMNEA, ERAWEMQRELELE: =0 E
FRBREFKF,ARLKIETERRAREEZHN A RABBAZALLES TEMA, aH4FF)
g L ZMEREFEF B ARLBREREE TR AERA &N CAEH LW
FUE—ERFANBEREEZFRTEE, SAEAEAHF T A SN A -2 FIF.

£ 2 REZHFE ) 815 RAFF 5 T 2 MFEF AL TR E A5

Y g = H 48 —(N=16) 3540 (N=19) Mann-Whitney U
M SD. M SD. »
A Z M) B AR EBRE R 1.87 4.04 12.73 7.02 <0.001
5 3] S 6.56 5.25 11.05 4.83 0.009
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% 12 %) 48— (N=20) 3540 (N=19) Mann-Whitney U
M S.D. M S.D. p
AR AV EM) B KA R 4.30 6.04 12.73 7.02 <0.001
#5252 5] Fh 12.25 7.52 11.05 4.83 0.464
4. T

6.1. &£ F 3D TP BRI HaF =28 TAEL BFH | FLGETEHEY? AR RTE
HAHEI I LA REN, AERALT 3D TP HRG AMTILE 4 T L69REHFIRE
TR AF AR MG R T BF R (FLE,2024; FIL35,2025; B AE,2025). AT
AR TEABLREAEE N SHTFR, TUEAFARNLEBEE MG DHEGAH K
Mo FIRMERITB) NG AT Z A Fr 0 BEFF AR I R IR0 Y12 58

6.2 & F 3D T RARMGHABER=2 LAEET BFH W] FLEGFFF TS HEE#EA
B B15? FAFHMEF ] g KA R A AR EXIK(EMWH%,2026; Schunk, 1991). 5%
BAFAERXTAEYZ B Z P ARG LR A D FR G EEAEM G &SRR R A
LURRAH AR ARBCHNLRSG, EAFEINNEL T T, EREANEREFE
QYT B AR 7 B e ik MR 7 R A A SR A T R RF4 R ZMRA G RBANFET, ©F
SN A g P IR ) T AT A A AR B S AMELE & TS S AL 2 18,2023).
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5EFRXTAMER=24 TE RARERFT T &I EFRGFETRHF TG A1/ N
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FAMRA MM S . A EM B R SHFF ] M.
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