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REGE I RE RGO EFRA TR TEY 25
MaEs - mRFE - RUHFE - FY S

Abstract

Technological literacy has become a focal point of educational reform, where
hands-on practice is crucial for cultivating problem-solving skills. However,
traditional physical operations often involve complex procedures and are restricted by
equipment, time, and space, hindering sufficient iterative testing and exploration.
While pure computer simulations overcome these constraints and visualize abstract
phenomena, they lack authentic manipulation and practical troubleshooting
experiences. To address this dilemma, this study investigates the impact of a
"physical-virtual integrated teaching strategy"—combining computer simulations with
physical operations—on elementary students' learning effectiveness and motivation,
using an electric circuit unit as a case study.

A quasi-experimental design was adopted, involving 105 fifth-grade students
from four classes at a public elementary school in Taipei City. Through purposive
sampling, intact classes were randomly assigned to either the physical-virtual
integrated group or a Hands-on Operation group. Pre-tests and post-tests are
conducted using a circuit learning achievement test, alongside learning attitude and
motivation scales. As this study is currently in the experimental stage, it is anticipated
that this teaching strategy will significantly improve the learning effectiveness of
practical circuit implementation.

Keywords: Virtual-physical integration, Hands-on Operation, Learning
Effectiveness
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CRHFELPEERT P SR FER RN
(-) RRRFrREFHEMLA 25 %

2z

FESpEKT PN BRGVREI LD TP F (Learning
by doing), T4 » s e LR EEEW B0 AL (RAP
2011) « EAHR FHTY AR ORMP TN FYF LG LR P
Ao FTHRERLSERT YW ER I BRFELEHREEIHMOT RS 4
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IR sﬁwgg.ﬂ% RHRITEFE R A I B4 LG iAol 2
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FHBEY SEINDE YR FLREIRL S AR kAT
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(Z) AR AFREAI AR FLIR
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(1988) & I zn4v f j=32#%; (Cognitive Load Theory) ;» # ¥ Fea iteRE £
A3 b e FLRME %’ﬁék%é*ﬁ@?mm@\ﬁwwﬂﬁﬁ%
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PR R G kR (4ot AR IRETH }’&s wEREERL ) BA LR
< @reen Deb fznae g j7 (Extraneous Cognitive Load ) | ( Lee, Plass, & Homer,
2006 ) -

Finkelstein % + (2005) s 3 dp i » - % 7 WERY - &I RT
o2 T 4G %ﬁJW}%’“HW&&ﬁF Bidds T ¥+ A A
méﬁ % 12zt (Tkachuk et al., 2025 ) - FRE. > Bk 40 A&;m?ﬁé ES

SRR S ¢—=:e%> D x*ﬁ?%’%_% R hEHEER o ERY
ﬁ%ﬁm*%@ﬁlﬁﬂﬁ%ﬁﬁg’%Eﬁéﬁﬁiﬁﬁﬁ&ﬂ#&%éﬁ
T URERH T B g 4B 2w (8 248 2020 5 Tenzinetal.,
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SECERBR 2 AH A KT B

() HEMER S ARTERLAE

SORRLE R ITALSE 0 Koy IRBERE M BT 5 (4 Autodesk
Tinkercad Circuits ~ PhET ) - #ici> m % B £ 5 T3 | higd > i g a9
PR G (4oF 3 inds PR S E@mﬂ‘ﬂ/%'“) £ % i+ (Visualization) »
Trundle £ Bell (2010) 45 1 » T "okt 57 #pc A 72 7 LA B % >
CEEY AT ERBRBOE A § R KB Y A e R B R
(M it 2025) -

FOEH AL BB ARG o DR T o F RGO TR
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( Cognitive Scaffold ) ; (de Jong, Linn, & Zacharia, 2013 ) - A m#%E? » &4
TR RERER  AAY gk 2t E (W BT ) ik T
w4 (Immediate Feedback) ;> @ 7 ¢ 2 4 Z F e & HAl4edp o 248 [ MR
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A BRI ERR O FERE AR ER GBI LG o RIEEEF
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SR ER BEBREY I BEFAAL TR BRI E > P g?ﬂ%ﬁfi
By R 2Rl A E R AR RBEPEF LR TR

R BAMCOEERET L ERERY Dl REY G
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ﬂ&w@¢'§4wi@*3% %’AAgﬂa# HEF~2ZRF2H
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w2 (Physical-Virtual Integration Strategy ) ; ( Zacharia & de Jong, 2014 ) -
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